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Intruder alarm
Ladder crystal filters

Front cover shows multi-colour
projected laser traces produced
from sound signals. System is
outlined in “Kinetic images
from sound” p.40

IN OUR NEXT ISSUE

Shortwave broadcasting
efficiency. System deve-
loped by Radio Canada
International to measure
how successful a s.w.
broadcasting service is In
reaching its intended
listeners.

Distortion in audio ampli-
fiers analyses the mechan-
ism of distortion resulting
from transistor non-linear-
ities in low-noise circuits. A
design example follows
later.

Amateur radio equip-
ment. A survey outlining
design and performance
trends in commercial trans-
mitters, receivers and trans-
ceivers at present available
for amateur operators.

ISSN 0043 6062
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We measure
up to your standards

Whether you check components
at Goods Inwards, during production
or on Final Test, Wayne Kerr has the
bridge you need. For fast
measurements of resistance,
capacitance and inductance, or for
continuous monitoring of changing
values, you can select the ideal
instrument from our comprehensive
range.

Alt models—AF, RF and VHF-
have a wide measurement range and
are easy to use. Many have automatic
readout and automatic lead
compensation; most will measure
components /n situ.

Only part of our range is
illustrated. Send in the coupon for
further information.

B900
Automatic Digital Bridge TkHz 0.1%

B224
Wide-range Audio Bridge 15692Hz
(200Hz-20kHz external)

V}‘ Wilmot Breeden Electronics

Ferrograph Rendar Wayne Kerr

Wilmot Breeden Electronics Limited,
442 Bath Road, Slough,

SL16BB, England.

Telephone: Burnham (06286) 62511
Telex: 847297

B331
Self-balancing 0.01% Precision Bridge

B642
Autobalance Universal Bridge 0.1%

Please send me the Wayne Kerr short form
catalogue.

Name.

Position

Company__

Address_

CWW 7/77)

B421
Direct-reading Component Meter 0.25% &t

WAYNE KERR BRIDGES

WW—058 FOR FURTHER, DETAILS

Wilmot Breeden
Electronics Limited,
442 Bath Road,
Slough, SL1 6BB,
England. .
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LOW COST TESTERS

INSULATION TESTER

A logarithmic scale covering 6 decades is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The current available is limited to a
maximum value of 3mA for safety and capacitors are
automatically discharged when the instrument is switched
off or to th» CAL condition. The instrument operates from a
9Vinternal battery.

RESISTANCE RANGES

10M Q1o 10T Q (103 Q) at 250V, 500V, 750V and 1kV.
TMQ1to1T Qat25V, 50V and 100V.

100k Q10 100G Qat2.5V,5V and 10V.

10kQto10G Qat1V.

Accuracy +15% + 800 Q on 6 decade logarithmic scale.
Accuracy of test voltages +3% £ 50mV at scale centre.
Fall of test voltages < 2% at 10pA and < 20% at 100uA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 100pA on 6 decade logarithmic scale.
Accuracy of current measurement +15% of indicated value.
Input voltage drop is approximately 20mV at 100pA, 200mV
at 100nA and 400mV at 100pA.

Maximum safe continuous overload is 50mA.
MEASUREMENT TIME

< 3s for resistance on all ranges relative to CAL position.
< 10s forresistance of 10G Q across 1uF on 50V to 500V.
Discharge timeto 1% is 0.1s per pF on CAL position.
RECORDER QUTPUT

1V per decade 2% with zero output at scale centre.
Maximum output +3V. Output resistance 1k Q,

w. £110

LEVELL ELECTRONICS LTD.

Moxon Street, High Barnet, Herts. EN5 55D
Tel: 01-4495028/440 8686

LEVELL

PORTABLE INSTRUMENTS

TRANSISTOR TESTER

Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains ar2
checked from 1pA to 100mA. Breakdown voltages up to
100V are measured at 10uA, 100pA and 1TmA. Collector to
emitter saturation voltage is measured at TmA, 10mA, 30mA
and 100mA for Ic/lg ratios of 10, 20, 30. The instrument i3
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)

lcpo &legp:10nA 100nA, 1pA, 10pA and 100uA f.s.d.
acc. +2%f.s.d. +1% at voltages of 2V, 5V,
10V. 20V, 30V, 40V, 50V, 60V, 80V, 100V,
120V, and 150V acc. +£3% +100mV up to
10pA with fall at 100pA < 5%+ 250mV.

10Vort00Vfs.d.acc +2%fs.d. +1% at
currents of 1OpA, 100pA and TmA +20%.

10nA, 100nA, TpA ... 10mAf.s.d. acc. +2%
f.s.d. +1% atfixed I g of 1pA, 10pA, 100uA,
TmA, 10mA, 30mA, and 100mA acc. +1%.

3inverse scales of 2000 to 100, 400 to 30 and
100to 10 convert | g into hg g readings.

1V f.s.d.acc. £20mV measured at conditions
onhggtest.

Vee (sat)’ 1Vf.s.d.acc. £20mV at collector currents of
TmA, 10mA, 30mA and 100mA with | c/lg
selected at 10, 20 or 30 acc. 4-20%.

DIODE & ZENER DIODE RANGES
Ipgr: As | g g o transistor ranges.
Vy: Breakdown ranges as BVCEO for transistors.

Vor: 1Vis.d acc. +20mV atlg e of TpA, 10uA,
100pA, TmA, 10mA, 30mA and 100mA.

See us at Leeds
Electronics Exhibition Ve 1
28/30 June, 1977 T™12 £

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

WW — 047 FOR FURTHER DETAILS
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British Central
Electrical Ltd
Briticent House
172 Honeypot
Lane
Stanmore
Telephone
01-204 9111
Branches at -
Slough 28616
Mitcham
01-640 9121
Cosham (07018)
83621

Yeovil 5596
Twickenham
01-894 7561
Chingford
01-529 3715

DTV Group Ltd
126 Hamilton Road
West Norwood
London SE27
Telephone

01-670 6166

Farnell
Electronics Ltd
Canal Road
Leeds LS122TU
Telephone: Leeds
(0532)636311

Lock Distribution
Neville Street
Middieton Road
Oldham
Telephone
061-652 6166

Spenco
Electronics
(Phoenix) Ltd
79 Carron Place
Kelvin Industrial
Estate

East Kilbride,
Scotland
Telephone:
East Kilbride
(03552)36311

Your nearest phone will solve your
encapsulant problems.Immediately.

Whatever your encapsulant, potting or

sealant requirements, your local specialist Dow
Corningdistributor is able to supply you immediately.

V\_/herever you are, thereisa
siliconetrained

local Dow Corning

- electrical/
electronics
productexpert
to help you.

ow

DOW CORNING

ORNING

WW—051 FOR FURTHER DETAILS



Notawinon the pools. atrip to
a Pacific paradise, or areduction
inincome tax, but distortionless
“currentdumping’’.

Z's 1 to 4 are the four passive
components which interconnect the
currentdumpers, (the output
transistors which supply the
power), to the small high quality
amplifier which provides the
error signal, so that when the
above condition is met the
currentin the load, the loud-
speaker, is independent of the
current in the dumpers and hence
distortion is solely dependent

on the quality of the error
amplifier, which because itis
small can be very good.

Wonderful indeed.

For further details on current
dumping and other Quad products
write to Dept. WW

The.Acoustical Manufacturing Co..
Ltd., Huntingdon, Cambs.,

PE18 7DB Telephone (0480) 52561

“Something wonderful
happens when ZZ3=Z5Z 4

—

K Elektor Electronics
Magazine No. 8. Dec. 1975

QUAD

for the closest approachtothe original sound
for twenty-five years

QUAD /s a Regristered Trade Mark
WW—074 FOR FURTHER DETAILS



Overload the
Avometer73
anditllcost you
thismuchto
repairit.

If you accidentally connect the mains to this multi-
meter on any range for up to 10 seconds, it’ll only
cost you the price-of a new fuse to repair it. Better
than buying a new instrument. Better than the
safety hazard of conventional fuse protection
without the AVO fail-safe circuit. This improved
overload protection is just one of the features

which makes the Avometer Model 7 =
ic ‘ ome e 3a

must for electrical and electronics
maintenance work of all
descriptions.

Other features include: B Sensitivity of 20,000Q/vDC
B ACcurrentincludedina useful set of ranges
B Tough, resilient case BRemarkably low cost.

Cet in touch with us today for further details and
order from your wholesaler or AVO Distributor.

AvO Limited,

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

1

wm Thorn Measurement and Components Division

WW-—078 FOR FURTHER DETAILS
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TheBest
of British

Where performance
is paramount, professionals prefer Gardners...

Gardners

We, at Gardners, have been in the communications busi-
ness for many more years than we care to remember — so
have our Audio Transformers. Used throughout the world by
leading broadcasting and recording companies or wherever
only the highest technical standards and levels of reliability
are good enough our products are still preferred by profes-
sionals who know . . .

From microphone to tape {or film), speakers or head-
phones, studio consoles, manpacks, amplifiers, modems, we
at Gardners have tried to anticipate your needs. Miniaturisa-
tion (yes!) plus good performance (yes!) through to excep-
tional performance (of course!). Impedance changing,
coupling, isolation, bridging, low and high power, with or
without D.C. Choose from our standard range of 95 models!
Every one an example of sheer professionalism.

All have low loss, low distortion, low phase-shift, low
pick-up, BUT wide frequency range.

Cat. Impedance (OHMS) Turns Ratio Operating Level Frequency

No. input Quiput Sec/Pri dBm a1 50Hz Response

MU 7501 0315 100k 83/188 1

MU 7503 0200600 100k 13/231 3 + 1a8

MU 7514 600 600/2.4k 1+ 11 50Mz- 10k Hz

MU 7518 10k CT 10k e

MU.7521 3.75/16 600CT  6.32/12.64:1 :

MU 7522 3.75/15 100k * B82/164 1

MU 7524 150/600 600 CT 121

MU 7526 600CT 300/1.2k 1+ 1.1.41CT 16.5 +05d8

MU 7530 10k CT 10k 11T 30Hz—-20kHz

MU 7534 50/200  100k* 22.4/4481 ) + 1dB at 20kHz)
MU 7566 600 CT 10k/2.5k  4.08/2.04 1 2

MU 7567 600/150 50k 9.13/18.26:1

MU 7582 200/50 600 CT 173/3.461 20 + 0.5d8 10H2— 100k Hz
VM 7461 15/375 600 6.35/12.7 1 }

VM 7464 600/150 600 / . + 1dB 30Hz 22kHz
VM 7466 600 10k/2.5k  4.14/2.07 1 4.75 }

VM 7468 50/12.5 50k 32/64:1 ¢ 1d8 30Hz- 12k Hz

We would emphasise that the above
is a representative sefection only.
Send for Brochure GT5 for
complete listings.

All units described are normally
AVAILABLE FROM STOCK./r

SPECIAL DESIGN SERVICE
If your requirements cannot
be met by our standard
range, then we will gladiy
design for your
production needs.

e 4 "
e A ,‘-»: ;‘ o~
\I‘ V/l (Gxrdners)
Gardners Transformers Ltd.
Christchurch Dorset BH23 3PN
' ‘ Telephone 02015-2284
‘ ‘\ Telex 41276 Gardners XCH
Approved manufacturers of

electronic transformers, modular power supplies, inverters and
converters to Defence Standard 05-21

WW7/77
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! e 2 "
Opampcategory  What BiIMOS contributes  RCA device
RCA has combined the best of General purpose _ Wide applizability " CA3160
Bipolar and MOS to give BIMOS. : Lo grt CaRERne
Two teChnOIOQIeS' on one Chlp that FET Input Lower devicecost ~ CA3160
means a greatly improved product . Reduced crcuitcost  CA3NO
performance'—at no extra cost. 3 i : B 1 N &
o Gl [ inD Wideband High slew rate with CA3160 .
_ The table gives an indication of 5 e b rineife  Cando
just what you can expect froma ’ - 33’1%8
simplified range that covers virtually 3 A3
eve opp|icaﬁon. Z\i;ropower Strobability. ' %A3§60 !
. 3 o own to I'5mW A3130
The BIMOS philosophy is in step . DRy TX
i ‘ iel High output current Eliminates driver stage.  CA3160
with the trend towards standardising de Frramals S AR
on fewer components that can do Railto-rail output swing.

more jobs. It can hef|p reduce costs
all along the line — from design, o

manufacture and purchasing, to The BIMOS Op Gmp
inventory control and incoming

inspection. I‘Cngeo PI‘OOf '|'h0'|' |'WO

Good news for those concerned

about profitability today. "eCh n°|ogies are

Whether you're a systems

designer, an engineer or in manage- be'l"l'er 'l'han one.

ment, BIMOS gives you something
to think about. And act upon.

E@S 380 Bath Road, Stough, Berks.SL1 6)=. Tel: Burnham (06286) 64051, Telex: 847573. “c"

A Crellon Company

WW-—021 FOR FURTHER DETAILS
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HIGH POWER DC-COUPLED AMPLIFIER

[ IO e * UP TO 500 WATTS RMS FROM ONE CHANNEL
T ] * DC-COUPLED THROUGHOUT
.a - g‘g * 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 compiex
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

Power at clip point {1 chan)
Phase Response

Harmonic Distortion
Intermod. Distortion
Damping Factor

Hum & Noise (20-20kHz)

DC-20kHz « 150 watts + 1db

Odb.

500 watts rms into 2.5 ohms

+0. —15 DC to 20kHz. 1 watt 82
Below 0.05% DC to 20kHz

Below 0.05% Q.01 watt to 150 watts
Greater than 200 DC to 1kHz at 8(2
At least 110db below 150 watts

‘Slewing Rate

Load impedance
Input sensitivity
Input Impedance
Protection
Power supply
Dimensions

8 volts per microsecond

1 ohm to infinity

175 V for 150 watts into 862

10K ohms to 100K ohms

Short. mismatch & open cct. protection
120-256V. 50-400Hz

197 Rackmount. 7" High. 92" Deep

Other models in the range: D60 -— 60 watts per channel D150A — 150 watts per channel

Other models available from 100 watts to 3000 watts

MACINNES LABORATORIES LTD. | MACINNES FRANCE

Macinnes House, Carlton Park Industrial Estate 18, Heg Eseng

Saxmundham, Suffolk IP17 2NL. Tel: (0728) 2262 2615 ;’:,’,'szzg‘_’ggh;’z'f;os_a3_61

WW-—-032 FOR FURTHER DETAILS

- The International Microphone

For over 40 years Beyer Dynamic
microphones and headphones
have served the needs of prof-
essional ‘Sound Men' throughout
the world.

The MS500 ({(lllustrated) is only
one of a range of microphones
now serving thousands of users
who still demand high quality
performance and reliability.
Brochure showing the full range
of microphones, headphones and
accessories available on request.

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

WW—043 FOR FURTHER DETAILS
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(\ cutters. pliers, strippers
\ electric drills for pcb.'s

tester, etc. Fuli detail

pages 167 10 176

We stock an excellent range of tools
especially for the electronics enthu
siast fFrom miniature wiring tools 10
multimeters including soldering irons
and desoldering tools. screwdrivers
miniature
transistor
n catalogue

PEDAL UNIT

.

3

a
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hapers lo g
b und A f
SC arist F c

Play fascinating games NOW on your
own tv in your own living room. The
kids will think it's magic when the
scores pop up on the screen. Lay your
bets anyone could win with
Maplin's prices everyone can win
Complete kit to play four games only
£24 50 Add 35p for copy of
construction details. See our June
newsletter for details of rifle kit.

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

MAPLIN ELECTRONIC SUPPLIES
P.0. BOX 3 RAYLEIGH ESSEX SS6 8LR

Telephone: Southend (0702) 715155

immediately.

NAME

IT'S AFANTASTIC BESTSELLER!

216 big (11" x 8") pages! Over a thousand illustrations!
Over 30 pages of complete projects to build!
Thousands and thousands of useful components described
and illustrated! No wonder it's a bestseller!
DON'T MISS OUT! SEND 60p NOW!

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE |

PRICE 60p

ADDRESS.

wWw7

Shop: 284, London Road, Westcliff-on-Sea, Essex
[Closed on Monday) Telephone: Southend (07021 47379

WW—006 FOR FURTHER DETAILS

o

Please rush me a copy of your 216 page catalogue by return of post. l
! enclose 60p, but understand that if | am not completely satisfied | may l
return the catalogue to you within 14 days and have my 60p refunded



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

Each. of the 6 volumes of this self-instruction course measures
11%' x 8% and contains 60 pages packed with information
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra, to memories
counters and simple arithmetic circuits, and on to a complete
understanding of the design and operation of calculators and
computers.

Design of Digital Systems.

plus 80p packing and
surtace post anywhere m
the world

Payments may be made in
foreign currencies

Quantity discounts
available on request

VAT zero rated

Also available — a more elementary course assuming no pnor
knowledge except simple arithmetic
Digital Computer Logic and Electronics.

In 4 volumes 4 2
1. Basic Computer Logic £ n 0

2. Logical Circuit Elements
3. Designing Circuits to elusaSEpat E=h
Carry Out Logical Func-  Offer Order both courses
tons for the bargain price £9.70,
4. Flipflops and Reg'sters plus 80p P. & P.

Designer Theshe coursels’ w}:ere ;vmten so that you could
teach yoursell the theory and application of

Managgl’ digital logic. Learning by self instruction has the
Enthusiast ahdvantages of being quicker and more thorough
. . than classroom learning. You work at your own
SC|e_nt|St speed and must respond by answering questions
Eng|neer on each new piece of information before

Student proceeding to the next

Guarantee—no risk to you

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

To Cambridge Learning tnterprises, Uept. COM, FREEPOST
Rivermill House. St Ives, Huntingdon, Cambs. PE17 4BR

‘Please send me set(s) of Design of Digital Systems at£7.00 each
p & p included

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

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

l Name

‘delete as applicable
I No need to use a stamp just print FREEPOST on the envelope

I
l
|
I
l
Address '
I
I
I
|
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ND
ANRY!

Look up to a Versatower installation
and your radio communications will
achieve new heights!

Acclaimed as the World's leading
telescopic tilt-over tower in the
international field of radio
communication.

A complete range of models: from 20
to 120 feet, static and mobile.

Full details and specifications are

in our brochure.

3end for it today!

Strumech Engineering Limnited,
Porttand House, Coppice Side,
Brownhills, Walsall,

West Midlands WS8 7EX.
Telephone: Brownhills 4321

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

STRUMECH

VERSATOVVER
SYSIEME

WW—027 FOR FURTHER DETAILS
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® Built-in thermostat

€& Adjustable with special key
® Close drift-free control

4 Mains or 24 volts

Details from

LIGHT SOLDERING DEVELOPMENTS LIMITED
97-99 Gloucester Road, Croydon, Surrey.
Tel: 01-689 0674 Telex: 8811945

wWw 03 FOR FURTHER DETAILS

— BIVIBOARD
Stop Ruining Your [.C.’s And Wasting Time Soldering
Plug Into The Revolutionary New

BIVIBOARD

The Only Professional Quality Breadboard That
Accepts All DIL Packages With 6 To 40 Pins

Incorpotates Bus Strips For Vcc And Ground

Includes A Component Support Bracket
Has Over 500 Individual Sockets

And Allows You To Use And Re-Use
IC’s, Transistors, LED’s, 7 Segment Displays,
Diodes, Resistors, Capacitors

Special Quantity Discounts Available For
Radio Clubs, Retail Outlets, Distributors

BOSS /KOUSIRIAL MOULDINGS LTD

Higgs Industrial Estate, 2 Herne Hill Road, London, SE24 0AU, England
Telephone 01-737 2383 . Telex 919693

Only £9.72 (cheque with order) Including VAT and P.P.

Shure
fries’'em

Shure Safety Communications Micro-
phones are tested for level and response
at a searing 69.4°... often up to an incredi-
ble 85° C. for day-long periods and even
though the inside parts are too hot totouch

...They work

“WW-059 FOR FURTHER DETAILS
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' The potentiometer
with greater potential

The new DC Potentiometer Model T71001s,without
doubt,an exceptional piece of laboratory
equipment.What makesit so,isitshighaccuracy
overitssix decadesof measurementavailable at
the same time.Dial1 offersan accuracy of +(0.001%
+0.1pV); Dial 2 +(0.001% +0.1 pViand Dials 3-6

+ 0.1 uV.

This'triple pot'offersnot only exceptionallong
term accuracy and-stability,but also a built-in self
calibration check.Added'to this,wound"
componentshave beenreplaced by resistors
printed on aheat sink substrate-so thereis
virtually nosource of driftor thermalemfs.

The T7100isasgood asitlooks.it'sworth finding
out more about.Getintouch with ustoday for
thefullfacts.

H.W.Sullivan Limited,

' sunivan) Archcliffe Road,Dover,Kent,CT179EN

Tel:0304 202620 Telex: 96283

m‘l‘ﬁu Thorn Measurement Control and Automation Division
WW — 070 FOR FURTHER DETAILS
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special quality industrial
tool kits and cases

e |
10O m/]
| Dif

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

meters and accessory equipment, all in the most handy and
Madel “Mini-Z 1" measures from—40° Gto + 70° C. Price £25.00 robust cases — also available separately. Jensen products are
Model “Mini-Z 2" measures from—5° G to + 105° C _Price £25.00 specifically designed for industrial use, perfect for all

Mode! “Mini-Z Hi” measures from + 100° Cto + 500° ¢ £27.50 engineers, technicians, electricians, instrument repairmen etc.
(VAT 8% EXTRA] Choice of more than twenty kits and cases.

Write for f“”he'sde'a”s !OCTRONICS (LONDON) Write for free Jensen catalogue to:
HARRIS ELE
Y AY SPECIAL PRODUCTS DISTRIBUTORS LTD,
iSEiehizyir's b ROAD' LONDON' WC1X BAX 81 Piccadilly. London W1V OHL. Te!: 01-629 9556. Cables: Speciprod London W1,
{Phone 01-837 7937)

scale meter. Supplied with carrying case, Probe and internal 1%
volt standard size battery.

WW—053 FOR FURTHER DETAILS
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The feature packed
general purpose iron
built to professional
standards for only

? £2.95+(87vat)

! When we introduced the Super 30 last
year it was the best generai purpose
soldering iron at its price in Eritain--it
stifl is, at only £2.95p. {plus 8% VAT)

Thz ORYX Super 30 offers you alithese
‘estures as standard Neon safety
ight. Long life element. iron coated

| screw-on tip, Stainless steel shaft,

: Styled hardle, Two minute element '
change and a stainless steel clip-on re ezes em

hook. l

*Hiustrahioh actual size

‘ndustnal Distrtbutors include
lectroplan Lid . Orchard Road
Royston, Herts SG8 §HH

38 (Sales) Lid . 380 Bath Road, Shure Safety Communications Micro-
slough Berks SL1 BJE phones are plunged to an appalling —45.6
iTT Electrenic Services. Edinburgh C. for 2 hour periods during sevzare tem-
Way. Harlow. Esse« CM20 2DF perature tests, and even though they’re

covered with frost

Greenwood Electronic
Grestwvenod Flodt |

1 Kot Read I
K " ‘
WW—012 FOR FURTHER DETAILS T
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HIGH PASS FILTER
FRECUENCY

cassettelibrary...
EF3 Modular Filtering System
fromBarr &Stroud

When dealing with a variety
of projects, electronic filtering
requirements change rapidly and
need to be met with minimum
fuss and maximum flexibility.
The Barr & Stroud EF3 Modular
Filtering System is designed
around the most compact of
basic main frames containing
the power unit and function
switching with capacity for two
slide-in filter units. The modular
concept allows you to begin with
the minimum of a mainframe and
one filter unit. Thereafter you
can extend your ‘library’ of filter
capability as requirements dictate
and budgets make possible.

The EF3 is a system that
grows with every plug-in module
and constantly expands as new
modules are developed and
introduced. Current modules
give a pass band capability from
d.c. to 10MHz and within this
spectrum filter units can be
operated individually orin a
combination to give low-pass,
high-pass, band-stop,
band-separate or band-combine
modes.

The EF3 system is a part of
the comprehensive Barr & Stroud
range of electronic filters that
could well meet all your
filtering requirements. If not,

WW — 004 FOR FURTHER DETAILS

Barr & Stroud welcome the
opportunity to study your
problem and come up with a
custom-built solution. The full
spectrum of Barr & Stroud
capability in electronic filtering
is covered in a range of literature
available on request.

‘ BARR AND ;

Glasgow and London

BARR & STROUD LIMITED
London Office:

1 Pall Mall East, London SW15AU
Telephone: 01-930 1541

Telex: 261877

s

x
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Cut costs by
507 with the
same high
performance.

Isn’t that what new

ideas are aII abogt_?

Light tn weight and low
in cost,new Thermalloy heat
sinks are designed specifically
for plastic or metal case
power devices.

They are remarkably
simple to use, no extra mounting hardware is required—
and they can be attached to the device after board
assembly.

The slip on types have positive retention and can
be supplied with locking tabs.

For full details of the range, simply returnthe
coupon—cutting costs without cutting performanceiis a
good idea you ought to know about.

P——— TS B

X/
1,. Thermalloy /}
MCP Electronics Ltd. Alperton, Wembley, Middlesex \‘f

Tel: 01-902 5941.
Please send me full details on Thermalloy heat sinks.

Name

Company

Address -

15

...lhey work
Sl SHuRE

communications
microphones

Look for the name Shure moulded into the
back of the case of every microphone you
buy. Itidentifies the microphones that have
undergone the most rigid and demanding
tests in the industry. And, it's your peace-
of-mind assurance of reliability, know-how,
quality, quality-control, and conscientious
fast service!

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

WW-061 FOR FURTHER DETAILS
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“‘They N
wantsafety
isolation
for their
voice band
circuits

L

One more request item. We met it with a neat little
transformer. Now, in two versions, it joins the list of useful
Whiteley products,and everyone involved in communications

system design will be interested in the protection they provide.

Inserted in voice band circuits, they effectively isolate
equipment from the hazards of adjacent high voltage
power circuits on the ‘line’ side. High isolation fevel
between line and equipment windings gives protection
against voltage surges, lightning strikes and fault condit-
ions. One version is designed for 17Hz signalling circuits,
the other with several voltage ratios also suits a 50Hz
ringing circuit. All are Post Office and C.E.G.B. approved,
and the second version is also approved with extra
protection diodes added. Reguests for data sheets
welcome. Or if you want 1o request a product spec of
your own — we're always interested!

Surprising I:ow often you'll find
Whitele
make it.

Whiteley Electrical Radio Co. Ltd
Mansfield, Notts NG18 5RW, England. Te!: 0623 24762.

WW-—052 FOR FURTHER DETAILS
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METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW-—009 FOR FURTHER DETAILS

Contractors to H.M. Govt. P.O.

REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS

7-14 DAYS SERVICE
< MODEL 8 MKV

STOCKISTS
ALSO SUPPLIERS OF GEC
RISSO AND OTHER

MULTI)-RANGE TEST SETS

WE SPECIALISE IN ASSEMBLIES, AND IN THE
REPAIR, CALIBRATION AND CONVERSION
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AND PRECISION GRADE

LEDON INSTRUMENTS LTD.
GLADSTONE wc;EKs, GLADSTONE RD,

FOLKESTONE, KENT.
TEL: (STD) 0303 57555

WW—023 FOR FURTHER DETAILS
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IMO relays. You shouldnt pay more.

Although at IMO we have a fine
range of relays which suit many
needs, we'd be the first to say there
are some applications that would be
better off with Omronrelays.

True, some Omronrelaysare
more expensive than the IMO
equivalents, but understandably so.
Because they’re designed to be used
in specifications where a critically

higher standard of reliability is vital.
So, now the finest timers and

relays are under the same roof.

Not to mention the same consistent,

reliable and helpful IMO service.

IMO and Omron; acombined
range that covers just about every
need in every price bracket.

Why settle forless?

Omron relays. You shouldnt pay less.

|
|
|

|
|
|
|

To: IMO Precision Controls Ltd..
349 Edgware Road. London W2 1BS. Tel: 01-723 2231.

Please send me full details on IMO and Omron relays.

Name

Pasition

Company

Address

IMO. Now most people know L ™

WW — 005 FOR FUR

THER DETAILS
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PLASTIC FASTENERS

FOR ELECTRONICS ’ s,

Punching Holes

SELF-ADHESIVE CABLE CLIPS are a quick

and simple means of securing cables, cords and in Sheet Metal

small looms to flat surfaces. No drilling or Q-Max punches make clean, accurate
fixing screws necessary. The peel-off backing is { holes every time.In no time. With no
removed immediately before placing the clip. filing, no jagged edges, virtually no
The coating adheres to most clean, flat surfaces | burrs—-with no hard work. And no
and withstands a wide range of humidity and holes are barred. Round or square,
temperature. Cable clips are moulded in natural QMax punches are available in
nylon and have rounded edges to prevent sizes down to 10mmup to 75mm for
damage to the cables. use on sheet metal up to 16 gauge.

No wonder they're used by all
government services (Atomic,
Military, Naval, Air, GPO, Ministry of
Works) and all over the world by radio,
motor and industrial manufacturers,
plumbing and sheet metal trades and
garages.

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

WIRE TIES are a flexible means of fastening 57
wires and small cables into orderly, compact metric

looms. They are quick and easy to fit and can be and linear
re-used, greatly reducing re-looming times. SIZeS
Wire ties are made from nylon and are available
in various sizes each determined by a different
colour.

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

METAL

PUNCHES

P.C. BOAIFLP SP?CERS a(tehsimplg to dfit, 19':19- Wholesale and Export enquiries welcomed. Further details from,
.C. rds. The

have a self rotaining shank for _fastening into “Q-MAX” (ELECTRONICS) LTD

panels and a T-shaped anchor for securing p.c.

boards of 0.062" thickness. They have good

44 PENTON STREET-LONDON N19QA Tel: 01-278 2500
resistance to vibration and are suitable for WW —007 FOR FURTHER DETAILS

© board-to-board or board-tochassis use.
'P.C. BOARD STAND-OFFS are quickly assem-

_retaini R — <o)
e, M ] e TS bt i \C‘T FREQUENCY COUNTERS

have good resistance to vibration. Suitable for
1/10 Hz to 1.2GHz

panels up to 0.079” thickness. Stand-Offs accept ‘\U::/

‘ENOA4seIf-tapp|ng bl * High performance instr ing freq y. period, time,
PLASTIC RIVETS fasten panels, fittings and freq./ratic and calibrated output facility. Fast delivery. Specials by

name plates to metal plastic and wood. Resilient .arrangement.

enough to fix into brittle materials like fibre- ’ oy

glass, hardboard and glass. Shank, head and i i S S s b

pin are one piece. Fixing is by driving the pin B e e e T

through the head into the space between the* ATy .

legs, gripping the work.

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

PLASTIC HOLE PLUGS are quick, inexpensive ‘
means of plugging unwanted holes. Hole Plugs

TYPE 801B

CRYSTAL OVEN

keep out dust, dirt and moisture. Attractively r

shaped heads give a neat finish. The snap action ‘,’&i‘,‘?ﬁ,‘u“‘h‘ﬁ?"ﬁ?&\; £274 250 MHz

grip of the Hole Plug makes a vibration resistant - e

seal. Hole Plugs are made from nyion and are Sensitivity 10mV, Stabll‘lty S parts 10."

JIONCOMNOSIvE) l Resolution + 1 Count
LOKUT ANCHORS are used to strengthen 2 3DIM 32MHz 5 Digit £95 | 4014 32MHz 6 Digit £132
holes by quviding aldditional screw thrgad I(‘%-‘ I 501 0MHz § Digi% £188 | 7014 MMHzanigit £205
SpegoemEnt Up [materaisy where, selflappiger S 8018/M 250MHz 8 Digit £274 | 90IM 520MHz 8 Digit £375
screws would be unsatisfactory. Made from 1001M 1.2GHz 8 Digit £670
high strength nylon and used in insulation, and i '

Flectrical chassis work. Easily fitted by hand. * Starl/Stop versions plus £15 ’ Memory versions available if not
1000’s OF OTHER TYPES OF PLASTIC ' suflixed M EealExina
AND METAL FASTENERS Type 101 1MHz 100KHz 10 KHz Crystal Standard £95

Type 103 Off/Air Standard £95
SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts., Crystar
Manutacturers and Electronic Laboratories world-wide

R.C.S. ELECTRONICS

6 WOLSEY ROAD, ASHFORD
MIDDX. TW15 2RB
Telephone: Ashford (Code 69)
53661/2

WWwW—028 FOR FURTHER DETAILS

- LEAFLETS ON REQUEST 4‘

HARMSWORTH

HARMSWORTH, TOWNLEY & CO. LTD.
HAREHILL TODMORDEN LANCS OL14 5JY

Phone TODMORDEN 2601 (STD 070-681 2601 J
L ( )

WW—036 FOR FURTHER DETAILS
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Eddystone

VHF/UHF
antennae

VHF Sleeve Dipoles

Available in versions from T00MHz to 500MHz for general
mast or tower mounting (Cat. 1530) and as special marine
version covering 156-165MHz (Cat. 992).

Strong, weatherproof, potted construction of Fibreglass
sealed with epoxy resin. Cat. 1530 aerials are slide
fitinside standard scaffolding mast, but sherardised

mild steel mounting brackets can be provided (standard
for Cat. 992 marine dipole).

Bandwidth - 5% of centre frequency. Gainis unity over
half-wave dipole, 3dB overisotropic. Impedance 50 ©
or75 Q.

Heavy Duty Folded
Centre Fed Dipoles

Cat. 1531 available for frequencies 50MHz to 220MHz.
Most standard radiotelephone bands can be covered with
wide bandwidth and good VSWR characteristics. Gain is
unity over dipole, 3dB over isotropic. Impedance 50 Q.
Very rugged construction of anodised aluminium alloy
with low density polythene insulator. Boom and brackets
supplied. Marine version available in stainless steel.

Eddiscone
Omnidirectional Antennae

Ideal for applications requiring well-defined gain,
VSWR and bandwidth characteristics.

Four main versions coverrange 27MHz to 870MHz with
75 Q or 50 Q impedance, and special versions can be
provided if required. Gainisunity - 1dB compared with
a half-wave dipole.

Rugged construction of anodised aluminium with epoxy
resin sealing. All versions supplied with brackets for
mounting on masts of 11" to 23" diameter.

PLEASE WRITE FOR FULL DETAILS

19

Cat
1530
460M

M 1
Cat Cat
1530 992
Hz | |160MHz 156

-165MHz

lf
]

1531 50MHz-220MHz

-

11 II 1L I

-W o
i

Cat 993

Cat 994
100-230MH

i

\—/
27-100MHz
Cat 995

z 230-500MHz
of
Cat 996

470
870MHz

Member of Marconi Communication Systems Limited

Alvechurch Road, Birmingham B31 3PP, England
Telephone: 021-475 2231 Telex: 337081

A GEC-Marconi Electronics Company

Eddystone Radio Limited

a4 —
/i/

Eddysione
]
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Thedetectors

Sullivan offer you a full range of AC and DC
Null Detectors.There is a wide span of ranges
available, with battery operation, portability and
high quality being common to all.

NEW Model 3336 DC Detectorisa versatile production
andlaboratory instrument offering discrimination of
1uVin 10k Q and sensitivity of 10p V. Thisinstrument
offerslow zerodrift linear oriogarithmic response and
high stability

NEW Model 3337 Microvolt Detectorhas9 centrezero
ranges from 10V to1uV It hasaresolution of 0.1pVinto
10k Q. Battery operation eliminates mains voltage
nterference. Thereare many other features,too,not
least of whichisasurprisingly competitive price

Model 4444 AC Detectorisaspecially designed,
battery operatedsolid state AC detector forthe
detectionof verylowlevelimbalancesignalsfrom
modern AC bridge and potentiometric measuring
systems.

Modet 3334 DC NullDetectorisacompact unit
specially designed for nullpoint measurement [t is
smallinsize low cost andrugged andthese are just
three of the featuresthat makeit idealwhenieplacing

pot galvanometersin potentiometersand bridges.
For fulter facts about Sullivan Detectors, simply contact:
H.W Sullivan Limited Archcliffe Road,

-
D Kent CT17 9EN
LSUIIIvan) Tgl\'/ggoll 2%2620 Telex: 96283

+. Thorn Measurement and Components Division

WW — 071 FOR FURTHER DETAILS

FAST RESPONSE STRIP GHART REGDRDERS

Made in USSR

Series H3020

Basic error 2.5%

- Sensitivity: 8mA F S D
Response 0.2 sec.

Width of each channel
Single and three-pen
recorders: 80mm
Five-pen recorders’ 50mm

Chart speeds, selected by push buttons: 0.1-0.2-0.5-1 0-
2.5-5.0-12.5-25 mm/sec

Chart drive’ 200-250V 50Hz

Recording Syphon pen directly attached to moving coil frames
Curvilinear co-ordinates.

Equipment: Marker pen, timer pen, paper footage indicator, 10
rolls of paper, connectors, etc

H3020-1 (Single pen): 285mm wide x 384mm deep x 165mm

high PRICE £108.00
H3020-3 (Three pen): 475mm wide x 384mm deep x 165mm
high . . PRICE £160.00
H3020-5 (Five pen) 475mm w»de X 384mm deep x 185mm
high . d PRICE £295.00

Series H327

Polarized moving iron movements
4 withsyphon pensdirectly attached
B Builtin solid state amplhfier (one
| per channel) provides 8 calibrated
sensitivity steps. Two marker pens
are provided

Basic error 4% Frequency
response from DC to 100Hz 2dB

Sensitivity' 0 02-005-0.1-02-05-1-2-5volts/cm
Width of each recording channel- 40mm
Chart drive 220-250V 50Hz

Chart speeds 1-2-5-10-50-125-250mm/sec

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

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

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

Note Prices are exclusive of VAT

Avarlable for immediate delivery

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF

Tel. 01-727 5641

Telex: 261306

WW — 083 FOR FURTHER DETAILS
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F.M. TUNERS, .
MODULES & KITS by « Jcorn ~Ledcgr

This tuner must surely provide the best value for money
available today. Combining the best of the modules shown
below, it includes a full digital readout of frequency to a
resolution of 0.1 MHz, so that exact station identification can
be made. In addition, six pre-set stations may be selected by
touch controls having internal solid state lamps, while manual
tuning allows easy searching for distant stations under the
guidance of the digital meter

A switchable mute system allows reception of the weakest
stations while muting inter-station noise and spurious
responses. Perfect reception is assured by not permitting any
station to be heard which is far enough out of tune to cause
distortion. The tuning indicator lamp provides a means of very
tine tuning, and is automatically extinguished between stations.
A powerful A.F.C. system is also incorporated which holds all
stations in tune, while not preventing manual tuning.

Good stereo reception is assured by the use of a phase tocked
decoder with full ‘birdie” and spurious output filtering.

Finally, but not least, the external appearance and styling bring

Tuner Kit a fresh new look to Hi-Fi. The sturdy wooden cabinet is finished
T1 PUSH-BUTTON VERSION ... ... £110.00 BB AT e o e o) i e v
I panel, which carries black controls
T2 TOUCH TUNED .. ... . .......£115.00 £101.31 d inscriptions. The indi | d digital disp! i
T3 DIGITAL (AS SHOWN) ... .. .£139.00 £132.14 raend,lg;‘ii(i:r:gtﬂ?:?inisrﬁng tgjé?\resagzstaur;er y%lzawil'lsgeagfoirgtg
own.

MAIN RECEIVER MODULE M1

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

M1 KIT £25.58

MODULE £28.50
Sz

DIGITAL FREQUENCY METER M6

We are very proud of this one. We don’t have to say it's the best, as far as we know
it's the only onel On a board less than 4’ square is all the electronics of a stable
counter with i f. offset (added) and a stabilized power supply! With the aid of a
small daughter board (not shown) which fits neatly into the above module (M 1), the
exact station frequency is displayed to the nearest 0.1 MHz. {t's a tuning scale 20"’
long with accurate calibrations every 0.1’'! You get the transformer, daughter
board (ready wired in}, polanzed filter, and a list of station frequencies. What more
do you want?

M6
MODULE ONLY
£44.40

TOUCH TUNE MODULE M5

This module must put the finishing touches to an outstanding combination. Six pre-set
stations at the touch of a button. No moving parts to go wrong, or contacts to get dirty.
Internal illumination shows you which button has been touched, whiie the tuning
adjustment is made using high reliability multi-turn cermet pots for repeatable selection
of the most used stations, yet retaining the use of separate manual tuning. This module
interfaces directly with the M1 above, being wired between the board and the normal
manual tuning control. A touch of sheer genius!

N MODULE ONLY
£17.54

ORDERING INFORMATION

All U.K. orders post free plus 12:5% VAT. Export orders, allow extra for
postage at cost, no VAT due, credit will be refunded

et

Py N

OTHER MODULES etc.

M2 Stereo decoder £7.60 kit £6.22 e — Payment by sterling cheque on London bank, or credit card, Internatianal
M3 Push button "M5’ £15.95 kit £14.70 MO etc.

M4 Power supply £6.30 kit £5.90 Other items and kits available, send for illustrated leaflets. price list and
SL1310 decoder IC £1.95 order form etc, from: —

TBA750 f.m. 1 f. £1.55

20v regulator IC £1.50

LP1186 front-end c £7.75 -

Filter, SFJ10 7TMA £1.55 CO72

7 segment L.E.D. (c/a) £1.99 64&%

Descriptive booklet £0.650 (£1:00 export) /

33 Restrop View
ALL PRICES + 12.5% VAT Purton, WILTS

SN5 9DG
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AT S —. JES AUDIO INSTRUMENTATION

ann
- l

Illustrated the Si453 Audio Oscillator
SPECIAL FEATURES:

 sauan . * nery low distortion content—less than 0.03%

* an output conforming to RIAA recording characteristic
| * battery operation for no ripple or hum loop

™ E - L] @ * sqguare wave output of fast rise ume

T r‘ ' £60.00

also available

o S Si452 Distortion Measuring Unit
i'azsc; r';nr:";o;g;e:&:h TITEBE RoriSi —TThe T feaTh e of * low cost distortion measurement down to 0.01% with comprehen-
mlaﬁvg e o pe g easy re £60900 sive facilities including L.F. cut switch, etc. £48.00
QUENCYaleSPOnSe : ALL PRICES PLUS VAT
J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, W. YORKS. BD195LA. Tel. 0274-872501

WW-—020 FOR FURTHER DETAILS
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15 gut 1y be better. . .

OSCILLATOR/FREQUENCY COUNTER. This versatile instrument has been designed to meet the exacting requirements of the professional audio engineering
field. The integral crystal/referenced digital counter ensures precise measurement of frequency and typical output distortion is 0.006% THD @ 1kHz The unit
covers the range of 10Hz to 100kHz in four pushbutton ranges, with eight preset frequencies from 10Hz to 20kHz to facilitate easy response checking of audio
equipment. The output may be switched to give fast first-time square wave. The frequency-counter may be separately accessed via the COUNTER INPUT
socket on the front pane|

For further details contact

Trnident Audio Developments Ltd Factory address: Shepperton Studios
Sales Office: 112/ 114 Wardour St., London, W1 Squiresbridge Rd Sheg erton, Middx
Tel. 01-734 9901 . Telex 27782 Tridisc TnlAD Tel. Chertsey (09328) 241

WW—088 FOR FURTHER DETAILS

Audio Connectors

Broadcast pattern jackfields, jackcords, plugs
and jacks

The C1 Camera i1s a completely new
design offering a high specification CCTV
Camera suitable for both professional and
amateur use

The design offers high sensitivity with
good signal to noise ratio by incorporat-
ing an F.ET front end Wide range and
stable automatic sensitivity control circuit
allows ?amera to be operalei Ina wnlie
range of hghting conditions All controls .
are (nternal ang once set remain stable " Hirschmann B_anana DFUQS Clg IRt prObeS-
over long time periods XLR compatible in-line attenuators and
Small size and weight make this a most reversers.

versatile camera for general usage 9

Special one off Retail price including Low cost slider faders by Ruf

lNTRoDUclNG Vidicon (Less Lens) £140 59 inclusive

Kits aiso available

end s a.c_for information Future Film Developments Ltd.
CII(';ET'(“)E“V%1 CRO%TSN EI.EETRE)NICS LTD. 90 Wardour Street P
Dept. E, 35 Grosvenor Road, Twickenham
Middx. Tel. 01-891 1923 l v 3LE
ccTV cAMERA Secondhand cameras and monitors w |.0I1d0l1 W
always available 0] _437 ‘ 892/3

1
i Quick disconnect microphone connectors )

i Amphenol (Tuchel) miniature connectors with
j coupling nut.

WW—037 FOR FURTHER DETAILS
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We've just made the impossible . . .

a professional 3 /2 digit DMM Kit for

than £70

less

e
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The Sabtronics Model 2000 is an impossible
£69.95!
And that price still includes phenomenal accuracy,
range and professional features.

This all-new bench/portable multimeter, reading

to +1999, has a basic accuracy of 0.5% * 1 digit,

and has five functions giving 28 ranges, 100%
overrange and overload protection. So you know
it's no toy!

Besides, what toys are as automatic as the
20007 With automatic overrange indication,
automatic polarity, even automatic zeroing!

Yet the 2000 is easy to assemble. We send you

all the parts you need, even the high-impact case.
We also send you clear, step-by-step assembly
instructions.
So you end up with a professional quality 32 digit
DMM for the unheard of price of less than £70.
From Sabtronics, specialists in digita! technology.
And manufacturers of the impossible.

Order yours today!

sabtronics ;

SPECIFICATIONS: (condensed)
DC volts in 5 ranges: 1004V to 1000V
AC volts in 5 ranges: 1004V to 1000V
DC current in 6 ranges: 10nA to 2A
AC current in 6 ranges: 1T0nA to 2A.
Resistance in 6 ranges: 1() to 20MQ).
Input Impedance: 10MQ).
Display: 9mm (.36'') LED
Power requirements: 4.5 VDC to 6.5 VDC
(4 "C" cells - not included).
Size: 8""W x 6.5''D x 3.0""'H
(203W X 165D X 76H mm)

ORDERING INFORMATION FOR READERS OUTSIDE THE UK.

The price listed 1s tor readers in the U K oniy which includes import
duties and VAT

For readers in overseas countries the price 1s £49.95 plus £5 0C for
Handling and postage, not included are any import duties or other taxes
levied upon receipt of goods overseas. Payments from overseas
customers should be made only by Bank drafts or International money
orders and payable to Sabtronics International. Orders should be sent to
Sabtronics International

Winkelriedstrasse 35

6003 Luzern

Switzerland

Made in U.S.A

Sabtronics (U.K.) Ltd.
50 Galton Road
Westcliff-on-Sea
Essex

ww7
To: Sabtronics (U.K.)
50 Galton Road
Westcliff-on-Sea, Essex

Please send me Sabtronics Model 2000 DMM
Kit(s) at £69.95 each incl. V.A.}. and Postage.

Total enclosed herewith: £

Name

Address

City

Readers Overseas please see ordering Information.

= e e e e et e S i e S e S g
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The world’s most famous company in communication, the Nippon
Electric Company Ltd., Tokyo, has developed the famous NED CQ
radio amateur gears, being with regard to design, quality, reliability
and price real pace-setters for today's communicators.

First in history of amateur radio, such a big and famous company with
more than 80 years of experience in construction of communication
facilities, made its experience available to radio amateurs around the
world.

The NEC, which has declared microwave space communication to its
speciality, knows perfectly which attributes equipments must have for
becoming bestsellers.

Today we present:

NEC ca 110 E DIGITAL

altband, HF, 300 wattstransceiver, 160 / 80 / 40 / 20 / 15 / 11 7
10A 7/ 10B / 10C / 10D / WWV, modes FSK, USB, LSB, CW, AM,
with separate 8 pole X-tal lattice filters for each mode fitted.
Further features: Side tone at CW, VOX (automatic transmit-receive
by talking into microphone), 11 meter CB band, all channels easily
selectable through digital counter, excellent receiver sensitivity at
extreme crossmodulation security by application for the 7360 low
noise beam, deflection mixer tube. o

This feature alone makes of the NEC CQ 110 E a toprider. Fixed
channel communication on 22 channels is possible. A 60 page
manual and a high quality dynamic microphone are supplied with the
transceiver. Speaker, AC 100-235 volts and DC 13.5 volts power
supplies are built in of course.

NEC ca 301

allband HF, 3KW, linear amplifier, 160/80/40/20/15/11/°
10 meter, for modern amateur communication. Two EIMAC 3-500 Z
triodes, in zero bias grounded grid application guarantee long trouble
free communication. The NEC CQ 301 can be driven by our CQ 110E
or other exciters capable of about 50-100 watts of drive. AC power
supply 100-235 volts is built in of course.

RETAILERS: Do not hesitate to accept our offer. Join us in selling
these bestsetlers!

Sole distributor in Europe:

CLhCCorp., Via Valdant 1 — CH 6830 CHIASSO—SWITZERLAND
Phone: (091) 44 26 51. Telex: 79959 CH

Test Equipment

Multineters

The Eagle range of multimeters
covers every possibie need of the
electrical or electronic engineer.
They cost from about £6 to £58
(inc V.AT.). There's at least one
which suits your job precisely.

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

Gon ED SE STy I T CITR O O G G OIS GES N
l Please send me details of all your test equipment.

' NAME

I 2o0ress

Eagle International. Precision Centre. Heather Park Drive,
Wembley HAQ 1SU Tel' (01)-902 8832

S — o o o o o

BULK ERASURE PROBLEMS?

LR71

MAX REEL SI1ZE 11, "

LR70
MAX REEL SIZE 8a''

Ifit's personal we can only advise a diet or joining weightwatchers .
If it's to do with tape, then why not consider the LR70/71 ulk
tape erasers. They are simple to operate and wiil erase cassettes
cartridges and reels of tape up to a maximum reel size of 111"
and tape width of 1", quickly and efficiently within the time it
takes to read this advertisement.

The LR70/71 bulk erasers are currently used in Broadcast
Companies. Recording Studios, Government Departments,
Educational Establishments and the Computer Industry

Moderately priced and available from

LEEVERS-RICH EQUIPMENT LIMITED
INCORP. BIAS ELECTRONICS

319 Trinity Road, Wandsworth, London SW18 3SL
Telephone 01-874 9054

Cables: Leemag London SW18. Telex 923455 Wembley

WW--040 FOR FURTHER DETAILS
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NOW A PROFESSIONAL
DMM FOR UNDER £100

You're a professional and therefore
insist on a professional instrument.
Now it's here - our 8020A - a pocket-size
DMM weighing only 370 grammes.

It has the accuracy and the functions of
alab instrument, yet fits your pocket
and purse. costing only £ 99.

It goes wherever you go. Your
8020A DMM operates for two hundred
hours on a standard 9 volt battery. And
wherever it goes it is supported by
Fluke's renowned worldwide service

Look at the features. You won t
find any other instrument in size or price
which. besides full DMM capability.

FLUKE MAKESIT EASIER!

WW—092 FOR FURTHER DETAILS

200nS-2mS

FUNCTION | RANGES ACCURACY
DC Volts {5) [0 UV-1000V *(0.25%
[acvas | 1 1000v-150v 075%
DC Amps (4) FpA-2000mA +(0.75%
kAC Amps (4) 1pA-2000mA * 1.5
Resistance (6) 100m-20MOY +0.2%
Conductance | (2) leakage from

Diode Test

(3) 2k€2, 200k 2, 20M(Y

200 Hoars operation from 9V battery

offers conductance and diode test. And
Fluke's wide accessory-range.

Fluke International Corporation
Garnett Close Watford WD2 4TT
Tel.- 0923-33066

Telex: 934583

ITT Instrument Services.

Edinburgh Way,

| Harlow, Essex CM20 2DF,

Tel - (0279)295.22.

Contact us for your nearest dealer
or distriburor

FLUKE
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When you're already unique inyour field
-why botherto be better?

BECAUSE it's the only way to keep pace with .
Europe’s fast-expanding electronics industry.
That's why there are some major changes in
Electronics Weekly Apart from more pages and a
new look throughout, you'll find :

MORE NEWS in each department.
MORE COVERAGE especially of innovations.

MORE COMMENT on developments behind the news.

MORE TECHNICAL SURVEYS.

'----------------------
B Order your own copy by using this form

To " Electronics Weekly, Room 218, Dorset House.
| | Stamford Street. London SE1 9LU

I wish to take out a one-year subscription to Electronics
| Weekly Remittance enclosed for £6.00 (U.S.A./Canada
B $15.60). Cheques made payable to
l 'PC Business Press Ltd.
-

\ NAME
(Please print)

Address

Registered in England No. 677128
Regd. Office, Dorset House, Stamford Street, London SE1 9LU

MODEL 41
R.F. SIGNAL GENERATOR
Price £54.85
* 150 KHz — 220 MHz on fundamentals. PLUS VAT
* 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 leafiets.
Post and Packing £1.00 extra

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET,

NEWTON ABBOT, DEVON, TQ12 1NE
Tel. Newton Abbot 68297

fault finding-
no fiddle

With the AVO TT 169 in-circuit transistor tester.
Go/No Go tests almost any transistor, diode or
thyristor without de-soldering, without damage.
Find out how it can save you time, save you
money.

You'll find the price is no fiddle either.

Contact your local wholesaler, or us:

AVO Limited, Dover, Kent CT17 9EN.
Telephone: Dover (0304} 202620

S

i~

Thorn Measurement Contsol and Autemation Division

WW—046 FOR FURTHER DETAILS
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ELECTRONORGTECHNICA

carbon film Rr5isTORS

Ys and Yaw 70°C 5% tol. E.12
EX-STOCK

£4.90 SEHOII\’PEO?/ALUE Va7 & POSTAGE

Minimum export order £100
Contact John Gingell

- AERO SERVICES LTD.
44A Westbourne Grove
&- London W2 5SF

TEL: 01-727 5641 TELEX 261306

WW—075 FOR FURTHER DETAILS



Wireless World, July 1977

TIME+ FUEL+ EFFORT
=MONEY

You can effectively reduce costs by
the installation of a STORNO
mobile radio system.

To investigate further, write, tele-
phone or telex to

RADIO COMMUNICATION SYSTS .

Storno Limited, Frimley Road, Camberley, Surrey.
Telephone: Camberley (0276) 29131 Telex: 858154

WW —0355 FOR FURTHER DETAILS
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643A FUNCTION
GENERATOR

SINE, SQUARE & TRIANGLE
0.01 Hzto 1.1 MHz

10V pp 5V DC OFFSET
1000 : 1 Vco RANGE

oms 3 FUNCTION
g = GENERATOR
® y 643 A
v -
L
1
L -
e 5 " ] \
- Ll
4 =
o @26 @& 9o )
Vew v
643A FUNCTION GENERATOR £85 + £2.50 p&p
Other products include WwO064
643 FUNCTION GENERATOR £98 \WWO0B5
745 COUNTER TIMER £94 \WVWO66
744 COUNTER TIMER £85 Wwo067
631 FILTER OSCILLATOR £108 WWO68

Delivery 1s normally ex-stock —— telephone for confirmation
Prices exclude VAT and are correct at time of going to press. Subject to
change withcut notice
OMB electronics
Riverside, Eynsford, Kent. Tel. 0322 863567

Big saving, good looking, fast checking NEW Doram

DIGITAL MULTIMETER-
BUILD IT YOURSELFAND SAVE
UP TO £40!

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

Based on Ferranti technology
with accuracy + 0.6%,the new
Doram Multimeter is an indispensable
tool at a terrific saving. Measurement
is indicated by a 3%z digit display
updated twice per second ~
display flashes to indicate overload.

KEY DATA

200mv, 2V, 20V,

200V, 1000V Input
impedance 4.2M2 Maximum
sensitivity 100V,

200mv, 2V, 20V,

200V. 500V input impedance
4.2M o Maximum sensitivity
1008V

/olisD And itsaves you money before it's

even built!
DEPEND ON DQrAam

Thousands of kit makers do for top value and
modern technology.

Doram Electronics Ltd, FO Box TR8. Wellington
Road Industriz! Estate. Welhington Bridge. Leeds, West
Yorkshire LS§12 2UF

Registered in London No. 1155856 Directors
R A Marler, D1 Turner, F Chable

Volits AC

Current AC/DC 2004 A, 2mA, 20mA,
200mA, 24

Resistance 2007, 2Ka 20Ka 200K, 2Ma

_———_—_\

Yes, I want to save up to £40
Please send me {subject to availabiiity] complete kit(s) for Doram DIGITAL MULTIMETER at
(£54.50 + £4.36 VAT incl p & p) total £58.86. | understand | can return the urused kit(s) within 7 days
and claim my money back if kit(s) returned undamaged in the formreceived and ready for re-sale

Please send me. complete DORAM KITS CATALOGUE(s) showing an additianal 25 kits, at 25p each

i enclose cheque; /PO value |
NAME (BLOCK CAPITALS) -
ADDRESS o .

| TOWN |
COUNTY

POST T0: DORAM ELECTRONICS LTD., DEPT. WM2. PO 80X TR8, LEEDS. WEST YORKSHIRE LS12 2UF
- I e I G N

PRODUCTION TESTING * DEVELOPMENT
SERVICING

TYPE 250VRU/30/25

Input 200-250v 50Hz or 100-120v 60Hz 1o order. Output 1
0-30v 25A DC. Output 2 0-70v 10A AC. Output 3: 0-250v 4A
AC.

PRICE: £233.60 excluding VAT

Regulated and unregulated outputs with output voltages of
12, 24, 50, 110 or 220v DC are also available at very
competitive prices.

Send for further details of these versatile units to:-

BROWELLS LANE, FELTHAM, MIDDX,

TW13 7EN
PHONE: 01-890 4242 or 4837

WW —054 FOR FURTHER DETAILS
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The Finest

The "'S.K.A."" Plastic Keyboard was developed by Kimber Allen

Ltd in co-operation with a Swedish company and the R Y
manufacturers state that in their opinion it is the finest moulded A% \
plastic keyboard made and is not to be confused with cheaper R\ \\

keyboards available \
The keys are moulded in Acrylic plastic, a material chosen for its o
hard wearing properties and ideal feel to the touch. They are
moulded in two parts, the key face, which has to be perfect in

appearance and finish, and the action, which has to be strohg and

carry the mechanism. The strong section of aluminium extrusion

upon which they are mounted is specially designed to take all the

pressures of playing. Springs, felts, and contact actuators are

supplied ready-fitted

The contact assemblies are constructed of laminated bakelite, thus / d

giving smooth slot walls and completely free movement of the

gold-clad contact wires. Types available as follows (Contact pairs

normally open)

GJ-—SPCO: 24p each GE—4 pairs : 45p each

GB—2 pairs: 27p each GH-5 pairs 57p each - + =

GC—3 pairs: 36p each 4PS—SPCO& 3 prs: 53p ea - = S=-

Palladium Wire Bus Bars — 1 octave lengths : 50p each U.K. POST & HANDLING: 37 Note C-C Keyboard :

We also stock kits and PCBs for the P.E. Synthesiser, P.E. Joanna KeyboardS: £1.50 each £25.50

(electronic piano), P.E. Minisonic, and other sound synthesising Contacts; 49 Note C-C Keyboard :

and modifying projects published in Practical Electronics. Send Orders under £15.00: 25p £32.25

SAE for full list (Overseas send 40p) Orders over £15.00: 50p 61 Note C-C Keyboard :
£39.75

VAT: Add 12 2 % to final total on all U.K. orders
EXPORT ORDERS ARE WELCOME but please see our price

list for Export Postage Rates. N.B. EIRE, CHANNEL ISLES &

DEPT. ww77, 22 HIGH STREET B.F.P.O. classify as Export.

MAIL ORDER AND C.W.0. ONLY — SORRY BUT NO CALLERS PLEASE

slncup’ KENT DA I 4 BEH Prices are correct at time of Press, E, & O.E. Delivery subject to availability

WW—038 FOR FURTHER DETAILS

( : : )
AUDIBLY SUPERIOR POWER AMPLIFIER MODULES

A power amp. built with CE modules will be audibly comparable to the very best amps.
commercially available, but at a much reduced cost.Thd. is typically 017 by the use of
output triples & moderate feedback, while t.id. is no worry with a slew-rate limit of
16 /s (only 9v/us is required for the power bandwidth of CE 1008).Settling time < 15ps.
#*S/N>110dB # 120x80x 25 mm. & Fully protected # 250mv/56kn # 12Hz -35kHz.-3dB & 14 Trs, 4Di
Power Supplies: Featuring high quality Toroidal transformers with 120

CPS 1 For 2xCE608 or 1xCE 1004 £12:55 gdlov pvimarytf;screen:
al A 4
CPS 2 For 2xCE 1004 or 20r4x CE608 £14 55 e e O

rectifier; fixings.
CPS3 For 2xCE1008 £1585
Power amp. modules:
CE608 60Wrms/8a,*35v, £14-55

CE1004 100Wrms/dn, +35v, £17-55
CE 1008 100Wrms/Ba,+45v, £21:55
Hisinks: 50mm.85p;H/duty 100mm.£1-50
Miprices inclusive  oinis O | EKTRIK
S.AE for full detaits 74 STATION ROAD,
e113-510533-386211 RATBY; LEICESTER

WW-—048 FOR FURTHER DETAILS WW—045 FOR FURTHER DETAILS

AEL CRYSTALS UMITED

Gatwick House, Hotley, Surrey, England RH6 95U

Telaphone: Hortey (02934) 5353 Telex: 87116 (Aerocon Horley}
Cables. Aerocon Telex Horley

CE1008 + Bomestic heatsink. (50mm.i

FA' R c H I I D Available from any of our distributors
Barlec East Grinstead (0342) 24383
A Celdis Reading (0734) 5685171
= —_ - - Comway Bracknell (0344) 24765

- ‘ Eurocom High Wycombe (0494) 36146
ITT-ESD Harlow (0279) 26777

AT YOUR FINGERTIPS Macro Burnham (06286) 63011

Included in this new Databook Most Manchester (061) 831 7672
¥ Power Transistor Selection Guides
| % Industry Cross Reference List OTHER DATABOOKS AVAILABLE INCLUDE
% Full Technical Specifications ) LINEAR. MOS/CCD, BIPOLAR MEMORY
% Chapters on Reliability, Packaging MACROLOGIC, LOW POWER SCHOTTKY

and Heatsinking, Safe Operating Area TTL. F8 MICROPROCESSOR, DISCRETE
Price £2.00 each incl. P & P Ask YOUR DISTRIBUTOR FOR DETAILS
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Four Good Reasons 4 FYL@El

for using |
® TRANSDUCER and RECORDER
Zettler Relays: AMPLIFIERS and eYSTEMS |

Zettler Relays are first class quality
We have about 50 years experience in producing relays.
Zettler Relays are readily available :
Most are available ex stock Harrow.
Zettler Relays are proved in practical applications.
Millions are used in our own electronic systems and products.
Zettler has the rnight relay for most applications, e. g.:

Miniature Extra
Heavy Duty Relay AZ 230
Capable of switching high power

in spite of small physical size.
Contact ' 1 changeover.

Contact matenal

Silver cadmium oxide.

Rating: 3.5 kVA, 16 A, 260V AC max.
Dielectric strength: 2,5 kV rms
Coils: 5V DC - 110V DC

Size 35.5x19x30.2 mm.
Printed circuit mounting.

. Let us help you with your switching problems.

est. 1877

Zettler UK Division
Brember Road - Harrow, Middx. HA2 8AS - Tel. (01} 422 0061

Zettler offers more than technology

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option |
single cases and up
to 17 modules in
standard 19" crates
small size—low
weight-—realistic
prices.

SN/ TLDI= shevonic

49/51 Fyide Road Preston Laboratories

Please look us up at PR12XQ Limited.
LEEDS ELECTRONICS EXHIBITION
UNIVERSITY OF LEEDS 28th, 29th, 30th JUNE \Telephone 077257560

WW—024 FOR FURTHER DETAILS B
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Hv s NON-CONTACT MEASUREMENT
AND CCTV DISPLAYS

poe T

% w‘f‘i‘ 150W 10W
e 3
PAY LESS FOR LOADS? NON-CONTACT MEASUREMENT, using standard

CCTV cameras. Fast, versatile measurements for
Production and Test:
VP 101/2 TARGET LOCATORS for automatic positioning

With nearly 3 decades of experience built into every TERMALINE® Coaxial
Load Resistor. buying BIRD will often cost no more or save you money.

BIRD QC Quick-Change Connectors on many models ofter a choice of any

common RF connector. eliminating the need for perfcrmance-degrading VP 103 TARGET HEIGHT INDICATOR for dimension

adapters. checking.

Twenty aircooled dry Loads (2W to 225W). thirteen aircooled liquid Loads VP 104 AUTOMATIC VISIBLE FLAW DETECTOR

(20W 10 5kW) and nineteen watercool d TERMALINE® models (1IkW to 50kW) VP 105 INTENSITY INDICATOR checks brightness at

are listed in cur 1977 Catalog. Ask for it selected spot.

EXCLUSIVE U.K REPRESENTATIVE FOR BIRD ELECTRONICS gq%lTp"me‘zt'spLAYS compatible with standard CCTV

3 BAR GRAPH GENERATORS 8-32 way displays

as en SUBTITLE/INDICATOR superimposes pre-stored and
typed-in messages, also movable arrow and box, on CCTV
picture

electronics limited

2 KILDARE CLOSE. EASTCOTE. MIDDX. HA4 9UW.
Tel: 01-868 1188.  Telex: 8812727

HAMPTON VIDEO SYSTEMS LTD.

Heath Road, Twickenham. Tel. 01-881 1974

WW—044 FOR FURTHER DETAILS WW — 062 FOR FURTHER DETAILS
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Y
J AVTO Ranging
CAPACITANGE SmiDo¢

@

o B0 n tareay

TWO terminal measurements
Less than 2 seconds 10 measure
Autoranging — 1pF to 2000uF
Accuracy 0.5%

Large digital display -

R R

Low profile metal instrument case
Continuous measurement

ESF

* %

Electronic Services & Products Ltd.
Middle March, Daventry, Northants
(03272) 76720

WW--087 FOR FURTHER VDETAILS

Available
direct from

PO Box 19
QOrchard Road
Royston. Herts
SG8 5HH
(0763) 41171

Wireless World, July 1977

Auto Ranging
capacitance bridge

Wide Range C-Meter mea-
sures electrolytics in less
than 1 second. No bridge
balancing means you eli-
minate errors and save
time

Automatic Capacitance Bridge features fast
accurate measurement from 1pF to 2000uF. Full
Autoranging means you get the facts without

confusion Price £235

Speed up your precision work with

MINIATURE
POWER EQUIPMENT

SUPER 30 KIT - 30 100lsincl. drill
without stand £19.39 pp 85p

PIS DRILL STAND £513 pp 35p

PI-DRILL £9.67 pp 35p

FLEXIBLE DRIVE SHAFT =
£5.94 pp 25p

TRANSFORMER

contnuous ac/12vdc £7.56 pp 70p
VARIABLE SPEED TRANSFORMER
£9.50 pp 70p

Replacement drills, stones. burrs eic
40p each Circular saw blades. set of 4
with arbor, £2 50

Drilt can be
P &P any quantity 20p 9 X 4" S AE held in
please for leaflet and ofder form the hand

Al VAT inclusive

PRECISION PETITE LTD

119a HIGH STREET TEDDINGTON MIDDLESEX TW11 8HG
Tel.01-977 0878-24 Hour recorded service

WW-—050 FOR FURTHER DETAILS

Nylon
clamp
V)V VW, .

\ A

Even less for quantities
over 10,000. Aboveis just
oneexample fromarange

of 26 sizes to accom-
modate cables from }”
to 137 in diameter. Light
weight. Tough. Position
any number of wires
safely and neatly.
Excellent insulators.

FREE SAMPLES

and full technical details
Secured by single on request.

screw (not supplied)

- ®
HEYCO MANUFACTURING CO. LTD.
Uddens Trading Estate, Nr. Wimborne, Dorset

BH21 7NL Tel : Ferndown (STD: 0202) 871411/2/3
Telegrams : HEYCOMAN Wimborne. Telex: 41408

WW — 081 FOR FURTHER DETAILS

With the CP-LX1 — the latest in the expanding range of MAGNUM AUDIO MODULES

such sysiems . the CP-LX1 scheme is readily adjustable so that a desired specification may
with an ease and confidence not possible with passive systems Moreover

all MAGNUM AUDIO MODULES, full app
provide your CP-LX1 preset to your choice of frequency (order as CP-LX1-P and frequency)

CPLX1
CP-LX1-P

£8.65
£9.65

Liifipa

VAT £1.08
£1.21

AGTIVE CROSSOVER SYSTEM

LATEST MAGNUM MODULE FOR LINEAR PHASE ACTIVE CROSSOVER NETWORKS

you can
build an active crossover network for any multiple speaker system using one CP-LX1 per crossover

frequency In addition to the improved loudspeaker damping and transient response resulting from
b
be achieved

any subsequent
adjustments may be made for a few pence so that optimum performance Is always achievable As with

ation data (s provided Should you wish we will als

SEND SAE for details of the CP-LX1 and other MAGNUM AUDIO
MODULES.

cP-P1 Stereo Preamplifier £13.30 VAT £1.66
CP-FG1 Audio Function Module £11.75 VAT £1.47
CP-2-15/20 20 + 20W or 40W Amplifier £12.85 VAT £1.61
CP-PS-18/2D  Power Supply Module £6.50 VAT £0.81

Also available pots. switches knobs. sockets etc and Mother  PCBs
Prices include tull application data. post and packing

Barclaycard and Access facilities avalable

Products guaranteed 2 years

DEPT. JW, 13 HAZELBURY CRESCENT
& LUTON, BEDS, LU1 1DF. Tel: 0582 41 5832

WW — 085 FOR FI'RTHER DETAILS
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1aX0

MINIATURE
QUARTZ

Better instruments. CRYSTAL
Better service. OSCILLATORS

We have established a nationwide network of approved
service organisations to deal with the repair and

maintenance of our instruments. Every repair is backed
by a full 12 month guarantee. Here's where tofind them.
ENGLAND London Instrument Repair Centre, Acton Lane, Chiswick, QUAR I Z DE\/'CES LTD

London Wa SHJ. Trade Reception: Cunnington Street. Tel: 01-395 9212

London Instrument Repair Centre, Archcliffe Road. Dover, Kent. n

Tel. Dover (03041 202620 Woarld-wide exporters of crystals & filters
Farnell International Instruments Ltd. Sandbeck Way, Wetherby, 3

West Yorkshire 522 4DH Tel. Wetherby (0937) 3541 Manufacturers of DIP crystal oscillators
TER Instrumemnts Ltd., Peel Lane, Astley, Manchester M29 7JH from 240Hz to 20MHz

Tel: Atherton (05234) 2275 or 56™ :

Midlands Instrument Repair Centre, Thorn Automation Ltd. sole agents for

Armitage Road, Rugeley, Staffs. Tel: Rugeley (08894) 5151 I :
SCOTLAND Falcon Electronics, 92 High Street, Johnstone, Scotland Fl RONETICS/ LC & crystal filters from 10Hz 10100MHz

Tel. Johnstone (0505) 23377 STATEK! Ultra miniature low frequency crystals
WALES Electro Services, 25 Chepstow Road, Newoort. Gwent NPT 88X ELECTRO DYNAMICS High volume timing crystals

Tel Newport (0633) 211243
29 Market Street, Crewkerne, Somerset England TA18
Telephone (0460) 74433 Telex 46283 inface g

WW-—015 FOR FURTHER DETAILS

LEEDS

The manufacturers’joint service organisation.
WW-—-034 FOR FURTHER DETAILS

DETECKNOWLEDGEY

DETECKNOWLEDGEY ?

Not a spelling mistake, but a new publication from AMBIT that sets out to
explain some of the basic theory that surrounds metal location techniques.
It is an explanation, that builds up from first principies, why iron sometimes
reacts like a non-ferrous metal, what determines detector range, what the
shortcomings are, how to avoid them. In fact, it explains about BFO, 1B,
VCO and Pulse Induction techniques, as a result of research carried out to
produce our range of locators, and why we chose the methods we used. As
a general purpose reference work for designers, constructors, users etc., we
think you will find it unique. £1.00 inc. postage.

Bionic Ferret Metal Locators

As a result of our investigations, we offer you three metal locators now: The VCO 4000,
the IB phase angle meter, and the ‘Pulsedec’ pulse induction metal locator. It is impossible
to catalogue the relative virtues of each type here, so please send an SAE for details.

ELECTRONICS
EXHIBITION

Components for Wireless: ICs, Coils, Ceramic & Mechanical Filters, trimmers etc

Linear ICs Tuner modules/TOKO parts
CA3089E/KB4402 1.94]1CLB0O38CC*” 4.50| EF5800 6 cct varicap head 14.00 -
MC1310/KB4400 2.20! NE555V* 0.70| EF5600 5 cct varicap head 12.95
TBA120/SN76660 0.75( NE565/6/7° 2.50| EC3302 3 cct varicap head -7.50
uA753 1.80| NE560B* 3.50| 7030 linear phase FM if system 10.95
HA1137W 220 ;o 91196 high spec mpx decoder 1299
CA3090AQ 37| Discrete devices e, rypis in catalogue
HA1196 4.20| 40673/MEM616*  0.57| 91197 varicap MW/LW tuner 11.35 FT
uA720/CA3123E  1.40| MEM68O* 0.75| 7701 Mk 2 doubte canversion TV “—9 ‘
HA1197 1.40| MEM614° 0.38| UHF off air sound tuner board  27.00 u“e day
TBA651 1.81| BF256L/S 0,34/ Larsholt Signalmaster Mk 8 complete IBO \\“YS
LM380N 1.00| MVAM115 varicap 0.95| FM tuner for all levels of experience 8’2 &
LM381N 1.81| MVAM125 0.90| in electronics (kit) 85.00 2 day
LM3900* 0.75| MVAM2 1.35| Larsholt Audiomaster 25+25W superb es
TDA2020 2.99|BB104 0.45| audio amplifier kit 79.00 e m
TCA940 1.80| BB105 0.32| Ambit Int. Mk 2 series: all the pieces, day, 6 p
TBAB10AS 1.09| BA102/BA121 0.30 | case/chassis/hardware/panel /PSU/presets Tues m 0 .
MC1312 1.50| ZTX/BC107/8/9 0.14| etc. for you to present your FM tuner 10 a, t“O“‘C
78050UC* 1.56| ZTX/BC212/4 0.17|in a stylish unit. 33.00 \ C, t
78M12° /TDA1412 1.20| BC413 0.18| NEW NEW NEW NEW NEW NEW '\Ca\
7gM20" 1.20| 2TX451/551 0.18/[Stiron soldering irons, made in UK to 0 C‘x e
78M24° 1.20| BD609 0.70||meet all known safety specs, thermally . g
uA723CN* 0.80| BD610 1.20||regulated with stand, also pro tools for (m\e'(“ \“ee\'\“
TAAS550B* 0.50] more in price list........ .. |IPCB construction: SAE for leaflet pse Depa E“g ﬁ\Jeed‘
PLEASE NOTE: Vat is extra, at 12.5% except where marked * (8%). PP 22p per order.
An A5 size SAE for free current price lists, or 40p for the complete catalogue. Write to:-
37a High Street, Brentwood, Essex. CM14 4RH. (tel. 0277-216029)
|
- -
WW-—094 FOR FURTHER DETAILS
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] B Uniyue alpha-numeric listings of ratings and
. characteristics of a very wide range of semi-
e conductors of international origin and with
an extensive substitution guide.
& USED WORLDWIDE - PROFESSIONALLY
] ]
TO INTRODUCE THE n!W
. TH

SEMICON INDEXES Lo

@ AVAI/LABLE FOR

THE
SEMICON

INTERNATIONAL TRANSISTOR INDEX
AND THE DIODE/SCR INDEX

WE HAVE

A SPECIAL OFFER

FOR NEW AND EXISTING SUBSCRIBERS

SEND FOR DETAILS e DON'T DELAY

A LIMITED PERIOD ONLY

[ . “\)ﬂgt"
\ \ < 7, KING'S PARADE, KING'S ROAD, FLEET, HAMPSHIRE. GU13 9AB. U.K.
I\\ TELEPHONE: FLEET (025 14) 28526

TELEX: 858855 Barmer G

WW — 056 FOR FURTHER DETAILS

Wilmslow
Audio

THE Firm for Speakers!

SEND 10p STAMP FOR THE WORLD'S BEST
CATALOGUE
OF SPEAKERS, DRIVE UNITS, KITS, CROSSOVERS,
ETC.
AND DISCOUNT PRICE LIST

©® CASTLE @ CELESTION @ CHARTWELL @
COLES @ DALESFORD @ DECCA @ EM| @
EAGLE @ ELAC @ FANE @ GAUSS @
GOODMANS @ HELME® | M.F @
[SOPHON @ JR @ JORDAN WATTS @ KEF @
LEAK @ LOWTHER @ McKENZIE @
MONITOR AUDIO @ PEERLESS @ RADFORD
® RAM @ RICHARD ALLAN @ SEAS @
TANNOY @ VIDEOTONE @ WHARFEDALE

ATC @ AUDAX @ BAKER @ BOWERS & WILKINS

WILMSLOW AUDIO pept wi

SWAN WORKS, BANK SQUARE. WILMSLOW, CHESHIRE SK9 1HF
Discount Hi-Fi, etc., at 5 Swan Street and 10 Swan Street
Tel. Wilmslow 29599 for Speakers Wilmslow 26213 for Hi-Fi

WW—013 FOR FURTHER DETAILS

DATA AND
COMMUNICATIONS
TERMINALS

Teletype 28, 32, 33, 35, 40
TermiNet 30, 300 & 1200 (30 and 120 cps)
Teleterm 1132 and 1200 series {portable/fixed 30 cps)
with integral coupler and RS 232C)
Other page printers (by Siemens, ITT Creed, etc)

* Spares, repairs, overhauls and maintenance
* Other types and models available
* Refurbished units also available
* Short and long period rentals
* Minicomputer interfaces
* Quantity discounts
* Immediate delivery

TELEPRINTER EQUIPMENT LTD.
70-80 AKEMAN STREET
TRING, HERTS., U K.

Telephone 0442-82-4011
Cables RAHNO Tring
Telex 82362

A/B Batelcom Tring

WW—026 FOR FURTHER DETAILS
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HY5

Preamplifier

HY30

15 Watts into 82

HY50

25 Watts into 8Q)

HY120

60 Watts into 8Q)

HY200

120 Watts into 8Q

HY400

240 Watts into 4Q)

POWER
SUPPLIES

Kent CT4 7AD
Tel (0227) 632

The HY5 is a mono hybrid amplitier deally suited for all applications. All common input functions
(mag Cartridge tuner, etc} are catered for intemally, the desired function is achieved either by a
mutti-way switch or diregt connection to the appropriate pins The internat volume and tone circuits
merely require connecting to external potentiometers (not included). The HYS is compatible with alt
1 LP power amplifiers and power supplies To ease construction and mounting a P.C connector is
supplied with each pre-amplifier

FEATURES: Complete pre-amplifier in single pack -- Multi-function equalization -~ Low noise - Low
distortion -— High overioad -— two simiply combined for stereo

APPLICATIONS: Hi-Fi -— Mixers — Disco -- Guitar and Organ -— Publc address
SPECIFICATIONS:

INPUTS Magnetic Pick-up3mV Ceramic Pick-up 30mV: Tuner 100mV: Microphone 10mV
Auxiliary 3-100mV; input impedance 4 7k} at 1kHz

OUTPUTS Tape 100mV. Main output 500mV R.M S

ACTIVE TONE CONTROLS Trebie * 12dB at 10kHz: Bass * at tO0Hz

DISTORTION O 1% at 1kHz, Signal/Noise Ratio 68d8B.

OVERLOAD 38dB on Magnetic Pick-up; SUPPLY VOLTAGE * 16 50V

Price £5.22 + 65p VAT P&P free

HY5 mounting board Bt 48p + 6p VAT P&P free

The HY30 is an exciting New kit from | L P 1t features a virtually indestructible | C. with short circunt
and thermal protection. The kit consists of | C  heatsink, P C board. 4 resistors. 6 capacitors,
mounting kit together with easy to follow construction and operating instructions. This amplifier 1s
wdeally suited to the beginner in audio who wishes to use the most up-to-date technology available
FEATURES: Complete kit — Low Dstortion -- Short, Open and Thermal Protection - Easy to Build
APPLICATIONS: Updating audio equipment -~ Guitar practice amplifier .- Test amplifier -~ Audio
oscilator

SPECIFICATIONS:

OUTPUT POWER 16W R M.S into 81) DISTORTION 0 1% at 15W

INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz-16kHz - 3d8

SUPPLY VOLTAGE = 18Y

Price £5.22 + 65p VAT P&P free.

The HYS0 leads | L.P s total integration approach to power amplifier design The amplifier features an

integral heatsink together with the simplicity of no external components During the past three years

the amplifier has been refined to the extent that it must be ore of the most reliable and robust High

Fidehity modules in the World

FEATURES: Low Distortion -~ integral Heatsink - Only five connections - 7 Amp output transistors
No external components

APPLICATIONS: Medium Power H-Fi systems -— Low power disco - Guitar amphfier

SPECIFICATIONS: INPUT SENSITIVITY 500mV

OUTPUT POWER 25W RMS in 8} LOAD IMPEDANCE 4-16) DISTORTION 0.04% at 25W at

1kHz

SIGNAL/NOISE RATIO 75d8 FREQUENCY RESPONSE 10Hz-45kHz — 3d8

SUPPLY VOLTAGE - 25V SIZE 105 50.25mm

Price £6.82 + 85p VAT P&P free

The HY120 is the baby of |.L.P 's new high power range designed to meet the most exacting
requirements including load line and thermal protection this amplifier sets a new standard in modular
design
FEATURES: Very low distortion -— Integral Heatsink -— Load line protection -~ Thermat protection ——
Five connections -— No external components
APPLICATIONS: Hi-Fi .- High quahty disco -- Public address - Monitor amplifier - Guitar and
organ
SPECIFICATIONS:
INPUT SENSITIVITY 500mV

'OUTPUT POWER 60W RMS into 81) LOAD IMPEDANCE 4.16¢) DISTORTION 0 04% at 60W at

* 1 kHz
SIGNAL/NOISE RATIO 90dB FREQUENCY RESPONSE 10Hz-45kHz ~3dB SUPPLY VOLTAGE
=36V
Size' 114 x 50 x 85mm
Price £15.84 + £1.27 VAT P&P free.

The HY200 now improved to give an output of 120 Watts has been designed 1o stand the most
rugged conditions. such as dssco or group while still retaining true Hi-Fi performance

FEATURES: Tharmal shutdown — very low distortion -— Load line protection - Integral Heatsink
No external companents

APPLICATIONS: Hi-Fi -— Disco - Monitor .- Power Siave -— Industaal - Pubhc address
SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS into 317 LOAD IMPEDANCE 4.161) DISTORTION 0.05% at 100W at
1kHz

SIGgJAL NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-45kHz — 3dB SUPPLY VOLTAGE!
- 45v

SIZE 114 x 100 x 85mm
Price £23.32 + £1.87 VAT P&P free.

“The HY400 1s |.L.P 's 'Big Daddy  of the range producing 240W into 41! It has been designed for’

high pnwer disco or pubhc address applicanons tt the amphtier 1s to be used at continuous high power
levels a cooling fan 1s recommended The amplhifier includes all the qualities of the rest of the family 10
lead the market as a true high power hi-fidelity power module

FEATURES: Thermal shutdown — Very low distortion -— Load line protection No external
compaonents

APPLICATIONS: Pubhc address — Disco — Power slave - Industnal

SPECIFICATIONS:

OUTPUT POWER 240W RMS into 4.} LOAD IMPEDANCE 4-16:) DISTORTION 0 1% at 240W at
1 kHz

SIGNAL/NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz-15kHz 3dB SUPPLY VOLTAGE
-45v

INPUT SENSITIVITY 500mV SIZE 114 x 100 x 85mm

Price £32.17 + £2.57 VAT P&P free.

PSU36 suitable for two HY30 s £5.22 plus 65p VAT P/ P iree

PSUSU suitable for two HY50 s £6.82 plus 85p VAT P P tiee

PSU /0 surtable for 2 HY 120 s £13.75 plus £1 10 VAT P/P free

PSUQ0 suitabie for one HY200 £12.65 plus f1 01 VAT P/P tiee

PSU180 suitable tor two HY2000 s or ane HY300 £23.10 plus L1 85 VAT P/P free

B A8p mn L wA

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS
|.L.P. Electronics Ltd Piease Supply -
Crossland House

Nackington, Canterbury

Total Purchase Price

Account number
Name & Address .

18

Signature
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15—240 Watts!

| Enclose Cheque [1 Postal Orders T Money Order O
Please debit my Access account {1 Barclaycard account [
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8030A portable 3! digit DMM 8040A portable 4)2digit DMM

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

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

Write or phone for more details.
Edinburgh Way, Harlow, Essex. Telex: 81525

ITT

The only way to buy.
Harlow (0279) 29522.

WW—091 FOR FURTHER DETAILS
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The Ernie and Arnie show?

Mr Ernest Harrison, chairman and
managing director of Racal Electronics,
has been calling for further
rationalization of the British
electronics industry. It is “bound to
come” he declared at a press lunch.
And “it won't be too long in coming, 1
believe”. Asked if he had had any
discussions with the National
Enterprise Board, he replied “Yes,
we've all been involved, not just Racal
but all the other companies as well”.
Mr Harrison’s main concern is to
improve Britain’s chances of obtaining
big overseas orders. He feels that the
present system, of several UK
companies bidding competitively,
without Government support, fares
badly against that of other countries
which have their governments
assisting one or two large groups. Mr
Harrison made it clear what he had in
mind, at least for Racal. “We want
another group matching GEC” he said.
“A bit of competition might be good for
Arnold Weinstock, good for his
company and good for the country”.

In principle rationalization is a good
thing. Its purpose is to eliminate
wasteful duplication of resources, the
splitting in too many ways of capital
investment, materials, labour and other
factors of production inevitable in
normal business competition. It should
mean that whatever resources are
available in an industry they will all be
used continuously and efficiently. And
the government, which has to be seen
to be even-handed, is much more likely
to give diplomatic and financial
support to a single large group
tendering for an overseas contract than
it is to favour invidiously one of several
companies in a freely competitive
situation.

In practice, however, rationalization
means take-overs. These can be
achieved by agreement, when the
willing “victim” is in a weak financial
state, or covertly, by secret buying of
shares on the stock market (as Racal
started to do with Ultra some months
ago). Now one immediate effect of
rationalization for merger purposes is

loss of jobs, as happened in GEC, for
the improved efficiency required can
seldom be achieved without this
shedding of labour. With
unemployment as serious as it now is
in Britain, those considering
rationalization of the electronics
industry will have to weigh very
carefully the certain social
consequences against the expected
economic benefits.

Another problem inherent in
rationalization is that it can create a
business monopoly. One could argue
that if we had two big groups in
electronics, say GEC and Racal, there
would be competition between them.
Well, there is competition between ICI
and Unilever, but no sign that these
two giants are fighting each other to
the death. Between them they
dominate the market for a wide range
of household products in Britain.
Experience shows that when a small
group of companies holds a captive
market there is a tendency towards
price fixing — remember the telephone
equipment “ring” of the 1950s — and
the people who work for them feel they
are in a safe job, so there is no need to
labour hard but just keep one’s nose
clean. Both of these facts of life are
against the interests of the public.

Finally, if an industry is concentrated
into one or two big groups that
industry is ripe for nationalization. We.
have just seen theBritish Aircraft
Corporation and Hawker Siddeley
Aviation being merged and
nationalized into British Aerospace.
What this will achieve remains to be
seen. But a recent French
parliamentary report on their aircraft
industry considers that the possible
nationalization of Dassault and
merging with the already nationalized
Aerospatiale to form a single national
group would do more harm than good.
It would eliminate competition which,
the report says, is essential and “exerts
a decisive influence on export sales”.
Maybe there are some experiences here
for our electronics industry chiefs to
ponder on.
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Microwave intruder alarm

Construction of Doppler radar to detect movement

by M. W. Hoskihg, M.Sc., M 1.E.E., British Aircraft Corporation .

Based on the Doppler frequency shift
principle, this domestic intruder alarm
system wuses straightforward and
simple techniques, together with
materials that are readily available to
everyone and brings what has hitherto
been a costly and professional system
within the reach of a domestic
budget. Most of the components can
also be used to make a simple voice
communications link, with the main
addition of an audio modulator.
Construction of a voice link, including
the microwave transmitter and
receiver will be described in a later
article.

The microwave transmitter and
detector circuits are constructed in
waveguide. But, for those who do not
wish to go to the lengths of building
these components, a complete intruder
alarm kit is available with these items
already built and set to the correct
frequency. This complete system has
been given type approval by the British
Home Office as satisfying their trans-
mission regulations.

General principles

The microwave intruder alarm operates
on the principles of a small radar
system. It transmits a signal at the
appropriate frequency which travels
outward as a radio wave until it meets
an object, whereupon a portion of the
signal is reflected back again toward the
receiver. If this returned signal can be
detected and suitably processed, then

information can be extracted about the
reflecting object.

With the advent of solid-state sources
of microwave signals (“Realm of
microwaves” Wireless World Feb. 1973)
the way has opened for very small,
cheap, low-power transmitters operat-
ing from low-voltage, d.c. power
supplies. In this instance, the transmit-
ter is a Gunn diode operating from a 7V
rail. The device is encapsulated in a
package about the size of a match head,
but to control the frequency spectrum
and to extract power efficiently, it is
mounted in a waveguide resonant
cavity. The detector, a Schottky barrier
diode, is also waveguide-mounted.
Further details, including a method of
fabrication for those who wish to build
their own will be given in a later article.

If the reflecting object shown in the
schematic arrangement of Fig. 1 is
moving toward or away from the
receiver then, in similar fashion to the
train-whistle example usually cited at
school, the receiver frequency will differ
from that transmitted. The difference
between the two is the Doppler fre-
quency. In addition to the directly
transmitted signal, a small portion is
arranged to couple directly into the
receiver and acts as a local oscillator
drive. The returning frequency-shifted

Fig. 1. Principle of the c.w. Doppler
radar wherein the transmitter is also
the local oscillator.

signal at frequency f, * f4 is thus mixed
with this local oscillator at frequency fo
and the output circuit bandwith adjust-
ed to extract the beat frequency differ-
ence, f,

The creation of a Doppler shift in
frequency can be visualized by consi-
dering the two waveforms in a little
more detail. As the transmitted signal
moves out, with its amplitude varying
sinusoidally, its phase angle relative to
the starting point will change by 2x
radians (360 degrees) every time the
distance increases by a wavelength. In
this case, the wavelength is about
28mm. Exactly the same thing is
happening to both the returning signal
and to that forming the local oscillator.
These two are mixed together in the
diode to form the beat or difference
frequency.

The amplitude at this i.f. is a phase
function of the two input signals. If the
path, 2R, traced by the reflected signal
was half a wavelength different than
that taken by the direct local oscillator
wave, then the two would subtract at
the receiver. The output would not
actually go to zero, as the two signals
are not normally comparable in ampli-
tude, but would be a minimum. Con-
versely, when both inputs had traversed
an integral number of whole wave-
lengths, they would combine in phase to
produce an if. output of maximum
amplitude. If the reflecting object
happens to be moving, then the relative
phase of the two inputs is also changing.
The local oscillator path remains con-

stant, but the path taken by the radar
« S A : . 1
& §§ §§S signal is varying at twice the reflector
SSaSss=-__ speed. 2Vm/s o
s £ §§E§ SSSsSss - Back at the mixer, the effect is as if
= = == = == - g I
i, = SESSSS Ss=5 SSSsSso the two wavetrains were sliding past
= == — = -
“Local Il o= § § § § § § §§§§ each other at 2V/ N\ wavelengths per
5 = S S .
oscitiator” ML SESSS=SSSes second to produce an alternating output
. — . . o
signat ”'”:l” il = ;%’% voltage at this rate as they reinforced or
a 4 — == = =3 . .
o MMV =222 subtracted from each other. This is the
wn_ - === = === = Doppler f P :
—= e = = = = = = = = = ¢ oppler frequency f, = 2V/\

To comply with the regulations, the

= =
= ==

=
= = = = =
mumil%% === === =
=

=== = = = = = Movement,
.||‘||>HIIIHII %%%% % % % g /2 = velocity transmitter must operate at 10.687GHz
Receiver ¥ ZZ=Z=ZZ== ) ie. N\= 28.07mm. Thus, the Doppler
= %%5 o frequency is 71.25Hz for each m/s of
2? . reflector speed, or 31.85Hz per mile/h.

Fig. 2 shows this relationship in graphi-

Doppier signal cal form.

at fy
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Extraction of this Doppler signal can
be used as an efficient means of
detecting a moving object against a
stationary background. For use as in
intruder alarm, the reflections from
walls and furniture will all be stationary
in phase difference and so will produce
no alternating beat frequency, whereas
a moving object will generate an if.
typically in the low audio range. This
signal can then be amplified and used to
trigger an alarm. This type of system
thus gives the type of selectivity that is
required and, operating as it does in this
relatively uncluttered area of the fre-
quency spectrum, is not so vulnerable to
interference. There are no beams to
break, as in some systems, as the signal
fills the whole room and movement
anywhere can trigger the alarm. Nor is
it sensitive to spurious acoustic noises
as are another class of alarm systems. A
gain control on the alarm allows the
triggering threshold to be adjusted to
suit the size of room and the reflecting
target, i.e. to choose the larger reflec-
tion from a human as opposed to that
from the the domestic pet.

Transmitter and receiver

The general design of the transmitter
and receiver cavities for the ready-made
Mullard CL8960 unit are shown in Fig.
3(a) and Fig. 3(b) the schematic electri-
cal connections. The operating fre-
quency is controlled by the length of
the transmitter waveguide between
the Gunn device and the back wall.
However, insertion of the tuning screw
perturbs the field within the cavity in
such a way as to appear initially as an
inductance and to lower the resonant
freql"/‘!“})‘.' The side-by-side arrange-
ment is to allow coupling of the local
oscillator signal which occurs by direct
leakage into the receiver waveguide.
However, the level of signal is very low
at about 10pW and a small amount
(30-35 pA) of forward bias is necessary
on the mixer diode.

Some precautions are necessary
when making the electrical connections
to avoid damage to the microwave
semiconductor devices. The mixer diode
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Fig. 2. Graph shows how the Doppler
frequency varies with target speed for
the case of a transmitter at 10,687MHz.

Tuning
screw

5dB antenna

(a)

A

Fig. 3. General view of the Doppler
module (a) and schematic electrical
connections (b)

is easily damaged by voltage transients
on the mains supplies, so it is recom-
mended that soldering appliances be
disconnected from the mains just prior
to making the mixer connection and
during any subsequent contact with
this component. Forward bias should
not be allowed to exceed 1 mA. The
gunn device will not tolerate a reversed
supply voltage, so check before con-
necting. As supplied, the mixer is fitted
with a shorting wire to the case and this
should be left in place until assembly is
finally completed and then removed.
The Gunn device appears as a dynamic
negative resistance and it is possible for
oscillations to be induced in the supply
circuit. To avoid this, connect a smali
10nF capacitor directly across the
terminals as shown in Fig. 3(b).

General conditions of operation for
the assembly are:

Frequency 10,687 + 12 MHz (preset)

Gunn device supply voltage + 7.0 =

0.1V (+ 7.5V max.)

Gunn device supply current 130 to

165mA (140mA typ.)

Mixer diode forward bias 30 to 34pA.

Power output 8mW typ. (10mW max.)
The microwave module is supplied with
a small, 5-dB gain antenna, construc-
tional details of a 20dB gain horn will be
given later. The magnitude of the
Doppler output at the mixer terminals is
a function of the size of the reflecting
object and its range. Typically, how-
ever, a man would have a radar cross
section of 1m? and, using the 5dB
antenna, the received signal would be
100 'dB down on that transmitted at a
range of 15m. This will produce about
40p V of Doppler signal for signal-plus-
noise to noise ratio of 18dB.

Fitted with the 5dB gain antenna, the
Doppler module is reasonably matched
to free space and has a polar pattern of
the form shown in Fig. 4. The wide-
beam coverage together with the
filling-in effect from multiple reflections
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Fig. 4. Beamwidth of the Doppler
module in two planes using the 5dB
antenna which illustrates the wide’
angular coverage obtainable.
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means that comprehensive coverage of
aroom is effectively achieved.

An interesting game has evolved at
home: in a room about 30ft long,
children endeavour to creep and crawl
up on the intruder alarm without being
detected. No matter how subtle the
approach, this has not so far been
achieved without triggering the alarm.

Receiver and alarm

It is necessary to selectively amplify the
Doppler signal to a level sufficiently
high to trigger an alarm. whilst at the
same time rejecting false alarms from
spurious noise levels (Fig. 5).
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More conventional circuits could be

used for the amplifier, but the intruder
system has been developed side-by-side
with a voice link and as much com-
monality as possible has been built into
the two systems.

Sensitivity of the Doppler receiveris a
function of the i.f. amplifier input noise
figure and bandwidth. The narrower the
bandwidth, the less the contribution of
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Fig. 5 (top). Amplifier and alarm trigger
circuit with power supply (bottom) to
p-c.b. and transmitter.

Components marked with an asterisk
may have different values in the Rit
design.

thermal noise power. Thus, the first
section of the circuit is an RC filter
having the measured bandpass charac-

L E

teristic of Fig. 6. The combination of Tr,
and IC, provide a first stage voltage
gain of about 1000, together with a
reasonable input noise figure. The
slightly unusual connections to the
operational amplifier are mainly for the
benefit of the voice link receiver, as they
provide a means of achieving a high
slew rate from a normal 748 op-amp by
by-passing the input stages.
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Resistors: '4-watt rating except where
indicated.
R, k{2 Ris 1kQ
R, 1K) R, k()
o o e

313 19 8
24 2280 Ry  3.3kQ
Re  10kQ Ra  2.7k02
R, 33kQ Rz 10
Ry 100 Rys  2.2k0)
Ro 100 en NI
Rio 220k0) Ras 100, %2 watt
R, 10k{2 Rog 560, 5 watt
sz 22k\) R27 Tk
R!B 33k Rog 2k
Ria 10k Ryg 50k
Bl s 1000 Rso 4.7k
General
Transformer BVA miniature. Two indepen-
dent 12V, 0.25A secondary windings with
interwinding screen.
Relay 18V, 1k coil with internal diode.
Contacts rated 250mA, 50V
Alarm 18V audible warning device, 60mA
mean current, 1A peak.
F, 500mA mains fuse
Sk miniature d.p.d.t
S, 3-pole screened jack plug and socket
St s.p.s.t. on/off
Doppler module Mullard CLB960 or
approved alternative.
Self-oscillating mixer Mullard CLB630S or
approved alternative.

Capacitors

C, TuF Cis 10nF

C, 0.22uF Cis 47uF, 10V
C, TuF Cis A7uF, 10V
C, 47uF, 10V C,, 1000uF, 25V
C, 10pF Cs 1000uF, 25V
Ce 0. 1uF Cio 4.7uF, 10V
c, 0.1uF Cyo 100pF

Cq TuF G 47uF, 20V
Cy 47uF, 10V C,, 47uF, 20V
Cio 10pF Cyy 0.1uF

C. TuF Cou 0.1uF

G 1nF, 16V C,s 47uF, 10V

C 10nF C 10nF

)
N
-3

Semiconductor devices
Tnen ZTX 500 or equivalent

Trass ZTX 302 or equivalent
Tr, Plastic style 3055

c, , SN72748 or equivalent
IC, uA 723 or equivalent
b, 10 Dg 1N4001 or equivalent

Dy,  1N914

SCR, TiC44 or equivalent

LED, small red

z,, BZY88-C8V?2
Suppliers

The system built around the CLB960 module
can be obtained as a kit of parts or in
ready-built form — see advertisement by
Integrex.

Both kit and ready-built system have been
given type approval by the Home Office for
internal use on premises, under the type
name Intruder 1 and have undergone
thorough performance and reliability testing.

A set of two p.c.bs is available for £4
inclusive from M. R. Sagin, 23 Keyes Road,
London NW2. One board accommodates the
intruder alarm circuit together with the power
supply components, and the second board
accommodates the voice link circuit.

The second amplifier provides a good

voltage gain which can be varied with
the potentiometer R,,. The diode pump

and clamping circuit of C,, C,,, Dg and
D, defines the voltage threshold and

time constant necessarv to switch on
the Tr;, Tr, Darlington drive to fire the

s.c.r. Potentiometer R,y provides addi-
tional control of the drive level and the
le.d. gives a visual indication of each
time that a trigger signal is generated. It
is also used for initially setting the
maximum gain that can be obtained
from IC, before any instability occurs.

In the prototype, the alarm itself is an
18V audible warning device which emits
a penetrating, modulated wail at about
3kHz. However, as the alarm trigger
takes place through a relay. it would be
a straightforward matter to connect up
to other warning devices such as a door
pell, or to add an extra feature such as
camera and flash unit.

Assuming that the intruder alarm will
be fitted in a room or hallway of
domestic premises, it is obviously
necessary that the circuit should be
activated when everybody is out of the
way, otherwise one’s own movement
would trigger the alarm. Two options
are provided in Fig. 5 for achieving this.
Firstly, the positive supply rail for the
s.c.r. and relfay is routed via the Tr; Trg
combination, so that sufficient current
to operate the relay can only flow when
Try and Tr, are switched on. This can
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Fig 6. Typical input filter response for
‘the amplifier showing emphausis pluced
on the Doppler frequency from slow-
moving objects.

only occur when C,, has charged
through the high resistance path of R,,.
Thus. when the overall system 1s
switched on, the Doppler module.
amplifiers and supply rails are all
activated, but the relay will not operate
to trigger the alarm until after a short
delay. This delay is set by the timecon-
stant of Ry, and C,, which, in this case
has been chosen as 45-60 seconds:
ample time to leave the room and close
the door. Using this method, the alarm
will be triggered on re-entering the
room, say the next morning. If this was
acceptable, then it could be looked upon
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us providing a daily check on the
system.

An alternative uses the jack plug and
socket arrangement. Inserting the plug
by-passes the delay circuit and allows
the alarm to be set by a remote switch
taken out of the room and located at
some convenient point. The circuit has
been tested with over 100ft of flex
between alarm and switch. Whichever
method is used, once fired, the s.c.r. and
hence the alarm will remain on until
reset by the appropriate switch.

To be concluded

An end to listen-only
answering machines

The proliferation of telephone answer-
ing machines is likely to advance even
more rapidly if a device made by LMG
Electronics gains wide acceptance.
Normally the user of one of these
hideously unsociable devices has to
travel back to his office in order to hear
the rude things people have shouted
into it, but the LMG system enables an
accredited caller to dial into the
machine from a distant telephone and
hear the messages over the phone.

According to an article by the com-
pany’s founder, Mr Graham Bent, in
NRDC Bulletin number 45 the idea is
not new “but operation hitherto has
been cumbersome, and only a single
rewind could be initiated.” The LGM
device controls stop, start, rewind,
playback and erase on the answering
machine by means of coded pulses of
tone generated by the user on a distant
phone. The audible tone pulses are
produced by a pocket unit the interro-
gator holds against the mouthpiece of
the telephone he is using. One control
button provides an operating code of
five trains of pulses. Only this pulse can
open the machine to remote operation.
“There are over 40,000 possible com-
binations,” the article says. Once the
recognition code has been established
the machine receives short common
pulse trains enabling control of the
machine from four buttons. The unit is
powered from a 9V battery which
should last 12 months.

When LGM approached the National
Research and Development Council
they asked for £3,000 repayable over 12
months but the NRDC thought they
were being optimistic and lent them
£4,000 repayable over three years. The
loan was unsecured at 20% instead of
the more usual royalty on sales. In
addition the firm had £5,000 of Bent’s
money and a similar amount from the
bank. That was in 1972. The NRDC loan
was repaid “A few months ago,”
according to Graham Bent.
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Kinetic images from sound

American developments in a modern art form

by Thomas E. Mintner, University of lowa

With the advent of certain technologies
such as video, lasers and integrated
electronic’ circuitry the contemporary
artist or composer has resources avai-
lable which allow forms of expression
unheard of as little as fifteen years ago.
One obvious example is the field of
electronic  music, where the
proliferation of synthesizers and similar
devices has resulted in a deluge of
electronic music studios, compositions,
live performances and commercial
applications. A related area is con-
cerned with devices and compositions
designed to take advantage of
simultaneous presentation of music
with light and images.

Historically, this area ranges from
essays on “colour music”! dating from
the early part of this century to devices
utilizing the latest technology. Now, as
in the past, efforts in this area come.not
from any one discipline, but from
composers, artists and sculptors, engin-
eers, dancers and architects. Technolo-
gically, there is a wide span from simple
colour light boxes to video or laser
devices incorporating advanced com-
binations of electronic and electro-opti-
cal techniques. This article is not
intended to be a comprehensive listing

of all such aural/visual devices or
works, but rather an overall view with
detailed information on some projects
with which the author has been
associated.

If there can be one conclusion drawn
from most of the artistic attempts at
correlation of audible and visual infor-
mation, it is that effective and natural
co-ordination is difficult to achieve.

Although some early attempts were
severely hampered by a lack of suitable
technology, there is a still more basic
problem. The fundamental differences
in the two sensory systems involved are
many. Since our senses of sight and
hearing tend to complement each other
in day-to-day activities, we may tend to
overlook the many perceptual differ-
ences which must be confronted when
we attempt to create a set of stimuli (a
composition) that will utilize both
senses together. Investigation of these

Fig. 1. One method of deflecting a laser
beam by a sound source: a small mirror
is attached to the loudspeaker cone.
The laser beam is further modified by
passing it through a clear diffuser.
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two sensory systems is still at the level
of basic research and modelling for even
relatively simple stimuli. Complex sig-
nals such as music or visual arts can
also be analysed in terms of their
content, both from the point of view of
their respective disciplines (e.g. music
theory) and from the more general basis
of information theory.

Given these facts, it is not hard to
understand the limited success of early
“colour organ” type efforts at music-
light correlation. Generally, it was
assumed that there would be some sort
of fixed relation between the colour
spectrum and the musical scale (12
note), with perhaps differences in
colour intensity used to represent
octave displacement of pitches. There
were also numerous other schemes, all
with similar problems. However, it
should be noted that at least one major
composer wrote an orchestral work,
still performed and recorded, with a
notated part in the score for “tastiera
per luce” or keyboard of light. This is A.
N. Scriabin’s Prometheus, The Poem of
Fire (1909-10). Scriabin’s correlation
theories are somewhat more interesting
than those above, and in fact a modern
realization of his composition has been
performed.

Colour organs, along with the pion-
eering work of artists such as Thomas
Wilfred, who was the originator of the
Lumia (or light box) in art, are part of a
broad range of efforts relating more to
colour than image. With the develop-
ment of the cathode-ray tube it became
relatively simple to generate visual
image analogues to sound and musi¢
through the use of X-Y display tech-
niques. This involves routing two sets of
signal information or two similar com-
ponents of the same information (e.g.
left and right stereo channels of record-
ed music) to the vertical and horizontal
inputs respectively of a cathode-ray
tube. As early as 1953 an American
artist exhibited his Oscillons — images
created by photographing specially
generated signals fed to a c.r.t.2

In the mid and late 1960s there was
increased development of new tech-
niques. Lowell Cross described his
experiments and compositions with
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X-Y display art as a kinetic form with
music in articles for Source magazine. 34
The use of this type of display as an
adjunct to electronic music allowed for
another level of interest in a live or
taped performance. Although the ana-
logues produced with these methods are
not necessarily the only way to inter-
face the elements of sound and visual
information, they are generally effec-
tive, and have been used in many works
in recent years. Cross progressed from
oscilloscopes to specially modified
television sets and eventually to laser
deflection systems, as we shall see later.

During the same period, various
artists and composers began experi-
menting with video imagery. One
technique which was “discovered” for
artistic purposes was video feedback. In
its simplest form, a camera is pointed at
the video monitor that it is feeding. As
in the familiar situation in audio,
oscillations are set up because of the
relatively uncontrolled feedback path.
By controlling this path, it is possible to
use feedback as a versatile method of
image generation. Various limiting and

processing devices may be inserted into’

the feedback loop to modify and control
the images. The author’s introduction
to this method was in 1969 in work with
Glenn R. Sogge and Timothy Skelly,
both composers and artists. At that
time, considerable effort was sometimes
necessary to convince studio super-
visors that video feedback
experimentation under controlled
situations would not necessarily leave
the video chain in flames! However,
once this was done, it became possible
to present a series of concerts/events
with specially generated video imagery
and electronic music.

Up to this point there was no actual
electronic interface between the two
domains. The initial attempt-in this
direction, which was moderately suc-
cessful, was as follows. Oscillators being
used in the generation of musical
sounds were connected and mixed so
that their outputs were fed to a
balanced modulator as well as to their
normal destinations. These oscillations
were then modulated with a frequency
high enough that the upper sidebands
were in a video frequency range. The
output of the modulator was then sent
through an encoder to produce a
composite video signal. In the interven-
ing years various video processors and
“synthesizers” have been developed
using i.c. technology and methods
borrowed from electronic music. Com-
posers, film-makers, and video artists
are continuing to experiment in this
area.

One example of such experimentation
from the Center for New Performing
Arts of the University of lowa is the
Video Cbiour Quantizer System. The
basic system is a modification of a
standard unit manufactured by Colora-
do Video, Inc., an American firm.
Franklin Miller, a film-maker at the
university, started the experimentation
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Fig. 2. Method of laser beam deflection
used in the Sonovision system.

with this unit. Basically the quantizer is
a device which accepts a monochrome
video signal and has sixteen adjustable
signal comparator thresholds relating
to the amplitude of the video signal. At
these various levels from black to white
along the grey scale, sixteen points can
be set to trigger production of sixteen

different pre-assigned, synthetically

generated colours. With the colour
mixing unit incorporated in this version
any combination of colours may be set
to allow modifications such as synthetic
colour generation, grey scale reversal
and other effects.

Arecent grant has allowed the design
and construction by the author of a
voltage control interface for the quan-
tizer system. With this interface the
sixteen threshold points, or “slice
levels,” can be determined by the
application of a d.c. or a.c. control
voltage. This means that a colour
assigned to a given grey level range may
be made to change with the applied
voltage, or that a threshold can be
shifted electrically to alter (by colour
addition) several other colour areas in
the image. In addition, the master
outputs of red, green, and blue can each
be gated with a control trigger. Signals
routed to this total of nineteen control
inputs may be used directly, as in the
case of electronic music, or may be
generated from other music through the
use of an amplitude detector or a
pitch-te-voltage converter. Another
performance possibility is to use control
signals derived from other than musical
sources, or to split the allocation of
control inputs, with some control
voltages coming from musical material,
and some from other sources, such as
devices sampling video signals or
sensors attached to dancers. As a part of
the grant programme, two colour films
are to be produced, one by the author,
and one by Peter Tod Lewis, composer
and director of electronic music at the

University of Iowa. These films will
have specially composed sound tracks
to control the video colour quantizer
interface.

Another interface project is a work
realized by West Coast US artists and
engineers Bob Watts, Bob Diamond and
David Behrman. The work, called the
Cloud Music, uses a video camera
trained on the sky during daytime
periods. As clouds pass into the field, the
changing video signal, sampled at
various cursor points on the screen,
controls a system by composer David
Behrman which produces electronic
music “on the spot.” The piece func-
tions as a kind of performing sound
sculpture (depending, of course, on the
weather).

Shortly after small lasers became
commercially available, artists began
experimenting with them in a variety of
ways. The laser light itself is the object
of some of these investigations. The
highly collimated beams lend them-
selves to a variety of illumination tasks,
including large outdoor geometric
constructs using the stationary beams
of high power lasers. On the question of
light and sound correlation, however,
we find that most uses of lasers involve
methods of scanning the beam. Various
approaches have been tried, and the
most sophisticated systems in use today
use galvanometer mirror scanners to
produce X-Y scanning. Thus we find
that principles of music-light correla-
tion applicable to oscilloscope type
displays find a new and much larger
scale medium in X-Y laser scanning.

In addition to this simple X-Y scan-
ning there are other techniques which
are sometimes combined with X-Y
systems. By passing a laser beam
through an uneven glass or plastic
surface, for example, one can generate
patterns of a “cellular” nature which
results from the interference of the laser
light with itself as it passes through the
material. If the beam is deflected
slightly as it passes through the mater-
ial, kinetic images related to the deflec-
tion signal (e.g. music) may be generat-
ed. One of the deflection methods which
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could be used in this application
involves attaching a small first surface
mirror to a loudspeaker (Fig 1). A signal
fed into the speaker will cause the
mirror to move and deflect the beam.
An early experimenter in this area was
Lloyd Cross (not to be confused with
Lowell Cross), who developed a system
called Sonovision® using a loudspeaker
covered with a reflective membrane
(Fig. 2). In addition, the system, which
was intended to be commercially
available, had a rotating prism assembly
for generating more complex multiple
images. A slightly more useful version
of this idea uses two loudspeakers (Fig.
3), each of which has a hinged mirror
assembly connected to the cone. The
hinges restrict the movement of each
mirror to one axis. Thus a simple X-Y
scanning system is formed. The deflec-
tion is limited to relatively low fre-
quencies and the syztem response is-not
at all linear because of the many
mechanical resonances.

More sophisticated X-Y scanning
systems use commercially available
galvanometer mirror scanners. The first
such system assembled for the artistic
purpose of exploring Kinetic inter-rela-
tionships between light and sound was
Video/Laser I, an experimental laser
deflection system initiated by Lowell
Cross, Carson Jeffries and David Tudor
at Mills College, USA. This was in May
1969. Soon after, another such system
was commissioned for use in the
Pepsi-Cola Art and Technology Pavilion
at the 1970 World Exhibition in Osaka,
Japan. Both of these early systems have
been dismantled. However, Video/
Laser III, the latest system constructed
by Cross and Jeffries for the Center for
New Performing Arts at the University
of Iowa had its premiere in a concert
with orchestra on November 29, 1972.5
Improvements and additional electronic
control devices are being added on a
continual basis by Lowell Cross and the
author.

The system used is as follows. The

Fig. 3. Beam deflection system using
two loudspeakers, each with a hinged
mirror moved by a connecting member
attached to the cone.

output beam of a 2-watt krypton-argon
laser is split into its component beams.
This is achieved by passing the initial
greenish-white output beam through a
direct vision prism. Any four of the
approximately sixteen available colours
may then be selected and routed to the
four beam deflection systems. Each
system contains a beam chopper/inter-
rupter and two mirror scanners for
deflection (X and Y). Each deflection
component of each channel has its own
direct coupled amplifier, and any audio
signal may be fed to the systems. The
devices used have certain frequency
response limitations because of neces-
sary compromises between maximum
scanning angle and frequency response.

The maker of the scanners, General
Scanning, Inc., through a subsidiary, is
now involved in X-Y scanning systems
for artistic purposes also. One such
system, called Skywriter, is designed
with X-Y inputs and an accompanying
vector generator system to produce a
variety of line images, including a kind
of animation.

Multi-colour laser systems using
large lasers are capable of creating
extremely large images on any suitable
projection surface, indoors or out,
though generally the area must be in
relative darkness for best results. The
Video/Laser III system mentioned
above is used in a variety of perfor-
mance situations, often with electronic
music as a sound source. It is conceived
of as an experimental performance and
research instrument.

One fairly recent performance with
the Video/Laser III system may

demonstrate how the original art of

“colour music” has progressed to its
current position. A performance of A. N,
Scriabin’s Prometheus was given on
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September 24, 1975, with the laser
system functioning to realize fully,
perhaps for the first time, Scriabin’s
wishes for the keyboard of light. A
specially constructed keyboard inter-
face was used, with a performer playing
the written part as indicated in the
orchestral score. The keyboard con-
trolled the gating of the various colours,
while the images were generated both
directly from the orchestral sound and
also by electronic means with auxiliary
equipment. In addition to the lighting
effects, fog and various scents were
present in the hall at appropriate points
in the performance.

This unusual meeting between the
latest technology for realization of one
type of kinetic music/light performance
and the ideas of one of the earliest and
most interesting proponents of this art
form may serve as an appropriate point
to conclude this brief survey. However,
work involving video, lasers, and other
systems for the realization of this very
old dream of “music light” will undoub-
tedly be continuing for years to come.

References

1. A. Wallace Rimington, Colour Music: The
Art of Mobile Colour, Hutchinson & Co. 19]2.
2. Ben Laposky, ‘“Oscillons: Electronic
Abstractions’ Kinetic Art: Theory and
Practice, Dover Publications 1974.

3. Lowell Cross, Carson Jeffries, David
Tudor, “Audio/Video/Laser,” Music of the
Avant Garde, issue No. 8.

4. Lowell Cross, “Musica Instrumentalis-
Video 1I(b), Video 1I(c), VideolI(l) Music of
the Avant Garde, issue No. 9.

5. S. R. Wagler, “Sonovision: A Visual
Display of Sound,” Kinetic Art: Theory and
Practice, Dover Publications 1974.

The front cover of this issue shows
examples.of projected multi-coloured
images produced by the Video/Laser 111
equipment described by the author.

Teletext a permanent
service?

Officials of the British Radio Equipment
Manufacturers’ Association estimate
that there should be about 12,000
teletext receivers in operation by the
end of this year. This figure will include
purpose-built sets by British manu-
facturers, existing colour TV sets fitted
with external teletext adaptors, and sets
with external decoders similar to the
Wireless World design. BREMA
members are hoping to get the price of
sets down to about £750 to £800.

The set makers are anxious for a
statement from the government that
teletext, at present an experimental
service, will soon be established as a
permanent public service. Unless this
happens they seem unlikely to achieve
any substantial sales to the public.
Sources close to the Home Office hint
that such an announcement could come
in the autumn of this year.
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Surround sound decoders — 6

Multi-system ambisonic

1 —Basic design philosophy

by Michael A. Gerzon, M.A., Mathematical Institute, Oxford

This series of articles describes a
decoder capable of decoding all major
existing and proposed two-channel
surround-sound systems, including
the Ambisonic System 45J, SQ,
Regular Matrix, BMX and BBC Matrix
H. For systems other than SQ, the
decoder gives full psychoacoustically
optimized results using NRDC Am-
bisonic decoding technology. In
addition, Ambisonic playback of
mono, stereo and of three-channel
studio-format signals is provided. The
decoder is suitable for
three-amplifier/four-speaker, four
amplifier/four-speaker, and four-am-
plifier/six speaker reproduction.

The NRDC Ambisonic project has
developed a comprehensive technology
for creating, encoding and decoding
sound!?. While this ambisonic
technology can give of its best only with
optimized programme material and
encoding (i.e. the System 45J described
in reference 1), the methods can be
applied to getting improved results from
nearly all existing surround-sound
systems. Later articles in this series will
give the detailed circuit and some
constructional details for a decoder for
all the above-listed two-channel sys-
tems. As this decoder does a great deal
more than any previously-published
decoder designs, it is necessary to
describe its many facilities in some
detail, as well as giving some idea of
what the circuitry is intended to do.

The aim of any surround-sound
decoder is to provide the listener with
an lillusion of sounds coming from all
(horizontal) directions around him.
Moreover, if the decoder is well
designed, the directions should be those
intended by the recording engineer,
and should be heard by a listener
through the usuable listening area.
Conventional “quadraphonic” decoder
designs give very poor images for
sounds in inter-loudspeaker directions,
especially at the sides, resulting in a
rather gimmicky ‘ping-pung-pang-
pong’ effect at the four corners.

The full theory used to design
ambisonic decoders is mathematical,
and computing facilities are required to

carry out the extremely complex design
calculations involved. It is clearly not
possible to give full details here of why
the various parts of the decoders have
the exact values that they do, but some
idea of what is going on can be given.

Two previous articles in Wireless
World!-® have described some, but not
all, of the psychoacoustics lying behind
ambisonic decoder design. Essentially,
the ears use different methods of
localizing sounds, not just one or two.
The more of these hearing mechanisms
that are satisfied the better the sound
and accuracy of the result. In particular,
if a decoder satisfies several different
methaods of hearing, the brain has to do
far less work to unscramble the com-
plex sound reaching the ears, and the
result is particularly “relaxed” listening,
with little listener fatigue. While the
mathematics of the design is aimed at
getting accurate sound localization for
all directions, it is undoubtedly true that
the biggest musical benefit comes from
this consequent low listening fatigue,
rather than from any ability to “shoot
the pianist”.

Some aspects of sound that ambison-
ic decoders are designed to optimize are
now described. At low frequencies,
below 500 or 700Hz, there are three
important aspects of sound localization:
the “Makita” direction of a sound (the
direction one turns to to face the
apparent sound direction), the “velocity
magnitude”’ (the degree to which the
sound stays in its correct localization as
one turns to other directions), and the
“phasiness’” (the degree to which
unwanted components of sound not in
phase with the desired sound are heard).
It turns out that for all systems other
than SQ, it is possible to design a
decoder matrix below 700Hz to get the
Makita localization correct for all
encoded sound directions. In addition, a
careful adjustment of the gain of the
various signal components in the
decoder permits the velocity magnitude
to be made correct also. Thus, at low
frequencies, a listener will hear all
directions correctly reproduced in dir-
ection, no matter which way one faces.

Phasiness is more of a problem with
two-channel systems, as it is not
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possible to design decoders that get rid
of it altogether. The effect of phasiness
is not only to blur the sound image, but
also to create an unpleasant sensation
often described as “‘pressure on the ears”
that actually makes some people feel
sick, although others don’t seem to
notice it much. Studies by the BBCs. 7
and NHK® have given a good indication
of how much phasiness can be tolerat-
ed. In addition, it is found in practice
that phasiness is more acceptable for
sounds behind the listener than for
sounds in front. Two-channel ambisonic
decoders are therefore designed for very
low phasiness in the front sector of
sounds, while giving rather higher
phasiness in the rear.

There is another reason why phase
shifts cause poor directional reproduc-
tion that comes into action below
300Hz. In a real-world listening room,
the loudspeakers are at a finite distance
from the listener (often about 2.5 metres
for British listening rooms), which
means that the sound wave from each
loudspeaker arrives as a curved wave-
front at the listener, rather than as a
plane wave. This curvature can be
shown to cause the “phasiness” com-
ponents of the reproduced directional
sound to be converted into rotations of
sound images around the listener at low
frequencies. However, it is possible to
remove these low-frequency errors by
means of two high-pass filters in the
“velocity signal” paths in the decoder.
These speaker-distance compensation
filters are RC types with —3dB points at
about 20Hz for 2.7m speaker-to-listener
distance. this may seem too low to
worry about, but listening tests here
confirmed the design theory and show
that image displacements of as much as
15to 30° can occur for instruments such
as double basses when situated behind
the listener unless  distance
compensation is used. Distance com
pensation does not turn a bad decoder
into a good one, but it does give a
“tighter” and more well-defined sound
to an already good decoder design.

The ears use different methods of
locating sounds at higher frequencies
say from 700Hz to 5kHz. However. a
rather magical result emerges from the
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Fig. 1. Block diagram of multi-system
ambisonic decoder, switching
arrangements omitted. Shelf filters,
inoperative for SQ decoding, depend on
system being decoded, as does the
resistor matrix. Also not shown is
switching for Cyor Cp output.

design theory that states that, in effect,
the basic sound localization of a
decoder will automatically be the same
at low and higher frequencies provided
that the loudspeaker outputs of the
decoder are derived via a particular type
of amplitude matrix, the matrix
involved depending only on the loud-
speaker layout being used by the
listener.

Besides getting the basic high fre-
quency localization correct, it is neces-
sary to minimize phasiness in this
frequency range also, and to ensure that
the sound image does not move around
as the listener faces other directions.
To get this last requirement right, it
turns out that the best decoder design at
higher frequencies involves different
relative signal gains from those apt at
low frequencies, so that the decoder has
to be made frequency-dependent. The

Fig. 2. Phase-compensated shelf-filter
circuits allow frequency-dependent
decoding. Conventional RC shelf filters
would cause unwanted phase
differences between signal paths.

3-channel inputs
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Phase-matched
shelf filters

effect of minimizing the image move-
ment as the listener rotates his head is
to avoid an unpleasant “in-the-head”
sensation often, but incorrectly,
described as “closeness” of sound by
other authors9.

There are numerous other detailed
aspects of decoder design, particularly
those involving the way reverberation
is reproduced (where a careful choice of
encoding system such as 45J! can help),
the effect heard by listeners seated
away from the centre of the listening
area, and the tone quality of the sound.
1t may seem strange that absolutely flat
frequency response reproduction can
sound coloured when reproduced
through several speakers, the colora-
tion depending on the precise speaker
feeds used in the decoder. Many simple
“matrix quadraphonic” decoders suffer
from a tubby bass or harsh treble due to
these effects, However, it is possible to
account for most of these effects by the
psvchoacoustic design theory, and to
minimize them in the decoder design. In
practice, sounds encoded at the back
are allowed to sound a little more
colored than frontal sounds in
ambisonic designs, because the ears
appear to be more tolerant of marginal
faults at the back. although one should
assume that they are infinitely tolerant!

All decoder designs for two-channel
encoding systems are a compromise
between conflicting factors, and no
design can achieve perfect performance
in all ways. In this respect, the design of
decoders is akin to loudspeaker design
in being in the final analysis an art
based on experience and listening.
However, the science (i.e. the compre-
hensive psychoacoustic theory) is a
very necessary part of reducing the
almost infinitely complex design prob-
lem to a point where the designer can be
sure of achieving his particular com-
promise as well as possible. The com-
promises inherent in these designs are
based on the requirements:
® for front-stage material, the sur-
round-sound should be subjectively
superior to stereo for musical listening
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(few existing designs meet this minimal
requirement!),

® good results for listeners facing
non-frontal directions and in non-cen-
tral listening positions, especially
behind-centre, and

® ‘“‘musicality” of effect on both
“ambient” and “surround” programme
material, leading to low listening
fatigue.

To some extent these requirements
conflict with those based solely on'the
localization of direct sounds, such as in
the experimental results quoted in ref,
10, where image sharpness for a for-
ward-facing central listener has been
achieved in a simple matrix decoder at
the expense of “in-the-head” sound and
severe image mislocation for non-for-
ward-facing and non-central listeners.
Good single-sound localization for most
directions and listening positions can be
achieved using a signal-actuated varia-
ble matrix decoder, but such decoders
give a high level of listening fatigue on
music due to the constant variation of
signal parameters. Such decoders may
be useful for surround-drama, where
accuracy of localization becomes more
important than “musicality” or low
listening fatigue, and a fully-fledged
ambisonic ‘variable matrix’ design is
under development for such specialist
applications. However, there is no
doubt that a non-variable decoder is
going to remain the preferred method of
serious listening to music despite its
superficially less “impressive” perfor-
mance.

The basic diagram of the ambisonic
decoder to be described in detail in later
parts is shown in Fig. 1. Left and right
signal inputs are fed to a sum-and-dif-
ference matrix to derive thesum X = L
+ R and differenced = L — R, because
this leads to simplification of the later
parts of the decoder, as well as to a
slightly greater tolerance to small
component errors. These two signals
are each fed to 0° and 90° phase shift
networks, and the 90°-shifted signal is
also phase inverted to yield a —90°
phase shifted signal in each case. The
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phase-shifters used are high precision
types, as the ears are capable of hearing
very small errors in localization (as little
as 2° in real life). Previous “quadro-
phonic” decoders have not required
such high precision mainly because
they gave in any case a poor decoded
effect due to sup-optimal design.

The six .signals are then fed to a
resistor matrix, which derives the
required combination of these signals to
produce the correct pressure and velo-
city signals W’, X', Y’, for the particular
encoding system in use. (For a discus-
sion of this aspect see ref. 1, in particular
in connection with its Fig. 2). The
resistor matrix used is different for
different encoding systems, so that
switching is provided for different
matrix resistance values. The resistor
matrix, which involves no active
circuitry, also includes a switched
three-channel input option suitable for
use with three-channel ambisonic mas-
tertapes. In a later article we hope to
describe live ambisonic recording for
the keen tape enthusiast. These three
channel inputs only cost a few resistors
and input sockets in the present
decoder, and so come virtually for free;
in addition, they provide useful test
signal inputs for setting-up purposes.
We shall give the resistor matrix
formulas for the various encoding
systems for the signals W’, X’, Y’ in part
2 of this series. An output —jW’ is
provided for phasiness-control in some
systems, as described in references 1
and 3.

The frequency-dependent aspects of
the decoder are provided by the shelf
filters which give one decoding matrix
at low frequencies and a second at high
frequencies, with the transition centred
at 400Hz. Were conventional RC shelf
filters to be used, there would be phase
shifts between the various signal paths,
which would cause quite bad localiza-
tion errors. For this reason, the shelf
filters are designed to give phase shifts
identical to one ancother by making
them “all-pass” types. The basic circuit
of the phase-compensated shelf filters is
shown in Fig. 2. The particular
arrangement shown has an input impe-
dance of R at all frequencies, which
means that it is seen by the resistor
matrix as a resistive load, suitable for
terminating a matrix circuit. The value
of R,/R controls the ratio of high-to-
low-frequency gain of the shelf, and R,
provides extra h.f. gain to make up the
losses of the preceeding resistor matrix.

Thus the shelf filters are made to do
five different jobs: terminate the matrix
circuit, provide gain, give a different

matrix circuit at low and high fre-

quencies, give matched phases over the
transition frequency band, and give an

overall flat frequency response to the:

decoder at all frequencies.

An additional complication arises
because different methods of encoding
require different shelf filters in the
decoder. In practice, the shelf filters
required for BMX, RM, 45J and BBC H

differ only slightly, so that a compro-
mise choice has been made to do all
these systems. Decoding mono, stereo
and three-channel studio format
requires, for best results, a different set
of shelf filters, and SQ requires that no
shelf filters be used. (SQ decoders
cannot be designed to give full
ambisonic results; there is a mathema-
tical theorem to this effect. The decoder
for SQ provided is, however, less phasey
in quality than the SQ designs on the
market, and was designed specifically
for incorporation into this design. It is
not in accordance with CBS Labora-
tories’ SQ specification, but in the
author’s opinion, it is better than
decoders that are.)

The switching of the shelf filters
involves equipping the op-amps of Fig. 2
with several filter circuits, which are
switched in and out as required.

The outputs of shelf filters acting on
Y’ and —jW’ (see Fig. 1) are added to
reduce front-stage phasiness, and the
velocity signals are then subjected to
the RC high-pass distance compensa-
tion. This gives us three signals W”, X"
and Y” representing respectively the
signal pressure, forward component of
acoustic  velocity, and leftward
component of acoustic velocity heard
by the listener. These are fed to an
output amplitude matrix, which
includes a layout control adjustment to
adjust the outputs of the decoder to
match different shapes of rectangular
loudspeaker layout in the room.

The decoder provides six different
outputs L (left back), L; (left front), R
(right front), Ry (right back), W”
(pressure) and either Cy (due back) or
Cg (dueright), switched. The way these
six outputs can be used is itself an
interesting story, for they can be used to
provide decoding via four loudspeakers
in a wide range of rectangle shapes
using either four amplifiers, Fig. 3(a), or,
remarkably, using just three power
amplifiers as shown in Fig. 3(b). The
three-amplifier set-up in no way means
that there is any compromise in the
psychoacoustics of the decoded signal,
as precisely the same speaker signals
are produced as in Fig. 3(a)!

To see this, we first remark that the
outputs of the decoder are given by the
formulae
Lg="%(W"=\/2sind X"+ V2cos o Y")
Le=%(W"+ /2sin 6 X"+ /2 cos ¢ Y”)
Rp="%(W"+ \/2sin6 X"~ /2cos Y")
Ry="%(W"=1/2sino X"~ \/2cos ¢ Y")
where ¢ depends on the setting of the
layout control, being 45° for a square.
layout, and being equal to the angle ¢
shown in Fig. 4 for a rectangle layout.
From these formulae

Lg+Rp=L-+Ry;=W",

S0 that

Lg=W' =R

Rg=W"—L,
and it will be seen that the rear speakers
of Fig. 3(b) indeed are connected so that
the potentials of their “positive phase”
terminals relative to their negative
phase terminals are W’'—R.and W"—L;
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respectively.

Even more remarkable however, are
the four-amplifier six-loudspeaker
arrangements possible with this
decoder. It has been known for several
years that decoders using six loud-
speakers are capable of better results
than is possible using four, no matter
how well-designed the decoder may be.
If properly used, the extra speakers give
more solid image location over a larger
area, with less tendency for the image to
hug the loudspeakers than when using
four, particularly on difficult wave-
forms such as audience applause. It has
not been possible to market six-speaker
equipment; few homes could properly
accommodate it, and the market for
such special equipment was thus too
small to justify manufacture. However,
the ambisonic decoding method permits
the same decoder and the same four
amplifiers to be used for six speakers for
the few who can manage it, making this
improved form of decoding domestical-
lv available for the first time. We
emphasise that in no way does the use
of four amplifiers imply substandard
results: exactly the same speaker sig-
nals are given as one would design a
psvchoacoustically optimized six-am-
plifier decoder to give.

The six-speaker connections for two
shapes of regular hexagon layout are
shown in Fig. 5. The three speakers'that
are fed in a “simple” manner in each
case form an equilateral triangle of
speakers; this helps minimize the sub-
jective effects of slight mismatches of
amplifier gain. The signals Cy and Cy
are

Cy="(W"=+/2 X"
Cr="(W"=\/2Y").

Although -detailed instructions for
calibrating and using the decoder will
be given at the end of this series of
articles, it is worth emphasizing now
that all amplifiers and loudspeakers

Fig. 6. Approximate listening area for
ambisonic decoding (shaded) with a
rectangle speaker layout obtained for
BMX, 45J, Matrix H and RM systems
as well as stereo. Optimal listening is at
the centre (X).
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must be accurately matched for correct
ambisonic results. Unlike ‘“‘quadra-
phonic” decoders, both front and rear
loudspeakers co-operate to produce
sounds in any direction. Thus, for
example, the rear speakers provide
outputs that help to reinforce the
localization of sounds that are repro-
duced in front of the listener. Thus one
cannot try turning the rear speakers up
or down in the mistaken idea that the
front and rear are independent of one
another. When the outputs are not
matched, the sound field tends to “fall
apart”; in fact turning down the rear
speakers often makes them much more
audible (as distracting noises at the
back) than in a correct balance.

While it is not absolutely necessary to
have all power amplifiers of the same
make, they should be adjusted for
identical gains and phases, and one
should check (e.g. by using an X-Y
oscilloscope display) that they have
substantially identical phase responses
over the audio band. If in doubt,
identical amplifiers should be used.
While identical speakers should be used,
a small number of speaker manu-
facturers (e.g. IMF Electronics) have
taken trouble to match the different
models in their range carefully, and in
such cases different models can be used
at front and rear. Again, if in doubt, use
identical speakers for best results.

The decoder not only reproduces
surround sound from a variety of
existing systems, but also handles mono
and stereo, using ambisonic techniques
to get the most natural possible repro-
duction (using four or six speakers)
from existing records and broadcasts.
Except for exceptional stereo material,
the decoder does not create ‘“pseudo
surround sound”, but reproduces stereo
over a conventional frontal stage with a
subtle enhancement over two-speaker
stereo, and without any gimmickry. The
mono decode mode reproduces a mono
source from straight in front, but the

1.4 A 1 B 1 C

Fig. 7. Most stable front images are
provided by arrangement (a), most
stable side images by (c), while (b) is a
compromise between these extremes.

rear speakers help to lock the image
solidly in space behind the front
loudspeakers. Neither mono or stereo
decode modes enhance badly recorded
material, but neither do they degrade it
any further. In practice, many ambient
SQ classical recordings, such as those
released by EMI, will be found to
reproduce better in the stereo decode
mode than via SQ decode mode, owing
to the inherent limitations of the SQ
system.

Fig. 6 shows the approximate usable
listening area for most decoding modes
(excluding SQ) in a typical domestic
room using a rectangle layout. The
listening area will in practice depend on
the loudspeakers used, the room acous-
tics, the layout shape used, the pro-

gramme material, and also on the

system being decoded. The type of
listening area shown has been obtained
both with ambisonic recordings made in
concert halls, and with commercial
“easy listening" (sic) music in the BMX,
45J, Matrix H and RM systems, as well

as with stereo material played in stereo

decode mode.

It is found that a longer-than-wide
layout of four speakers as in Fig. 7(a)
gives the most stable front images for
non-central listener and the least stable
side images. A wider-than-long layout

as in Fig. 7(c) gives excellent stable side.

images for most listeners, although the
front stage tends to be drawn over to
the nearest speaker. A square lavout,
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Fig. 7(b), is a cbmpromise in terms of
image stability between these extremes.
Extremely thin rectangles (whether
long or wide) cannot be expected'to give
good results, although the layout
control adjustment will help to mini-
mize the inevitable defects.

Part 2 will give details of the decoding
matrices used. Patent rights in circuits
described in this and subsequent parts
of this article are owned by the National
Research Development Corporation. A
kit of parts for the decoder will be
available from Integrex Ltd — see
advertisement.
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‘Broadcasting satellite
receivers

Mullard’s research laboratories have
released details of the microwave
receivers which they, in co-operation
with Philips at Eindhoven, have built for
picking up broadcast television signals
from “Hermes”, the Canadian-Am-
erican Communications Technology
Satellite (News, April, p.40). The
receivers convert the 12GHz f.m.
broadcast signals picked up by small
dish aerials to a form suitable for
feeding into the aerial socket of stan-
dard NTSC colour television sets. Five
receivers and associated 1.6m (or in
some cases 1.2m) diameter metal-coat-
ed glass-fibre-reinforced polyester par-
abolic aerials were supplied by Philips,
and one receiver of somewhat different
design but using the same aerial was

supplied by Mullard. To accommodate
satellite drift provision was made for
remote control motor tracking of the
aerials on a single axis.

An outdoor part of the receiver with
an integral waveguide horn is placed at
the focus of the aerial and provides
fixed-tuned conversion from 12GHz to
410MHz, with a noise figure of about
7dB. It consists of a microstrip
Schottky-barrier-diode mixer, followed
by a 40dB amplifier. The local oscillator
is a Gunn device delivering about 10mW
at approximately 11.7GHz and, in the
Mullard version, this is located in an
aluminium cavity integral with the
converter, Dielectric temperature com-
pensation maintains frequency drift
within 5MHz (over the range —40°C to
+40°C) which is well within the range
of the automatic frequency control
applied to the second mixer. This is
located in an indoor unit fed with the
410MHz signal by a coaxial cable.

The indoor part of the receiver
provides further conversion to 120MHz
prior to limiting and frequency discri-
mination to vield the NTSC composite
video colour signal and 5.14MHz f.m.
sound signal. The last-mentioned is
converted to the normal 4 5MHz inter-
carrier frequency and with the video is
used to amplitude-modulate a 500MHz
carrier to provide a 10mV signal suitable
for the aerial input of a standard NTSC
colour television set. Extensive use is
made of integrated circuit techniques.

The Mullard receiver is installed at
the Canadian government communica-
tions research centre in Ottawa. The
aerials were aligned first by a simple
level of compass then final adjustment
was made by means of the satellite
signal itself and a signal strength meter.
Mullard say excellent picture and sound
quality was achieved and the received
signal strength was close to the expect-
ed level of ~105dBW.
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Plessey chief wants
social responsibility

Sir John Clark, chairman and chief
executive of Plessey, has expressed
concern about unemployment caused
by technical change. Plessey workers
making electromechanical telephone
exchange equipment are threatened
with redundancies as a result of the Post
Office’s unexpectedly sudden decision
to change to electronic exchanges.
Speaking at the opening of the London
Electronic Component Show, Sir John
asked “Should technology be pursued
for technology’s sake? And what impact
will the changes caused have on people?
We are constantly being told we live in
the technical age. But there is, I think,
an optimum beyond which it is not
cost-effective to go. The impact of
change on people should be given the
most urgent consideration. Not only
how it will affect the jobs they do and
how they do them, but also on the
crucial social question of whether some
jobs will remain to be done at all.

“In contemplating the equation of
change”, continued Sir John, “the social
consequences must be taken into
account and weighed carefully against
any other advantages which might
accrue. This is why one of your major

customer-industries — namely telecom-
munications, which as you know Ples-
sey has a considerable interest in — has
appealed to the Government against the
cumulative effects of Post Office cuts,
recently announced, in the traditional
electromechanical telephone systems.
Of course we believe the British tele-
communications industry should move
forward quickly into the new technical
area with equipments brought to
modern technical standards. But some
regard must be paid to social
responsibility by the decision-makers.
By their decisions, they have the power
to wipe out the livelihood'of thousands
of people without adequate time being
given for an orderly and manageable
transition from the old to the new. In
my view, it should not be done without
due regard to the consequences.”
Plessey is one of the companies
mentioned by Mr Ernest Harrison,
chairman of Racal, as possibly being
involved in a rationalization of the
British electronics industry (see leader).

A to D conversion at
30MHz

A design group at Cambridge Consul-
tants working on high speed ana-
logue-to-digital conversion have
developed a convertor which they
describe as the fastest eight-bit a.d.c. in
Europe. It will perform, they say, “a full
accuracy eight-bit conversion every
33ns.” Two have now been delivered,
one each to Plessev Ltd,whose Allen
Ciark Research Centre developed a high
speed comparator using the circuit

A new independent viewing centre for
use with the EMI X ray scanner. It
provides a display and datu
reprocessing at a point remote from the
main scanner. The area of interest can
be enlarged and there are other image
manipulation facilities.

9210y,
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element, and the Admiralty Surface
Weapons Establishment.

Two years ago CC were working on a
military contract for which they deve-
loped a six-bit, 30MHz convertor.
Cambridge believed the technology
available would allow the development
of an eight-bit version. With the com-
pletion of the previous contract, how-
ever, they needed funding and a client
to build both the circuit element to
Cambridge’s specifications and a circuit
in which to use it. The money came
from the Ministry of Defence director-
ate for Components, Valves & Devices
(CVD), and Plessey’s comparator cir-
cuit provided an opportunity to use
Cambridge’s expertise.

The Cambridge equipment is
designed for use in radar signal pro-
cessing and transient recorder appli-
cations where low aperture uncertainty,
a parameter affecting the accuracy of
sampling at a signal’'s zero crossing
point, and full accuracy at high sam-
pling rates are required.

‘A commercial version, the ADC30.8 is
available from Cambridge Consultants.
It includes a matched, high speed. low
jitter sample hold, operates from a 50
ohm analogue input and samples with
an aperture time uncertainty of 10ps
r.m.s. The sample command input and
the offset binary coded digital output,
overrange and internal 30MHz clock
signals are all of 50 ohm impedance and
e.c.l. compatible. The unit, priced at
£3,510, comes with power supplies in a
19in case. The designers were Dr Chris
Davies and Julian Coles, and the
project manager was Dr Robin Smith-
Saville.

Post Office buys solid
state stored speech

The Post Office have installed two
prototype. automatic, changed -number
intercept equipments for service trials
in Birmingham and Chelmsford tele-
phone exchanges. If, at the moment, a
number is changed the caller, on
dialling the old number normally has his
call intercepted by the operator, who
then tells him the new number. The new
system puts the caller through to an
automatic spoken message which is
stored digitally in memory. This stored
message is passed on to the caller.

The equipment supplied by Pye TMC,
builds up the message from a limited
vocabulary of words and phrases. Each
word or phrase is decoded from its
digital form and kept going round an
audio highway. If one were to listen to
one of these highways one would hear a
single word or phrase repeated contin-
uously. Line circuits which recognise
that a cali has reached a disused line
are programmed to select the highways
in the correct sequence to build up a
message for that line. A test message is
available by dialling Chelmsford 62101.
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MRUA call for mobile radio ‘“Annan’’

Following the Home Secretary’s call for
comments before the 1979 World Ad-
ministrative Radio Conference the
Mobile Radio Users’ Association have
published their submission to the Home
Office. The Association, who say they
represent 80% of all private mobiles in
the UK, submit that

® Mobile radio use should be encour-
aged on economic grounds.

@ Demand will increase, also because of
the need for economies.

® The Home Office’s predictions of
spectrum requirements “are based on
reports which appear negative in spirit.”
® 100MHz extra spectrum is needed for
mobile radio, the extra frequencies
being found by moving fixed services to
higher bands, standardising on 12.5kHz
channel spacing, and releasing fre-
quencies from bands 1 and 3, and other
places in the spectrum allocated but
under-used.

® Mobile radio is important enough to
justify setting up a body like the Annan
Committee whose conclusions should
be published.

The MRUA say the submission is
based on feedback from their members,
study of the Home Office Warden
Report and Pye’s Pannell report, a
survey which MRUA did of all p.m.r.
users in the UK, and other submissions
which they have seen. The MRUA
believe that mobile radio is the one use
of spectrum which gives tangible and
measurable economic benefits and,
since most western countries’ problems
at the moment appear to be economic,
mobile radio ought to have first priority.
The UK commercial and industrial
world was not yet conscious of the
benefits offered by p.m.r. and so the
government should actively encourage
them to use it, instead of restricting
p.m.r's use. Demand may be artificially
low, say MRUA, because of delays in
issuing licences. The submission con-
tinues: “Our main objection to the
policy apparently to be followed by the
UK delegation is that their attitude
from all indications to date appears to

be negative. It seems to be a matter of

how few people should use radio and
how small the necessary allocation can
be, whereas we feel the attitude should
be the opposite.”

MRUA also say they believe that if
the government has allocated to it large
areas of the spectrum which they do not
use they should release them for p.m.r.

To standardise on 12.5kHz would “in
some measure degrade system perfor-
mance, but this must be tolerated in the
interests of spectrum economy. How-
ever we are of the opinion that any
further channel splitting is not a true
economy with existing modulation
systems owing to degradation of signal
to noise ratio.” This view had been
expressed before when channels had

been progressively split as technology
developed: “Our objection to a further
split in channels is not based on any
shortcomings of the equipment, which
may well be capable of performing at
narrower spacings; it is based on the
degraded signal-to-noise performance
resulting from the reduced bandwidth.
The MRUA would oppose any move

away from the general policy of two.

frequency working as a result of
pressure from any other administration.
They also believed that fixed point to
point links should be moved eventually
to beyond 512MHz. Propagation diffi-
culties and high costs would prevent the
use, for the time being, of frequencies in
the 850-960MHz band for p.m.r.

“We believe that in the interests of
progress it is too easy to underestimate
the information capacity of simple
speech. Speech has the advantage of
infinite flexibility and to a smal] extent
an additional range of meanings result-
ing from tone of voice. It is unlikely that
data systems will ever match this, and
they are costly both in capital and

maintenance terms. We believe that

there are a few p.m.r. applications
which could usefully consider data,
whereas we believe that many govern-
ment services, such as police and fire
brigades, could make great use of data
for routine messages, and thus effect
spectrum economy in those regions of
the bands.”

No two uses of p.m.r. are alike, they
add, and they would oppose any
blanket for measuring channel occu-
pancy.

The British Gas Corporation have
published a paper presented to a private
meeting of the Joint Radio Committee
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of the nationalised industries held at
Lincoln College Oxford in late March.
The main points of the speech made by
East Midlands Gas Marketing Board
director Peter Quinn are that: the use of
self-identification in the calling proce-
dure takes up to 20% of the message
length, and can exceed the message
time; that the greater demands on
operators made by selecting among a
number of base stations *is not ideal,
and that his time could be more
beneficially spent controlling work
allocations, etc”; that operators need to
be well trained to control incoming
calls, and to ensure that all calling
mobiles are correctly acknowledged,
passed on immediately or put on
standby; the amount of information
that has to be passed on by a fitter takes
some time and “represents poor use of
the channel”; and the passing on of a
message to a third party often involves
bringing whoever is to receive the
message into the radio room to take
over the equipment for the duration of
the call, with considerable disturbance.

On selective call systems Mr Quinn
noted that their use in the gas industry
had reduced call sign transmission time,
shown a caller immediately that his call
had been received, alerted fitters
returning to vehicles that a call had
been made while they had been away,
all of which produced “better channet
management and. hence the possibility
of supporting more mobiles per chan-
nel.”

The normal view of selective callirg
systems among other users appears to
be that until interference becomes very
much worse the selective calling equip-
ment would provide unrequired faci-
lities at greater cost. Hence Mr Quinn’s
remark that they had been “slow to find
supporters.” He added that they would
be an essential part of future fully
automated systems.

Viewdata cracks the PO armour

Details are emerging of the Post Office’s
delayed Viewdata market trial, to begin
in the middle of next year. One
thousand sets are to be distributed
among interested viewers selected to
represent an exact cross-section of the
British population, according to income
and social class, chosen from 6,000
applicants. The Post Office have even
stipulated that the suppliers of the sets,
ITT, Philips, Thorn, GEC and so on,
supply a proportion of the 1,000
according to their market share.
Although the news that the Post Office
and the manufacturers were co-operat-
ing closely was published in the annual
report of the British Radio Equipment
Manufacturers’ Association, issued on
May 19, the Post Office is reluctant to
discuss the experiment as yet. In a
statement issued to Wireless World

they said: “We have agreed with
BREMA on an integrated approach to
the development of Viewdata decoders.
This employs a unit in the tv sets which
will also include the line interface with
the telephone network and as such will
demodulate the incoming signals from
the telephone line and also generate
appropriate loop-disconnect pulses for
calling the designated Viewdata com-
puter.” They said they would be making
an announcement shortly.

The Post Office originally requested
that the sets used for the test should be
as near as possible to the final
production models but the manufactu-
rers told them this would be out of the
question in the time available. For that
reason rather more equipment will be
hanging outside the set than the viewer
who buys Viewdata equipment would
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expect to see if the trial is successful. In
addition the Post Office will be
providing isolating equipment and “line
terminating units” which perform the
same function as the standard PO
modem but have a lighter specification.
When the full Viewdata service is
operating the Post Office will make
available higher quality lines to make
possible this slight easing of tolerances.
The manufacturers will be building into
the sets or connecting to them a teletext
decoder and a Viewdata decoder
module.

Clearly this is the first time the Post
Office has moved from its determina-
tion to prevent anyone connecting any
equipment to a telephone line other
than that it has supplied itself. Equally
clear is that unless it agreed to this the
Viewdata service would founder. While
the Post Office is taking no chance of
risk to its personnel or equipment —
there is some talk of using two stages of
isolation from the telephone line —
there is no "@oubt that some in the
electronics industry will see this as
setting a precedent.

Meanwhile in Germany the competi-
tion to run the Viewdata service is
hotting up, and for once British
manufacturers are making the running
in supplying to whoever wins. At the
end of May representatives of the
German press met in Hamburg to decide
their tactics for running the proposed
teletext service, and at the largest
German electronics show, the Funkau-
stellung, (August 26 — September 4)
both they and the broadcasters will be
competing to show that they and not
the other are the ones who deserve the
prize. The German press are arguing
that teletext is a newspaper of the air,
while the broadcasters argue that it is

part of ‘their medium. And with
Viewdata coming the German PTT in
Bonn, who have already bought the
Viewdata software programme, want to
keep a grip on the system whoever wins.
The German post office have already
taken the BBC's Ceefax service and
shown it to some of their staff, and the
BBC have German sub-editors working
with them. At the Funkaustellung there
will be demonstrations, including those
by British tv manufacturers, notably
GEC. Philips and ITT will also be
involved.

GEC have also announced that they
have delivered to the German Post
Office a 4080 computer system for the
proposed German equivalent to View-
data, the Bildschirmtext. The hardware
also includes a 128kbyte core store,
4.8/4.8 Mbyte fixed/exchangeable car-
tridge disc, magnetic tape storage and
paper tape equipment. GEC say the
equipment was installed at Darmstadt
five weeks after official receipt of the
order.

In February we reported (p.40) on a
system which used teletext to provide
information for the deaf. Now teletext is
being used for the blind. Clarke and
Smith last year developed with the
National Research & Development
Council a Braille computer terminal
that would fit into a suitcase. It consists
of a typwriter keyboard for writing and
a 48 character, 14 inch long touch strip
operated by t.t.l. controlled solenoids.
The information is put in one line at a
time and the operator signals ‘“next
line” for the tactile display to be
changed. The operator can also skip
back to previously-read lines.

The snag at the moment is the high
price, £2,800, but a read-only version is
available at around £500.

Alternative to cellular
proposed

radiotelephone

Three radio common carrier firms have
asked the FCC for permission to build
iand test a new radio telephone and
paging system in competition with the
ART cellular system in the Washing-
ton-Baltimore area (WW June p40). The
alternative would cost just over $l1
million with equipment and technical
help to be provided by Harris Corpora-’
tion. The group have told the FCC they
could test and install the service by the
1979 deadline. It would, according to
Harris, be less costly to build and
maintain, and would use digital trans-
mission to provide the “ultimate in
communications security.” The pocket
pagers and radiotelephones provided to
customers would be lighter and less
expensive than those currently in use.
I'he Harris system would use a single
powerful transmitter to cover the same
area instead of the many base station
transmitters within small geographic

cells proposed in the cellular system. It
would also operate in the 900MHz band.
The single, high power. broadband
transmitter, similar to that used in
broadcasting, would cover 30 to 50 miles
in radius. Ninety-six or more channels
could be accommodated by time
division multiplexing to mobile units.
Broadband remote receivers could pick
up conventional narrow band f.m.
signals from the mobile units. The
receivers would “transmit the spectrum
occupied by mobile units back to the
centra! base station via microwave
links, where signal processing will
occur. The system does not require
wireline links between satellite
receivers and the base station. The only
telephone lines that will be required are
those interfacing the [radio common
carrier’s] main terminal with the tele-
phone company’s central office equip-
ment”’.
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Naval weapon life stud

The Royal Navy has initiated a three
year study aimed at reducing the life
cycle costs of naval weapons equip-
ment. Announcing the contract to carry
out the study, Mr Brian Mair, manager
of Plessey’s Product Assessment Labo-
ratories, said the analytical study was
intended “to produce rules by which
designers of future weapons equipment
can predict the life cycle cost of that
equipment.” The reasons for the study
“will become apparent when you
consider the way modern technology
has changed the Navy’s equipment.”

Naval equipment has become much
more complicated, and difficult to
repair. It is no longer possible to keep a
full set of spare parts on board ship and
expect sea-going personnel, no matter
how well trained, to be able to repair it
on the spot. It is more likely that plug-in
modules would be used which can be
repaired when the ship is returned to
port. All that is needed is to identify a
faulty module and replace it. The
difficulty, which the Navy hopes the
Plessey study will sort out, is that ships
may be at sea for long periods. It is not
certain which equipment is more likely
to fail, or how much spare equipment it
is economical to store in a ship, even
with the high reliability the Navy
needs. The design of the equipment can
make these variables more predictable.
As Mr Mair said, “There is an increasing
cost of materials support to the Navy
for modern weapons equipment. The
designer can make trade-offs between
reliability of equipment and subsequent
maintenance costs. The study is to
understand these trade-offs and to
study how they can be more effective in
the use of money in future.

The cost of the study is undisclosed,
but most of the expenditure will be in
the salaries of the 14 scientists who will
be engaged on it for the next three
years. According to a Plessey statement,
“The Plessey team will be devising a
series of computer operated models in a
form which can easily be used by
project design teams. The data, vital to
validate the models, is being obtained
with the co-operation of other major
defence contractors.”

Brian Mair is now taking charge of an
expanded business. Product Assess-.
ment Laboratories is now augmented
by Plessey Reliability Service and
Plessey Calibration Service. The group
is called Plessey Assessment Services, of
which Mair is business manager. His
previous post as manager of PAL will be
taken over by Geoff Matthews. The
expansion means that PAS will be
recruiting over 50 engineers and
technicians over the next two years to
work at their Titchfield, Hants, base.
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Digital television via satellite

Multiplexed 60Mbit/s PAL television and sound signals
sent through Intelsat IV from Goonhilly

by M. E. B. Moffat, M.A, D.Phil, M.I.E.E., M Inst.P. BBC Research Department

For many years now the transmission of
colour television and sound signals via
geostationary satellites has made possi-
ble the world-wide exchange of pro-
grammes for broadcasting, either “live”
or with a few hours delay to suit
programming. Such transmissions
usually involve analogue baseband
signals and f.m. techniques, but in
recent years interest has grown in
digital coding in conjunction with
multi-phase-shift keving modulation.

Provided that efficient bit-rate reduc-
tion and modulation methods are used,
theory shows that digital coding can
form the basis of a better tv transmis-
sion system than f.m. for the economic
use of r.f. bandwidth and power. The
DITEC system of Comsat Laboratories
in the USA, described in 1972', was the
first practical attempt to realise 4 digital
system of this kind. It has been used in
North America for the experimental
transmission of NTSC 525 line, 60 field/s.
4.2MHz bandwidth colour television
signals in the form of a 33.6Mbit/s
digital signal through geostationary
satellites. Four-phase-shift keying
modulation was used, occupying an r.f.
bandwidth of about 20MHz, which is
about half of that available in an
Intelsat 1V transponder.

To transmit a high-quality picture
using 33.6Mbit/s for PAL 625 line, 50
field/s, 5.5MHz bandwidth colour tele-
vision signals, i.e. for System I signals as
broadcast in the UK, is a more difficult
problem than DITEC had to cope with.
This is because of the higher horizontal
and vertical resolution, offset some-
what by the reduced field-rate.

In 1974 the UK Post Office agreed to
support a BBC Research Department
proposal that experimental digital
transmissions of System 1 signals
should be attempted via an Intelsat [V
satellite. The bit-rate envisaged for the
video signals was between 44Mbit /s and
34Mbit/s. Added to this would be
bit-rates corresponding to error-correc-
tion and audio signals, bringing the
total bit-rate of the “package” up to
60Mbit/s, the capacity of the experi-
mental channel through the satellite.

The experiments took place in April
and May 1976 (see Wireless World,
August 1976, page 71); they were
envisaged as a further contribution to a

Fig. 1. Diagram outlining the
transmission system used in the
60Mbit/s experiments at Goonhilly
Downes.

programme of field-research into digital
tv and audio transmission. They were
not the first PO-BBC co-operative
exercise on digital video transmission.
120Mbit/s video waveguide-transmis-
sion experiments were demonstrated
jointly by the Post 'Office, the BBC and
GEC in September 1970 at the inaugur-
ation of the first 1km length of circular
waveguide at the Post Office Research
Department. In 1971, Standard Tele-
communications Luboratories and the
BBC demonstrated 120Mbit/s video
transmission through an optical fibre at
the IEE’s centenary celebrations. In
1975, the BBC co-operated with the PO,
STC, GEC and Plessey in 120Mbit/s
cable-transmission tests, involving two
60Mbit/s video-audio packages provid-
ed by the BBC Research Department
(see News of the Month, Wireless
World. February 1976, and Reference 2).

Further transmission tests with
satellite, cable, optical fibre, s.h.f. link
and waveguide systems are envisaged,
and some of these tests may use a video
bit-rate as low as 30 to 34Mbit/s, if the
continuing work on bit-rate reduction
leads to satisfactory picture quality at
these rates. A precise choice of bit-rate
in the 30 to 34Mbit/s region would take
into account the bit-rates of 34368kbit /s
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and 32064kbit/s from the transmission
bit-rate hierarchies proposed for Europe
and Japan respectively.

Experimental transmission system
The transmission system used in the
1976 satellite experiments is shown in
Fig. 1. The primary video sources were
provided in London by the BBC Designs
Department; they comprised a flying-
spot colour slide-scanner, BBC Tele-
vision network channels, conventional
test-waveform generators, and a trans-
verse-scan video-tape recorder.

Much use was made of the slide-
scanner, with a wide selection of colour
transparencies drawn from a new set
prepared by the European Broadcasting
Union — one of which is shown in Fig.
2(a) — together with other slides often
used by television authorities in subjec-
tive assessments of picture quality.

The analogue video signal was trans-

Fig. 2. One of the pictures and two
examples of equipment used in the
tests: (a) “girl with toys,” one of a set of
EBU test pictures; (b) Aerial 1 at the
Post Office Earth Station, Goonhilly
Downs; and (c¢) error and slip monitor
from the BBC Research Department
equipment.

mitted by the Post Otfice via permanent
cables and s.h.f. f.m. links to and from
their Earth station at Goonhilly Downs
in Cornwall. For the digital tests, the
analogue video signal was fed to BBC
Research Department equipment tem-
porarily located at Goonhilly; this
equipment was by-passed on one occa-
sion to afford a brief test using an f.m.
channel through a satellite.

The digital video signal was incor-
porated in a video-audio 60Mbit/s
multiplex, which was fed as two
30Mbit /s signals and a clock signal to a
quadrature phase-shift keying (q.p.s.k.)
modulator, built by the Post Office
Telecommunications Development
Department.* The 36MHz bandwidth,
70MHz i.f. output from the modulator

*The corresponding demodulator was deve-
loped by Marconi Research Laboratories.
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was up-converted to s.h.f, amplified,
and transmitted through Aerial 1 to and
from the Intelsat IV Flight 1 satellite
stationed over the Indian Ocean, occu-
pying virtually the full bandwidth
available in one transponder. Video and
audio monitoring was provided at
Goonhilly and at the BBC Designs
Department in London. Audio trans-
mission, both ways, between the
Designs Department and Goonhilly was
provided by BBC sound-in-syncs equip-
ment.

Video coding

In the digital video coder the analogue
PAL signal was sampled at precisely
twice the PAL colour subcarrier fre-
quency, i.e. at 2f,, about 887MHz.
According to Nyquist’s theory this is
too low a sampling frequency to con-
serve the video information. However,
G. J. Phillips and M. Weston of the BBC
Research Department had shown that,
because of the nature of the line
spectrum of the video signal, sub-
Nyquist sampling at 2f,, conserves
virtually all of the wanted video in-
formation; unwanted “alias” compon-
ents fall halfway between the lines of
the video spectrum and are removed by
comb-filtering, with the teeth of the
comb spaced at line-frequency.®

Eight bits per sample were used in the
initial video signal quantisation, includ-
ing its line and field synchronising
signals.

The eight-bit sample-words were
re-quantised non-linearly as six-bit
words, or, optionally, five-bit words,
using differential pulse-code modula-
tion (d.p.c.m.) or a hybrid of differential
and “straight” p.c.m. termed h.d.p.c.m.
When five-bit video words were used, a
dummy sixth bit was added for instru-
mental convenience. Six-bit straight
p.c.m. was also provided. The essence of
h.d.p.c.m. is that straight p.c.m. is used
for a sample when the numerical
difference between its actual value and
its value predicted in the d.p.c.m. coder
is large. In this 2f,, equipment the
second-previous sample is used as the
prediction. Large differences result
from sharp luminance transitions, for
which the eye accepts relatively coarse
quantising, perhaps because they are
relatively rare. When the difference is
small, and can therefore be accurately
represented by five-bit or six-bit words,
differential p.c.m.isused, i.e. the five-bit
or six-bit word gives the value of the
difference rather than the absolute
value of the sample; in plain coloured
areas the difference is zero.

Of the various options available,
six-bit h.d.p.c.m. was the one mostly
used.

Video scrambling

During preliminary tests with the
q.p.sk. modem it was found that the
channel performance was not indepen-
dent of the transmitted bit-sequence.
The salient problem arose with carrier
recovery in the demodulator, where
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récovery was quite all right with
pseudo-random bit-sequences but was
somewhat picture-dependent with digi-
tal video signals; certain pictures gave
rise to troublesome and lengthy bit-
sequences. The problem arose because
the troublesome bit-sequences con-
tained insufficient carrier-recovery
information for the particular type of
recovery circuit used, which was
designed for digital telephony applica-
tions and not for the experiments
described here. The problem was over-
come by scrambling the digital video
signal to make it appear pseudo-random
for transmission, and de-scrambling it
before decoding. The way in which this
was done is outlined in Fig. 3, where the
modulo-2 addition is equivalent to the
exclusive OR logic function. The square
boxes represent one-bit shift registers
clocked at the serial bit-rate. The
modulo-2 sum onthe figure shows how
the output of the de-scrambler always
equals the input to the scrambler.

Video error-correction

P.c.m. video-transmission errors cause
small points of enhanced or reduced
brightness to appear in the picture. But
d.p.c.m. transmission errors are more
serious since the effect of a single error
is to cause a streak across the picture
from the point at which the error
occurred to the right-hand side where
the sample difference is reset to zero.
H.d.p.c.m. transmission error-streaks do
not often extend so far because they
stop where the coding mode changes
fromd.p.c.m. top.c.m.; indeed this effect
is the main advantage of h.d.p.c.m.
However, even h.d.p.c.m. is not rugged
enough to withstand a random trans-
mission-error rate of more than about 1
in 10%, without more than a very-slight
picture impairment, and the error-rate
on the satellite channel was expected to
be somewhat higher than 1 in 108
Therefore a form of video error-protec-
tion was provided in the BBC equip-
ment.

The method used is known as
Wyner-Ash convolutional error-correc-
tion with a (16,15) code.? The numbers
mean that the ratio of the number of
error-correcting bits to the number of
video-data bits is 1:15. Six error-correc-
tors of this kind were provided to
operate independently on each bit of the
six-bit video words. Six-bit words at a
rate of 2f,. give a serial bit-rate of
53.2Mbit/s. Adding the error-correcting
bits brought this rate up to 56.8Mbit/s.

The use of six independent error-cor-
rectors meant that a burst of up to six
consecutive bit-errors could be correct-
ed. This feature was important because
the use of q.p.s.k. could extend a single
phase-shift error beyond a single
video-bit period. Placing the error
correction coders downstreaxp from the
scrambler avoided upsetting ‘the burst-
error correcting feature by scrambling,.

The performance of this error-cor-
rection method was such that an actual
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Fig. 3. Five-stage scrambler and
de-scrambler.

random transmission-error rate of 1 in
10° was reduced in effect to a rate of
about 1in 108

Audio coding

The 3.2Mbit/s between the bit-rate of
the error-corrected video signal and the
60Mbit/s satellite channel capacity was
used for audio signals, and for multi-
plexing and synchronisation. The audio
coding equipment was designed to
multiplex six high-quality 15kHz sound
signals into 2048kbit/s (including audio
synchronisation and error-protection
signals) using ‘“near-instantaneous”
digital companding.® This is a com-
panding technique in which, in this
case, a block of 32 ten-bit sound-sample
words is coded to a quantising accuracy
which corresponds to 13,12, 11 or 10 bits
per sample depending upon the peak
value of the audio signal occurring in
the block of 32 samples. In the equip-
ment used in the satellite experiments
two of the possible six audio channels
were equipped with coders and
decoders.

Multiplexing

The audio multiplexer and demulti-
plexer were designed to give and receive
a serial 2048kbit/s signal, coded and
timed for interfacing with national and
international digital transmission paths
meeting CCITT standards. The
60Mbit/s video-audio multiplexer com-
bined the serial 2048kbit/s signal with
the parallel 56.8Mbit/s error-protected
video signal, the latter being provided
on six wires each bearing
approximately 9.5Mbit/s. Because the
protected video signal thus comprised
six-bit words, it was convenient to form
up the multiplex “frame” from six-bit
words, some of them audio, most of
them video, a few for synchronisation,

p—Out=X DX, Dx
=in ®X2®X5@X2®X5

=in (since 2aa=0)

EB Denotes modulo -2 addition

and a few bits spare in some of them for
auxiliary signalling. The frame length
was 1800 bits (30ps).

To maintain the proper relationship
between the output (60Mbit/s) and
input bit-rates, without locking any of
them together, the content of some of
the synchronisation words was con-
trolled to comprise either dummy data
or real video or audio bits; this “elastic”
timing method is known as “positive
justification.”

The 60Mbit/s output was then divid-
ed into the two serial 30Mbit/s signals
and a clock signal to drive the Post
Office q.p.s.k. modulator; similar signals
were returned from the q.p.s.k. demo-
dulator to the 60Mbit/s demultiplexer,
as shown in Fig. 1.

Error and slip monitor

Perhaps the most important parameter
to monitor on a digital transmission
channel is the bit-error rate. It is a
sensitive indicator of the state of most
parts of the channel equipment and
transmission path. The error-monitor
module used in the experiments is
shown in Fig. 2(c). Fed with data from
the error-correction and multiplexing
equipment, it gave a clear presentation
of the overall error rate or error count,
together with a display of lights and
audible alarms to indicate bit-errors in
the video (VID) and synchronising
(FAW), signals, and slips in overall
synchronisation (MUX) and synchro-
nisation of video error-correction
(PAR).

The test transmissions

For most of the test transmissions the
slide-scanner in London was used as the
video source, but some more critical
tests were done using a BBC digital
video waveform generator® located at
Goonhilly. The audio source was usual-
ly a stereophonic tape-recorder at
Goonhilly, replaying orchestral or piano
music, but synthesised audio signals
and live speech were also used, the
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latter chiefly as a commentary to
accompany the transmitted video sig-
nals for tape-recording in London.

The elevation of the Goonhilly aerial
beam above the horizon was necessarily
small, namely about five degrees, which
is about the smallest elevation for
satisfactory analogue or digital trans-
mission. Consequently, careful adjust-
ment of parameters such as group-delay
equalisation of filters was needed.
When this was done, a bit-error rate of
about 1 in 10® was attained, which was
random in nature and adequate, using
error protection, for high-quality pic-
ture and sound transmission. Indeed,
with this channel condition, the video
and audio qualities were negligibly
affected by transmission to and from
the satellite. This was shown by bridg-
ing across the transmission path at the
70MHz if. stage or at the 60Mbit/s
BBC/PO interface.

A brief comparison was made
between the picture quality attained
with the 60Mbit/s package using six bits
per video sample (h.d.p.c.m.) and that
with an analogue f.m. arrangement
provided by the Post Office, virtually
the full bandwidth of one transponder
on the satellite being occupied in both
cases. The consensus was that, alth-
ough both picture qualities were very
good, the digital picture was slightly
better than the f.m. picture. The abso-
lute impairment of the digital picture
was known from previous research to
be “just perceptible,” the salient feature
of the impairment being a small loss of
diagonal resolution, a characteristic of
sub-Nyquist sampling. The salient
impairment of the f.m. picture was
slightly increased chrominance noise.

Conclusions

The informal subjective assessments of
picture and sound quality obtained
during the experiments suggested the
long-term possibility of attaining
slightly higher quality using digital
techniques rather than analogue f.m.
techniques, without requiring addition-
al r.f. bandwidth or incurring unaccep-
table interference between satellite
channels. This possibility will be studied
further in the broader context of
efficient use of satellite channels having
usable r.f. bandwidths both narrower
and wider than the 36MHz used in these
experiments. However, the current use
of equipment employing f.m. transmis-
sion techniques, which provides a
service even under degraded propaga-
tion conditions or in reduced bandwidth
situations such as two television chan-
nels per 36MHz transponder, makes it
unlikely that analogue f.m. will be
superseded by digital techniques in the
near future.
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High-fidelity Designs

The second edition of our popular
collection of reprinted articles, High-Fi-
delity Designs, is now on sale. It is
bigger, with twenty-five of the most
popular articles on audio equipment and
techniques that we have published in
the last few years. Some of the material
in the first edition has been kept, but
most of the content is new, including
David Read’s tuners, the Dolby noise
reducer, the Linsley Hood cassette deck
and Doug Self’s advanced preamplifier.
Jack Dinsdale’s and John Greenbank’s
horn loudspeakers are also printed
again here. The book is obtainable from
booksellers at £2.50 or direct from
General Sales Department, Room 11,
Dorset House, Stamford Street, London
SEl 9LU, at £2.75 inclusive of postage
and packing. Cheques and postal orders
should be made out to IPC Business
Press.
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(HF predictions)

As an example of the use of the charts take
reception of 14MHz. From South Africa the
earliest that signals can be expected is 0500.
Reception should always be possible between
0630 and 1830 but signal-to-noise ratio will be
poor between 0730 and 1500. Fadeout will
occur between 1830 and 2100.

From South America a skywave path
should always be possible between 1100 and
2200 but a workable signal-to-noise ratio is
likely only after 1900.

Availability of North America and the Far
East will be erratic with generally poor
signal-to-noise ratios.
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Eliminating adjacent-channel

interference

by P. L. Taylor, M.A., F.1.E.E., F.1.M.A., University of Salford

Adjacent-channel interference
between amplitude-modulated sig-
nals can be overcome, even when
the carrier frequencies are so close
together that the sideband of one
signal overlaps the carrier of the
other.

The problem of adjacent-channel
interference has been with us almost
since radio communiction began. Fig. 1
illustrates the situation in which it
arises: the carrier frequency of an
unwanted amplitude-modulated signal
U is too close to the carrier frequency
of a wanted signal W. The result is that
some of one sideband of U intrudes into
the part of the spectrum occupied by
W. A receiver tuned to W must have a
pass-band sufficiently wide to accept
the sidebands of W, and so cannot
reject the unwanted sideband of U. The
audible result, after detection, is unin-
telligible and annoying ‘“sideband
splash” or “monkey chatter” caused by
the beating of the unwanted fre-
quencies with the carrier of W.

If U is not too close to W, as in Fig.
1(a), then it is possible to design the
receiver to accept only the “clean”
sideband of W (which contains all the
modulation information in itself) and to
treat the resuit as a single-sideband
signal; but this requires very sharp and
precise filtering, which of course is
expensive. If the two carrier fre-
quencies are as close together as is
shown in Fig. 1(b) it has been generally

Fig. 1. If the carrier of an unwanted
signal U is too close to that of a wanted
signal W there is interference. In case
(a) it is possible to filter out the *“clean™
sideband of W. Up to now it has been
thought that nothing could be done in a
situation such as (b).

3
Aw cos W X | % 1/2AW+/2A..L3 cos tw-u) +1§©14Aw
+A,cos U ~ [1/2 Ay + Y2 Ay cos (W—U):] -9
“Ec%ss\ﬁ] Yaaycos (W-U) |
v.c.0.1 — % loop filter [1/4AW]
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sin W
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N
2 Ay sin(W-U)
— x [ e x |3
[’/2 Awsin(W-U)J
> \
cos (W-U) Sy s
al x - ] [S2(wW-U)]
x function
~ v.€0.2 | generator

Fig. 2. Block diagram for both methods
ofovercoming interference.

thought that there is nothing one can
do about the situation. In addition to
the monkey chatter one must put up
with an inter-carrier whistle at the
difference frequency between the two
carriers.

Here are two methods!? which pro-
vide solutions to the problem. Both
begin with synchronous demodulation
of the wanted signal, as in the homo-
dyne and synchrodyne receivers.¥ For
brevity, the wanted signal will be
represented by A,, cos W, where
W=2nfut, f,, being the frequency of the
wanted carrier. Similarly, the unwanted
signal will be represented by A, cos U.
We want to recover A, uncontaminat-
edby A

In synchronous demodulation, the

| a1

u w
(a)

FREQUENCY

u w
(b)

wanted carrier is multiplied by an
oscillation having exactly the same
frequency and phase. The result is

AwcosW X cosW = YA+ %A cos2W

(Table I may be a helpful reminder).

Thus the wanted signal Ay, is reco-
vered, together with an oscillation at
twice the carrier frequency, which is
easily removed by filtering.

Table 1

cos A cos B="2 cos (A—B)+ V2 cos (A+8B)
sin A sin 8="% cos (A—B)—-"2 cos (A+8B)
sin A cos B= —% sin {A—B)+ V2 sin (A+B)

cos (——C)=cos C; sin (—C)=—sin C

First method

Figure 2 is the block diagram, in which
the expressions in square brackets
should be ignored, since they reldte to

t This is 'history repeating itself. When Professor
Tucker did his work on the synchrodyne ' he was led
to consider the present problem, and suggested an
approximate solution. Some while ago the author
was casting round for projects for his final-year
undergraduate students and thought it might be
interesting to see what could be made of the
synchrodyne using modern technology. He, too,
was led to consider the problem: this time the
suggested solution is exact.



56

the second method. The combined
signals are applied to demodulator 1,
where they are multiplied by cos W. The
output of this demodulator (after
filtering) is now 24, + A ; cos (W-U).
The second term in this expression is
the audible interference. The multiplier
cos W is obtained from a voltage-con-
trolled oscillator VCO, which is phase-
locked to the wanted carrier via demo-
dulator 2. VCO, produces quadrature
outputs. The phase-lock loop will settle
itself so that the v.c.o. output which is
presented to demodulator 2 is in qua-
drature with the wanted signal, so this
output must be represented by sin W
and the quadrature output will be cos
W. It is arranged that when capture has
occurred the loop bandwidth is reduced
to about 1Hz by extra filtering so that
the oscillator is not disturbed by the
other frequencies present in the signals.
Also, the loop includes an integrator so
that the phasing is exact.

Now the output of demodulator 2
contains the component “2A, sin
(W-U), but no component involving
A,,. The clue is too obvious to be
missed: if the phase of this oscillation
could be changed from sin (W-U) to
cos (W-U) it could be used to cancel the
unwanted component in the output of
demodulator 1. This could be done by
multiplying, in a third demodulator, by
sin 2 (W=U):

BA, sin (W-U)xsin 2(W-U)=
Y%A cos(W-U)-YA cos 3(W-U)

Thus the desired phase-shifting has
been accomplished but at the cost of
introducing a 3rd-harmonic oscillation,
and, if (W-U) is small, it may not be
possible to filter it out. But if %A, sin
(W=U) is multiplied by the series

S/ (W=-U) =sin2(W-U) +sin
4(W—=U)+...+sin 2n (W-U),

the result is:

VaAy sin (W-U) §;(W-U) =
WAy cos(W-U)-Y%Ay cos(Zn+1)
(W=U).

The intermediate products give rise to
sum- and difference-frequency terms
which cancel, leaving the interfering
oscillation at a frequency which may be
made as high as desired by a suitable
choice of n; this oscillation may now be
filtered out easily. Thus, the desired
cancellation signal is obtained, and
processing is completed as shown in
Fig. 2.

A waveform, whose Fourier series
components form S,(W-U), is obtained
from a function generator which is
described later. The generator is
phase-locked via VCO; and demodula-
tor 4 to the beat frequency (W-U). Note
that the series S, is one in which all the
first (n—1) harmonics are equal in
amplitude to the fundamental, which
has a frequency twice that of the beat
frequency.

Second method
If the unwanted signal is stronger than
the wanted signal it will probably be
easier to lock VCO, on to the unwanted
carrier, so that (taking the expressions
in brackets in Fig. 2) the output of
demodulator 2 becomes %A, sin
(W=U). Thus, the unwanted signal is
rejected directly at this stage, but the
problem now is that the wanted signal is
modulated on a carrier frequency that
lies within the audio range.

The wanted signal could be demodu-
lated by multiplying by sin (W-U): '

RBA sin (W-U)XsinfW-U)=
WBAw—YA, cos 2(W-U)

but this introduces -an interfering
oscillation, at twice the beat frequency,
which may still be too low to filter out.
But if %24, sin (W—U) is multiplied by
the series

Sy(W—-U)=sin (W-U) +sin 2(W-U) +
..+sin 2n+ 1) (W=U)

the result is

YAy, sin (W-U)S,(W-U) =
YiAy—%Ay, cos (2n+2)(W-U).

The intermediate products give rise to
sum- and difference-frequency terms
which cancel, leaving the interfering
oscillation at a frequency which may be
made as high as desired by suitable
choice of n; it is thus easily filtered out.
In this method the wanted signal is
taken from the output of demodulator 3.

Function generation

It would be possible to generate the
series S, or S, by taking a number of
oscillators, of appropriate harmonic
frequencies, and phase-locking them
together and to the beat frequency
(W~-U). But this would be clumsy, and
would also require that the demodula-
tor 3 should be a true multiplier. The
simplicity of a switching demodulator
may be retained as follows.

In normal use a switching demodula-
tor acts to change the sign of the signal
to be demodulated in step with alternate
half-cycles of the multiplier oscillation.
That is, it effectively multiplies the
signal by a square wave switching
function f, drawn as the solid line in Fig.
3, which alternates between the values
+1and —1 with the same period T as the

Fig. 3. llustrating the derivation of the
special switching functions.
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multiplier oscillation. As drawn in Fig. 3,
the function f is odd (in the mathemati-
cal sense), that is, f(—t)=—f(t), and the
graph has rotational symmetry about
the point t =0. Hence its Fourier series
consists of odd functions (sine terms)
only:

4| 20 1. 2m 1 . 27
f(t) 1T +35m 3 T +55m ST+' . |
Thus, the demodulator does multiply
the signal by the required frequency
(the first term in the series). It also
multiplies by the higher frequencies in
the series, but the results are usually
filtered out.

Now, suppose that two extra edges
are introduced, at t, and t,, to give the
dotted wave. Since S, consists only of
sine terms the rotational symmetry
must be preserved, by introducing
corresponding edges at —t, and —t,
Now t, and t, can be chosen at will; the
question is, can we choose them so that
the first two harmonics of the new
waveform have amplitudes equal to the
fundamental? The answer is yes, and
the result is quite general: if n extra
edges are introduced, then the first n
harmonics can be made to have ampli-
tudes equal to the fundamental.

The correct instants t, t, ... t, are
found as follows. The expression for the
Fourier series of the new waveform is
found in the usual way, and from it the
conditions that the coefficients of the
first n harmonics shall be equal are
found. This results in a set of
simultaneous equations in the unknown
t. However, the equations are non-lin-
ear, so the solution of them is best
entrusted to a computer.

Thus a square waveform can be
designed such that the first terms in its
Fourier series form S,. A similar argu-
ment leads to a waveform the terms of
which form S,. There is a small compli-
cation in this case because only the odd
harmonics are required. Both series
continue with higher-order terms, but
these do not matter because the
unwanted products to which they give
rise will be filtered out anyway.

The waveforms may be generated
quite easily by digital techniques. VCO,
is made a high-frequency oscillator, the
cycles of which are presented to a
digital counter. The counter output is
presented in turn to a number of digital
comparators (one for each edge) which
are hard-wired with numbers defining
the instants at which the edges occur.
Whenever a coincidence is detected, an
edge is generated by triggering a
bi-stable.

In an alternative method, numbers
representing the differences between
successive edges are placed in a read-
only memory (r.o.m.). A presettable
counter is loaded with the first number,
and is counted down to zero by VCO,.
When zero is reached an edge is
generated, the number in the next’
address in the r.o.m. is loaded into the
counter and so on until the cycle is
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completed and control isreturned to the
first address in the r.o.m. This method is
more economical of hardware, and
more flexible because the numbers for
several series can be stored in one r.o.m.
Any waveform can be selected simply
by choosing the appropriate starting
address.

Sidebands

Though the mathematical analysis
given above indicates that the methods
should work, and experiment shows
that they do work, it is not so far clear
exactly how it is that the overlapping
sidebands are disentangled.

Take as an example the first méthod.
Suppose that initially VCO, has not
locked on to the wanted signal, but is
running at some frequency F higher
than W. The output of both demodula-
tors 1 and 2 is a group of signals at the
sum- and difference-frequencies, as in
Fig. 4(a). Only the lower frequency
group is retained; the other is eliminat-
ed by the low-pass filter.

Now suppose that F is reduced
towards W. The lower frequency group
moves towards zero frequency and a
stage is reached when some of the
sideband frequencies of the wanted
signal should become negative, as
shown at (i) in Fig. 4(b). The practical
effect differs in the two demodulators.
In the case of demodulator 1 the
product is cos W X cos F, and therefore
is also a cosine. The cosine of a negative
quantity is the same as the cosine of the
same positive quantity (see Table I) so
the negative frequency components are
reflected about zero frequency, without
change of sign, to become positive
frequency components as shown at (ii).
In demodulator 2, which is multiplying
cos WXsin F, the output is a sine; and
the sine of a negative quantity is minus
the sine of the same positive quantity,
so in this case the reflected components
must be shown as negative, as at (iii).

Finally, let F be reduced to equal W so
that VCO, locks. In the output of
demodulator 1 the lower sideband of the
wanted signal folds back to reinforce
the upper sideband, and both now start
from zero frequency, i.e. the wanted
signal is demodulated. This is shown in
Fig. 4(c). The unwanted signal is
modulated on to the beat frequency
(W-U) and its lower sideband is folded
back. In the output of demodulator 2,
Fig. 4(d), the sidebands of the wanted
signal exactly cancel each other, being
of opposite sign, so the wanted signal
does not appear in the output of this
demodulator.

Now consider the effect of multiply-

“ing (d) by the series S,. The resulting
spectrum of the output of demodulator
3 is shown at (e). First, there are sum-
and difference-components centred on
the frequency of the first term in the
series, 2(W-U). We are now dealing
with a sineXsine product, which is a
cosine, so the part of the lowest
sideband which. is partially reflected
about zero is reflected without change
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Fig. 4. (a) Result of multiplying the
incoming signals by a frequency F
greater than W. (b) If F is only slightly
greater than W some reflection of the
lower sideband occurs. (c¢), (d) Outputs
of demodulators 1 and 2 respectively
when F=W. (e) The result of multiply-
ing (d) by the series S,.

of sign; and the sum-frequency com-
ponents have a negative sign.

For clarity, the sum- and difference-
frequency components centred on the
frequency of the next term, 4(W-U),
are shown on a lower line. The diagram
is drawn for the case where it is
necessary to go only as far as the third
term in the series, of frequency
6(W-U). When all the various bands are
added together there is a lot of mutual
cancellation; there are left only the
lowest group of frequencies, which are
now of the right form for subtraction
from (c), and the highest group; in
between there is a big gap, so that
filtering out the highest group is easy.

The foregoing description makes it
clear that the methods are really exploit-
ing the fact that an a.m. signal has two
symmetrical sidebands to effect mutual
cancellation of unwanted signals. It is
also clear that the cancellation will be
less than exact if the sidebands suffer
differential gain and/or phase shift in
their passage through the r.f. and if.
stages of a receiver. It is unlikely,

a(W-U)

therefore, that these methods will form
a satisfactory basis for an “add-on” unit
for an existing receiver, in which these
aspects of performance will probably
not have received much attention. It is
also clear that, unfortunately, they will
not work for s.s.b.!

I am very grateful to Mr L. J.
Unsworth for constructing the experi-
mental apparatus in which these ideas
were tested.
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Space shuttle comms

The Battelle Institute say the
communications industry could save
millions of dollars in the 1980s if their
satellites used the space transportation
system of which the shuttle is a part. A
NASA funded study is being carried out
at Battelle’s Columbus Laboratories
with five satellite manufacturers to
make their systems compatible with
s.ts.
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Letters to
the Editor

ANNAN AND CABLE

The Annan Committee was asked to report,
among other things, on the future techno-
logy of broadcasting and any changes in
organisation which would be required as a
result. It was perhaps a silly question to put
to a group of academics, politicians, trade
unionists and assorted odd bodies and it has
drawn a silly answer. At the time of its
appointment some senior engineers in
broadcasting recommended that it should
have a technical sub-committee which could
keep it straight on the facts and prevent it
from having the wool pulled over its eyes by
important people with their own interests to
serve. That this, unfortunately — but

inevitably — has happened is shown most,

clearly by the Committee’s report on cable.
They accept, quite correctly, that the future
of broadcasting lies primarily in cable and
that the next 15 years will be the swan-song
of conventional broadcasting (paragraph
25.2); but they provide no guidance as to how
the inevitable transfer from wireless to wire
might be made and prefer to leave it all to the
woolly generalisation of the Post Office
about the possibilities of integrated national
networks in the late 1990s.

How little they have understood the
technology of cable is clear from their
reference (paragraph 25.41) to broad band
Post Office systems on the one hand and
private narrow band networks on the other.
The Post Office system in Milton Keynes, to
which so much importance is attached, is a
conventional f.d.m. type using a v.h.f. trunk
network with final distribution at v.h.f. for
405 lines and sound programmes and at u.h.f.
for 625 lines. It is no “broader” than anybody
else’s network of that type and nothing like
as “broad” as the switched h.f. system which
has been developed in the private sector.

In short, the Committee was overcome by
the air of unchallengeable authority in which
the Post Office managed to present them-
selves and refused to allow that the people of
this country should be permitted — while
waiting for the Post Office’s new millennium
— to pay the existing cable operators for a
wider choice of programmes if they wanted
to. In spite of all their expressed desire for
diversity and the claim that “we act in
accordance with the concept of pluralism
which has been the leitmotiv of all of us in
this Report”, they have rejected for no
discernible reason the one immediate possi-
bility of achieving those ends. A possibility,
moreover, which involves no cost to anybody
except those who wish to pay for more
diversity and those who are prepared to risk
their own money in providing it.

This is the answer to those, including both
Annan and yourself in last month’s issue,
who quote the cost of a national broad band
network from the Technical Sub-Committee
of the Television Advisory Committee and
rule it all out because we cannot afford a
billion. Nobody is suggesting we should but,
even so, it does not sound so much when
related to the 6 billion which we are
cheerfully spending to equip ourselves for
colour. What is suggested is that the
investment already made in networks with a
capacity of six channels or more should be
put to use so that the public can decide what
extra services, if any, it will support. When
'we know that, the basis of any further
investment in cable will be secure.

Having recognised both the importance of
cable for the future and the need to conserve
the frequency spectrum, one might have
expected the Committee to look with some
care at the proposal that the remains of
Phase 1 of the u.h.f. transmitter programme
covering groups of population exceeding
1,000 and Phase Il for populations between
500 and 1,000, might employ wire instead of
wireless wherever it was simpler and
cheaper to do so. This proposal was first
made by the TAC/TSC in 1972 and was
supported- by the Crawford Committee in
WNevember 1974. Nothing has happened,
mainly because there is a genuine difficulty
about how such cable networks might be
financed. Everyone concerned had hoped
that the Annan Committee might make some
sensible recommendation for finance and
administration but all they do is to propose
that Phase Il should be completed at oncé by
transmitters at a cost of £114 per person or
over £300 per home covered. That is around
five times as much as it would cost to do the
job by cable which would also avoid
altogether the need for still more space for
broadcasting in the frequency spectrum.
Here again, they have simply bowed to the
authority of the BBC with its insatiable
appetite for the frequency spectrum and its
determined view of cable as a rival instead of
an ally and a source of extra revenue for
them which it so easily could be.

As you say, the proposal for a telecom-
munications advisory committee to deter-
mine national policy for all telecommunica-
tions, not only broadcasting, is overdue and
very welcome. Considering its importance and
the intensity of the opposition such a
proposal will meet from the heavily
entrenched broadcasting and telecommuni-
cations establishments, it is a pity that the
Committee did not devote more than the odd
paragraph or two to the reasons for it and the
form it should take.

R. P. Gabriel,
Rediffusion Ltd,
London, SW1.

IMPROVING MATRIX H
SURROUND-SOUND?

Reading the surround-sound articles in
Wireless World. 45J by Michael Gerzon in
April 1977, and Matrix H by Dr P A. Ratliff
and D. J. Meares in May 1977, it is apparent
that the main difference between the two
systems is the effect of the coding of the back
sector sounds.

In Matrix H the better mono and stereo
compatibility of a bent locus is considered
more important, whilst in 45J the listener
with a surround-sound decoder is favoured
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with the improved side image localization
and ambience reproduction of a circle locus
(whose side view on the energy sphere is a
straight line).

Those who have to choose between the
two systems will resort, inevitably, to
decision by committee.

However, Michael Gerzon mentions other
properties of 45J coding which are not
referred to in the BBC article and which, if
incorporated, might offer in improvement to
Matrix H coding. If my understanding is
correct they are:

1. Reduce the centre-front interchannel
phase angle from 48° to 45 to improve the
stereo phasiness of front-sector sounds and
to improve mono compatibility.

2. Reduce the curvature of the pan locus
until it just touches the “speaker position”
curve and, therefore, no longer goes through
the left-only and right-only points. If the
circle locus of 45J is better than a bent locus
for ambience reproduction, it is intuitively
obvious that reducing the curvature of the
Matrix H locus will improve its ambience
reproduction.

3. Optimize the distribution of the different
encoded directions within the elliptical
cross-section of the pan locus, to improve the
reproduced ambience in surround-sound and
to widen the stereo presentation for front
stage sounds and, therefore, improve the
stereo compatibility.

Perhaps the BBC men would be Kkind
enough to comment, favourably or other-
wise.

Andrew Sturt,
London Weekend Television,
London, SEI.

RADIO SETS OF THE
FUTURE

Further to the interesting article by Duncan
MacEwan in the May issue (“Radio in the
'80s”), the following observations come to
mind.

The average listener to the portable radio
of today probably doesn’t find station finding
very difficult, and just listens to background
music on Radio 1 or 2 all the time.

Is there really a need for a “better”
portable set with improved f.m. reception
(for the serious listener)? This probably
couldn’t be all that cheap: for a few pounds
more he or she could obtain a budget priced
hi-fi tuner-amplifier and get far better results
if “serious” music listening is the object.

What [ suggest we do not need is
legislation, the effect of which is costly. and
multi-channel push-button complicated
receivers that are not wanted or necessary.
that could spring into life when the great
gods news and sport come on the air every
few minutes!

Thereisroom forimproved, easily readable
printed information on programmes: the
poor design, layout, typography and general
presentation of the Radio Times is perhaps
the obvious example.

E. Gilbert,
London N18.

Mr MacEwan replies:

[ think Mr Gilbert may be overestimating
people’s ability to find their way around the
crowded dial; certainly our own extensive
Audience Research supports this. Radio has



Wireless World, July 1977

to be interested in not only the average
litener, but in the others including potential
listeners. Radio 3 has a weekly patronage
figure of 5 million people, Radio 4 a daily
following of 6 million and Local Radio about
2 million; the BBC has no wish to neglect
what our correspondent might regard as
minorities — quite the reverse.

I believe there is a growing market for the
higher quality portable — listening in the
kitchen, study or bedroom should surely not
be confined to narrow band a.m. transmis-
sions or limited to daylight hours — and what
of the music lover, those following educa-
tional courses, etc. Radio today is very much
about choice — choice of programme and
choice of quality.

On the Radio Times issue he makes a fair
point, but the truth of the matter is that the
extra page (or even two pages which would
be necessary to meet his wishes and mine)
would change the journal’s balance sheet
from a fairly healthy if faint black colour to a
very bright red and that the BBC cannot
afford. -

Duncan MacEwan.

DIGITAL FILTERS USING
MICROPROCESSORS

It was with great interest that I read recently
V. J. Rees’ article “Digital filter design™ in
your October 1976 issue. | am impressed with
much of what he said. With a variety of
digital filtration algorithms available, it is
indeed useful to check out the response to a
simple sawtooth or square-wave input,
whether aided by calculator or computer.
Not only does this, as Gérald Garon (Letters,
May issue) indicates, increase understand-
ing, it may also point out some of the pitfalls.
In V. J. Rees’ example the input was a + 10V
50Hz sawtooth, the single-pole low-pass filter
had a turnover frequency of 180/~Hz and the
sampling period was Ims. In Fig. 1 I have
drawn the actual filter response as the
smooth solid curve. The algorithm used by V.
J. Rees was:

V,=AV +BV; 1)
with A=1/CR=k, and B=e ""CR=g-*,
where V, and V, are the input and output
voltages for the present sample, V', is the
output in the previous sample, 1 is the
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TIME (ms)
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Formula (5)

Formula (4)

sampling period and CR the time constant of
the filter. Taking V. J. Rees’ figures, 1 have
plotted out the result of formula (1) as a
staircase — as the output of one’s d.-to-a.
converter would be. The error at the peaks is
over 20%. The performance of formula (1)
would indeed correspond to the theoretical
curve if k were small — like 0.01. In practice
one can rarely afford the luxury of such a
high sampling rate. Normally, either one’s
computer is too slow or a great deal of other
real-time signal processing is required as well
as the filtration.
An alternative low pass algorithm is as
follows:
Vy=AV +BV/ 2
with A=l-e-* B=e-kand k=1/CR.
The performance of this formula is shown as
the solid staircase in Fig. 1. Not only is
formula (2) much more accurate at sizeable
values of k but, as shown by Gérald Garon, it
is also faster when rearranged touse only one
multiplication:
V= ~C(V=V") 3

with C=e -k GéraldGaron also obtained in
his elegant M6800 programme a “high pass”
output as well,as the low pass output of
formula (3). This high pass algorithm may be
written:

Vo=V,~V' +BV, (4)
with B=e~¥ where V', is input in previous
sample (4)

InFig. 21 have again used the sawtooth input
and kept T and CR at the same Ims and 1/360
respectively. Again the response of the capa-
citor and resistor high pass filter is shown as
the solid curve (also courtesy a PD P12). The
effect of formula (4) is indicated by the dotted
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staircase. Once more there are errors of
nearly 20% at the peaks. A rather more
accurate high pass formula that still only
requires one multiplication is: ®)

Vo=V,—=Vi"+BVy’ with B=1.-k

Formula (5) is plotted as the solid staircase in
Fig. 2 — the errors at the peaks seem to be
around 4%.

Finally, I’d just like to add the filtration of
eepg. to the list of applications where a
“slow” microprocessor like the M6800 has
proved adequate. In a 2ms sampling period
there is still plenty of time left over for other
useful processing.

T. A’ Perkins,
MRC Neurological Prostheses Unit,
London, SE5.

— -
— o ———

REVIVING
NICKEL-CADMIUM CELLS

I ran across Mr Johnson'’s article on reviving
NiCd cells in the February issue and used the
method successfully to rejuvenate a set of
four cells which had been in the discard bin
for some months.

These four AA cells had perished when a
young visitor left my pocket calculator on, a
fact which went unnoticed for a week or so.
When 1 found they would then not hold a
charge, they were replaced and left on the
back of the bench for about six months. After
reading the article, I checked them and, sure
enough, each cell was shorted and read zero
volts.

I first processed one cell as described, with
a battery charger as the current source and
an ammeter as the load — the only deviation
being that the low-current was removed
during the high-current phases. The cell
came “unstuck” after the first jolt, eventual-
ly responded to the overcharge state, and
provided 500 mAh on slow discharge. I then
processed the other three cells as a series unit
and achieved the same results, in much less
time than it would have taken to do each one
individually. Perhaps | was fortunate in
having cells in approximately the same
condition.

After a 24-hour normal 50mA charge, all
four cells in series were drained across a
dummy load at 50mA, and lasted close to
eleven hours, with the No. I cell going dead
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first. Two more charge-discharge cycles were
then tried, this time with a portable radio
drawing 10-15 mA as a load; with intermit-
tent use of 4-5 hours per day, the cells
provided approximately 500mAh each time,
with the No 2 cell going dead first in these

cases. Fully charged voltage was 1.30V (1.35

in overcharged state); at the time of one cell
going down the remaining three read
1.25-1.27V.

The cells are completely anonymous, no
type of manufacturer’s marking, so I do not
know what quality they represent. The fact
is, though, that thanks to Mr Johnson’s
article, they represent a handsome salvage.
B. G. Doutre,

Montreal,
Quebec, Canada.

LONG WAVES FOR
AMATEURS?

Mr May’s announcement (Letters, May
issue) that he is “normally in favour of
amateur radio” must have caused all
amateurs to read the rest of his letter with
justifiable suspicion.

His present approval, or disapproval, of us
' appears to be based on a lamentable lack of
research. It is a shame to see in the pages of
Wireless World the suggestion that amateur
radio is “just for low power lpcal broadcast-
ing.” We will happily accept the accusation
that we use low power, indeed we do so with
a certain pride in our aerial systems and
operating techniques. On the other hand we
must point out that contacts with the
antipodes are routine and that amateur
signals have been bounced off the Moon,
which is hardly local! The use of the term
“broadcasting” instead of “‘transmitting”
displays an almost unbelievable ignorance
and must have upset many people, including,
no doubt, some at the Home Office.

In reply to Mr May’s warning about
interference, we can only point out that
amateurs have learnt to live with interfer-
ence from domestic machines and broadcast
stations as well as from each other. We often
operate on channels the professionals would
describe as unusable.

It may be recalled that in the early days of
radio the amateurs were given frequencies
thought to be too high for “‘serious” use. It is
tempting, but inaccurate, to draw a parallel
here; we merely suggest that anyone truly
concerned that the very low frequencies are
being underrated could do worse than give
them to radio amateurs.

N.R. W. Long (G4BIN), J. G. Morgan (G3ZHL)
and R. A. L. Williams (G4EAL),
Cambridge University Wireless Society.

e —————

INTERFERENCE FROM
AMATEUR STATIONS

Sporadic listening to professional usage of
.the “ether” leaves me with the impression
that interference by amateursis but adrop in
the ocean of the problem as a whole. I look
forward anyway to the second part of the
article by I. Jackson in the issue of March
1977 [see June issue — Ed.]. In the meantime,
*you can see from the enclosed cutting from
the Electrician of February 9, 1912, that, like
the poor, interference by amateurs has
always been with us.

“Wireless Telegraph Notes. — The “Elect-
rical World” states that an invest-
igation of the extent of interference by
amateur wireless-telegraph operators in the
transmission of legitimate messages between
ship and shore stations has been undertaken
by the United States Navy Department. The
immediate cause of the investigation was a
delay of more than one hour in the transmis-
sion of messages of distress from the
torpedo-boat destroyer “Terry”. During this
delay the wireless-telegraph apparatus on
the vessel was disabled, and the exact
position of the ship in distress could not be
ascertained. It is estimated that at least 500
stations are in use and owned by amateur
operators in the neighbourhood of New
York.”

Or is it that amateurs have always been a
vulnerable minority, and therefore a con-
venient scapegoat? Having no personal
involvement, I could wish only that all users
of the radio spectrum would turn over a new
leaf, starting with the commercial stations
that sit on top of the standard frequency
transmissions. Blatant use of 2182kHz for
personal chit-chat during the silent listening
periods is not at all uncommon, almost
certainly maritime mobile users fouling their
own nest. And yet there are parts of the radio
spectrum which get very little use at all!
Desmond Thackeray,

Department of Chemical Physics,
University of Surrey,
Guildford.

AURAL SENSITIVITY TO
PHASE

Though I believe that the effects of phase
shift on the waveform and the sound quality
of the signal in a monaural channel are of no
importance provided that the concomitant
time delays stay within the CCIR limits, Mr
Lipshitz’'s letter in the May issue draws
attention to one of the many situations
where phase shifts are of importance in their
effect on sound quality. There are many
others.

It has long been the practice of amplifier
designers to arrange for the compensation of
distortion between the stages in an amplifier
by adjusting the operating conditions of
successive stages to allow the distortion
introduced by one stage to be reduced by the
introduction of distortion in the opposite
phase by the following stage, the explanation
of Mr Lipshitz’s results. Similarly, it has been
the practice of recording engineers to
minimise the peak signal amplitudes and
hence the amplitude dependent distortions
by appropriate phasing of the signal
components. These phase dependent distor-
tion.compensating effects make it difficult to
measure and specify the amplitude distortion
in any good f.m. receiver. The distortion
introduced by the best signal generators is of
the same order as that introduced by the best
current receivers and in consequence the
measured overall distortion may vary
between almost zero and twice that intro-
duced by the receiver, depending upon the
relative phase of the distortion introduced by
generator and tuner.

The sound quality of a loudspeaker s

subtly dependent upon the relative polarity
(phase) of the studio microphone and the
listener’s loudspeaker but, unless equipment
of professional quality is used throughout,
the effect is extremely difficult to detect, in
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part because it is critically dependent upon
volume setting.

These are some of the many situations
where phase shifts may introduce audible
effects but little use can be made of this by
the ordinary user, for the distortion cancel-
lation is dependent upon the relative phase
and relative amplitude of the recorder-re-
producer distortions.

Mr Lipshitz’s letter draws attention to a
situation where nature anticipated engineers
in this practice of distortion cancellation. It
has long been known that the negative and
positive peaks in ordinary conversation
speech are of unequal amplitude, but nature
apparently arranged this to compensate for
the non-linear stiffness relation of the ear
drum. Which effect came first is difficult to
identify.

James Moir,
Chipperfield,
Herts.

[ suggest that if one regards the ear as a
non-linear transducer followed by a set of
high-Q tuned circuits each driving a mean
amplitude meter, the outputs of which are

- separately sent to the brain, all arguments

are resolved and all observations and tests
accounted for, are they not?

As far as the brain is concerned it only
receives one parameter for each frequency,
namely amplitude of the signal arriving at
the resonator; it receives no information
concerning phase. However, when a sine
wave arrives at the ear, because of non-lin-
earity it produces its own harmonics. if now
for example a given amplitude of second
harmonic is added to the signal this will be
reinforced or reduced in amplitude by the
time it reaches the inner ear by the harmonic
of the original signal produced by the
distortion of the first stage of the ear. In this
sense the ear is phase sensitive, as altering
the phase of the 2nd harmonic fed to the
outer ear alters the amplitude of the second
harmonic received by the inner ear.

If, however, we have a generator in which
we can control the amplitude of all the
harmonics, after altering the phase of one or
more we can usually by altering the
amplitude only of these and the other
harmonics apparently reproduce the original
sound. This is because changes in amplitude
of applied signal correct for the changed
cancellation reinforcement pattern of the
“ear produced” harmonics. In this sense the
ear is not phase sensitive.

There are cases when this is not true. If for
example the amount of second harmonic
applied is of the right amplitude and phase to
cancel the ear-produced 2nd harmonic, the
amount of this arriving at the inner ear will
be nil. If we now alter the phase of the 2nd
harmonic from our speaker, cancellation will
no longer take place and second harmonic
will reach the inner ear. No amount of
change of amplitude will cause the amount of
second harmonic reaching the inner ear to be
reduced to zero.

One cannot answer the question “is the ear
sensitive to phase?” by a yes/no answer, only
by “the inner ear is insensitive to phase but
the outer ear distorts”.

J. H. Asbery,
Wembley,
Middlesex,

Perhaps I may be allowed to reply to Mr
Coleman’s letter in the February 1977 issue,
even in isolation from the long correspon-
dence on aural phase sensitivity. There is, |
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think, very little in that letter which relates to
his earlier convictions (as expressed in

September 1976 letters), whilst those few -

points he chooses to expand from my reply in
December 1976 show further misconceptions
or even mistakes.

The phasor representation of amplitude
and angle defines the variation of output.
amplitude and phase of a linear realisable
system to an input sinusoid, to which it is
responding in the steady-state. In this
condition, any characteristic phase advance
or delay may be assigned. The concept may
be extended to isolated waveforms, wherein
the Fourier Integral allows the response of
the system in the transient state to be
described in terms of its steady-state
characteristics. There are cases, for example
in simultaneous amplitude and angle modu-
lation, where the concept of instantaneous
‘phase may be defined, though this cannot be
done simply by specifying an elementary
reference time. If Mr Coleman wishes to
attach any meaning to system phase other
than the widely accepted one, he should
specify the conditions and give his own
reasons for doing so.

I am content to be identified with James
Moir, in a commonsense approach to
resolving any problem; in teaching or in
research, to picture a problem in another
domain may help its understanding, which is
advantageous. Commonsense is not born of
ignorance, as Mr Coleman would seem to
baffle your readers into accepting; it is a
quality by which the truly knowledgeable
scientist may be distinguished from the
untrained academic mind.

My grasp of basic principles is not so
uncertain that I could believe Coleman’s
claim that “tone bursts which differ in the
framing of phase of the sine wave with
respect to the burst envelope have spectra of
different shapes.” A little commonsense
would reveal that by shifting the carrier with
respect to the pulse train in this waveform a
simple linear phase shift of all spectral lines is
produced, as was the purpose of my experi-
ment. Hence it is Mr Coleman’s conclusions
which are invalid, not mine.

Roger C. Driscoll, .
The Polytechnic of North London,
London, N7.

TRANSIENT
INTERMODULATION
DISTORTION

I would like to comment on the very
informative article on transient intermodu-
lation distortion by Bert Sundqvist pub-
lished in your February 1977 issue.

He has shown by analysis that in order to
prevent transient intermodulation distortion
in an amplifier. the method proposed by
Professor M. Otala' (that of extended
open-loop bandwidth in the power amplifier
with subsequent passive band limiting in the
preamplifier) need not be adhered to rigidly
and the simpler method of band limiting the
first stage of the amplifier achieves the same
result. He suggested three methods for
producing this band limiting: (I) input lag
compensation, (2) use of a high-impedance
current source as collector load., (3)
operation of the first stage with a very low
collector current. Of these, however, only
the third seems to be new, as far as
preventing transient intermodulation
distortion is concerned.
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Fig.1

To see why this is so, consider the
frequency limiting mechanisms at work in
the basic common emitter stage. There are
mainly two. Firstly, the transfer mechanism,
which is a physical motion of charge
carriers, introduces dispersion and delay of
the carriers and this results in the fall off of
current gain (produces f,). Secondly. existing
between the various terminals of the
transistor are frequency dependent impe-
dances that are predominantly capacitive
and these contribute to frequency limiting.

Considering Fig. [, C represents the
collector to base capacitance of the common
emitter stage. Using Miller’s theorem, this
capacitance can be replaced by C, and C, as
shown in Fig. 2, where A, is the voltage gain
between the inverting input and output

TJo other
inverting
stage

Ci=AC
Cox

i Fig. 2

(corresponding to the base and collector of
the transistor). The time constant introduced
by R_and C, produces a dominant pole, and in
general this is the mechanism that produces
frequency roli-off in the common emitter
stage. Input stage lag compensation
increases C and a very high-impedance
collector load increases A,. Both result in a
reduction of the bandwidth of the resulting
input RC network. However, this RC
network lies outside the loop of the feedback
amplifier of which this stage is a part and
indeed corresponds to the passive RC filter
that Professor Otala recommends be placed
before the input of power amplifiers in order
to prevent the transmission of frequencies
outside their open-loop bandwidths.

Thus, the only new technique which the
results of Mr Sundqvist’s analysis has
uncovered is the reduction of the cut-off
frequency of the input transistor which can
be done by lowering the collector current, as
he suggests. In fact, this method is more
directly as a resuit of his analysis since the
first pole within the loop encountered by an
input signal is that due to fall-off of current
gain of the input transistor.

Stephan Gift,
University of the West Indies,
St Augustine, Trinidad.

Reference

1. M. Otala. J. Lohstroh. An Audio Power Amplitier
for Ultimate Quality Requirements, IEEFE Transac-
tions on Audio, vol. AU-21, no. 6, December 1973.
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Mr Sundqvist replies: _

I would like to thank Mr Gift for his clear
explanation of the input stage frequency
roll-off mechanisms. When [ wrote my article
[ had not yet considered the details of how
the frequency roll-off should be effected in
practice. However, I would suggest that any
band limiting procedure that gives a high
input capacitance should be avoided, as this
could give trouble when using a pre-amplifier
with high output impedance, especially in
combination with long connecting cables.

I have two other comments on my article
which could be of interest to the readers.
Using the original Otala design method, one
ends up with a power amplifier with very
wide bandwidth. However, the total audio
system bandwidth is still limited by the
pre-amplifier roll-off at 20-30 kHz. Although I
do not think that an excessively large
bandwidth is always desirable, this has
always seemed to me to be a waste of good
design work. Using the method outlined in
my article the system bandwidth can be
made as large or small as desired, as no
frequency limits are involved in the design.

I would also like to point out that there are
other methods to avoid t.i.m. without using.
Professor Otala’s design method. My article
was written in January, 1976, and since then
Malmgvist' has published an interesting
analysis of why t.i.m. is not produced by the
Xelex range of amplifiers in spite of their
relatively heavy feedback.

Bert Sundgvist,
Umeo,
Sweden.

Reference .

1. M. Malmgqvist, “Transient distortion”, Musiktid-
ningen, vol. 4, no. 4, p.53, Aug. 1976 (in Swedish);
presented at the 56th AES Convention, Paris,
March 1977.

INDUSTRIAL
CONSULTANCIES
IN UNIVERSITIES

I noticed with interest vour article in the
February 1977 issue on the “Crisis “in
scientific and engineering education,” and
am writing to comment on certain state-
ments made in the article.

Most of the universities in the UK have
established industrial consultancy or liaison
offices of one kind or another. The current
count is some 33 universities with such
offices. In general, consultancy work carried
out for industry using university facilities is
conducted or monitored by these units and
the universities require a proper return to
them for such use. While it would be highly
undesirable to restrict the contact of
individual academics with their industrial
counterparts, most universities now require
that academic staff be given permission for
any consultancy work that they undertake
and there is normally some limit as to the
level of additional remuneration they can
receive from such work,

In conclusion I would comment that most
of the universities have established liaison
bureaux and industrial consultancies which
are free to exploit results of research, and
there is a growing degree of co-operation
between university staff and their opposite
numbers in industry.

R. J. L. McLaren,

Centre for Industrial Research and
Consultancy,

University of Dundee.
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How to build low-cost s.s.b. filters using surplus crystals

by J. Pochet, F6BQP

This article gives design calculations.
for making crystal filters for s.s.b.
applications and includes results of
tests made on samples constructed by
the author. The arrangement used in
each case is that of a ladder filter
where the crystals are connected in
series. This very simple arrangement,
see Fig.1, enables constructors to
make low-cost filters, in comparison
with commercial units, by using
crystals having identical resonant
frequencies.

The filters to be described in this article
.were made using 8314kHz crystals, as
these were readily available to the
author. The measurements were made
in a laboratory with automatic instru-
ments of high precision. Table 1 gives
the results of measurements on one of
the filters compared with the well-
known XF9A filter. Definitions of the
terms are shown in Fig. 2.

The results obtained from these tests
are very satisfactory, the ultimate
out-of-band rejection, better than 95dB.

Z I I I I I Zﬂ
83001 830
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82p] 39p] 56p| 39p] 8-2p o
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Fig. 1. Typical crystal ladder filter for
830 ohms impedance. In the ladder
arrangement all the crystals, in this
case devices having resonant fre-
quencies of 8314kHz, are connected in
series.
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Fig. 2. Attenuation/frequency charac-
teristic for a crystal ladder filter
indicating the definitions used in the
text.

Table 1 — Comparative results between a four-crystal ladder filter and the XF9A

filter
Ladder XF9A
filter filter
‘Insertion loss 1.4dB 2.5dB
Ripple 0.8dB 0.8dB
Bandpass:
—3dB 1800Hz 2350Hz
—6dB 2050Hz 2540Hz
~20dB 2950Hz 3200Hz
—40dB 5200Hz 4250Hz
-50dB 6950Hz 4650Hz
Ultimate out-of-band rejection >95dB >48dB
Impedance 830 ohms 500 ohms

is excellent, the slopes of the sides of

the filter are a little less steep than.

those of the XF9A, and the pass-band
at —6dB is a little narrower. It should be
mentioned that the measured charac-
teristics of the XF9A filter are better
than those claimed by the manu-
facturers.

How to design the filter
A filter of this kind can be made using
two, three or four crystals in series. Fig.

Fig. 3. Typical crystal ladder filters. All
crystals are of the same resonant
frequency — preferably between 8 and
10MHz for s.s.b. units. The coefficients
indicated against each capacitor should
be multiplied by 1/2nfR, where R is the
design impedance and f is the resonant
frequency of the crystal in hertz, to give
the correct capacitor value. Three and
four-crystal filters are capable of giving
very good results. Two-crystal filters,
although reasonably good, have relati-
vely poor shape factors. See text.

3 gives the values of the capacitors as a
function of the impedance and fre-
quency values adopted. The choice of
impedance is important because, in
effect, the more this is reduced the
more the pass-band is reduced and the
higher will be the insertion loss. This is
because the series resistance of the
crystal becomes more significant in
relation to the impedance.

On the other hand, if one chooses an
impedance which is too high, the
calculations will result in low capaci-
tance values, and construction then
becomes limited by the stray circuit
capacitances.

In practice, for a frequency of about
8 to 10MHz, the impedance should be
about 800 to 1000 ohms to obtain a pass
band of 2100Hz, suitable for s.s.b.

It is necessary to underline the
importance of the impedance of a filter,
no matter what type is used. It is also of
paramount importance that the filter
should be correctly terminated because
any significant mismatch could lead to
a pass-band ripple of some 10dB.

o B |
0707 2121 2-121 0707
¢ . s——O

o——4
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It is possible to adjust the values of
the capacitors; reducing them increases
the passband but also increases the
ripple in the pass-band (If a ripple of
2dB can be accepted, the passband can
be increased by up to 20%). Note that it
is advisable not to take advantage of
this opportunity unless the necessary
test instruments are available to check
the results of any such adjustments (a
wobbulator and oscilloscope are the
ideal instruments for this type of
adjustment).

The following is an example of how
to calculate capacitor values for crystal
ladder filters.

When R is the design impedance and
f is the resonant frequency of the
crystal in Hz, if f is 8314kHz, and R is
830 ohms, then 1/2nfR is equal to 23pF.
From this one may obtain capacitor
values for a four-crystal filter, as
follows.

Co=0.4142 % 23 =9.5pF (8.2pF)
C,=1.82%23=41.8pF (39pF)
C,=2.828 X 23 = 65pF (56pF)

and for a three-crystal filter:

C,=0.707 x 23 = 16.3pF (15pF)
C,=2.121 X 23 = 48.8pF (47pF)

and for a two-crystal filter:

Co=1%23=23pF (22pF)
C,=2x%23=46pF (47pF)

The values in brackets refer to 10%
preferred values.

These three filters have been built and
the results obtained are shown in Table
2. In all three cases the passband ripple
is less than a decibel. The results
showed that with three or more crystals
one may obtain a very good filter.
Although the two-crystal filter gives a
reasonably good out-of-band rejection
(50dB), the sides are not very steep and
the shape factor is modest. With a single
crystal the out-of-band rejection is only
about 20dB.

Remarks

In the cases described above the
passband extends from approximately
8314 to 8316kHz. The series-resonant
frequency of the crystals therefore
determines the lower limit of the
passband; this is of interest since it is
necessary only to use an additional
crystal, of the same frequency as the
others, for the carrier, to permit the
selection of the upper sideband.

The choice of filter frequency
depends on the availability of the
crystals. It is possible to use frequencies
from 5 to 20MHz, but .if one has the
choice it is preferable to use 8 to 10MHz.
As an example, for a frequency of SMHz
it would be necessary to use an impe-
dance of at least 1500 ohms in order to
obtain the necessary bandwidth for
s.s.b.

By using a lower frequency and lower
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Table 2 — Measurements on two, three and four crystal ladder filters (for 8314kHz

and 830 ohms impedance)

Two T'hree Four

crystals crystals crystals

Insertion loss 0.9dB 1.1dB 1.4dB
Bandpass:

—6dB 2150Hz 2050Hz 2050Hz

—10dB 2700Hz 2350Hz 2250Hz

—20dB 4850Hz 3400Hz 2950Hz

-30dB 8900Hz 5050Hz 3900Hz

—40dB 16,100Hz 7500Hz 5200Hz

Uitimate out-of-band rejection >50dB >75dB >95dB

impedance, it is possible to make an
excellent c.w. filter.

The filters described above could be
constructed on a p.c.b. and fitted into a
small metal box, which should be
connected to ground to avoid stray
leakages.

An example circuit arrangement

Let us finish with an example of a circuit
arrangement allowing the filter to be
inserted at points of impedance equal to
its own. This circuit is shown in Fig. 4.
The output impedance of the first stage
is practically equal to the collector
resistance of Tr; (common emitter
configuration) and the input impedance
of the second stage (Tr, in common
collector configuration). In this way the
correct termination of the filter is
obtained with the advantage of a very
low output impedance (that of Tr,),
suitable for connection to the mixer on
transmit and the i.f. stage on receive.

This circuit could also be very useful
for measuring the filter’s response curve
with a sufficiently stable h.f. generator,
a digital frequency meter and a volt-
meter incorporating an h.f. probe, or
better still a wobbulator.

In conclusion the author recognizes
that it would be interesting to study this
technique further; trying for example
readily-available surplus FT243 crys-
tals, or low-cost 27MHz crystals having
9MHz fundamentals.

-Fig. 4. One method of connecting a

crystal filter into a transceiver circuit to
ensure correct impedance matching.
See text.

Pat Hawker comments: This is a
free translation of an article,
“Essais, mesures et realisation de
filtres a quartz” by J. Pochet,
F6BQP, published in Radio-REF,
journal of the Reseau des Emet-
teurs Francais, in May 1976. For
many years the vast majority of
crystal bandpass filters used in h.f.
communications have been based
on the half-lattice or lattice confi-
guration, plus some limited use of
the bridged-T approach. The
recent use of higher frequency
filters, particularly around 5, 9
and 10.7MHz has opened the way
to greater use of the attractive
ladder filter. At these frequencies
it is possible with three or four
identical frequency crystals and
with practical values of impe-
dance and capacitors to achieve
passbands of between 2 to 3kHz,
reasonably good shape factors
and high ultimate out-of-band
rejection. B

While it would seem possible to
obtain better shape-factors and
ultimate rejection by using more
crystals, this will usually require
careful adjustment of capacitor
values and is less easy to arrange
in a symmetrical form having
equal input and output impe-
dances.

Acknowledgement. Wireless World
thanks Pat Hawker, G3VA, for trans-
lating this article from the original
French.

- > g Q+12V
18
10k 820
To d.s.b. Tr To transmitter
generator 2 mixer
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< 10n 10n > —n
To receiver Try To receiver
mixer 1L.f ampiifier
k8 1k
2k7 330

For Z=8300)



Logic design — 6

Examples of clock-driven circuits

by B. Holdsworth” and D. Zissost

“Chelsea College, University of London
tDept. of Computing Science, University of Calgary, Canada

Some examples of the design of clock-
driven circuits using the techniques set
out in the last article can now be
considered.

Example 1. Paper Tape Reader
Design a circuit that will'stop the paper
tape reader, shown in Fig. 9(a), by
turning signal m off when the character
sequence 4-5-6 is detected, and at the
same time generates a buzzer signal b.

A synchronizing pulse is generated by
the reader each time a new character is
output.

(1) 170 characteristics. See Fig. 9(a)

(2) Internal characteristics. A suitable
state diagram is shown in Fig. 9(b)

(3) State reduction. The state table
corresponding to Fig. 9(b) is shown in
Fig. 9(c). Examination of this table
shows that merging of rows is not
possible.

(4) Primitive circuits. Suitable binary
codes are allocated on the state
diagram. By direct reference to this
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diagram the input equations to the JK
flip-flops are obtained.

S, =S5+ (S,6)

where the term in brackets is an
optional product.

S, = AB5 + (AB6)

The optional product cannot be used for
reduction purposes.

Hence, S, = AB5and J, = B5
R, = SA + S46 + (Sp)
= Szé + (Sp)
= AB6 + (AB)

The optional product cannot be used for
reduction purposes.

Hence,R, = AB6and K, = B6

Sg

Sed + (S4) + (S,5) + (S4)
= AB4 + (AB4) + (AB5) +
(AB4)

The optional product (AB4) need not be
used for simplification purposes since B
will be eliminated when converting
from Sg to J.

Hence, S = AB4and Jg = A4
Ry = S35 + S,46 + S,6 +S)
=545 + SA + (S

. AB45 + AB4 + (ABJ)

B35 + AB4 + (AB%)
The optional product cannot be used for

simplification purposes, hence

R, = B45 + ABdand K, = 45 + A4
The circuit is shown in Fig. 9(d).

Example 2. One-shot circuit
High-frequency clock pulses are fed to
terminal X in Fig. 10(a). Design a circuit

Fig. 9. Circuit of Example 1 is shown at
(a). Its state diagram is at (b) and its
state table at (c). The resulting circuit
is shown at (d).

A A
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X > circuit > 7 ma ’
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AB=00
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(b)

so that each activation of a manual
switch m allows one complete clock
pulse output on line Z. The duration of
signal m can be assumed to be greater
than the pulse width.

(1) 170 characteristics. These are shown
in the time diagrams of Fig. 10(b).

(2) Internal characteristics. A suitable
state diagram is shown in Fig. 10(c).

(3) State reduction. It is left as an
exercise for the reader to construct the
state table and examine the possibility
of state reduction.
(4) Primitive circuit. By direct reference
to the state diagram the following
turn-on and turn-off equations are
obtained.
S, = Sem = ABm. Therefore J, = Bm.
Ry=8,+ 8; + (S + (§;m)
= AB + AB + (AB) + (ABm)
= A.Therefore, K, = 1.

Sp =S, + (S,m) = AB + (ABm) = AB.
Therefore J; = A.

S,m + S, + (Sp)

Rg

ABm + AB + (AB) ~
= B + AB. Therefore Ky = m + A.

Z =S$,X = ABX
The circuit implementation of these

equation is shown in Fig. 10(d).

Example 3. Pulse distributor

Signal X in Fig. 11(a) is a pulse train.
The input pulses are to appear at the
output terminals as shown in Fig. 11(b).

continued on p.74
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Fig. 10. Problem of Example 2, (a) and the required timing at (b). The state
diagram is seen at (c) and the circuit realization is shown at (d).

X Logic

circuit »Z2
——>Z3 4 él l

N
) 2 NN N

t —
(b)
Z4=X 7,=0
So 'Z2=x > 22:x S1
Z4=X Z3=
AB=00 10 S
So 1
Z1—22=23—X
A \
Sz
= Z,=24=X
N 01 3
7.-0 Z,=0 Saf 2=
8a 25=0 - 2,=0 S,
23:0 I | Z3=X 53 50

(c)

ug&

1 A B

—J > J — =
B

1 A B X

— K — K i

X—— )
(e) A —p :
B ——

Fig. 11 ¢a) is the problem for Example 3, with the specified output at (b). State
diagram (c) and state table (d) result in the circuit shown at (e).
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Cost of new licences

Somewhere, sometime, somebody in
authority will have to make his mind up
whether amateur radio should be treat-
ed purely as a tolerated hobby or as a
socially useful form of technical self-
training. For it is becoming more and
more expensive for a youngster to
obtain a British amateur licence. The
latest increase in the fee for taking the
Post Office amateur-licence Morse test
— it goes up from £4 to £6 on July 1 —
means that this charge (which was only
50p until October 1970) will have gone
up by a factor of 12 in less than 7 years!
It is similarly difficult to keep abreast of
the steadily rising cost of taking the
Radio Amateurs Examination, since
this involves not only the City & Guilds
fee but also the local centre fee.
Applicants for these examinations may
also have to meet substantial travelling
costs, and, of course, if successful pay
the first annual licence fee. All of this is
certainly not a way of encouraging a
new generation of amateurs.

Yet such costs could surely be greatly
reduced by adopting some elements of
the system used in some overseas
countries of bringing the local clubs and
groups into the licence-issuing process.
Is it for instance really necessary for the
Morse Test to be given by one of the
now relatively small number of trained
Post Office operators? There are plenty
of local amateurs who could do this,
with any necessary precautions against
abuse.

If Lord Wallace, the RSGB president,
can argue that the communications
industry has reason to be grateful for
the enthusiasm and expertise implanted
in young industry apprentices by their
participation in amateur radio, is it not
time that the whole procedure was
looked at with a view to making this
more possible? One can understand the
Post Office view that it cannot be
expected to subsidise the cost of Morse
tests — the real question is should they
be involved at all?

European v.h.f./u.h.f.

records

The following is a listing of current
European distance records for the
amateur bands above 144MHz as pub-

lished recently in the Dutch journal
Electron:

144MHz F5JC/SM5AGM (tropo,
1930km); SM6FBQ/UA3TCF (aurora,
1830km); SM5LE/UA9GL (meteor scat-
ter, 2200km); SM7BYU/9H1CD (spora-
dic E, 2250km).

70-cm  F8MM/SMSLE
1560km); SM5CUI/UA3ACY (aurora,
1260km);, SM5LE/VK2AMW (moon-
bounce, 15,680km).

23-cm G3LQR/SM5CCY (tropo,
1100km); PAOSSB/VK3AKC (moon-
bounce, 20,000km).

13-cm OKIKIR/OKIWFE (tropo,
400km)

9-cm PAODBQ/G3LQR (tropo,
230km)

6-cm G3BNL/G3EEZ both. portable
(tropo, 160km)

3-cm OKIVAM/OKIWFE (tropo,
200km).

This list brings out several interesting
contacts although the two records
attributed to Czech stations appear to
have been overtaken by the
G3LQR/0OZ90R tropo contact on 13cm
(760km) and the G4BRS/GM30XX
contact on 9cm (521km) recorded
during the past year.

Band scan

Microwave beacons are now operation-
al on The Wrekin (GB3WRN) on
1296.91MHz and near Sheffield
(GB3UOS) on 3456 MHz.

The weekly GB2ATG rtty news bul-
letins transmitted on Sunday mornings
(1200 local time on 3590kHz, 1230 and
1245 on 144.6MHz) are now also being
sent on 3590kHz at 1900 local time on
Sunday evenings.

The well-known New Zealand
short-wave listener, Arthur Cushen,
was heard recently being interviewed
on the Club Forum programmes trans-
mitted by Radio Australia on Saturday
mornings. This is one of a number of
amateur and s.w.l. programmes broad-
cast regularly on the h.f. broadcast
bands; the Dutch programmes on Radio
Netherlands were recently judged the
most popular in a ballot organised by
L.SW.L.

The “Phase 1” programme of amateur
u.h.f. repeaters has been completed with
the coming into operation of GB3IH at
Ipswich, GB3LV at Cheshunt and
GB3LW in Central London.

859 certificates of Morse proficiency
have been issued by the Royal Naval
Amateur Radio Society since the regu-
lar transmissions on G3BZU were
begun in 1962. These transmissions are
made on the first Tuesday of every
month on or about 3520kHz at 2000
hours local time. Speeds from 15 to 40
words per minute in increments of 5
w.p.m. are sent for 3 minutes each, and
must be copied without any errors to
obtain a certificate or endorsement. A
charge of 30p is made for a 15 or 20
w.p.m. certificate and endorsement
“stickers” for other speeds require only

(tropo,.
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a stamped addressed envelope. Present
manager of the service is Mick Puttick,
G3LIK, and transmissions are made
from the RNARS headquarters station
in Hampshire using a KW Viceroy
transmitter and dipole aerial (RNARS,
G3BZU, HMS Mercury, Leydene, Pe-
tersfield, Hampshire).

The American National Association
of Broadcasters has recently petitioned
the FCC, seeking the right to rebroad-
cast transmissions made on Citizens’
Band and amateur radio bands. It has
been suggested to broadcast stations
that they could broadcast emergency
traffic or weather reports and informa-
tion vital to public safety and conven-
ience.

In the picture

Mike Cox, G8HUA, of Brigg, South
Humberside has taken over from Joe
Rose, GBCTG, as general secretary of
the British Amateur TV Club. CQ-TV
also shows, in a letter from Peter
Cossins, VK3BFG, that there are now
some 20 fast-scan amateur tv stations in
the Melbourne area. A weekly WIA
news bulletin is transmitted on amateur
tv every Sunday morning and pictures
are from time to time exchanged with
VK7EM in Tasmania some 400km
distant.

Several British amateurs are now
using standard u.h.f. transverters driven
from hf. or v.hf standard equipment
with simple homebuilt video modula-
tors: for example, Lawrence Woolf,
GJIBAAZ (formerly GC6RAX/T) uses an
FT620 drive source, Modular Electron-
ics 50 to 432MHz transver. To receive
70-cm atv signals the output from the
transverter is fed into a Band 1 tv
receiver; for transmission a 50MHz
video modulator uses just one transistor
plus an SL610c integrated circuit.

In brief

The number of amateur licences in the
USA has for the first time passed the
300,000 mark, an increase of over 10 per
cent in a vear.... Of 2351 Austrian
licences, 1317 are for h.f./v.h.f. opera-
tion, 980 for v.h.f. only and 54 are club
stations. . .. The RSGB’s VHF National
Field Day runs from 1600 GMT July 2 to
1600 GMT July 3 with groups operating
up to four separate stations, one each
for the 70, 144, 432 and 1296MHz
bands. ... The Royal Naval Amateur
Radio Society is holding its annual
mobile rally at “HMS Mercury” (a shore
establishment between Clanfield and
East Meon, near Petersfield, Hants) on
Sunday, June 19 with trade stands,
arena events and a static display of
pre-1963 racing cars. Talk-in stations
GB3SN on 144MHz, 70MHz and
3660kHz. . .. Sprat, the journal of the G
QRP (low power) Club, points out that it
is illegal for a station to sign /QRP but
calling CQ QRP is within the terms of
the licence.

PAT HAWKER, G3VA
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Time code clock alarm

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

The provision of an alarm circuit is
relatively simple and requires the digital
comparison between a stored alarm
time in b.cd. form and the current
received time also in b.c.d. The alarm
time is determined by the positions of
thumbwheel switches, which are easy
to set and give a continuous read-out.
The received time is present on the
inputs to the display of the clock, except
during the instant that the new code is
being received serially. The alarm is
blanked during this time by the appli-
cation of waveform G to the digital
comparator circuit. When the GMT to
BST changeover is carried out automa-
tically, and the alarm is connected to
the output of the converter, a further
blanking signal is applied in the form
of waveform H. During the time that H
is high the alarm is inhibited while the
output of the converter continuously
changes until all of the information has
been received by the date decoder.

Exclusive-OR gating is used to make
the comparison between the actual time
and the alarm time. This system is
cheaper than digital comparators, and
full information about the comparison
such as greater-than and less-than is
not required. The output of each exclu-
sive-OR gate is only low when both
inputs are either high or low. Any
exclusive-OR output being high will
keep Tr, turned on, including the
outputs G and H previously mentioned.
However, when all outputs are low the
collector of Tr; goes high and clocks
ICs,) Although rarely occurring in
normal use, it should be noted that a
break in transmission or noisy condi-
tions could cause a particular display to
be “skipped” and prevent detection of
the required alarm time. The virtue of
high accuracy may justify the extension
of the alarm time to include seconds,
which requires two more sections to the
thumbwheel switch unit and one extra
7486 i.c. plus diodes. It is equally
possible to reduce the precision and
hence reduce the chance of skipping the
alarm time, by not including the min-
utes’ comparison, and setting the alarm
to the nearest ten minutes or even to the
nearest hour.

The time at which the alarm is

cancelled is determined by counting
minutes, although seconds may be
substituted if preferred, and resetting
the D type flip-flop after a pre-selected
number of minutes. The ¢c.m.o.s. decade
counters ICg and IC; have ten decoded
outputs allowing pre-selection of a
count from 0 to 99. When the pre-se-
lected count is reached, both inputs to
ICqy, are high which resets the D type
until the next alarm is detected. A reset
may be effected at any time before this
by the use of Sw,..During the alarm
period a relay is energized allowing a
wide variety of functions to be switched
electrically and independently. If a
number of circuits need to be automati-
cally switched on and off at different

times and for different periods, several
alarm circuits can be used in parallel.

Printed circuit boards

A set corﬁprising two double-sided
boards and one single-sided board for
the date decoder/BST switch, display,
and alarm circuit is available for £8.00
inclusive from M. R. Sagin, at 23 Keyes
Road, London N.W.2. The decoder
board allows leading zero blanking, and
the alarm board offers automatic can-
celling after a preselected number of
minutes.

A set of five p.c.b.s and special
compcenents are still available for the
original time code clock as detailed in
the August 1976 issue of Wireless
World.

Correction

IC;in Fig. 2 of the June issue should be a
4013 and not a 4015 as shown in the
components list.

Component list for one alarm circuit
(shown overleaf)

Integrated circuits

1,2,3,4 7486

5 4013

6,7 4017

8 4011
Resistors

1,2,4,5 100k

3 8.2k

6 2.7k
Capacitors

1,3 0.1pF disc
2 47uF 6V electrolytic
Mise.

Tr, , BC182

116 IN916 or similar

thumbwheel Doram
switch 338-399 and
sections 338-406

Sw, push to make

push button (or
use s.p.c.o. switch
for possibility of
alarm inhibit.
position)




19%3dJ H

SINHOSIAYM ONILIGIHNI

AL SR

WYY IV 23s 00

—_— -

o~
o~
2
2>
=
. wJaeje L b — Yy
1.m LLOY v/ _m::mZ/ S LLOY 74 1S9 Jo eyeQ
o 81 p ®8o1
2 4 ,
9 € 9 _
8 % % -
m | Karus
= | UOI3D3]3S INO BW Iy WUB(Y S L spoD Wi}
= I, A J" H00L 2GSy
“ | S+ 1
AO O—¢ | t -
v SNIW
« 6 8 £ 9 G v £ 2 L 0O 1001
O Nm = J3p0d3p
eglo8 v €10V ¥ z8L08 %001 d swiy
2> 5 J 00060, 0. 9.6 0. 0. C by ||l<<<|4 S
L S| _— by 6 utd
Sk ases AO G s 981 wouy
$33P3U0D
wuey uecL LLOY sSS
A{8
olu €9 ﬁ 921
- s Mooy A9
, = —-GL7 N DD> 21qeu3(EL Av& o uoolL
1 Lsen 5 210 2 ‘5
e I i 17
E 4 —|4¢—OH
mrQ
O— o PalllL 4t
(paieinbauun) - 49p00ap 238p
PUOD3S O} PUaIXa
AOL+ pauinbad 4T Lud B€5T wouy
" ° " - & ° - . ° - & ° ° ° ° e
H H fad “a H H. *a vQH fad. @ ‘a
9LEN!
AO
N i 8 i g S € wl
- W— —— h
; 98vs | YOI f o8y | £ 98v/L 9gvs| 'OI voI ., 3 =
n | v & ..m o 2
\ ! 238853
\ [ — : S gk
H n s - | . - - . N . - - - ~4 m <
| S
h ! e Yo 23
P A e Sl ) ! 1 WMQ5Mm
el e of sl s ¢ QP 2zl 3 e e o] e o ¢ i 2 el 2 =l 8m + 2 I
O ¢ AS+EX R 2838
: z v 7 z v g L z v ! z v g L z =05 00T
. = - = = = = - = - = = = = " = oot 59 =
8 ~ . v v \ ~ =~ W W MM ..M -M
L YdHMms Ncut?m € Ud3ims P UdIMS = 9w @ Q93
Wod4 wouJy wWoJ4 woJy = 3 PO P
°eRa M u
S O ) @
A A A A A A A | S S S | | Y Y W \ A 395553
£29= 2R
W ~ 0 m 3 m =
2L uid LLuid 6 uid v uid G uid g urd QLuid pwuid grud gruid  purd Lud gLud guld ¢ wd L uid ..m..n S S0
< y % v— N = 5 = ’ S m [&] M .nna
J33J49AUOD LT NO
0ZDT wous r (49p023p) ELDT woussy (48P023p) ELDT WO 4 8231 wouy : 62)T wold v m .WM ~ m ]
- s — v ) [ = o [\ — ) . h ...m. W + of .I.D..m
SANOD3S 40 SOL SNIW SNIW 30 SOL SUNOH m £ mm £ w_
S
@) m & 2o

a bar.



Wireless World, July 1977

The world over-
You get the
best service
from Haltron

Haltron

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

Hall Electric Limited,
Electron House,

Cray Avenue, St. Mary Cray,
Orpington, Kent BR5 3QJ.
Telephone: Orpington 27099
Telex: 896141

WW-—025 FOR FURTHER DETAILS
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3009+VERSATILITY

Series || Improved precision pick-up
arms balance cartridges weighing
between 4-9 grams. This can be
extended to 14-21% grams, however,
by the use of alternative balance
weights, thereby covering the wider
range of cartridges now available.

The best performance from your arm
and cartridge is obtained with the
correct balance weight, and
information sheet No 21 enables you
to select what is required. A copy will
be sent on request.

WW--069 FOR FURTHER DETAILS

Write to Dept 0644 - SME Limited
Steyning - Sussex - BN4 3GY

S hll=

The best pick-up arm in the world
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Decoupling
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Some circuits and some thoughts on their purpose

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

Decoupling is usually defined in techni-
cal dictionaries as the reduction of
unwanted coupling between stages in
multi-stage equipment and, in the
example usually quoted, the unwanted
coupling is caused by an impedance in
the common power supply. Such cou-
pling can cause oscillation and the
remedy is to include a decoupling
network as illustrated in Fig. 1 which
shows the essential components of a
three-stage RC-coupled amplifier. R,
represents the resistance of the power
supply and R,C, is the decoupling
network. By redrawing the circuit
diagram as in Fig. 2 we can see that it
has the form of an astable multivibrator
circuit. R, is the effective collector load
of Tr; and, if large enough, causes the
circuit to generate relaxation oscilla-
tions at a frequency determined pri-
marily by the capacitors C, and C; and
the associated base resistors. In audio
amplifiers the oscillation frequency is
usually very low — of the order of 1Hz
— and gives rise to an audible effect
known as motor boating. The decoup-
ling network is situated between Tr,
collector and Tr, base in one of the cross
couplings which gives rise to oscillation
and, if it introduces sufficient attenua-
tion at low frequencies, can prevent
oscillation.

Fig. 2 is useful in showing, for
example, that there is little point in
putting a decoupling network in the
collector circuit of Tr, Such a circuit
would appear at the point marked X in
Fig. 2: it would smooth the supply to Tr,
but would do nothing to discourage
multivibrator action.

R, and C, serve purposes other than
the prevention of multivibrator oscilla-
tion. For example they act as smoothing
components for the supply to Tr, and
attenuate any 50Hz or 100Hz ripple.
Such ripple is applied directly to the
base of Tr, and is subjected to the gain
of this and subsequent stages of the
amplifier. For example if Ry = 1 kilohm
and Cy = 100pF any 100Hz components
present at the output of the power
supply are attenuated by a factor of
approximately 60 (the reactance of
100pF being 16 ohms at 100Hz).

But possibly the most important
effect of a decoupling network is on the
transfer of signal-frequency energy
from one stage to the next. To illustrate
this consider Fig. 3, which shows a
common-emitter tuned amplifier. R,C,
are collector decoupling components
similar to RyC, in Fig. 1. But by
arrangin%1 R,C, as shown in Fig. 3 we
can see that C, plays an important role
in the output circuit of the transistor.
The output signal from the transistor is,
of course, generated between collector
and emitter and, to minimise signal loss,
these two electrodes should be con-
nected by low-impedance paths to the
output load, i.e. the primary winding of
the output transformer T, There is a

direct connection between the collector
and one end of the load: the decoupling
capacitors C, and C;, provided they
have suitable capacitances, provide a
low-reactance path between emitter
and the other end of the load.

Similar considerations apply at the
input of the amplifier. The input signal
should be applied between the base and
the emitter of the transistor. The source
of input signal is the tuned secondary
winding of the transformer T, and one
end of this is directly connected to the

base. A low-impedance path from the
other end of the tuned winding to the

emitter is provided by the decoupling
capacitor C, (which effectively short-
circuits the lower arm R, of the

Fig. 1. Essential features of a
three-stage RC-coupled amplifier. R,
represents the resistance of the power
supply and R 4Cg4 are decoupling
components.

D A
Cqg d
i T ¥
Try
C1 C2
Input —'
Bias Bias

Fig. 2. The circuit of Fig. 1 redrawn to
show its similarity to that of an astable
multivibrator.
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Fig. 3. C}, Cyand Cyare decoupling
capacitors providing low-impedance
paths for the input and output signals
of the transistor.

R3

"

Fig. 4. A simplification of the
output-circuit decoupling of Fig. 3.

C»

i

R

-~

Fig. 5. A simplification of the input-
and output-circuit decoupling of Fig. 3..

Fig. 6. A circuit in which a single
capacitor (C,) provides input and
output decoupling.
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potential divider) and C; (which simi-
larly short-circuits the emitter resistor
Ry.
C,, C, and C; in Fig. 3 thus provide
examples of an important function of
decoupling components: by providing
low-impedance paths they confine
signals to the areas where they are
wanted and, by implication, prevent
them from entering areas where they
could cause difficulties.

Emitter decoupling

C,; was introduced in the preceding
paragraphs as a means of providing
low-impedance paths for the input and
output signals of the transistor. It has,
however, another function and this is to
eliminate the negative feedback intro-
duced by the emitter resistor Rj. This
feedback is generally undesirable
because it reduces the gain of the
transistor and increases the input and
output resistances. Increase in the input
resistance would be a nuisance if this
resistance is used to determine the
passband of the tuned input trans-
former T,. To be effective in eliminating
feedback C, must have a low reactance
at the operating frequency. Because the
reactance of a capacitor is inversely
proportional to frequency, feedback
elimination becomes less effective as
frequency is reduced and the value of C;
is therefore so chosen that effective
elimination is achieved at the lowest
frequency of interest: it is then auto-
matically better at higher frequencies.
This requirement also ensures that the
capacitor is large enough to provide
low-impedance paths for the input and
output signals. It might be thought that
the value of the emitter decoupling
capacitor would be determined by R,
and the operating frequency, the loss
due to feedback being 3dB at the
frequency for which the reactance of C,
equals R; This is not true, however,
because the internal emitter resistance
r, of the transistor is effectively in
parallel with R; and is normally much
smaller than R, Thus the true 3dB loss
frequency is that for which the reac-

‘tance of C; is equal to the parallel

resistance of Rz and r. From this
relationship it is possible to deduce the
value of the decoupling capacitor to use
in a particular circuit. It is given by the
following expressions.

For bipolar transistors

c= L0
z'nfml'n(hfe + Re )

where R, is the value of the external
emitter resistor.
For field-effect transistors and valves

Crrm— g+ o )
" 2qf (gm R

min

where R is the value of the external
source or cathode resistor.

The formal deduction of these expres-
sions was given by P. Engstrom in
Wireless World for December, 1971.
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We have so far discussed collector,
base and emitter decoupling. In valve
technology decoupling is also required
for the screen grid of pentodes (still
used in high-power equipment such as
transmitters). For an a.f. pentode the
effect of resistance in the external
screen-grid circuit is precisely analo-
gous to that of resistance in the external
cathode circuit, i.e. it causes negative
feedback and reduced gain. To elimin-
ate this effect an external screen-grid
decoupling capacitor is introduced and
its value can be calculated from the
expression given above by substituting
g, the screen conductance for g, and R
the external screen-grid resistance, for
R.

R.f. pentodes also require screen-grid
decoupling but here it is necessary for a
different reason. As its name suggests
the screen grid is required to act as an
electrostatic screen between anode and
grid circuits and to do this it must be
effectively connected to cathode at
signal frequencies though at a positive
potential to give a reasonable anode
current. A capacitor between screen
grid and cathode enables this to be done
and such a capacitor can legitimately be
called a decoupling component because
it confines anode and grid signals to
their respective areas and prevents
leaks between them which could cause
r.f. instability.

Decoupling circuits

Examination of Fig. 3 shows that the
circuit could be simplified and the
impedance of the output signal path
further reduced by omitting C; and
returning C, to emitter as.shown in Fig.
4. Indeed this arrangement must be
adopted in certain circuits where sig-
nals are injected into the emitter, e.g.
some types of oscillator or frequency-
changer circuit. A disadvantage of this
circuit is that the smoothing of the
collector supply by R,C, is offset by the
ripple injected into the emitter circuit
via R,; But possibly a more serious
objection to the circuit of Fig. 4 is that
R; is no longer decoupled and so
provides negative feedback. However,
this disadvantage can be overcome by
applying to the input circuit the same
technique used for the output circuit
and which led to the circuit diagram of
Fig. 4, i.e. by returning C, (Fig. 3) to
emitter as shown in Fig. 5, which also
includes output-circuit decoupling.
Although the emitter resistor R; is not
now shunted by a low-reactance capa-
citor there is no negative feedback: this
is because the input signal is applied
directly between base and emitter and
the signal generated across R, by the
collector current is not returned to the
base circuit.

In some tuned amplifiers the step-
down ratio required in the input trans-
former is achieved by use of a capaci-
tance potential divider. It is then
possible to dispense with capacitor C,

* +
Cy
R, Co
Ry Tca
Fig. 7. A Hartley oscillator circuit.
% R1
L
=N
e
| ]
. HENTE
; z‘:'
R3% Rz% 2
Fig. 8. The circuit of Fig. 7 with
simplified decoupling arrangements.
R c R
2 1 - - Tr2
R3
Output
D
1 Try
Input Tr1

—— .

Fig. 9. Essential features of the
Tobey-Dinsdale circuit.

Fig. 10. Simplification of the previous
diagram.
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by returning the potential divider to the
positive supply lines as shown in Fig. 6.
Here the single decoupling capacitor C,
provides a low-impedance path for
input and output signals. C, and C; in
series tune the secondary winding and
C,is larger than Cyto give the required
impedance match to -the low input
resistance of the transistor.

Hartley oseillator

Similar decoupling techniques are pos-
sible in oscillator circuits. In the Hartley
oscillator, for example, one end of the
tuned circuit should be connected to
collector, the other end to base and the
inductor tapping to emitter. Fig. 7
shows a circuit diagram in which
stabilisation of the mean collector
current is achieved by the potential
divider R|R, and the emitter resistor R,
Such an arrangement is likely to be used
if the transistor is required to operate in
class A as in oscillators required to give
a particularly pure waveform. The
required low-impedance connection to
the collector is achieved by direct
coupling and to the base by the
low-reactance capacitor C,. The con-

‘nection between tapping and emitter is,

however, achieved via the decoupling
capacitors C, and C;. C, is sometimes a
smoothing capacitor in the power
supply but to minimise impedance in
the tapping-emitter connection C,
should preferably be a separate local
component. As before, C, can be
dispensed with provided C, is returned
to emitter as in Fig. 8.

Tobey-Dinsdale circuit

A particularly interesting application of
decoupling occurs in the Tobey-
Dinsdale amplifier circuit, a develop-
ment of the Lin circuit. The essential
features of the decoupling circuit are
shown in Fig. 9. The intention here is to
drive the complementary pair Tr,, Tryas
common-emitter amplifiers from the
output of Tr,. The impedance of DR, is
very small and thus Tr; and Tr; are
effectively in parallel although, because
they are complementary, their output
currents are in push pull: We can thus
simplify the circuit by replacing Tr, and
Tr; by a single transistor Tr, as in Fig. 10
and the output current from Tr; must be
directed into the base-emitter junction
of Tr,. There is a direct connection from
Tr; collector to Tr, base and thus a
low-impedance connection is required
between Tr, and Tr, emitters. Unfor-
tunately such a connection would
short-circuit the output of the amplifier
which is taken from Tr, emitter. The
inclusion of a resistor in Tr, emitter
circuit would not make the circuit
satisfactory because the internal emit-
ter resistance of Tr, would still act as a
shunt on the amplifier output: moreover
the return of the output signal to Tr,
emitter would give rise to considerable
feedback. This problem is solved, as
shown in Figs 9 and 10, by providing a
low-impedance path between Tr, emit-
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ter and R,, R, junction. The decoupling
capacitor C, performs this function so
that Tr, effectively short-circuits R, and
thus ensures that most of the signal-
frequency output of Tr, enters Tr, For
‘successful operation R, should, of
course, be large compared with the
input resistance of Tr, i.e. of the
complementary pair. If C, were instead
returned to the negative supply rail the
base-collector junctions of Tr; and Tr;
would be effectively connected across
R,: the complementary pair would then
operate as emitter followers and their
high input resistance would make it
difficult to drive adequate current into
them.

A consequence of returning C, to the
top end of R, is that the decoupling
resistor R, is effectively in parallel with
the output load of the complementary
pair: thus R, must be large compared
with this load resistance.

Inductors in decoupling circuits

Many of the decoupling circuits which
have been discussed include a resistor in
the supply lead. This reduces the
collector supply voltage available to the
transistor and the need to retain an
adequate collector voltage limits the
resistance that can be used for decoup-
ling. This difficulty can be overcome
by use of an inductor in place of a
resistor, for its reactance then deter-
mines the effectiveness of the decoup-
ling circuit while the resistance
determines the loss of collector supply
voltage. A.f. inductors are, however,

bulky and expensive components and,

Moduiated a.f.
rf input Rz output
R‘I C1 C2

[ 1'1 1

Fig. 11. The diode detector circuit
provides two examples of decoupling.

this solution is generally reserved for r.f.
amplifiers where small and inexpensive
inductors can give adequate reactance.
Atuh.f and v.h.f.ferrite beads threaded
on supply leads can give adequate
reactance and these can be combined
with bush capacitors to form particu-
larly compact decoupling networks.

Diode a.m. detectors

In all the examples of decoupling
networks so far considered we have
concentrated on the provision of low-
reactance paths to confine signals to the
areas where they are required. We
could, however, alternatively regard
these networks as examples where the
signals are prevented from reaching
areas where they are not required. For
example in Fig. 3 signals in the output
circuit are prevented from entering R,
by the provision of C, and from entering
R, by the provision of C,. R,C, and R,C,
are both, in fact, current dividers in
which the current is mainly confined to

Wireless World, July 1977

the capacitor by making its reactance
small compared with the associated
resistance. In some decoupling circuits
the same end is achieved by the use of
potential dividers and the diode a.m.
detector circuit of Fig. 11 provides two
examples. R,C; is intended to convey
direct current to the earlier stages of the
receiver to control their gain but it must
prevent audio signals from reaching
these earlier stages. To be effective
therefore the reactance of C, must be
small compared with R, even at the
lowest audio frequency of interest, say
50Hz. R, is normally given a value large
compared with the diode load resistance
so that there is no appreciable shunting
effect. 50 kilohms might be a suitable
value for R, and C; can then be 1pF
which has a reactance of 3 kilohms at
50Hz.

Similarly R,C, is intended to prevent
r.f. signals from entering the a.f.
amplifier but it should not, of course,
attenuate audio signals significantly.
Thus the reactance of C;should be large
compared with R, even at the highest
audio frequency: it will then be even
larger at lower frequencies. It would be
satisfactory therefore to make the
reactance of C, equal to R, at, say,
10kHz. The loss will then be 3dB at
10kHz, 1dB at 5kHz and less at lower
frequencies. If the reactance of C, is
equal to R, at 10kHz it will be only
1/46th of R, at 460kHz, approximately
the intermediate frequency of a.m.
receivers. This gives a loss of 35dB. If R,
is 820 ohms C, could be 0.02pF which
has a reactance of 800 ochms at 10 kHz.

@ continued from p.65

Design a clock-driven circuit using JK
flip-flops and NAND gates that will
satisfy the given specification.

(1) 1/0 characteristics. As shown in Fig.
11(a) and 11(b).

(2) Internal characteristics. The internal
state diagram of the required circuit is
shown in Fig. 11(c).

(3) State reduction. The state table is
shown in Fig. 11(d) and examination of
this table shows that no state reduction
is possible in this case.

(4) Primitive circuit. Binary codes are
allocated as shown on the state dia-
gram. By direct reference to this
diagram the following equations are
obtained.

S,=S,+S,=AB+AB=A
Therefore J, = 1

R,=S,+S;,=AB+AB=A
Therefore K, =1

Sg =S, + (S = AB + (AB) = AB
Therefore J; = A

Ry = S; + (Sg) = AB + (AB) = AB
Therefore Kg = A

Z, = §X = ABX
Z,=SX + §,X = ABX + ABX = BX

Zy = SeX_+ S, X + $,X
=5,X = ABX = (A + B)X

The circuit implementation of these
equations is shown in Fig. 11(e).

The World Radio Club have announced
revised times of transmission on the
BBC World Service: the Sunday trans-
mission at 0815 GMT will be cancelled.
The times from Wednesday, September
7 will be;: Wednesday, 0815 to 0830, 1330
to 1345 and 2315 to 2330 GMT, and
Friday 2100 to 2115 GMT.

Professor D. Zissos will conduct a five
day course on Logic, Interfaces and
Microprocessors from July 4 to 8 at the
Southgate Technical College, London
N14. Further details from Interprojects
Ltd, 29 Church Street, Edmonton,
London N9 9DY.

Philips and MCA will present their first
UK public demonstration of the optical
video disc system at the Video Disc *77
conference in London, November 8 and
9, say the organisers. The last Video
Disc conference was held two years ago,
before which similar demonstrations
were to be held but the only equipment
shown was the now defunct Teldec.

2,000 candidates responded to NASA's
invitation to participate in the Spacelab
experiment in 1980 (See WW May 1977,
p66). NASA say they and the European
Space Agency have now selected 222
representing the US and 14 other
countries: NASA chose 81 from the US
and the rest from India, Japan, Canada
France and Belgium. The other 136
investigators came from 10 ESA
member states, Austria and Norway.
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Salon International des Composants
Electroniques

New products seen at the Paris show

For one week in April, Paris again
became the centre of world electronics.
It brought together 1260 exhibitors, of
which 534 were French and 726 were
from 30 other countries. Entrance
passes alone indicated that there were
75,972 visitors, from 87 countries,
almost 13% of these being from foreign
countries. Although this is 5.1% more
than last year, it must be remembered
that last year’s show did not include a
section on test and measuring equip-
ment.

Apart from increases in the number of
foreign exhibitors this year - for
example, there were about 30% more
British and 10% more West German
participants — and the introduction of
newcomers from countries such as
Korea and India, there were also
changes in the mixture of activities of
the companies exhibiting. Although
exhibitors from the USA increased by
almost 60%, the number of major
American semiconductor companies
was less than in 1976.

It is always difficult, at a show of this
size, to assess a particular industry, but,
if judged solely on the enthusiasm of the
exhibitors and visitors at the show, a
fair conclusion would be that the
European electronics industry is alive
and well.

Several families of power semicon-
ductors were launched by RCA Solid
State — Europe. Among these develop-
ments was a ‘quick-connect’ package
intended for medium- and high-power
silicon controlled rectifiers and triacs.
The package, which may be fixed on a
TO-3 heatsink, uses AMP type connec-
tors. An example device in the new
package is the T6260 40A triac. Also
being launched by RCA was the Ver-
sawatt TO-220 range of silicon con-
trolled rectifiers. These fast-switching
devices are designed for reverse-block-
ing applications and have turn-off times
as short as 6us. The rectifiers are rated
at 5A rm.s. with maximum trigger
currents of 50mA. RCA was also show-
ing a new range of epibase power
transistors in TO-3 packages, which
they claim is the largest range of its kind
on the market. This range includes the
2N3055 device, which is also available in
hometaxial construction.

Other products launched by 'the
company included a range of medium-
power n-p-n transistors, several inte-
grated circuits and a microprocessor
aid. The transistors, designated as
RCP111/3/5 and /7, are high-voltage,
low collector-base capacitance types,
especially designed for television appli-
cations such as video and audio output
stages, regulators and linear amplifiers.
The new microprocessor aid is a
hand-held data terminal which offers a

low-power, soft-copy alternative to’

conventional printing terminals. It uses
a calculator-type keyboard and an
eight-digital l.e.d. display. The Cosmac
CDP18S021 Micro-terminal, as it ‘is
called, is designed to interface with
Cosmac hardware support systems to
provide control, communications and
debugging functions.

On the AEG-Telefunken stand was
the TDA1062, an f.m. tuner unit for car
radios. The unit consists of a mixer,
modulator and phase-sensitive detector

The new miniature 220 to 250V Bimrill
shown by Boss Industrial Mouldings
Limited. The drill is supplied with three
collets for accepting twist drills, burrs
and mops with shanks up to % in
diameter. Its 7500 rev/ min motor is
powerful enough to drill through brass
and steel.

suitable for frequencies up to 200MHz.
It also has a built-in a.g.c. amplifier for
external p-i-n diodes, and is adaptable to
capacitance diodes. Variometer or
variable capacitor tuning may be used
and tuning a voltage of only 2 to 7.5V is
necessary. The makers claim that no
alignment is needed. Another device
was the TDAI1068 noise suppressor,
which is designed for the a.f. section of
car radios. It will work from a supply
voltage from 9.5 to 15V and is suitable
for mono or stereo operation. Three
PAL colour-TV devices, TDA2140/50
and /60, were also shown. Type 2140 is a
sub-carrier reference oscillator, type
2150 forms a luminance and chromin-
ance amplifier and type 2160 contains
the synchronous modulator and RGB
matrix.

Of particular interest on the Texas
Instruments stand was the TBMO0103, a
non-volatile, 92,304-bit, magnetic-bub-
ble memory on a single chip. The bubble
chip is comprised of a gadolinium-gal-
lium garnet substrate upon which a
magnetic epitaxial film is grown. Pat-
terns of permalloy metal are deposited
on the film to define the path of bubble
domains, which are made to move in a
shift-register fashion when in the
presence of a rotating magnetic field.
The 14-pin d.i.l. module measures 1.0 X
1.1 x 0.4in and is specified for 100kHz
operation, with an access time of 4ms
for the first bit and a cycle time of
12.8ms for the 144-bit page. Contin-
ous-rated power consumption is 2W.

Four differential line-transceiver i.cs,
types SN55118, SN55119, SN75118 and
SN75119, were also announced by Texas
Instruments. These devices, are
designed for interfacing between 't.t.L.-
type digital systems and differential
data transmission lines. Each circuit
combines a three-state driver and a
receiver in one package.

A m.o.s.f.et. transistor hd3 been
developed by Texas Instruments to help
manufacturers improve the perfor-
mance of the r.f. section of Citizen’s'
Band tuners. The TIS148 transistor
provides 20dB conversion gain with
only a 3.2dB conversion noise figure
when used as a mixer for 27MHz. The
device also eliminates the need for an
r.f. amplifier.
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A new 16-bit microprocessor has also
been introduced by Texas. It is believed
to be the first monolithic central
processing unit produced using bipolar
integrated injection logic (i’l). The
SBP9900 microprocessor uses this tech-
nique to provide selection by the user of
speed and power and static operation,
to enable a single non-critical d.c. power
supply to be used and to ensure direct
t.t.l.-compatible inputs and outputs.

A digital multimeter was launched at
the show by Gould Advance Limited.
“The new instrument called the Alpha
III, is a low cost version of the Beta
multimeter launched in 1976. The
instrument has a 3'%-digit l.e.d. display
and is claimed to operate for more than
50h from one set of batteries.

Nippon Electric were showing a
microcomputer board teaching kit
called the TK-80. The kit, which until
the show had not been introduced to the
European market, provides all the
hardware elements, software tools and
information for tutorial introduction to,
and advanced details for, the pPD8080A
8-bit microcomputer and its software.
The TK-80 is built around NEC’s
1tCOM-8 microcomputer family of ls.i.
devices, including the pPD8080A c.p.u.,
a clock generator, a r.am, a rom, a
keyboard and an le.d. display.

The largest of all the stands at the
show was that representing Thomson-
CSF, who had a large array of new
products ranging from transistors and
capacitors to brushless d.c. motors and
cathode-ray tubes. Included in the
devices from the Electron Tubes
division was the TH5108 elec-
tronically-tunable, X-band  Gunn
diode source. This model delivers more
than 30mW over its =100MHz tuning
range and its centre operating fre-
quency can be anywhere in the 9200 to
9300MHz band. The frequency drift for
this varactor-tuned source is less than
200kHz/°C.

The THX914, also from Thomson-
CSF, is a plasma display panel having a
capacity of over 1300 characters (32
lines of 42 characters) with a useful
screen area of 163mm square. The
THX914, which is t.t.l-compatible, has
all the normal functions of an a.c.-dri-
ven plasma panel, with a fast access
time of 200us to write a five-by-seven
point character.

Another device from the Electron
Tubes Division was the THX1107 c.c.d.
device which js a development of the
THX1105, first introduced in 1976. This
analogue delay line has 512 elements, a
maximum bandwidth of 5MHz and a
distortion figure of 1% for a 500mV
output signal.

SGS-Ates have managed to produce
i.c. amplifiers capable of handling high
currents  (Iegmay) 3.5A) and high
voltages (Vcgiusy >44V). This has
allowed a typical output power of 20W
into a 48 loudspeaker, with a distortion
of less than 1%, using a single and
inexpensive integrated audio amplifier,
the TDA2020. Output powers of 180W

A dual-in-line test clip, displayed by
UMD Amphenol, is suitable for use on
14 and 16 contact devices. The clip,
called the DIP/LOC, is designed to
lock on to an i.c. to ensure positive
contacts with all leads.

. e i
= A

A new surface-acoustic-wave filter
designed for PAL television receivers
shown by Siemens Electron Tube
Division. With this device it is possible
to design an i.f. stage that features
superior performance and stability
characteristics compared to the
conventional L-C type. These types of
filter are particularly suitable for
teletext decoder circuits.

can be achieved using two of these
amplifiers. SGS-Ates is also developing
anew family of power transistors giving
up to 50A current handling capability,
high switching speeds of less than 0.5us,
and operating frequencies of 50MHz.
Devices in the range also have low
leakage currents. The transistors will be
manufactured in planar technology, so
that they will withstand adverse oper-
ating conditions.

A large selection of new devices was
being shown by Siemens. An audio
amplifier i.c., in a TO220 case, was
developed by the company specifically
for use in car radios. With two 49
loudspeakers connected in parallel, the
TDA 2870 provides 10W from 14.4V, and
when used with only one 42 loud-
speaker the output power is 5W. The
device has built-in temperature-sensing
overload and short-circuit-current pro-
tection. In addition it has a low thermal
resistance of 5°C/W maximum.

Among the new power semiconduc-
tors from Siemens was a fast silicon
diode for TV receivers, a mains thyristor
and two fast power diodes. The silicon
diode, type BY302, has a soft recovery
performance and a reverse recovery
time of 250ns. The thyristor, type D10,
has a high blocking stability and a mean
on-state current of 8A. The power
diodes, types SSiN36 and SSiN46, are
intended preferably for use in forced-
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commutated s.c.r. circuits. Model N36 is
a screw bolt design having a maximum
allowable r.m.s. current rating of 550A
and model N46 is of the disc type, rated
at 900A. Maximum forward voltage
ratings for the devices are 2.05V and
2.00V respectively.

Other power devices were the BStP49
and the BStQ63, both high-speed thyr-
istors, and the BStR68L power thyristor,
all in flat-pack ceramic insulated cases.
These devices were developed mainly
for line-commutated converters. Maxi-
mum r.m.s. on-state currents and
turn-off times (at the maximum junc-
tion voltage) for the P49 and Q63 are
1100A & 10pS and 1000A & 50us
respectively.

Also seen at the show

Continental Device (India) Limited; a
solar cell designed to supply transistor
radios. The device provides about 6V at
300mW (in India), and is available in
different sizes and with various specifi-
cations.

Intersil; types 7106 and 7107 c.m.os.
monoilithic a.-d. converters designed for
direct drive of 3'2-digit l.e.d. displays or
equivalent l.-c. displays.

Raytheon; type 2901A, a four-bit
microprocessor slice, said to be 30%
faster than the 2901. Three quad
op-amps; type HA4741, which has no
crossover, the pin-compatible LM348
with built-in overload protection, and
type RC4156, having an improved noise
figure and a 3.5MHz bandwidth.

Silicon Transistor Corporation (STC);
the model STA9160 switching transistor
in a TO-3 can. This device has ratings of
500W and 100A, and a V, of 120V.

Jaybeam Limited; a 2.5m skeleton
parabolic dish antenna having yagi and
shrouded feed assemblies. Models avai-
lable include an 18dBd (w.r.t. a dipole)
antenna for the 400MHz band, a 24dBd
antenna for u.h.f. TV bands, and a
26dBd antenna for the 900MHz band. In
addition there is a 28dBd dish for
1500MHz and a 31dBd dish for 2GHz.

ITT; a battery-operated laser torch
designed specifically for use with night
vision equipment. The lens system can
be adjusted and will provide a spot
diameter from 1.5 to 8m at 100m range.

Hewlett Packard; two dual optically-
coupled isolators, models HCPL-2730
and 2731. These units have very high
transfer ratios (10:1) and low input
currents of 5001A and will operate up to
200k-bits/s. lsolation between inputs
and outputs is 3000V.

Thomson-CSF; a bipolar power transis-
tor, designed by the Microwave Mi-
croelectronics Division, which is
claimed to be one of the best r.f.
transistors on the market. The 250W
p.e.p. device, model TH430, is intended
for s.s.b. transmitters in the range 2 to
30MHz. It has a power gain of at least
14dB.
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The AVO Breakdown and lonisa-
tion Tester RM215-L/2 is specifically
designed to help solve all manner
of quality control problems.

It measures resistive leakage
current under both AC & DC voltage
testing conditions as well as total
AC leakage current. Test voltages up
to12 kv DC and 6 kV AC are con-
tinuously variable and breakdown
current level is adjustable up to
1 mA. A built-in loudspeaker gives
audible detection of ionisation and
there are connections for earphone
or an oscilloscope.

The circuit features low internal
resistance yet at the same time
limits the maximum output current,
even at short circuit.

With the RM215-L/2 you can
carry out general flash testing,
measurement of breakdown voltage
—even after breakdown-and the
detection (@and counting) of spurious
flashovers.

quality control problems

Equally suited to both destruc-
tive and non-destructive testing,
the RM215-L/2 is a piece of test
equipment you cannot afford to be
without. If you have some problems
that need to be ‘ioned out,get in
touch for full details.

APPLICATIONS

Flash testing of electrical components.

Measurement of breakdown voltage on electrical
components and materials.

‘Measurement of insulation resistance at high
voltage.

Measurement of d.c.leakage current.

Measurement of a.c. leakage current and total
current.

Non-destructive insulation testing of materials
and components.

Detection of ionisation in electrical assemblies.

Designed to meet B.S, V.D.E.and
|.E.C.Safety Requirements.

Avo Limited, Dover, Kent.
Tel: Dover (0304202620

Thorn Measurement Control
won and Automation Division

WW—072 FOR FURTHER DETAILS
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The mds‘t powerful
Monolithic IC amplifier
in the world.

20 watts output (continuous sine wave) . . .
Less than 0.2% total harmonic distortion at a// powers,

allfrequencies. ..

And totally electronically indestructible!

Until recently, all monolithic IC chips
suffered from two basic design
weaknesses. First, thermal runaway
causing heat to build up as current
increased; and second, short circuiting.

Tﬁ c)case

| @ COPPER —

’ BOND 2 h
e
Rihyc
C13°C/W, -<-— KQOVAR
T

-— BOND 1 —

|
{
— SILICON — §0760 1

-'—— 1 junction

Standard plastic package with copper siug.

Until the SOC20 IC chip! This
extraordinary new power amplifier chip
is uniguely designed to improve thermal
dissipation. It also has two separate
built-in circuits, one of which measures
on-chip temperature. If this should rise
above 150°C the output transistors are
switched off thus preventing thermal
runaway.

And short circuits? The other circuit
continuously monitors both current and
voltage. If the product of current and
voltage rises above a critical level, the

cQcase
COPPER

Rin ¢ SOFT
’ Icw SOLDER

@— SILICON —

t 1 O uncton s

SOC20 plastic package with chip
directly soft-soldered to copper slug.

drive is.adjusted to bring the transistors
within safe operating limits.

The amplifier can drive speakers of
any impedance — maximum power will
only fall outside the recommended
4 - 8urange

And any pin on the chip may be
shorted to any voltage in the system for
anylength of time . . . and no damage
will occur!

Superb quality . ..

extraordinary power

The SOC20 isn't only safe . . . it's also
extraordinarily sophisticated. Total
harmonic distortion is less than 0.2% at
all powers and all frequencies — and in
normal use is well below 0.1%.

If power is at a premium, use two
SOC20 amplifiers in ‘Full Bridge’ to give
over 40 watts continuous into 8 ©2
speakers.

The SOC20 is naturally guaranteed
uncondjtionally for one year. Although
with the SOC20’s unique patented
design, we think you'll have little cause
to make use of any guarantee!

Specification
Maximum supply voltage

+ 22V (44 V total)
Output power

20 watts continuous 442 or 81
Open loop gain

100 dB
Supply voltage rejection

50dB
Input noise voltage

4 nVv
Number of transistors

18

Supplied with free printed circuit
board, heat sink mounting bracket,
comprehensive instructions, and
suggested applications.

WW — 079 FOR FURTHER DETAILS

The SOC20 will work on any supply
from 12-44 volts and therefore can be
used for in-car as well as domestic
applications. Apart from its obvious
audio uses the fact thatit is DC coupled
throughout makes it ideally suited for
servo systems — in radio-controlled
models for example.

Incorporate the SOC20 in your
equipment today!
SOC20’s cost £4.95 each, or £7.95 a
pair for, say, stereo applications. Only a
few readily-available components are
needed to build a full amplifier unit.

Of course, the SOC20 comes with a
10-day money-back guarantee.

Sinclair Instrument Ltd,

6 Kings Parade,

Cambridge, Cambs., CB2 1SN.

Tel: Cambridge (0223) 311488.

— E—
To: Sinclair Instrument Ltd, 6 Kings
Parade, Cambridge, Cambs., CB2 1SN.

Please send me......... {gqty) SOC20
Monolithic IC Amplifiers (£4.95
each or £7.95 per pair, inclusive
.of VAT at 8%).

| enclose cheque/money order/

postal order for £

Name
Address
Ww/7
(PLEASE PRINT). Offer valid in UK only.
——— —




Wireless World, July 1977

79

Weather-satellite picture facsimile machine — 5

Modification of the facsimile
machine for radio weather charts

by G. R. Kennedy

Parts one to four of this article des-
cribed a prototype rotating-drum fac-
simile machine for producing APT, SR
and WEFAX transmission pictures.
This final part describes modifications
to the basic design of the machine so
that it may be used specifically for
meteorological purposes. The modifi-
cations will enable both weather
'satellite and radio facsimile broad-
casts to be printed.

Weather charts, prepared by hand or
computer, are transmitted by short-
wave and long-wave radio by most
national meteorological organisations,
(see Ref. 13). The internationally
adopted standards for drum rotation
speeds and index of co-operation (i,0.c.)
are 60,90 and 120 rev/min and 576 or 288
respectively. The 288 index is some-
times referred to as ‘alternate line
scanning’. 90 rev/min charts are inva-
riably for aeronautical use. The trans-
missions are frequency shift keyed
+400Hz on short-wave and =150 Hz on
long wave. Some charts are sent on one
sideband of a double side-band trans-

Input
detector

From
receiver

4

2. 4kHz

Modulator < el .
X ulat Y = oscillator

Fig. 16. Frequency-shift keying (f.s.k.)
terminal block diagram,

mission, often with teleprinter traffic on
the other. Reception requires a good
communications receiver with a stable
beat frequency oscillator (b.f.0.) and a
frequency shift keying (f.s.k.) terminal
connected to the receiver audio output
(see Fig. 16). This provides a machine-
compatible output to the facsimile
machine described earlier. The audio

Fig. 17. Input detector of f.s.k. terminal
circuit.

Output

signal from the receiver is detected and
sapplied to one input port of an analogue
modulator or mixer, an accurate 2.4kHz
signal being applied to the other. The
output is the product of the two signals.
Since most charts are black and white,
the detector is arranged to latch bet-
ween two levels corresponding to black
and white; this enhances copy under
poor signal conditions. For those cases
where greys are required, such as for
the Russian composite chart and
Meteor satellite transmissions, the
detector can be switched to respond to
varying levels. The detector and a.m.
modulator are powered from a stabi-

Input from
receiver (0/_‘|

audio output

Gre RV
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lized .power supply with a very low
output ripple.

The circuit details for the input
detector are shown in Fig, 17. The
receiver audio is applied to one input of
the phase-lock loop IC,; via C;,;, while
the other input is balanced to ground.
Theoutput comprising the f.m. demo-
dulation of the input frequency-shift
passes through the low-pass filter R,
R Ry €4 and C,; to operationat
amplifier IC,,. The d.c. level from IC,; is
maintained by the input to the non-
inverting input of the op-amp via Ry
C,; decouples any residual v.c.o. signal,
and together with the low-pass filter
removes the loop p.s.d. sum frequency.
IC,, is run with its negative rail to
ground to ensure that only positive
signals are passed to the next stage.
Switch Sg allows the option of a black
and white picture by placing a large
value feedback resistor, Ry, across IC,,
so that it latches solidly between posi-
tive and ground. Alternatively a lower
value of feedback gain can be obtained
by selecting RV, which can be preset to
give the required grey scale. The grey
reference level for half carrier shift is
finely set by preset RV .

The output of the detector is applied
to the detector i/p terminal of balanced
modulator IC,; via RV, which sets the
modulation depth. IC,, is a double
balanced mixer which is used here ta
amplitude modulate the detected signal
onto a 2.4kHz carrier. This is fed in via
RV, which sets the carrier level, to the
carrier input. Input biasing is effected
by Ry Ry Rgg and Rge The residual
level of the output carrier is set by RV,
so that the carrier is modulated to 75%,
the residual 25% being used in the facsi-
mile machine for clocking. The gain is
preset by R_, the bias by R, and R,
and Ry, are the chip output transistor
collector loads. The output terminals
are at approximately + 10V, so the out-
put signal is a.c. coupled by C . Rgs and
Ry, set the carrier mean d.c. level. The
-5V rail is derived from the -12V
supply by Rgs, D;; and Cy. (Note: pin
assignments are shown in Fig. 18 for the
‘L’ 14 pin d.i.l. version of the Motorola
MC1486. With appropriate pin connec-
tions, the Motorola ‘G’ version or the
sSignetics NE5596 A’ or ‘K’ can be used).

With the circuit values given, the
v.c.0. frequency of IC,; is 5.5kHz. This
was found to be a good compromise
between the upper frequency limit of
the receiver audio amplifier and the
lower frequency limit for black to white
transitions for fine detail. Tests showed
that for a b.f.o. frequency of 3kHz fine
lettering was not discernable, and few
communication receivers have a good
response above 8kHz,

A crystal-controlled 2.4kHz generator
is shown in Fig. 19. There are many
ways of producing the frequency accu-
rately, but this shows a method using a
fairly standard crystal bar. The 144kHz
crystal is the feedback element in a
simple t.t.1. gate oscillator, ICy. The

2.4kHz
Carrier
input

Fig. 18 Amplitude modulator of f.s.k. terminal circuit.
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120 rev/min radio
weather facsimile chart.

A typical chart for general
meteorological use,
showing sea ice and 5 day
mean sea isotherms.

90 rev/min radio
weather facsimile chart.
Charts sent-at 90

‘rev/min are invariably

for aeronautical use. This
chart shows upper air
wind speed for pilots
flying the North Atlantic.
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output is divided by five in IC,; and
further divided by 12 in IC,. The resul-
tant 2.4kHz is taken directly to the f.s k.
modulator IC,; and buffered and
inverted in IC,, This output is used in
the facsimile machine to drive the
motor circuitry and detector. The
inversion in IC,4 partially corrects for
phase shift in the f.sk. input detector
and precludes RVy, the sample pulse
delay pot in the facsimile machine
having to be adjusted differently for
satellite pictures and facsimile charts.
The power supply circuit for the f.s.k.
terminal, shown in Fig. 20, uses i.c.
voltage regulators IC;, and IC;, with
external transistors Try and Try to
increase the regulating sensitivity. This
gives no output protection, but gives a
very high input rejection and hence
extremely low ripple. If a less smoothed
supply is used, hum bars are prone to
appear on the final print as a regular
speckling of the chart lines.

The actual modifications to the facsi-
mile machine itself are straightforward
and. involve the addition of a phase-
locked frequency generator, two binary
dividers, and switching to change the
motor drive frequencies. Fig. 21a shows
the essentials of the basic system before
modification. Note that the APT/SR
switch S has been added to illustrate the
routing of APT or SR line division fre-
quencies — in the basic machine the 1/5
line position of the line division switch
Sz can be used for APT/WEFAX. The
modifications to the basic design are
shown in Fig. 21b. The line division
switch remains, but the APT/SR switch
is enlarged to give positions for 60, 90,
120 and 240 drum revolutions per
minute, as well as the SR line division
rates of 240 rev/min for 1/5 line, 192
rev/min for 1/4 line and 144 rev/min for
1/3 line. For 60, 120 and 240 rev/min the
2.4kHzis divided by 50 and is selected by
S,, to pass directly to the motor drive
power amplifier, or divided by two, or
divided by four, to give 240, 120 or 60
rev/min respectively. For 90 rev/min
the path is the same as for 60 rev/min
except that the 2.4kHz is increased 1%
times to 3.6kHz to give an output of 60
rev/min times 1'%, i.e. 90 rev/min. The
3.6kHz generator is shown in Fig. 22.
The 2.4kHz input is applied to phase-
lock loop ICs,. The output of the 3.6kHz
v.c.0. is amplified by Tr,, and taken to
the drum function switch S, and to
duodecal divider IC,; connected as a
divide-by-three circuit. The 1200 Hz
output from this circuit is returned to
IC,, in order to phase lock the v.c.o. to
the 2.4kHz input. The SR signal path
remains the same as in the basic
scheme. Since the motor drive circuit is
not as efficient at lower frequencies,
RV, in the motor drive circuit (Fig. 12)
is advanced when the chart modifica-
tion is carried out. The drive at the
higher frequencies is then automati-
cally reduced by S,y switching the RV,
wiper to ground via R}, for 240 rev/min
and R,;, for the SR frequencies. The
motor drive voltage therefore remains
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Table 1. Settings for gain potentiometer RVg (on a scale of 0-10) as used on the prototype

facsimile machine.

Charts (rev/min) l.o.c. Setting
120 228 {no expansion, linear) 8.20
120 576 (no expansion, linear) 7.20

90 576 {(no expansion, linear) 7.00
60 576 (no expansion, linear) 6.80
NOAAs, Meteor-25 with appropriate log/lin 3.00
and expander settings)
ATS-3 with appropriate log/lin 4.50
and expander settings)
Cs2
mn
110
(9 +V,
cc
IC
26 @ Gnd
(1a4kHz2)
B AN~ +12V
s Rog
( 28.8kHz) ;/ 4
7
\ IC,g
12 Y q
2.4kHz
output
to
(2.4kHz) multiplier
wr
C54 D19 R1oo
b ¢ A0 + 12V
L

Fig. 19. 2.4kHz oscillator of f.s.k.

terminal circuit.

Butter/
CQ) inverter
N 2.4kHz
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Fig. 20. Low-ripple power supply for
f.s.k. terminal circuit.

approximately constant at all drum
rates. Depending on the type of trans-
former used in the motor power ampli-
fier, the values of coupling capacitors
Cys Cps and of tuning capacitor C,, in
Fig. 12 may have to be increased, al-

though in the prototype this was not

found to be necessary.

The traverse modification concerns
the provision of two traverse speeds by
switching and an alternative gear train.
The same gears are used for SR pictures
and 120 rev/min charts, but for 60
rev/min charts the standard synchron-
ous motor used for the traverse would
not run on a 12Hz supply in the pro-
totype and simple switching was
arranged to apply 50Hz mains to the
motor with a replacement gear train to
give the correct rate of drive. For 120
rev/min the switching between the
synchronous low speed (normal) and
the 50Hz rate (fast) gives approximately
the correct drive speeds for 576 and 288
i.0.c. respectively. At 60 and 90 rev/min,
charts are normally only sent at 576
i.o.c. The gearing has to be changed to a
ratio of 7:1, using the motor and roller
size described earlier. The situation for
printing satellite pictures remains the
same, L.e. direct drive (1:1) for ATS-3, 2:1
at “normal” for NOAAs, and 2:1 at
“fast” for Meteor-2. (Note: as a guide, in
the original machine the 7:1 nominal
gearing was 60-107 for motor to shaft,
23-90 for shaft to roller, these repre-
senting teeth of diametrical pitch 100).

Operation for radio facsimile charts

yThe facsimile machine gain pot setting
has to allow for the effective writing
speed of the crater-tube light beam at
different drum and traverse rates. The
prototype used an analogue turns
counting dial for setting RV (see Fig. 7).
‘The settings used are set out in Table 1.

The output of the f.s.k. terminal is
taken to the expander input, with the
expander set for a direct signal i.e. no
expansion. Phasing is carried out as for
satellite pictures. No strobing is used
and the monitor oscilloscope is
triggered from the sync output socket.
The drum edge pulse thus appears every
two or four sweeps of the oscilloscope
time-base; this is quite adequate for
positioning the drum and chart edges.
Detector switch S; is set to black-and-
white, the receiver is tuned to the
required signal and the beat frequency
oscillator set to give bright/dim keying
of the crater tube. This can be done
without great precision on short-wave

Fig. 21. Essential modifications to the
facsimile machine, showing (a) —
before modification and (b) — after
modification,
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but requires more finesse on v.l.f,
signals due to the reduced frequency
shift. Received chart quality can be
improved in the presence of interfe-
rence by reducing the receiver i.f.
bandwidth to just encompass- the car-
rier shift. As a matter of detail, most
transmissions have a white inter-chart
level and short duration black edge
phasing pulses. Those stations of
French, or previously French colonial
origin, send a black resting level and
half-line black/white phasing bars.
According to which side of the carrier
the b.f.o. is tuned — for double sideband
transmissions — the chart may be
printed as black lines on white or vice-
versa. The option is useful not only for
slide production but also to enable a
readable copy to be obtained if there is
severe interference to one side of the
carrier.

The Russian weather charts, that
contain strips of computer-processed
Meteor satellite pictures, require the
detector to be switched to grey on S
and RV, adjusted for optimum results.
consistent with black lines being
printed on the chart.

Photographic materials

The author has found that a most suit-
able material for all prints. both satellite
pictures and radio facsimile charts, is
Ilford’s llfospeed 2.1.M and 3.]. M, a
fast-processing resin coated, polyethy-
lene laminated paper. For development
an lifospeed developer is available, al-
though Kodak D-19 used in its concen-
trated working solution strength has
given excellent results.

It should be noted that this article
refers to special radio transmissions and
any enquiry concerning reception
licencing should be addressed to the
relevant licencing authority.

-

Fig. 22. Phase-locked 3.6kHz generator circuit for “90 rev/min” charts.
Correction note! On IC,, the connection shown from pin 10 to ground
via Cgs should be a connection from pin 11 to ground via Cg,

Components list

Resistors (4aW 20% unless otherwise stated)

72 560 96 1.8k
73 560 97 150k
74 4 7k 98 1.8k
75 3.3k 99 120, W
76 3 3k 100 270, VaW
77 3 3k 101 470
78 10k 102 10
79 10k 103 2 2k
80 4.7k 104 680
81 4 7k 105 680
82 1.2M 106 10
83 270, 1w 107 2.2k
84 270, 1W 108 680
85 Tk 109 680
86 47 110 2 7k
87 47 111 100
88 47 112 330
89 47 113 1k
90 Tk 114 Tk
91 1k 1156 1.6k
92 6.8k 116 1.8k
93 3.9k 117 100
94 3.9k 118 Tk
95 330, 2W 119 1k
Transistors
20 BFY51 or similar
21 BFY51 or similar
22 2N3704 or similar
Transformer
3 0-20V @ 1A

0-20V @ 1A
RS Components
Switches
6 SPST toggle
7 4 pole 5 way rotary

Crystal
144kHz quartz bar (Senator Crystals)

Diodes

15-19 5.1V400mW zeners
20 RS REC70 or similar
21 RS REC70 or similar

Integrated circuits

23 NE565 29 SN7437N
24 SN72741N 30 ~A723C
25 MC1496L 21 «A723C
26 SN7402N 32 NES5628B
27 SN7490N 33 SN7492N
28 SN7492N

Variable resistors (presets)

16 2.5k 10 turn

17 0.5M 20 10k
18 10k 21 2k
19 20k 22 2k

Capacitors (..F unless otherwige stated)

37 0.022 53 100/25v
38 0.01+0.0015 54 100/25Vv
39 0.0012 55 200/35V
40 0.022 56 100p
41 0.047 57 100/35V
42 0.047 58 ' 200/35V
43 0.082 59 100p
44 100/25v 60 100/35Vv
45 100725V 61 0.1
46 0.22 62 1.0 Mytar
47 0.33 63 0.068
48 010 64 0.068
49 47/12v 65 0.082
50 0.0068 66 0.082
51 560p 67 0.47
52 001 68 1.0
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Electromagnetic pump

The Appliance Components Eckerle
ETU21 electromagnetic piston pump
will handle both corrosive and non-cor-
rosive thin, clean liquids. The latest
version is fitted with Delrin inlet and
outlet fittings but a more expensive
model with stainless steel fittings is
available. Measuring 2% in X 3% in, the
pump is self-priming and will handle up
to 11 gallons an hour. It may be driven
via a silicon semiconductor diode for a
12 to 240V 50Hz a.c. supply, and
operates- at 25 times a second. Maxi-
mum discharge height is 65ft and the
maximum vertical lift is 10ft. Apart from
non-return valves, the only moving part
is the metal piston. Internal metal
components, which require no lubrica-
tion, are made from corrosion resistant
materials. The materials used for the
moulded seals and valves cah be
selected to suit the liquid being handled.
Appliance Components Ltd, Cordwallis
Street, Maidenhead, Berks SL6 7BQ.
WW 301

I/0 ports

Bidirectional, latched input/output
ports (interface vector bytes) are
announced by the Signetics group of
Mullard. The 8-bit ports are intended as
interface elements for microprocessors,
being compatible with the 8 X300 micro.
Each iv. byte contains eight data
latches, which can receive data from

either a microprocessor port or a user
port, the two modes being under
separate control. Priority is given to the
user port.

The bytes are programmed by the
‘user or manufacturer to recognize an
8-bit address, which opens the port and
allows data through when a ‘select’
signal is applied. Data transfer is
stopped when the address no longer
matches the programmed, internal
address of the byte. Types 8T32 and
8T36 possess three-state outputs, while
the 8T33 and 8T35 bytes are open-col-
Jlector units. 8T32 and ’33 are synchron-
ous, '35 and ’'36 asynchronous. The
voltage supply needed is 5V and the
modules are in 24-pin packages. Mullard
Ltd, Mullard House, Torrington Place,
London WCIE 7HD.
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Component meter

The Wayne Kerr component meter B424
measures resistance, capacitance and
inductance on the bridge principle. The
display reads up to 1999, and measure-
ments are given up to 20M{, 20mF and
2kH. Resolution on the most sensitive
ranges is 10m{, 0.IpF and 0.1pH. An
analogue output is available to feed
ancillary equipment. The instrument
has an accuracy of 0.25% (= one digit)
on all ranges, and is suitable for battery
or mains operation. Selection of R, C or
L is by push-button, and range-chang-
ing by 9-position rotary switch. 1llu-
minated pointers indicate the most
appropriate range, and the display also
includes decimal points and units.
Operating the range switch automati-
cally selects the most suitable test
frequency: 1kHz or 100/120Hz. Two test
terminals are normally used, but a third
iIs available if required for screened
connections. Bias voltage is provided
for polarising electrolytics under test.
When inductors with high-permeability
cores are being measured the test signal
level is held below 100mV. Wilmot
Breeden Electronics Ltd, 442 Bath Road,
Slough, Berks SL1 6BB.
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Fluxmeter

The Austrian made Norma Fluxmeter
detects voltage time integrals to mea-
sure magnetic flux, flux density and
mutual induction. The range is from 0.1
to 30mWb in six ranges with a sensiti-
vity of luWb and an accuracy of * 1% of
f.s.d. The instrument has an auto-zero
facility and a recorder output, with a
source resistance of 2k{, on which 1V
corresponds to fs.d. The instrument
operates either from the mains or
rechargeable batteries. Two probes are
available, one with a turns X area of
10—2m? and the other 6x 10—‘m2 A
standard source is also available with a
3.5 X 15.5mm airgap having an induc-
tion, say Cropico, of 500 mT*, accurate
to within 1%. The unit measures 160 X
240 x 310mm and weighs 3.8kg. The
price is £964 excluding v.a.t. The search
coils and calibrating magnet are extra.
Cropico say delivery is around three to
four weeks. Cropico Ltd, Hampton
Road, Croydon CR9 2RU.
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Microwave power meter

The Sanders Division of Marconi In-
struments have introduced a program-
mable, thin film, thermo-electric (t.f.t.)
power meter, type 6550B, for power
measurement at microwave fre-
quencies. Replacing the type 6550A. the
meter has binary-coded decimal, pro-
grammable ranging, automatic range
and scale selection and auto-zero

WW 301
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facilities. It can be used with a range of
t.f.t. power heads covering frequencies
between 10MHz and 40GHz with a
power range from 1uW to 3W. The
instrument can be used in automatic
test systems, but in its manual modes is
also suitable for use as a conventional
power meter. The tft. power heads
available are compatible with all the
power meters in the company’s range.
Marconi Instruments Ltd — Sanders
Division, Gunnels Wood Road, Steven-
age, Herts, SG1 2AU.
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Dual-in-line reed relay

A range of d.i.l. packaged reed relays is
now offered by Feme. Single-pole
normally-open, double-pole normally-
open, and single-pole changeover con-
tact arrangements are available as
standard with coil voltage ratings of 5,
6,12, and 24 volts d.c. Rhodium contacts
are used to obtain maximum life at
power levels within the ratings of the
contacts. Quiller Components Ltd,
Cardigan House, Winton,
Bournemouth, Dorset, BH9 1AU.
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Dot matrix printer

A dot matrix serial printer developed by
Honeywell Information Systems Italia
is controlled by a built-in microproces-
sor. Its printing head (see photo) has
needles operated electromagnetically to
a7 X 7or7 %X 9dot matrix and operates
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at speeds up to 120 characters per
second. There are 132 print positions
and the character set, which can be
changed by replacing a character
generating read-only memory, com-
prises 128 symbols. An original and up
to four copies can be printed, and
options such as front feed or dual paper
movement are available. At every print
interruption the print head automati-
cally moves a space to the right to make
the printed characters visible. The inked
ribbon is contained in a removable
cartridge. Honeywell Information Sys-
tems Italia, Caluso, Turin, Italy.
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25MHz oscilloscope

A range of measuring facilities usually
found on wider-band instruments is
provided by Philips on the dual-trace
PM3214. The delayed timebase, which
can be displayed effectively at the same
time as the main sweep and strobe, is
calibrated and can be made to start
immediately after the delay or on
receipt of a trigger after the delay.
Sensitivity is 2mV per centimetre from 0
to 25MHz and triggering modes include
full-range auto, a.c. or d.c. and tele-
vision line or frame.

For those occasions when signal
“low’ cannot be earth, the instrument is
double-insulated to enable it to be used
without an earth connexion. Batteries
may alternatively be used and a variety
.of mains supply voltages can be accom-
modated. Pye Unicam Ltd, York Street,
Cambridge.
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Television off-air receiver

A crystal controlled mono-channel,
mono-standard receiver for off-air
professional television applications has
been introduced by Barco. Designated
VSD2/X, the receiver is supplied for any
channel between 47 and 865MHz,
including mid-band channels, and for
television standards BG, DK, I, and L.
The channel selectivity is sufficiently
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high that the receiver can be used in
situations where the field strength of
the adjacent (disturbing) channel is
several times higher than the strength
of the chosen channel. Relative indica-
tion of the field strength is presented on
a front panel meter. N.V. Cobar Barco |
Electronic, Video Systems Department,
Th. Sevenslaan 106, 8500 Kortrijk,
Belgium.
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1000-watt transceiver

The National Radio transceiver type
NCX-1000 has a transmitter power
output of 1000 watts p.e.p. on s.s.b.; 1000
watts c.w. (normal c.w. duty cycle); and
500 watts a.m. or f.s.k. Its frequency
coverage is 3.5 to 30MHz. Output
impedance is 25-100 ohms (minimum
tuning range of pi network). Carrier and
opposite sideband suppression is
greater than 40dB, while receiver sensi-
tivity is better than 0.5uV for 10dB (s +
n)/n ratio. Selectivity is 2.7kHz (a
crystal lattice filter is used) and the
receiver dynamic range is 105dB. Image
and if. rejection is better than 60dB.
Export Division, EMEC Inc., P.O. Box
1285, Hallandale, Florida 33009, USA.
WW 310

Operational amplifier

The 1435/1435-83 is a differential input
operational amplifier designed for
amplification of wideband complex
waveforms with frequency components
from d.c. to 1GHz. Gain accuracy is
0.01%. This is reflected in the settling
time specification of 70ns to 0.01% for a
10-volt output step. There is a level
frequency response beyond 100kHz and
smooth 6 dB/octave roll-off beyond
100MHz. When handling complex
waveforms such as square pulses,
overshoot is less than 1% of output pulse
amplitude. Operating temperature is
—55°C to +125°C. Teledyne Philbrick,
Heathrow House, Bath Road, Cranford,
Middlesex TW5 9QQ.
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Bletherization

The on-going initiation of marketing-
oriented buzzwords develops in their
enunciator an in-built motivation for
the generation of enhanced input/out-
put ratios. When it comes to the
crunch, marketing is an aggressively-
formulated scenario of both software
and hardware-oriented data organiza-
tion, using sophisticated, number-
crunching equipment for the on-line
analysis of a cash-flow situation. At the
end of the day, the viability of any
throughput-motivated validization
operation must hopefully depend on
the dialogue between personnel
engaged in hardware generation and
those who basically adjust output-level
values to maximize financial advan-
tage, in a committed operation. When
intelligence communication is contra-
indicated, obscurantization can be
generated by sophisticated employ-
ment of in-built jargonisation, soonest.
Or something.

Update

Some of our readers who have been
amateur constructors since capacitance
was measured in jars have been baffled
by the newer system of component
values that are now common. We have
explained them before, but we still
receive the odd query: if you've been
used to dealing with 0.01uF capacitors
for fifty years, it comes as a shock to
find that you should have been calling
the wretched things 10n.

Briefly, it goes something like this.
The idea developed from a British
Standard designed to avoid decimal
points and long strings of noughts on
components themselves. On circuit
diagrams, the nature of the component
can also be omitted — a capacitor is
obviously measured in fractions of a
farad, so the F is redundant. The
decimal point is replaced by the multi-
plier of the unit (k, M, y, etc) and the full
range of noughts needed is two. For
example, 0.0033uF would be written 3n3.
meaning 3.3 nanofarads (nano = 10%. A
resistor of 3,3009 is 3k3 and an inductor
of 0.0048 henries becomes 4m8 (4.8mH).

A 0.1yF capacitor is 100n, and so on. It’s’

much simpler than the 6ld way and it
does avoid decimal points, which can so
easily be missed out.

Sounds philological

The sheer labour that engineers go
through to bring forth a new device or
system fades into insignificance beside
the agonies of mind they suffer when
they have to think up a name for it. The
systems of sound reproduction that use
three or more loudspeakers are no
exception, in that they have been called
everything from quadraphonic to
surround-sound, from perisonic to
four-channel: and they are just the
printable ones. Surely, it’s now time to
settle down, put away the Latin, Greek
and Oxford English dictionaries and
come up with a sensible name.

“Quadraphony” is not a good choice.
To start with, it's a  Graeco-Roman
mess, conceived on the wrong side of
the blankets, and secondly, the meaning
is wrong. It implies a square sound,
which is surely not what is intended: a
square-sounding punk rock group is not
an idea I can easily contemplate. In any
case, it should be quadro-, the adjectival
form, not quadra-. Or perhaps quadri-, if
the number four is intended.

“Surround-sound” has been used
rather a lot and has the merit of
describing the effect rather than the
means of producing it, which could
change — it avoids the use of any part of
a word meaning ‘“‘square” or “four”. We
already have systems, which can use
three or six loudspeakers, to which the
term quadraphonic is not applicable.
My feeling is, though, that the word is
too long and is ugly when used adjecti-
vally.

“Ambisonic” is good, but is used
almost as a trade-name. For this reason,
it is unlikely to be adopted by orgniza-
tions who have their own nominal axes
to grind.

Any reference to the number four is
not a good idea, even if it were always
the right number. It has most relevance
to a system using four completely
separate channels, but this can’t be used
for all types of sound reproduction and
can’t, therefore, be used in an overall
description. My own suggestion is to
term the reproduced surrounding sound
field the phonosphere and to coin the
word “phonospheric” to describe such
equipment. I shall now sit back and
await retribution for my temerity.

2p or not 2p?

Not that tuppence will get you very far
in this inflationary age, but it does seem
extraordinary that a plain, ordinary (or
even coloured ordinary) resistor can
cost up to 5p. It seems possible, since the
majority of our readers are employed in
the electronics industry, that whenever
they are seized with the desire to build
an amplifier, a commensurate number
of relevant components promptly dis-
appears from their labs (a company I
know of used to keep small components
for engineers to use as thev needed
them, without having to sign a stores
chit, on the basis that each engineer
would probably only build one tele-
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vision set and one amplifier and that
number of components could be written
off).

But that is irrelevant if the prospec-
tive builder is not able to liberate
components or does not possess the
legendary “junk box’, beloved of
writers of books entitled “The Practical
Guide to . . . So, they are faced with
problems of supply and, having located
a source, the cost. Time was when you
could find a radio shop in any town
which sold components, not teak-fin-
ished furniture with knobs on, where
you could buy everything needed. 1
remember buying everything 1 needed
for a 12in television set, quite casually,
from the local shop. (I won't say how
long ago, but Sutton Coldfield and Ally
Pally had it all to themselves.)

The only way you can buy stuff now is
to send off to a mail order establish-
ment, and very good some of them are,
if expensive. I would have thought, and
I have no doubt that a great number of
component suppliers will put me
straight here, that the High Street shops
of yore could still perform a very useful
function and make a profit doing it.
Admittedly, they couldn’t stock all the
exotic bits and pieces we are now used
to, but the ordinary components and
materials ought to be no problem. They
would be able to buy in bulk from
manufacturers who won’t deal with the
public and, in any case, couldn’t handle
an order for a few pence. Free of the
burden of postage, packing and insur-
ance, they could probably sell compon-
ents at a lower price, and to boost their
sales they could assemble kits of parts
for the more popular small designs and
sell them both directly and by mail
order. Perhaps the new ‘byte’ shops will
do something like that.

Cuckoos

“Nah, well, it’s analogue, innit? Wot yer
want’s a digital readaht.” Thus spake a
young man of nearly six at the recent
RSGB exhibition, as his friend (well
turned seven) commented on some
frequency-measuring instruments.
They caught sight of me and, since it
looked as though they might draw me
into the discussion, I hurried away
before they discovered my relative
ignorance of such matters.

But really, haven’t these infants more
immediately fascinating pursuits to
occupy them? Have grass-snakes and
guinea-pigs totally disappeared from
these islands? Surely not, and yet here
were these two, looking as unlike infant
prodigies as it is possible to imagine,
discussing _oscillator stability and
instrument design while outside, the
toads were toadying and field-mice
fielding away like anything.

The sign of a mis-spent youth may no
longer be a degree of proficiency at
snooker, but deftness with a couple of
c.m.o.s. chips and a bit of Veroboard.
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Safe, tough, efficient anc versatile — that's Model X.25 is a general purpose soldering
our new miniature CX iron. iron, also with two shafts fcr toughness and

=T ] perfect insulation. Available tor 220-25C volts
Safe because it is virtuglly leak-free (leakage or 100-120. volts. at 25 watts and priced at

current less than 1yA). Earth it if you like — b

three core lead. It is made to conform with £8.40 exclusive of VAT.
B.S. 3456 and has a breakdown voltage of

more than 4000V,

Tough because the handle is almost un-
breakable and the ceramic shaft is covered
by a stainless steel shaft.

Efficient because the element is situated
right inside the soldefing bit and the heat Stand model S.T.3 has a chromium plated

generated by its 17 watts is not wasted. steel spring, two sponges for cleaning the

Versatile because the iron can be used for a bits and is priced at £1.40 exclusive of VAT.

wide variety of soldering jobs; with six easily ’
interchangeable, slide-on bits,ranging from %” W
right down to & (1mm). It's suitable for

small, miniature and micra miniature joints.

Available for 220-250 volts or 100-120 volts.
Weight — 130z (40 gram). Length 71" (19cm).
Price — £3.40 fitted with standard bit %"
(2.3mm). Spare bits £0.46; £0:72; £0.84

exclusive of VAT. / :
Stocked by most of the well-known whole- x)
salers and many retailers. Or direct from us if

you are desperate. Mayflower House, Plymouth
Telephone (0752) 67377/8 “elex 45296
Giro 2581000

Forget all you've ever read about
miniaturised soldering irons.

Thisis the NEW AN'II'EM @4

WW—014 FOR FURTHER DETAILS
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" The SC / MP LCDS
that is truly a

f;klﬁociéqﬁllé,gkusd L OW C OSt
evelopment

hard copy

The National Semiconductor LCDS really does make
programming simple. You can develop your own program
step -by-step to see how it works and if it works.
And with it you can develop the potential
of your SC/MP microprocessor.

The simple keyboard and display
give you a chance to look at your program
. X as you go—so you can learn programming

"""" L., - " : in your own way. A built-in routine makes
software debug so easy.

LCDS is not a kit—it comes fully
assembled and tested at less than £350, which is
cheaper than the software expert is likely to charge
for one program. It is expansible too with additional
plug-in RAM, ROM/PROM Eurocards. Available
software aids include a Line-by-Line Assembler and a

new enhanced language—NIBL (National Industrial BASIC
Language) which allows plain English man/machine
interface. We make technology work. Every time.

DISPLAY
{o monitor your progress

KEYBOARD
{0 enter your program

ALSO AVAILABLE
THE FAMOUS

INTROKIT + KEYBOARD KIT

SC/MP INTROKIT £68.61 ;.

CONTAINS ALL YOU NEED TO GET STARTED ON LOW BUDGET MICROPROCESSOR KIT
EUROCARD + CON. SC/MP CHIP. 512 x B PROM. 256 x 8 RAM. VOLTAGE REG, XTAL
TTY INTERFACE, ETC. REQUIRES +5 —12 VOLT SUPPLY IF YOU DON'T HAVE A TTY,
THEN OUR KEYBOARD KIT IS WHAT YOU NEED

KEYBOARD KIT £65.84 ;A

16 X HEX COMMAND KEYS. ABORT AND GO KEYS TERMINATE AND MEMORY KEYS. 6
D!GIT HEX DISPLAY COMPLETE SYSTEM CONTAINS KIT BUG PROM'

AVAILABLE FROM
A. MARSHALL (LONDON) LTD
42 CRICKLEWOOD BROADWAY

LONDON NW2 3ET
TEL: 01-452 0161 TELEX: 21492

and at 85 West Regent Street, Glasgow {041-332 4133)
1 Straits Parade, Fishponds, Bristol {0272-654201)

Distributors and stockists for all National Semiconductor commercial and
consumer devices

WW063 FOR FURTHER DETAILS
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(Two hooks from Wireless Worild

These books are of very special appeal to all concerned with
designing. using and understanding electronic circuits. They comprise
information previously included in Wireless World's highly successful

Circards —regularly published cards giving selected and tested
circuits, descriptions of circuit operation, component values and
ranges, circuit limitations, modifications, performance data and
graphs. Each of these magazine-size hard cover books contains
ten sets of Circards plus additional circuits and
explanatory introduction.

circut @ fcircut 2
designs designs

Collected Circards Collected Circards

PWI"IamS/J CarrutherS/J HEvans/JKinsler PWilliams, J Carruthers JHEvans JKinsler

’I’!I!
%

A WIRELESS WORLD PUBLICATION A WIRELESS WORLD PUBLICATION

BOOK1 BOOK 2

Basic active filters onstant-current circuits Basic logic gates al p ss.ng

Switching circuits Power amplifiers Wideband amplifiers d as — signal generation

Waveform generators Astable circurts Alarm circuits C d as — measurement and

AC measurements Optoelectronics Digital counters detection

Audio cricuits Micropower circuits Pulse modulators Monostable circuits

Transistor pairs

ORDER FORM Name (please print) T|

To : General Sales Department Add

IPC Business Press Limited = I

Room 11, Dorset House, I

Stamford Street, London SE1 9LU |

Please send me copy/copies of |

Circuit Designs - Number 1 at £10 40 |

Circuit Designs — Number 2 at £12 .50 Company registered in England and a subsidiary of Reed |

each inclusive | enclose remittance value £ International Limited Registered No. 677128 Regd. off 1

(cheques payable to IPC Business Press Lid.) Dorset House. Stamford Street, London SET 9L /
e e e e e s e e e o o o o o e o o e R e D s D D (o D o e o S S S S e D S M e e e

o e  —— A —
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MARCONI TEST EQUIPMENT

TF329G circuit magnification meter. £125
TFA55E Wave analyser. New. £135
TF801D RF signal generator. £195
TF1101 RC Oscillators. £65

TF995B/2 AM/FM generator. £425

P. F. RALFE ELECTRONICS [ROHDE & SCHWARZ EQUIPMENT

10 CHAPEL STREET, LONDON, NW1
TEL: 01-723 8753

Midget crystal clock type XSZ. BN 15221
Selective UHF v/meter, bands 4&5. USVF.
Selectomat. RF Voltmeter. uswv.

NOTICE. All the pre-owned equipment shown has been
carefully tested in our workshop and reconditioned where | St@ndard attenuator 0-100db .0-300mHz.

BN 156221 £450

TF1041B V.T. Voltmeter. £65

TF2200 Osilloscope. £225

TF1100 Sensitivity v/voltmeter. £70
TF1152A/1 RF power meter. £75
TF890A /1 RF test set. £425

TF1417 200mHz frequency counter. £150
TF144H/S signal generator. £325
TF1370 Wide-range RC oscillator. £125
TF2163 UHF attenuator DC-TGHz. £95
TF2500 Af power meter. £135

TF2606 Differential DC voltmeter. £205
TF2604 Electronic voltmeter. £105

TF1066B/1 AM/FM Sig. gen. 10-470MHz

necessary. It is sold in first class operational condition and most | OPR.
items carry our three months' guarantee. Calibration and

certificates can be arranged at cost. Overseas enquiries | £750
welcome. Prices quoted are subject to an additional 8% VAT

UHF Sig. Gen. type SDR 0.3-1 GHz.

UHF Signal generator type SCH. £175

UHF Test receiver type USVD. £325
POLYSKOP SWOB |

POLYSKOP SWOB 11

SBTF. T.V. Signal generator, vision-sound
modulator and transmitter

ICL type 2640 Paper tape readers. 250cps

New £95
Westrex 8-hole paper-tape punches £95
Sound-proof case available £15

TF791D Deviation Meter

MARCONI TF995B7/2 AM/FM
GENERATORS.

FM in two ranges to 75kHz. Price and
Full spec. upon request. £425

APT POWER SUPPLIES. Stabilised

Miniature type (22mm diam.) Counting up to
15 turn "Helipots'. Brand new with mounting 0-16kHz
instructions. Onty £2.50 each

CENTRIFUGAL TYPE Blowers. 12V DC
Outlet diam. 7 cms. Overall diam. 15 cms and
17 cms deep. Very powerful fans . .. . £9.50

TEKTRONIX

HEWLETT PACKARD 432A. Power meter
BRANDENBURG 0-20KV.EHT Gen £105
AIRMEC 210A Modulation meter 3-300mHz
APT504 Power supply. 0-500V at 250mA

FLUKE 891A DC Differential voltmeter

GERTSCH Frequency and deviation meter

MUIRHEAD PAMETRADA Wave Analyser
MUIRHEAD K134A Wave Analyser, Battery op

RACAL 1 2mHz counter timer, 6 Digits. SA5358 £85
RADIOMETER Wave analyser type FRA2B

SCHNEIDER type 100mHz frequency

TEKTRONIX gyé)e 575 Transistor curve tracer

5A oscilloscope with ‘82" P.| DC-80mHz.
TEKTRONIX type 526. Vectorscope £580
TEKTRONIX type 180A Time mark generator £110

200kHz-220mHz in 5 bands. BPL Capacitance decade (5) CD133. 100pf-1 uf £45
3 - - HEWLETT PACKARD 431C power meter £125
0.1 pV-200mV. Continuously variable CABLE TEST SET CT491 (1o ¥ rmile) £85 each

MUFFIN INSTRUMENT COOLING FANS

Made by Rotron Holiand. These are very high quality, quiet
running fans, specially designed for the cooling of all types
£35 of electronic equipment Measures 4 5x4. 5x1.5°
115V .AC. 11 Watts. The list price of these is over £10 each
We have a quantity available brand new for only £4.50

4 20-1000mHz £250 1l TESTE

'Ef‘E/FEi%-SREADY NICKEL-CADMIUM BAT- GR Standard sweep frequency generator. 400kHz-230mHz L.Shs(weigm small size (13x7x4cms). Reads insulation
TERIES. . £485 100MO

Size D (HP2) 125V, 3.5 AH. Only small quantity ADVANCE SG63A AM/FM Sig. Gen " ers e T e A TR
available at £2 + 10p post. BOONTON 230A power amplifier RF £325 =

500V TRANSISTORISED INSULATION

and regulated.” 6V (variable) at 3A. HEWLETT PACKARD 693D illator. 350

Brand new. £25. ) MEDISTOR type A?V;e.‘)eAp 5 Pac‘:ct’:antiomielmc 24V DC-240v AC. 50 Hz. 150W. £75.
B N T T R R T T el microvoltmet . £115 T

BECKMAN TURNS COUNTER DIALS PVEOESTrzsazmp voltmeter 0-40KV €125 PACE ELECTRONICS VARIPLOTTER

ADVANCE Transistorised Inverter.

Type 1100E . b 5

£175

£160

FRACMO Geared motors. 24V. AC.0.5RPM ;%UI:‘;;VIANDL . pEs El;;g type 890A.
A g requency meter type
| Sfpg'cggr'q“e 401b. . Price including z‘fg’;g SOLARTRON Pulse generator type GO1101.2 £85

MUIRHEAD DECADE OSCILLATORS

1Hz-110kHz in four decade ranges.
Scope monitored output for high
accuracy of frequency. Excellent
generator. £135.

TRANIPLS <®
===

A SEMICONDUCTOR POWERHOUSE (Trade & Export Welcome)
TRAMPUS ELECTRONICS LTD., 58-60 GROVE ROAO, WINDSOR,

BERKS. 514 1HS
Tei: Windsor (07535) 54525 - Callers welcome Mon.-Sat. 9 a.m.-5 p.m.

-Fast service. Same-day despatch on ex stock product. Quality devices,
sl full spec. Same Trampus low prices. Barclaycard and Access by post
or telsphone, £5 minimum. VAT: d 8% to prices marked . Add
122 % VAT to ali other pri Post and packing 20p UK. Send CWO
except Government Dept: . Fres catalogue list with Sale Bargains
and Micro Processors (; d SAE).

IC's All price sach TRANSISTORS T CMOS
555 DIL 8 PIN TIMER  39p° AD161. 162 ea 50p° 7400 1ap"  4001/2  23p’
723 T099 REGULATOR  48p° BC107 109" 7401 18p° 4009710 58p°
723 DIL 14 PIN REG 69p* BC1078 15p° 7402 18p" 4011 20p°
741 DIL 8 PIN OP AMP  28p™ BC108 10p° 7404 20p° 4D13/16 60p°
741 DIL 14 OR T099 38p° 8C108 BOR C 15p° 7410 20p°  4017/20
747 DUAL 741 89p° 8C109 10p° 7413 39p° €£1.28°
748 DIL 14 PIN 33p° BC109 B OR C 15p° 7420/30 29p* 4024 88p’
748 DIL 8 PIN 49p* BC147/8/9 12p 7440 20p° 4028 £1.00°
7805 TO3 SV REGULATO BC167/8/9 10p 74417141 4029  €1.25°
£1.00° 8C177/8/9 20p° 79p° 4030 60p’
7805 PLASTIC 5V Reg. £1.35° BC182/3/4 AORL 10p 7447 Bap' 4046/47
7812 0R 7815 £1.50° BC212/3/4 AQR L 14p 7470/72 29p° £1.40°
76013 OR 76023 AF  £1.69 BCY70/71/72 20p° 7473/74 35p° 4040 €1.91°
8038 SIGNAL GENERATOR BD131 OR 132 ea  50p° 7475 60p°  4049/69 23p
£5.00" BFYS0, OR 51 20p° 7476 39p° 4067 £3.80°
LM300 £1.00 MJ2955 (PNP3055) 7490  49p’ 4510  £1.40°
LM301 DIt 14 PIN OPA  39p° £1.50° 7491/92 75p° 4511  €1.72°
tM301 DIL 8 PIN P MJE£2955 £1.40° 74121 33p° 4528 £1.58°
LM309K TO3 5V REG ~ £1.00° MJE3055 85p° 74123  46p" 4553  €5.00'
LM318 70V OS OPA  £2.25° P12 60p° 74196 €1.27° CMOS DATA
LM3EON 2W AF 12V £1.00 TIP 41 OR 42A &5p° BOOK
LM38] 2 X PRE AMP  £2.00 TIP2955 65p° £3.50
LM3900 QUAD OP AMP  75p° TIP3055 55p° OIOOES 0A81/91 5p°
NE536 FET OPA £4.00° 11543 30p’ IN4148 & IN914 SILCON  4p°
NES55 TIMER 39p” ZTX107/8/9 20p IN4002 5p IN4OO4 Tp*
NES56 2 X 555 TIMER £1.00° 2N2646 60p’ B2788 ZENERS 400mw  10p°
5N766 11 & 60 IF €1.25 2N2904/5 30p’ BRIDGE 1A 50V 25p’
TBA 810 7W AF £1.00 2N2926 RBO 10p SCR & TRIACS ST2 25p°
2N2926 YG 15p BR100 40p" C106 4A 400V 55p°.
LEDS %" & 2" DIA 2N3053 24p° TAG 1/400 50p. 1/600 69p (1
RED NO CLIP 12p* 2N3055 asp Amp)
TIL209 & CLIP 15p° 2N3702/3/56 10p DISCO TRIAL 10A 400V €1.00°
2" RED & CLIP 17p° 2N3704 Sp DiL SOCKETS 8 OR 14 OR 16
COLOURELO LEDS 29p’ 2N3819E FET 18p 15p
. g:gggg FsETs ggp SOLDERCON 100 60p 1000 €5
DISPLAYS (RED LED) / p ALLSTOCKED, 1 E 1" 3%
037 DL704/0L707 ~ €1.00°  2N5457 FET 50p e S |
06" DL747 JUMBO _ £1.69° 2N5777 OPTO 50p’ DIL BREADBOARD SMALL 50p
DALO PCB PEN ZDT|EP5 7A4pD' SILICON GREASE TARGElc2150, .
DECON. DESOLDER BRAI MINi SATCHET 285p° -
REEL " INS.BUSHSETS  10p7 gy ocBlE WARNING BLEEPER
SRBP 6" X 4" 60p. FEC :%BOE MATCHING 20p° JACKSON 390CF MED/SHORT
Voo

TUNER £1.
POTS 25p. PRESETS 9p. RESIS
TORS 2p. CAPACITORS 25V 7p.
CERAMIC 5p.
MPU & BARGAIN PAKS IN
LISTS

NEW COMPONENTS

Resistors. 5% carbon £E12 2. 7Q) to 10OM
%W 1p. 1W 2p. Preset pots. Subminia-
ture 0.1W e3 100() to 4M7 vertical 9p.
Horizontal 9p. Potentiometers 0.25W E3
4K7 to 2M2 log or tin. single 24p, dual
75p. Polystyrene capacitors E12 63V
22pf to 8200pf 3V2p. Ceramic capaci-
tors vert 50V E6 22pf to 4700 3p. Mylar
capacitors 100V vert 001 .002, 005
4p. .01, 02, 025 4Vzp. Polyester
capacitors 250V E6 vert 01 to 1mf
§%zp. 15, .22 7p. 47mf 11p. Electroly-
tics 50V 47, 1, 2mt 5p. 25V 5, 10mf 5p.
16V 22, 47mf 6p. 100mf 7p. 220 mf 9p.
470mf 11p. 10COmf 18p. Zener diodes
400mw E24 3V3to 33V 8 Vzp.

e
TV GAMES CHIP

AY-3-B500 £11.50. Printed circuit and kit
of extra parts £7.95. Add-on colour kit
P.O.A Send sae for data.

BATTERY ELIMINATOR BARGAINS
3-WAY MODELS

With 4-way muitijack connector. Type 1
3/4'2/6V at 100mA £2.30. Type 2
6/7'2/8V 300mA £2.90.

100MA RADIO MODELS

With press-stud connectors. 9V £3.45. 6V
£3.45. 9+ 9V £5.45. 4, +4Y:V £5.45.
6+ 6V £5.45.

150MA CASSETTE MODELS

72V with 5-pin din piug £3.65.

FULLY STABILIZED MODEL

£5.45. Switched 3/6/7/9V 400mA

MAINS TRANSFORMERS

6-0-6v 100mA 94p. 9-0-9V 75mA 94p.
12-0-12v 50mA 94p.
0/12/15/20/24/30V YA £3.65.
0/12/15/20/24/30V 2A £4.95.

18V 1A £1.95. 6-0-6V 1%A £2.55.
9-0-9V 1A €2.19. 12-0-12V 1A £2.49.
15-0-15V 1A £2.69. 30-0-30V 1A £3.39.

PRINTED CIRCUIT KITS, ETC.+
Contains etching dish, 100 sq. ns of pc
board, 1 [b. ferric chioride. etch resist pen,
drill bit and laminate cutter £3.65.

1 b, ferric chioride 95p. 100 sq. ins pc
hoard 75p. Etch resist pen 75p.

S-DECS AND T-DEC’?:U .

S-DeC £1.94
T-DeC £3.61
u-DeCA £3.97 !
u-DeCB £6.97

16 dil IC carriers £1.91

BATTERY ELIMINATOR KITS

100mA radio typas with press stud battery
terminals, 42V £2.10. 6V £2.10. 9v
£2.10. 42V+4%V £2.50. BV+6V
£2.50. 9v+9V £2.50.

Stabilized 8-way types transistor stab
lized to give low hum
3/4%/6/7/9/12/15/18V  100mA
model £3.20. 1 Amp model £6.50.
Heavy duty 13-way types
4¥2/6/7/8%:/11/13/14/17/21/25/2¢
1A £4.95. 2A £7.95.

Car Convaertor Kit. Input 12V DC Output
6/7:/9V 1A regulated £1.95. 2 Amp
£14.95.

SINCLAIR 1C20

1IC20 10W+ 10W stereo amp kit with
printed circuit £4.95. PZ20 power supply
for above £3.65. VP20 control and preamp
kit £8.95. Send sae for data

SINCLAIR PROJECT 80 MODULES
PZ5 £4.95. 240 £5.75.

BI-PAK AUDIO MODULES

S450 tuner £20.95. AL60 £4.60. PA100
£14.95. MK60 audio kit £31.95. Stereo
30 £15.50. SPM80 £3.65. BMT80
£3.32,

JC12 AND JC40 AMPLIFIERS
JC12 BW IC au- . =
dio amp with data R ~-.
and printed circuit X /
£1.95. Also new
JCAD 20W mode! SN

-

with pch £3.95. w

Send s aé for free leaflet

FERRANTI ZN414
1C radio chip £1.44. Extra parts and pch for
radio £3.85. Case £1. SAE for data

SINCLAIR MICROWONDERS
Sinclar pocket TV £165. Cambrdge
scentific calculator £8.45. Oxford
scientific £10.60.

SWANLEY ELECTRONICS
DEPT. WW, PO BOX 68, 32 GOLDSEL ROAD, SWANLEY, KENT BRS 8TQ

Mail Order only. No callers Send s a e for tree data on kits Post 30p on orders under
£4.50, otherwise tree  Prices include VAT Official orders welcome. Overseas customers

deduct 7% VAT gn iteins marked wand 11 SQnothers
I, T k. i e
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DIY SPEAKERKITS

15-WATT KIT IN CHASSIS FORM
When you are Jooking for a good speaker. why
not build your own from this kit.
1t’s the unit which we supply
with the enclosures illustrated
below Size13" - 8 {approx.)
wocfer (EMI)tweeter, and
matching crossover components.
Power handling capacity
15 watts rms. 30 watts peak.
£‘|?UU PER STERED PAIR
+P&P£340

EASY-TO-BUILD
WITH ENCLOSURE

Specially designed by RT-VC
for cost-conscious hi-fi
enthusiasts, these kits
incorporate two teak-
simulate enclosures. two EMI 13" - 8" (approx.)
woofers, two tweeters and a pair of matching
crossovers. Easily constructed, using a few

basic tools. Supplied complete with an
easy-to-follow circuit diagram. and crossover
components. Input 15 watts rms.

30 watts peak, each unit. £2550
Cabinetsize 20"~ 11"~ 93 PER STERED PAIR
{approx.}. +p&pf5.50

COMPACT’ FOR TOP VALUE

How about this for incredible bookshelf value
frem RT-VC! A pair of high efficiency units

for only £7.50 - just what you need for low-
power amplifiers. These infinite batfle
enclosures come to you ready mitred and
professionally finished. Each cabinet measures

127 - 9 »5» {approx.) per
deep, and is in wood stereo
simulate. Complete with o'
two 8" (approx.) speakers £750

+pbp

£1.70
SPEAKERS Two models — Ouo Ilb, teak
veneer, 12 watts rms, 24 watts peak,
185 133 7%

for max. power handling
of 7 watts.
{approx.).
*E PER PAIR
34 +pbpf6.50
Ouo 11!, 20 watts rms,
40 watts peak,
277 - 137 - 113" {approx.)
*E PER PAIR
52 +p&pf750
EASY TO BUILD
RECORD PLAYER KIT
Ideally suited for the
constructor who requires
a complete stereo unit at
a budget price. comprising
ready assembled stereo
amp. module, Garrard auto/manual
deck with cueing device. pre-cut and
finished cabinet work. Qutput 4 watts £2695

per channel, phones socket and
record / replay socket
RADIO

)
b - R

Complete with speaker, baffle and fixing strip.
The Tourist |V for the experienced constructor
only. The Tourist IV has five push buttons,

four medium band and one for long wave band.
The tuning scale is illuminated and attractive
small aluminium control knobs are used for
manual tuning and vofume control. The modern
style fascia has been designed to biend with
most car interiors and the finished radio will
slotinto a standard car radio aperture. MOTOR
Size approx. 7" < 2° - 4} TOP 10
Power Supply Nominal 12 volts AWARD
positive or negative earth

(a'tered internally) Power £125"
OQutput 4 wattsinto 4 ohms.  + p &p £1.50

p&pf40s

CAR

* DECCA 20 WATTS STEREO SPEAKER

PERSONAL SHOPPERS ONLY
Viscount IV 20 x 20 Amplifier as illustrated
plus 1 pair of speakers finished in teak
with mefamine panels 8" drive unit and

PR 111141} SR {711 (] G ————"

227 137 103
size approx
.‘ -

| .
£450 ARG

ST SR BT R

iif

(,-.“

) { 7
SPECIAL L
OFFER

illustrated above 20 x 20 WATT STEREO AMPLIFIER

Superb Viscount IV unit in teak-finished cabinet. Silver fascia with alimuntum
rotary controls and pushbuttons. red mains indicator and stereo jack socket. *

Function switch far mic. magnetic and crystal pick-ups, tape. tuner, and [2990
auxiliary Rear panel features two mains putiets. DIN speaker and input

sockets, plus fuse. 20 + 20 watts rms, 40 + 40 watts peak. +p&pf210

0 .|l oeouct]()/ [oepuct 5]
Mailorder only {natonposiage)
OFFERS “ on complete sterea systems using *
For examgle- starred Products
Duo speaker system |1 or 1, Viscount Amplifier,MP60 type turntablecomplete

o

PERSONAL SHOPPERS ONLY
DECCA 0C1000 Stereo cassette, ready built tape deck, replay / £395
record P.C.B. with pair record / replay heads
AM. FM. TUNER P.C.B. with Mullard L P. 1186, 1185 1181 modules £95U

CROWN 5 push butten car radio, LW. MW 12v Pos neg.earth Swatts £‘|555
output, tone control complete with speaker and fixing kit, in dash type
STEREQ CASSETTE TAPE PLAYER Negative earth only. 3 watts £‘|650
per channel output

AM. FM. STEREQ MULTIPLEX CAR RADIO/cassette player in £39I]I]
dash fixing Negative earth 5 watts output

SONIX ‘TROOPER' Boys Military style mais, battery radio

VISCOUNT
COMBI

£65I]I]
For personal shoppers

only, this unit comprises :
The 20 x 20 Viscount
amplifier BSR MP60 Type
turntable housed in an
attractive teak finished
console with smeked acrylic cover. Approx. ey
301" » 143" < 71" complete ready to connectto the
speaker system of your choice.

only £§%5

BSR automatic record
player deck {Chassis form)
with cueing device and

BSR TURNTABLES
BSR MP60 TYPE
Single play record player

(Chassis form) £15.95  *17€0 g g5
less cartridge. LI
P&PL200 head. P &P£2.00

Cartridges to suit above

ACOS MAGNETIC
STERED ...... £4.95

CERAMIC STERED £1.95

TURNTABLE illus.
Popular BSR MP 60
type. complete with
magnetic cartridge,

diamond stylus, and
de [uxe plinth and
cover,

Ready wired

£29
+pbp
£4.50

. "’M
30 x 30 WATT AMPLIFIER KIT o™ .
Specially designed by RT-VC for the
experienced constructor, this kit comes
complete in every detail. Same
tacilities as Viscount IV amplifier.
Chassis is ready punched, drilled and
formed Cabinet is finished in teak
veneer. Silver fascia and easy-to
handle aluminium knobs.

o
*“i??
: /

Output 30 + 30 £2Qoo
“wattsrms, 80+60 peak. | 6210

PYE STEREO GRAM CHASSIS
(Complete with circuit-diagrams)
Complete ready to install-Wave bands
LM. VHF STEREQ. VHF MOND. Con-
trols for tuning volume, balance, bass
and treble. Power output 7 watts R.M.S
per channel 14 watts peak § ohms

2” 8" approx chassis speakers and
BSR auto record player deck. [35 00
PERSONAL SHOPPERS UNLY

R||TnV||IC

tanc i,
Vst June and subject to change without natice -“"‘
We are unable to show all our products, so piease 323 EDGWARE ROAQ, LONDON W2
Send stamped addressed envelope Personal Shoppers EDGWARE ROAD 9am § 50pm, Haif day Thurs
+ ur tully descriptive catatogue and any luener  21E HIGH STREET, ACTON. LONDON W3 6NG
ACTON: Mail Order only No callers

intormation

This matching loudspeaker system is
hand made, kit comprises of two 8“dia-
meter approx. base cdrive unit, with
heavy die cast chassis laminated cones
with rolled P.V.C. surrounds, two 337
diameter approx. domed tweeters
comp with crossover networks

£4.00p 6p stereo pair fzuﬂﬂ

Order giving your credit card number ONLY
ALL PRICES INC. VAT. AT 12:% %
i v

)% UK “hn
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PORTABLE
MONO
DIsco
CONSOLE

with built-in pre-amplifiers

Here's the big-value portable disco console from
RT-VC! It features a pair of BSR MP 60 type auto-
return, single play professional series record decks.
Plus all the controls and features you need to give

p&pf£6.50

£640I]

fabulous disco performances.
Simply connects into your
existing slave or externa' amplifier.

35-WATT MONO DISCO AMP

£275I]

+pbp

£2.50

Size approx
133" 5362
Here's the mono unit you need to start off with.
Gives you a good solid 35 watts rms, 70 watts peak
output. Big features include two disc inputs, both
tor ceramic cartridges. tape input and microphone
input. Level mixing controls fitted with integral
push-pull switches. Independent hass and treble
controls and master volume.

100 WATT o7

DISCoamp Y= . ////l/ *e
Size approx = } (-
144 105 oo

Sloping facia,you can use the controls

without fuss or bother. Brushed alumimium fascia
and rotary controls. Five smooth acting, vertically.
mounted slide controls — master volume, tape level,
mic level, deck level, PLUS INTER-DECK FADER for
perfect graduated change from record deck No. 1 to
No. 2, or vice versa. Pre-fade level control {PFL}
lets YOU hear next disc before fading [6500
itin. VU meter monitors output level.
Output 100 watts RMS 200 watts peak. p & p £4.00

PRACTICE GUITAR
AMPLIFIER WITH
BUILT-IN SPEAKER
This budget practice *
amplifier, has been
specially designed for the
amateur, who requires a quality
self-contained unit with all facilities. 2 inputs - 1
for mic or guitar, the 2nd for record player or
cassette deck, it also can be used for cine-sound
amplification. Z volume controls, 1 for each input,
also base and treble controls. Power output with
internal speaker, 12 watts RMS, with remote
speaker (not supplied) 20 watts 53250
RMS. Size approx. 17" = 97 - 11" 4 pgp £3.00
.
HOME 8 TRACK

CARTRIDGE PLAYER . "y
Automatically switches ~
programmes monitored by indicators,
with manual override track selection. This unit will
match with the Unisound modules and is compatable
with the Viscount 1V amplitier with Sim teak

cabinet. approx. 9 - 8 3. p&ptl.50 £‘|46I]

tput

4 x4 STEREO AMP

For the experienced
constructer who wants
to design his own stereo
Kit includes all necessary compenents
including constructors manual. Plus Pair of

easy to build 4 watt speakers in kit form, with
teak simulate finish cabinets 12°x 8" x 5 approx.

<a

FANTASTIC SAVING.

— g | — | |

1.C 20, 20 WATTS STEREO
AMPLIFIER KIT WITH PZ 20
POWER UNIT
A build-it-yourself stereo power amplifier with
latest integrated circuitry. 10W RMS per channel
output, full short-circuit and

W DUR PRICE
overheat protection.

Complete with £EB95 . pgpi
PZ20 Power Supply LIST £14.50
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@ hdd- Al g~ 3l Instrument cases .43 2lls m

All dimen: s are WidthaHeightxDepth
PRICES 1 oftinc. P& Pbut not VAT

MOD-3 (including chassis) 45x10x 65
301 7x3 x5% 6.33 9 » 3x 65
302 Tx4%x5% 6.79 E 9 x 7x 65
303 7x8 x5%" 8.66 F 9 x10x 6.5
304 11x3 x5% 7.79 G 13 x 3x 65
305 {1x4%x5% 9.19 | H 13 x 7x 65
306 11x6 x5%’ 10.89 [t 13 A10x 65
18 x 3x 65
Offer instrument manufacturers low-cost cases ex-stock. Blue PVC coated CONT“— T%X;USRED 32 18 x 7x 65 15.40 Mod-2 cases over 24 stzes. Front and back panels grey PVC. Aluminium
steel strength and ngidity PVC aluminium grey front and rear panels are 867 S 0.88 “43 "g"lg,?' 18.05 chassis included Packed flat. Quites casing blue PVC steel or up 1o size L
removable. PCB and PSU mounting system available, Also availabie 1n g75 Ix5x7’ 9.88 x 42: ,:13 :g ;g also avaitable in wood-gramn and black. (Price as for next price highet 1e A
black, 301 -price of 302, Bk 302 303, Bk 304 305 1277 A2ax7 11.38 | 450613 12.89 Black 15 B price
it — 1277 unpanted 8.46 P 9 x 3x13 10.82
16127 16x7x12' 15.69 13 .
191030 19x10:10" 2987 | & o A e
su: CASES Grey finc. chasais S Bz 37";3 12,65
6x8x4 3.20 3 x 7x13 14.54
Bare Elt Uesstt ch pni) 215 U 13 x10x13 17.07
Giant Elf Bx5Yx5’ 450 Vv 18 x 33 15.97
Long Eff 9xax3’ 360 W 18 x 7x13 18.70
Jumbo EIf 10%x5%x5% s | X 18 x10x13 22.95
5.40, 9 lack
" MOD-2 CASES ?'M"h in }/\Ico;ﬁ:zia&mNo: Blac = -
A range of evebrow cases in biue textured acrylic Front panels normally o jing chassss] inish in sizes These tough hitle cases add very Irttle to the cost of a job. Front pane
whiie zintec or PVC/alumimium, afso available unpainted up to 1277 size A :75,( Ix 6.5 g.627 Prices as for ane price up on ‘aluminium with protectve cuat Elf cases are available 1n 4 sizes, alt dough
Aluminium panels 20p extra 1st size, 22p extra next 4 sizes B 45x 7x 65 Mod. 2, e.g. Mod 2A Wood- 61300 1n grey glass polyester, all panels, feet and chassis inciuded
grain or Black 1s as Mod 2B
All West Hyde cases are available with substantial discounts tor quantities. Most cases have discounts at 50ff and 25 off with discoungs up 10 25%at 100 0ff Prices include P & P and are fess 10% if collected on first three price breaks on cases only

BUY A CASE FROM A SMALL RANGE, YOU GET A CASE-BUY A CASE FROM A BIG RANGE, YOU GET ASOLUTION
Instrument cases

BRIGHTCASE MARK 1] SAMOS

BC212 (3%" Full Rack) 21.91 |S1  100x 50x50mm 1.36
BC222 (3% Half Rack] 15.84./52 100 100x50mm 1.56
BC312 (S%" Full Rack) 24.04 |53 100x150x50mm 174
BC322 t5% " Hall Rack) 17.72 |84 125% 50 75mm 1.96
Rack Brackels avalabls S5 125x100x75mm  2.24
No extra tor Louvres add L S 125x150x /Smm. 2.63
S7  125x200x /bmm 2.92
A prestige anodised case, black PVC steel top and bottom which can be MINOS Mimiature instrument cases in blue and white PVC stee! Assembie in th.
M2 85x100x50mm -70 HEAVY DUTY CASE | f ol f rew: ¢ th e h f s 3
supplied louvred at ro extra cost Free standing or rack mounting, avaifable 53 100,130, 00mm 89 | B 85 1a.89 ‘ower hal ipein teet, 2 screws allow the cover 1o hinge off cases, 2 mo
inrack or hatt-width assembled in special polystyrene pack for safe postage. M2 Bare 46 [10x10x7" 16.54 10 fix, PC feel are avalable to hold up to 4 PC boards horizontally ase
_ = M3 Bare B3 [12x10x7 20.95

OVER 400 DIFFERENT
CASES IN STOCK—SIZE BANGE

OVER 5000:1 IN VOLUME

Prices correct June, 1977

Send for catalogue

Avaitable 1n 3 sizes. Heavily constructed n zintec steet, welded corners

ather aly or PVC steel Built-in slots for PC cards, dwiders etc Chassis or WES HYnE with heavy hinges 2 screw fixings and foam around the door In the base

boards can be s orted on ‘P’ chips from internal pillars a gland piate with gasket and a chassis with screws provided
EClboay uee g DEVELOPMENTS LIMITED S )

iR | cASE SPECIALISTS
RADFORD HD250

High Definition Stereo Amplifier

s

A new standard

for sound reproduction in

the home! We believe that no other
amplifier in the world can match the overall
specification of the HD250.

Smart minitature ABS cases 1n 1ough riged high gloss black. Front panels

SPEGIAL OFFER

FREE CASIO FX-110 SCIENTIFIC
CALCULATOR

with every CASIOTRON watch, listed below, purchased before 1st
Sept., 1977. Other cal s by arrang t, or a further £10 discount
in lieu.

CASIOTRON. Arguably the best watch in the
world.

8 functions and backlight. Stopwatch {time out
facility) to 13 hours

Dual time zones

Water resistant to 4 atmospheres {130 feet)

All stainless steel case and bracelet

Mineral glass face

Battery hatch. 15 months’ battery life

Rapid adjustment/setting facility

Hiustrated {teft) is the S15B

GS 15 B Heavy G.P on braceiet.

GS 15 L Heavy G.P. on strap

Wtustrated (right) is the R1BB

PRICES: {(without calculator deduct £10)

R18B (RRP £64.95) £59.95
S15B (RRP £89 95} £79.95
GS15B (RRP £129.95) £109.95
GS15L (RRP £109.95) £94.95
S17B(RRP £99.95) £89.95
S$14B (X-1) {(RRP £129.95) £109.95
Other Casiotron watches from £39.95

Rated power output: 50 watts av. i per ch 1 into any i
from 4 to 8 ohms, both channels driven.

M aximum power output: 90 watts av. per channel into 5 ochms.

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

Brilliant new FX-110 from Casio {(RRP £22.95) £17.95.

3B scientific functions inciuding DECIBEL CONVERSIONS and standard
deviations

Brithiant 10 digit display in a 6 x 3% x % inch package

Economical 3-way power source system (AC battery or rechargeable)

A.C. adaptor/charger £3. Rechargeable batteries (pair) £3.

FX-2000 LCD 1000 hour battery iife. 36 scientific functions £24.95.
Programmables: FX-201P £49.95. FX-202P £69.95.

Pro. FX-1 Magnetic card programming £124.95. Texas SR52. £194.50.
Sinclair Cambridge Programmable £16.95.

Send 15p for our lllustrated Catalogue Over 50 electronic watches from
£11.95.

Prices inlcude VAT, P&P. Access. Barclaycard welcome or send cheque, P.O
to

19/21 Fluvov Street
Cambridge CB1 1EH
Telephone (0223) 312866

WW — 080 FOR FURTHER DETAILS

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

Hum and noise: Disc,—83dBV measured flat with noise band width 23 Khz (ref
5mV); —B8dBV "A’ weighted (ref. 5mv)

Line —85 dBV measured fiat (ref 100v)
—88d BV "A"’ weighted (ref 100v)

Hear the HD250 at

SWIFT OF WILMSLOW

Dept. WW, 5 Swan Street, wilmslow, Cheshire
(Tel: 26213)

Mail Order and Personal Export enquiries: Wilmsiow Audio, Swan Works, Bank
Square, Wilmslow (Tel. 29599)

| Now available ZD 100 power amplifier and ZD22 pre-amplifier

W —089 FOR FURTHER DETAILS
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BY POPULAR
REQUEST

Demand for reprints of Wireless World constructional projects for audio
equipment is so high that we have gathered 25 of the best of them
together in High Fidelity Designs. These are the ‘'most requested’ articles
which you have asked for and all have been fully updated. Hurry for your

copy — it's likely to sell out fast!

idel
lgns

Tape/disc/radio/amplifiers /speakers/headphones

A BOOK FROM WIRELESS WORLD

£2.50 from newsagents and bookshops or £2.75 by post from the publishers

Contents: @ FM tuner design e Novel stereo FM IS N D SE D S5 N S5 S SN ED ED D D S - e SN . g

amplifier @ Class A power amplifier ¢ An |.C.
peak programme meter @ Horn loudspeaker
design e Horn loudspeaker e Transmission-line
loudspeaker enclosure @ Commercial

. Company registered in England No. 677128
quadrophonic systems

Regd. office Dorset House, Stamford Street, London SE1 SLU

tuner e Low-noise, low-cost cassette deck | |
e Wireless World Dolby noise reducer @ Wideband g 7. General Sales Department, Room 11, Dorset House ||
compander design e High-quality Stamford Street, London SE1 9LU
compressor/limiter # An automatic noise-limiter | |
e Modular integrated circuit audio mixer ¢ The I Please send me copy/coptes of l
“walltenna’ e Electronic piano design I High Fidelity Designs at £2.75 each inclusive l
e Advanced preamplifier design @ High quality J ! enclose remittance value £
tone control @ Multi-channel tone control e (cheques payable to IPC Business Press Ltd.) i
Bailey-Burrows preamplifier ¢ 30-watt high | ]
fidelity amplifier @ 30-watt amplifier modification | NAME B
e Baxandall tone control revisited o Active I {please print) |
crossover networks e Electrostatic headphone i ADDRESS i
1 i
i |
i i
i |

L g Ty pepeppe—— |
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PAKS - PARTS - AUDIO MODULES

PANEL . BRAND NEW — FULLY GUARANTEED
Type Prica Type Type Price Type Price’ Type  Price Type Price § No. 229 BEGINNERS No. 238 TRANSISTOR
AC126 €0.16 BCiuow o BC550  "£0.14 BFYS52 €0.14 TIP2955  £0.95 2N3708 ‘£0.07
METEHS AC12/ €014 BC147 '€0.09 BC556 €014 BIP19 €038 TIP3055  £0.75 IN3/08A -toor CUIDEYIO POCKET BOOK
AC128 £0.12 BCrag ° BCSS7  £0.13 BIP20  €0.38 TIS&3  £0.22 IN3709 €007 ELECTRONICS PRICE£3.90¢t
AC128K £0.26 BC149 BC558  "€0.12 BIP19/ TiS90 "€0.18 2N3710 *€0.07 PRICEE2.25¢1
4" RANGE AC132 €095 BC157 BC559  '€0.14 20 MP  £0.80 UT46 £0.20 2N3711  ‘€0.07 No. 225
AC134 €0.15 BC158 80115 €0.50 BRY39 €0.45 ZTX107  '€0.10 2N3819 €0.20 ] Np 230 BEGINNERS 110 THYRISTOR
Size 4% " x 3%’ x 1% AC137 €0.15 BC159 BD116 £0.80 BU10O5 €1.90 ZTx108 °£0.10 2N3820 £0.40 GUIDE TO
Value No Price AC141 €0.18 BC167 8D121 £0.65 BU105/02 €1.95 ZTX109  '€0.10 2N3821  £0.60 PROJECTS USING
0-50UA 1302 £€4.50 [AC141K £0.30 BC168 80123 €0.65 815204 £1.70 ZTX300 °£0.12 2N3823  £0.40 TELEVISION SCRS & TRIACS
0-100UA 1303 £4.50 |ACI42 €0.18 BCi69 €012 BD12a £0.70 BU205  €1.70 ZTX500 ‘€0.14 2N4058 °£0.12 PRICE£2.25¢ o
A 3 . AC176 €0.12 BC169C'€0.12 BDI31  €0.35 BU208  £2.40 2N1613  £0.20 2N4050 ‘£0.14 PRICE£2.50t
-500U). 130 £4.50 JAaCi76K £0.26 BC170 "£0.10 BD132 €0.38 BU208/02 £2.95 2N1711  £0.20 2N4060 e0.1a | No 231 BEGINNERS
0-1MA 1305 £6.00 JAC178 £0.25 BCI171 °€0.10 EBD131 E1222  £0.38 2N1889  £0.45 2N40B1 £0.12 No. 227
0-50v 1306 £6.00 |ACI79 €0.25 BC172 "£0.70 132 MP £0.80 mjco9s5 ¢oas 2N1B90  £0.45 2NAOBS -€0.1a GUIDE TO 110 COS/MOS
AC180 £0.20 BC173 °£0.12 BD133 £0.60 \E3055 €060 2N18B93  £0.30 2N4284 ‘€018 TRANSISTORS
“ AC180K €0.30 BC177 €0.16 BD135  €0.36 m)r3440 ¢oas 2N2147  €0.75 2N4285 "£018 PRICEL 2. 25 DIGITALIC PROJECTS
2" RANGE ACI81 £0.20 BC178 €0.16 BD136  €0.36 mpg113 ¢ods 2N2148  €0.70 2N4286 “£0 18 t FOR THE HOME
Size 2% x 1% x 1" ACIBIK €0.30 BC179 £0.16 BD137  £0.38 mpr102 g0 35 2N2160  £0.80 2N4287 ‘£0.18 No. 233 BEGINNERS N R
Value No Price |ACI87 €016 BCIBO €0.25 BDI3B  £0.45 morigs  co3g 2N2192  €0.38 sN4288 -to1n o. CONSTRUCTO
0.50UA 1307 £3.50 |ACIB7K €0.26 BC181 '£0.25 BD)139 €0.54 mprios  g0.39 2N2193  £0.38 2N4289 ‘€018 GUIDE TO PRICEE2.25¢
0100UA 130 : ACT88 €0.16 8C182L '£0.10 BD140  €0.60 Mpsa0s -co 20 2N2194  £0.38 2N4290 ‘£0.18 RADIO
-100L 308 £3.50 facisex €0.26 BC183 "£0.10 BD139 MPSAOE °£0.20 2N2217  €0.22 2N4291 °£0.18 5
0-500UA 1309 £3.50 1AD140 £0.60 BCIB3L'£0.10 140MP £1.20 mpoace -coag 2N2218  £0.22 INA293 -£o 19 PRICE£2 25+ No. 226
0-1MA 1310 £3.50 JAD'42 £0.85 BC184 °€0.10 BD155 £0.80 mpSasg  'g0.20 2N2218A  £0.20 2N4293 ‘£0.18 110 OPERATIONAL
0-50V 1311 £3.60 |AD!43 £0.75 BCIBAL°€0.10 BDI75  £0.60 oy €150 2N2219  €0.20 2n4921 -go'ss | No. 234 BEGINNERS AMPLIFIER PROJECTS
—— T . AD143  £0.60 BC207 "€0.11 BD178 £0.60 (53 £1.50 2N2219A £0.24 2N4923 '€0.65 GUIDE TO
AD161 £0.36 BC208 ‘€£0.11 BD177 £0.68 coy £1.40 2N2904  £0.18 2N5135 '€0.10 COLOUR TELEVISION FOR THE HOME
MR2P TYPE AD162 £0.36 BC209 °'£0.12 BD178  £€0.68 Cop £0.60 2N2904A €0.21 2N5136 €010 5 CONSTRUCTOR
Size 42x42x30mm AD161/ BC212 "€0.11 BD179  £0.75" oig £0.60 2N2905  £0.18 IN5138 °€0.10 PRICE£2.25¢ N
Ve R price | 161 MP £0.75 BC212L 011 BD201 OE3E £0.90 2N2905A £0.21 IN5194  £0.56 PRICE£2.50t
AF114  €0.20 BC213 "€0.11 202 MP £1.70 (c5 £1.00 2N2906  £0.16 2N5245 -g0.28 | No. 235 ELECTRONIC
0-50UA 1313 £4.80 JAF115 €020 BC213L €011 80203 €080 oc3s €0.90 2N290B6A £0.19 7N5294  €0.34 DIAGRAMS No. 242
0-1MA 1315 £3.20 JAF116 £0.20 BC214 °£0.12 BD204 £0.80 C35 £0.90 2N2907  £0.20 2N5296 £0.3§ ~ ELECTRONICS
AF117 €020 BC214L *€0.12 80203 0C70  fo1s 2N2907A €022 NBa57  £o33 PRICE£1 .80t L
EDGEWISE AF118  £0.40 BC237 °£0.16 204 MP  £1.70 (77, €015 2N2926G "'€0.09 2N54SB €032 N POCKET BOOK
> v AF124 £0.30 BC238 "£0.16 BDY20  £0.80 sy ‘€029 2N2926Y '£0.08 on5459 go3s | NO 236 ELECTRONIC PRICEE3.75¢
Size 32" x 1%" x 2" AF125 €0.30 BC251 "€0.15 BOX77  €0.90 1iCqg £0.29 2N29260 ‘€0.0B IN5551 ‘£0.30 COMPONENTS '
Cutout 2% x 114" AF126 €0.30 BC251A°£0.16 EBF457 £0.37 [pogp £0.44 2N2926R '€0.08 2N6027  €0.32 PRICE£1.80¢t
Value No Price :;:g; Eg.gg 38331 £0.30 ausg €0.37 1ipo0s  ¢052 2N§8268 '€0.08 2N6121  £0.70 : No. 239
. 2  €0.28 BF45 £0.38 2N3053 £0.16 2N6122 £0.70
0-1MA 1316 £4.05 Yari80 £058 8C303 0.3z BF59d  -ro 16 TPa0l 82 ON3oss  codo L0912 E070 No 237 PRINTED 30 PHOTOELECTRIC
0-500UA 1317 £4.05 fAF181 €058 BC304 €0.38 BF596  '£0.17 TIP308  £0.60 2N3055  £0.40 40313 £0.85 CIRCUIT ASSEMBLY CIRCUITS & SYSTEMS
AF186 €0.58 BC327 *€0.16 BFR39 €0.25 1p 0.70 2N3414  °*€£0.16 40315 £0.58 ; PRICEL1 8
MINIATURE AF239  €0.38 BC328 °'€0.15 BFRI0  '£0.25 T,Pg?i 50_52 2N3115  £0.16 40317 €0.36 FRICELARE O HCE CIOT
AL102Z  €0.95 BC337 '€0.15 BFR79  '€0.28 1;p31g  goep 2N3416 °£0.29 40326 £0.36
BALANCE/TUNING AL103  €0.95 BC338 '€0.35 BFRBO  “€0.28 1;p31C  ¢ogg 2N3417 “£0.29 40327 £0.45
METER AUT04 £1.00 BC440 £0.30 BFX29 €025 1p34  ¢o.gqa 2N3614  €0.85 40346 £0.42 THYRISTORS
AUT10 €1.00 BCA41 £0.30 BFX30 €0.30 o358 ¢p 76 2N3615  £0.90 40347 £0.55
Size 23x22x26mm AUTT3 £1.060 BC460 £0.38' BFXB4 €0.23 1)p35c £0.80 2N3616  £0.90 40348 €0.70
Sensitivity BC107A £0.08 BC46) £0.38 BFX85 £0.24 1ps1a  ¢o.66 2N3646 €0.09 40360  €0.38
100/0/ 100MA BC107B £0.08 BC477 €0.20 BFXB86 £0.25 Tou1s  g0.76 2N3702  "£0.08 40361 £0.38 | 600me TO 18 Case 7 Amp TO 48 Case
Pric BC107C £0.08 BCA78 £0.19 BFX87 £0.22 o 2N3703  "£0.08 40362 €0.3g | Volts No Price. Volts No Price
© @ |8Ci08A €0.08 BC479 €0.20 BFxss €0.22 J'P11C  €0.80 5\3507  .g0'07 40406 €0.40 1O THY600/10 £0.13 50 THY7A/50 £0.48
1318 £1.95 §8C1088 €0.08 BC547 °'€0.12 BFx90  -£0.5§ TIP424 €0.72 IN3705  €0.07 40407 €0.28 | 20 THYB0D/20 €0.13 100 THY7A/100 €0.51
310065 foos aCsis to13 el ters Tein  coen sdig? (008 40u0s  coaa] 30 Twe0030  eons | 200 mviazco  coer
BC1098 fo. BC549 ‘£0.12 BFY51 0.14 b 2N3707 ‘£0.08 5 3 0.
SBA%é\IglzcaEa/TUNING CIERC0:08] BCH —— e ——is2ad 100 TIY600/100  rona | 699 Trvia’a00 €0.78
1ze 45x22x34mm 200 THYB00/200 £0.38 800 THY7A/800 £0.92
Sensitivity 74 S E R I ES TTL ICS 400 THY600/400 £0.45
,L?JO‘ DAt Price FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS
1319 £2.00 | Tvee Price "Type  Price  Type Prica  Type Price  Type Price  Type Price :/°I“'§" TO 48 Case
7400  £0.14 7409 £0.15 7443 £0.64 7482 £0.85 7493 £0.40 74122 £0.50 ’ g‘s T° '
7401 £0.14 7410  £0.14 7442  £0.64 7483 £0.95 7494 £0.88 74123 £0.70 VTM% TO 5 Case 108 THV10A 50
MIN. LEVEL METER 7402 €015 7411 €023 7445 £0.90 7481 £0.98 7495 €075 74141 £0.80 CIsINoL . Price IHV10A 100
Size 23x22x26mm 7403 £0.15 7412  £0.23 7446  £0.90 7485 £1.20 7496 £0.80 74154 £1.30 oo 0 £0.26. § 200 THY10A/200
< 7418 £1.10 0 THY1A/200 £0.27 400 THY10A/400
Sensitivity 200UA /404 €015 7413 £0.27 7447 €078 7486 €030 74100 £1.00 200 THY1A/200 €028 | 600 THY10A/600
N . 7405 €0.15 7414 £0.58 7448 £0.80 7489 £2.90 74110 £0.50 74181 £2.00 o0 Tpveo0 2 or fv 50
o Price | 7406 €030 7416 €028 7475 048 7490 €042 74118 €099 74190 180 600 Towiare £0.36 J 80O THY10A/800
1320 €195 | 7407 €030 7417 €028 7480 €0.50 7431 €075 74119 £18s 74198 £2.00 o0 Iy o0 £0.45
——— 7408 €015 7440 €015 7481 £0.95 7492 €045 74121 £0.30 74199 £1.90 800 £0.58
Vu METER 16 Amp TO 48 Case
Size 40xa0x29mm CMOS ICs e B
ensitivity . . . . N .
i Type Price  Type Prica  Type Price  Type Price  Type Price  Type Price m TO 66 Case 100 THY16A/100 £0.58
o3 Price | (04000 £0.14 CD4012 €018  CDA022 €099 CD4031 £2.20 CDA046 £1.30 CD4071 £0.28 3;‘5':‘0 Price 200 THY16A/200 £0.62
32 £2.00 | Cpag01 €018 CD4013 €050 CD1023 £0.18 CD4035 £1.05 CDA0A7 €110 CDAO72 £0.28 80 THY3A/50 £0.25 [ 400 THY16A/400 £0.77
04002 £0.18  CO4015 £0.90  CD4024 £0.72 CD4037 £0.95  CO4049 £0.55 CD4081 £0.18 [ |37 (V32000 o127 600 THY16A/6D0 £0.90
CD4DO6 £0.98 CD4016 £0.50 CD4025 £0.18 CD4040 £0.95 CDA0S0 £0.65 CDA082 £0.28 200 THY3A/200 £0.33 800 THY16A/800 £1.39
04007 £0.18  CDAO17 £0.90  CDA026 £0.98 CD40A) £0.82 CD4054 £1.20 CD4510 €1.30 | 200 11ivaa, 200 £0.42
CDA008 £0.95  CDA018 £1.00 CD4027 £0.60 CDA042 £0.82 CDA055 £1.20 CD4511 £1.60 | 400 ThvIA,600 £0.50
CD4009 £0.55 (D019 £0.52 C04028 £0.85 CD4043 £0.98 CD40S6 £1.40. C04516 £1.40 | 200 rivaa o09 £0.65
CD4010 £0.85 CD4020 £1.10 CDA4029 £1.15 CD4044 £0.94 CDA069 £0.40 CO4518 £1.08 30 Amp T0 94 Case
MINI- CD4011 £0.18  CD4021 £0.98  CD403D £0.55 C04045 £1.40 CD4070 £0.40 CD452D £1.28 Volts No ]
M U LTI ‘go THVgOA‘ Sgo £1.18
- 0 THY30A/1 £1.43
LI N EA R |CS 5 Amp TO 66 Case 200 THY30A/200 £1.63
T Price Type Price Type Price Type Price Type Price Voits No Price 400 THY30A/400 €1.79
METER et Ma0a1  TEage  MCI3SIP €085 (0ATO3AT €028 SN76013N"£1.40 50 THY5A/50 €0.36 | 600 THY30A/600 £3.50
Size 60x24x90mm CA3014 "€£1.37  |m308r ‘f0.95- MC1352P €085  UA709C °£0.25  3N76023N-£1.40 | 100 THYSA/100 £0.48
Sensitivity 1000 obms/V CA3018 *£0.70  (M309K £1.75 MC1466G *£0.85 72709 "£0.46 SN76110 *€1.50 200 THY5A/2D0 £0.50
AC VOLTS 0-10. 50, 250. CA3020 °£1.40  [M3205V £2.00 MC14661 £3.95 709p ‘€0.25  SN76115 *€£1.90 400 THY5A/400 £057 .
CA3028A "€1.10 iy 12V 0 MC1469R £2.50 UATI0C '£0.40 SN7666 °£0.75 600 THYS5A/600 £0.69 No Price
1000 320-12V £2.0 : . THY5A/ 80 £0.81 BI101/500R £0.80
DC VOLTS 010 50. 250, | CA3035 "£1.30 (M32015v€2.00 MC1496G ‘€090 72710  '€0.30  SL4030 ‘€175 | 800 THy e ) BT102/500R £0.80
1000 CA3036 "£1.35 (M320-24V £2.00 NES36 “£2.00 UA711C ~620.32 SL4144 €1.75 87106 £1'25
DC CURRENT 0-1-100mA CAJoss Eyad lMsson €100 RESioA €210 72711 C€0.32  TAASS08 €035 81107 £0.93
bla CA3043 €155  |M3IBIAN €113  NEB4O  -£2.40 UA723C  £0.50  TAA621A '£2.00 Eos oios
Resistance 0-150K ohms CA3046  '£0.50  1M3900N "£0.63  NESS5  £0.40 72723 £0.50  TAAB6IA '£1.50 N3228 0.
No Price CA3052 "€1.60 MC724P £1.50 NES56 £0.82 UA741C  "£0.20  TAD10O °€1.30 S Amp TO 220 Case §N3535 §°~;g
1322 £5.95 CA3054  °£1.94  MC1303L '€1.45  NE561  '£3.2§ 72741 €020  TBA540Q '£2.50 | Volis No erice :
CA3075 "€£1.50' M(C1304P '£3.60 NE562B '£2.05 741P €0.20  TBAG41B ‘£2.25 | 400 THY5A/400P £0.57 | BTX30/501 £0.33
CA3081  "€1.50  MCI310P "€1.80° NE365A '£2.00  UA747C "€0.70  TBABOO ‘£0.80 | 600 THY5A 60DP £0.69 | BTX30/400L £0.45
CA3089E €160, MC1312PQ"E1.50 NE566 “£1.50 72747 ‘£0.79 TBAB10S °£0.95 800 THYS5A/800P £0.81 C106/4 £0.60
CA3090AQ-€4.25  MC1330P "£1.35 NE567 '€2.60 UA748  "€0.35  TBAB20 ‘£0.90
CA3123E "€£1.40 MC1339 '£1.50 UA702C "£0.46 72748 €0.35 TBA920Q '€3.40
HIGH SENSITIVITY LM301AH *€0.47  MC1350 °€0.75 72702  "€0.46 748P €0.35 I1CA2705 -£3.90 0 R D E R I N G
IEST 2?5;;5"“ v D I O D E s _ Please word your orders exactly as printed.
o BT T i Price  Type Prica  Type Typo  Type Price |
o (R B o oA ype rrice  Type YD r nn ber
A T s wossoo | AAT29 €008 BA173 £ons BY127 €016 BY13 €028 O0ASs roos msaa ooz | DOt forgetting to include our part num
in 10 Ranges AAY30 €009 BB104 £0.15 BY128 £0.16 BYZ16 £0.41 QA9D £0.07 IN914 £0.06
e olis 005 10 07500 AAZ13  £0.10 BAX13 £0.07 BY130 ‘€017 BYZ17 £036 (A31 £0.07 INII6 £0.06 v A T
ot | e B s ma i wan onn oo, @ i =i L
BA100O €0.10 BY100 €0.16 1 - - 1 - N
LoCe orzsllnjafg g;r:gi: BA102 €0.32 8Y10; £0.12 BY1/6 '€0.75 0A10  £0.35 ouog to.og 1S920  €0.06 Add 12%% to prices marked™ Add 8% to
A148 £0.15 BY105 £0.18 BY206 0A47  €0.07 0A202 €0.0i .
ResisEncel Giil00TaRmsltolCf & imeg T iRt fons BYZ10 €036 O0A70 £0.07 SDI0  £0.06 others excepting those marked t. These are
Beciie 20106248 | BAIS5 €018 Byi2a €012 BYZil £0.31 OA79  €0.07 SD19 £0.06 zero
in 10 Ranges BA156 €0.14 BY126 "€0.1§ BYZ12 £0.31 (A8 £0.07 IN34 E0.0_
No Price
SILICON RECTIFIERS
3 Price Type Price Type Price Type Price
| P & P 1850 €0.06  IN4003  €0.07 15020 €0.10 15031 £0.25 .
15921 €0.07  IN4QO4  €0.08  iS021 €0.11 IN5400  €0.13
- 15922 £0.08 IN4005 £0.09 1SD23 £0.13 IN6401 £0.15
15923 £0.09 INAQO6  £0.10 150;5 :gJ-; ::g:gﬁ ;g-:g
Postage and Packing add 25p uniess 15924 €0.10 IN40O7 £0.11 15027 £0.1 b
therwise shown Add extra for || IN4OCT  €0.08  iSQ15 €0.09 15029 €0.20  INS406  £0.21 0 0 6
e MM o Tar il INADO2Z  £0.06 IN5407  £0.25 P_ L B X , UVA RE, I’ER Ts

SHOP 18 BALDOCK ST., WARE, HERTS
AT OPEN 9 to 5.30 MON./SAT
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High quality modules for stereo, mono and
other audio equipment.

PUSH-BUTTON M P A

= STEREO |
| : ] - Enjoy the quality of a magnetic cartridge with
OUR PRICE ONL Y} - - your existing ceramic equipment using the new

' M. P A 30, a high quality pre-amplifier enabling
I H magnetic cartridges to be used where facilities
s F“ted w“h Phase Lock-loop Decouer exist for the use of ceramic cartridges only
It 1s provided with a standard DIN
input socket for ease of connection.

* FET Input Stage

The 450 Tuner provides instant program selection at the touch * VARI-CAP diode tuning

of a button ensuring accurate tuning of 4 pre-selected stations * Switched AFC Full instructions supplied.

any of which may be altered as often as you choose. by simply * Multi turn pre-sets o
changing the settings of the pre-set controls * LED Stereo Indicator

Used with your existing audio equipment or with the BI-KITS . -
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can  Jypical Specification:

be used if no suitable supply 1s available, together with th Sensitivity 3y volts
Transformer T538. pely gethe I € Stereo separation 30db

The S450 is supplied fully built, tested and aligned. The unit is Supply required 20-30v at

easily installed using the simple instructions supplied. 90 Ma max. POSTAGE &

STEREO PRE-AMPLIFIER 1Y, ' \JAR PACKING
e - N [1]1]12)2% mneres

] ) =1 shown. Add extra for
OUR PRIGE

£I 3 75 -airmail. Min. £1.00
/.
O /

STEREO 30

sonavem

I‘:requency Response + 1dB 20H:z

A top quality stereo pre-amplifier ~20KHz Sensitivity of inputs
P g v o [T 1 Tape Input 100mV into 100K ohms

and tone control unit The six

R T 1
push-button selector switch pro 18‘3;0;:",:5' Qv / COMPLETE AUDIG %
vides a choice of inputs together 3 Magnetic P U. 3mV into Ve
with two really effective filters for 50K ohms :
high and low frequencies, plus tape P U !nput equalises to R1AA curve with, -
output 1dB from 20Hz to 20KHz ” TIRATIS

Suppl -35V at 20 / R.M.S.
MK. 60 AUDIO KIT: Comprising " 20 0" & 20mA
2 x AL60's. 1 x SPM80. 1 x Dlmensions /
* 299mm x 8%mm x

BTMB0. 1 x PA100. 1 front panel 35mm

and knobs. 1 Kit of parts to include /,/' 10w R.M.S. AUDIO

on/off switch, neon indicator

stereo headphone sockets plus / AMPLIFIEH MDDULE

instruction booklet. COMPLETE

F & P45p

3
£16.20

PRICE £29.55 plus 85p postage /The AL30A is a high quality audio amplifier module '

TEAK 60 AUDIO KIT: e d replacing our AL20 & 30. The versatility of its design :;:]eeams;;rf"uee? pi\(/)vercaom":)‘l)l;il:?ssanz p(;?/vne]:aéz:)eplysﬁrr\?so
Comprising  Teak veneered cabinet / anr:]aksescgsn:ee;; f;':dre(:(;C:;:i‘dplzyelras, tapeArecorders‘ slTre‘o with only the addition of a transformer or overwind will
size 16%''x11%2""x3% ", other / avanl%t&le comprising a PS1% ‘gge‘{ﬁr:,' wit?nogv?r;rs\l;?oprrz\eisr produce a high quality audio unit suitable for use with a
parts include aluminium chassis. T538, also for stereo, the pre-amp PA12 wide range of inputs i.e. high quality ceramic pipk—up,
heatsink and front panel stereo tuner. stereo tape deck etc Simple to install,
bracket plus back panel / SPECIFICATION capable of producing really first class results, this unitis
and appropriate sockets ® Output Power 10w. @ Supply 2210 32 volts. supplied with full instructions, black front panel knobs.
etc. KIT PRICE £10.70, 4 RMS. main swich, fuse and fuse holder and universal
plus 85p / @ Load Impedance 8 to @ Input Impedance S0K. mounting brackets enabling it to be installed in a record
postage / Bohms. plinth, cabinets of your own construction or the cabinet
< @ Sensitivily 90mv for full @ Total Harmonic Dislartion avallable (deal for the beginner or the advanced
/ output. Less than .5% (Typically constructor who requires Hi-Fi performance with a
/ —u y 3%}, minimum of installation difficulty (can be installed in 30

d . vt @ Frequency Response @ Max. Heat Sink Temp mins) )

60Hz 1o 25KHX ~ 2db. 80°¢. TRANSFORMER £2.45 plus 62p p &p :

ONI_Y £3 60 TEAK CASE £5.25 plus 62p p & p
s @ Dimensions 90 x 64 x 27mm
N NEW PA12 Stereo

K[ Bu 25 Watts (RMS) £ w PA]Z E‘l’i;;:“:m:??':

Modules. Features include on/off volume,
* Max Heat Sink temp 90C. » Frequency response /\/\ Balance, Bass and Treble controls. Complete
20Hz to 100KHz * Distortion better than 0.1 at’ 1KHz » F'e;;l"e'"?y Response 20Mz-20KHz -

o (—3dB). Bass and Treble range,

Supply voltage 15-50v * Thermal Feedback * Latest|';zg fnput impedence 1 meg ohm. i
Dgsngn improvements * Load — 3,4,0, ur 16 ohms *}input Sensitivity 300mV. Supply
Signal to noise ratio 80db * Overall size 63mm. 105mm. |requirements 24V .5mA. Size 152mm
13mm. x 84mm x 33mm. L)

Especially de: |gnea to a strict specfication Only the

finest components have been used and the latest Power supply for AL30A,
solid-stat rcuitry incorporated in this powerful httle

amplifier which should satsfy the most critical A F PA1 2' SA450' etc.

enthusiast a

Input voltage 15-20v A C. Output voltane 22-30v D.C OUR PRICE

Stabilised Power supplv Tvpe SPMBO Output current 800 mA Max. Size 60mm x 43mm x 26mm £I .30

SPMB8O is especially designed to power 2 of the AL60 Amplifiers, Transformer T538 £2.30
up to 15 watts (R.M.S.) per channel simultaneously. With the '

with tape output

addition of the Mains Transformer BMT80, the unit will provide P.0. BOX 6,
outputs of up to 1.5A at 35V. Size 63mm. 105mm. 30mm . ; WARE
e HERTS.

18 BALDOCK ST., WARE, HERTS
AT OPEN 9 10 5.30 Mon./Sat

Incorporating short circutt protection
Transformer BMT80
£2.60 + 62p postage
a
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VALVE MAIL ORDER CO.

Climax House, Fallsbrook Rd., Streatham

London SW16 6ED
Tel: 01-677 2424 Telex: 946 708

SEMICON DUCTOI BDI131 0.51 CRS3/05 045 0A95 0.08 | OC140 1.95 ZTX301  0.13* 2N1131 0.26 2N3702
AAIIS 020 | Aszis BDI132 0.54 CRS3/40 075 0A200 0.10 OC141 2.25 ZTX302  0.17* 2N1132 026 2N3703
AAY30 0.3 ASZ16 1.25 BDI35  0.35% CRS/60  0.50 0A202 0.11 0C170 0.60 ZTX303  0.17* 2NI302 037 2N3704
AAY32 015 ASZ17 1.25 BDI36  0.36* GEX66 150 0A2i6 075 | OCl7I 0.60 ZTX304  0.19* 2N1303  0.37 2N3705
AAZI3 025 ASZ20 075 BDI37  037* GEX541 175 OA21t 075 0C200 1.00 ZTX3H  0.12¢ 2N1304 045 IN3706
AAZI5 031 ASZ21 1.50 BDI38  0.40° GJ3M 0.75 OAZ200  0.65 0C201 1.50 ZTX314  0.20° 2N1305  0.45 2N3707
AAZ17 025 | AUII0  L70* BDI39  043* GI5M 0.75 OAZ201  0.65 0C202 1.25 ZTX500 0.13* 2N1306  0.50 2N3708
AC107 0.75 AULI3  L70* BD140  0.47° GJT™M 0.75 OAZ206  0.85 0C203 1.25 ZTX501  0.14¢ 2N1307  0.50 2N3709
ACI25 030 | AUYI0 L70* BD144 2.00 GMO0378A 150 0AZ207 0.85 | OC204 1.25 ZTX502  0.16* 2N1308  0.60 2N3710
AC126 0.25 BAI45  0.15¢ BDI8] 1.38 KS100A  0.40* 0Cl6 1.25 0C205 175 ZTX503 017 2N1309  0.60 2N3711
ACl27 0.25 BAI4B  0.15° BD182 148 MJE340 058 0C20 200 0C206 175 ZTX504  0.20° 2N1613 033 2N3771
ACI28 0.25 BAIS: 0.10 BD237 0.80 MIE3?0  0.65 0c22 2.50 0C207 1.25 ZTX531 0.20° 2N1671  1.50 2N37T2
ACl14! 0.20 BAI55 0.12 BD238 0.85 MJE37]  0.8§ 0C23 275 OCP71 1.25 ZTX550  0.16° 2N1893 0.3 2N3773
ACI4IK 030 BA156 013 BDX10  0.75 MJE520 0.65 | OC24 3.50 ORPIZ  0.70 INS14 0.07 IN2147 140 2N3819
ACl142 020 | BAWE2  0.05 BDX32  2.25 MJES2I 075 0C25 0.90 R2008B  2.25* IN916 0.07 [ 2N2148  1.65 2N3820
ACI42K 025 BAXI3  0.07 BDY20 142 MJE2955 125 0C26 0.90 R2008  2.25* INGOOI  0.06 | 2N2218 033 2N3823
AC176 0.25 BAXI6  0.07 BDYSC  0.75 MJE3055 0.75 oc28 2.00 R2010B  2.25% IN4OG2 007 2N2219  0.42 2N3866
AC187 025 BC107 0.12 BF115 0.39 MPFi02 0.30° 0C29 2.00 TIC4 0.36 IN4003  0.08 2N2220 035 2N3904
AC188 025 | BCIO8 0.12 BFI52 025 MPF103  0.30° 0C35 1.50 TIC226D 1.30 IN4004  0.08 aN2221 02 2N3905
ACY17 065 BC109 0.13 BF153 025 MPF104  0.30* 0C36 1.50 | TIL203 025 IN4005  0.13 IN2222 025 2N3906
ACYI8 065 BCII13  0.15° BFi54 0.25 MPF105  0.30° 0C4l 0.50 TIP29A  0.50° IN4006  0.15 | 2N2223 275 2N4058
ACY!9 065 BCIl4  0.18* BFI59 0.35 MPSA06  0.20° oc42 0.50 TIP30A  0.60% IN4007  0.15 2N2368  0.17 2N4059
ACY20 0.65 BCIIS  0.19* BF160 0.30 MPSAS6  0.20° 0c43 1.50 TIP3l1A  0.62 IN4009 015 2N2369A 021 2N4060
ACY2l 085 BCII6  0.19* BF167 0.39 MPSUO!  0.32¢ OC# 0.50 TIP32A  0.75 IN{148  0.07 IN2484 021 2N4061
ACY39 100 | BCIIT  022* BF173 0.39 MPSU06  0.40% 0oC45 0.50 FIP33A 1.0 IN5400  0.14 | 2N2646  0.50 | 2N4062
AD149 0.70 BCII8  0.167 BF77 0.38 MPSUS6 0.45* oc7 045 TIPHA 120 IN5401  0.18 2N2904 035 2N4124
ADISI 075 | BCI25  0.8° BF178 0.45 NKT401  2.00 ocn2 045 TIPAIA 070 1544 0.06 | 2N2905 035 | 2N4126
ADI162 075 | BCl26  0.25° BF178 0.48 NKT403 173 oC73 1.00 TIP42A  0.90 15920 0.08 | 2N2906 025 | 2N4286
AF10 0.45 BCI35  0.15* BF 180 0.45 NKT404 173 0oC74 0.50 TIP2955  1.00 15921 008 | 2N2907 0.2 2N4288
AF114 0.25 | BCI36  0.19* BFi81 0.45 NE555 0.45 oC75 0.60 TIP3055  0.50 2G301 100 | 2N2924  0.15° | 2N4289
AF115 025 BCI37  0.16* BF182 0.45 0A5 0.75 ocre 0.50 TIS43  0.35* 2G302 1.0 | 2N2925 017° IN5457
AFi16 025 | BCl47  0.10* BF183 045 OA7 0.55 oc?? 1.20 75140 0.25° 2G306 L10 | 2N2926  0.13° 2N5458
AF117 0.25 BCI48  0.10* BF184 0.39 0Al10 0.55 0C81 0.75 ZS170 0.2+ 2N404 0.60 2N3053 0.5 2N5459
AF139 0.40 BCI49  0.13% BF185 0.37 OA47 0.14 oC8lZ 1.00 5178 0.54° 2N696 025 | 2N3054 0350 | 3125
AF186 1.50 BCt57 0.2+ BF 194 0.12¢ 0OA70 0.30 0C82 0.75 zs2m 0.22¢ 2N697 0.16 2N3055 0.65 IN14]
AF239 0.45 BC158  0.11* BFI95  0.I1° OAT9 0.30 0Cs3 0.55 Z5278  0.56° 2N698 0.30 2N3440  0.60
AFZI11 2.75 BCi59  0.13* BF196 0.13¢ OABI 0.30 0C84 0.60 ZTX107 0.11* 2N705 0.80 2N3441 0.80
AFZ12 2.75 BCI167  0.13* BFI197  0.14* OABS 0.30 oCl122 1.50 ZTX108  0.10* 2N706 0.12 2N 3442 1.20
ASY26 0.45 BCI70  0.16* BF200 0.32 0OA90 0.80 0C123 1.55 ZTX109 0.12° 2N708 0.21 2N3525  0.80
ASY27 0.50 BCI7 0.14% BF224 0.20¢ 0A9} 0.08 OC139 1.25 ZTX300 0.12* 2N930 026 2N3614 1.20
VALV E s DF9% 1.00° ECCY1+ EN92 1.84 G233 4.00° M8212 8.62 PCC89t  1.05* PL509  2.16° | QZ06-20 18.95
DK9I+  0.55¢ ECCI89 EY51t  0.75% Gz34:  1.24° MR223 2.30 PCC189+ 0.65° | PL5I9tT  2.96* RI0 5.00
Al834 DK92 1.25% ECC807 EY8! 1.65¢ G237 4.00° M8224 2.80 PCC805+ 0.95% PL8OI L10° RI7 1.65°
A2087 1048 DK96 L1o* ECC808 EY83 1.75% KT6! 3.50* M8225 2.60 PCC806* 0.95* PL802¢  1.80% RI8 1.86°
A2I34 481 | DL92 0.75* ECF80+ EYB4 3.86* KT66 4.00° M8248 6.54 PCES82t  1.05* PY33 0.68* RI9 1.00°
A2293 410 | DL94 1.20* ECF82t EY86:  0.50° KT88 4.75% MUI4  L00* PCF80  0.72¢ PY8It  0.72* R20 1.00*
A2426 920 | DL% L10* ECF86 EY88 1.75* KTW6l L7 MXHI9 1749 PCF82¢ 0.50* | PY82 0.45* RG3-250 885
A2521 853 | DLSIO0 8.25 ECH35 EY500A 1.36* KTW62 1.7 MX[23 8207 PCF86+ 0.65* | PY83 0.60° RG3.250A 8.85
A2900 4.85. | DLSI5 8.25 ECH42 EY802 0.82* KTWE3  L75% MX145 2525 PCF87¢  1.00* PY88+ 0.68* RG3-1250 20.95
A3343 1843 | DLSi6 825 ECHB8I+ EZ35 0.55* MBO079 838 | MX151 11.68 PCF200+ 1.05¢ | PY500A+ 1.36° RG4-1250 27.50
AZ31 1.10* | DLSI9 825 ECH83 EZ40 1.25° M8080 3.80 [ MX152  61.65 PCF201¢ 1.05* | PY800/81+0.72* RG4-3000 53.45
AZ4l L15* | DM70 1.25 ECHB84t EZ41 1.25% MB8081 616 | MX161  66.60 PCF80Lt 0.55* | PY80l  0.72¢ RR3-250  9.55
BK 448  62.70 | DM7t 1.25 ECLEOt EZ80t  0.30° M8082 465 | MX163 168 PCF802¢ 0.72* | QQV02-6 9.00 RR3-1250 22.00
BK484 8470 | DMI60 150 ECL8] EZB1+  0.35* M8083 5.60 MX164 1256 PCF805 1.28* | QQV03-10¢ L60 | SIIEI12  18.00
BS90 2725 | DY86/7+ 0.45% ECL82+ EZ90t  0.45* MB8091 7.70 | MX166  59.40 PCF806  0.80° QQV03-20A+ 5130 2.00
BS8l0 2775 | DY802  0.68* ECL83 FN4-500 2.50° M8096 375 | MXI168  22.28 PCF808  1.28* 8.50 S130P 2.50
BTS 3115 | ES55L 21.89 ECL84 FN4-800  2.50% M8097 356 | N78 7.50* PCL82t  0.50* [ QQVO06- 40A‘ STV80-40 10.00
BT17 55.64 | ES0CC 1.86 ECL85 G1-371K  15.00 M8098 320 | OA2t 0.45 PCLR3+  0.92* 8.50 STV280-8020.00
BTI9 19.00 | EBOCF 6.23 ECL86+ G55-1K 950 MB8099 520 | OA3 1.10 PCL84+ 0.50* | QQVO7-5034.80 SU4l 2.50
BT29  169.70. | EB0F 5.57 ECLL800 G180-2M  12.90 MB8100 590 | OA4 110 PCL85t  0.80* | QQZ03-20A sU42 9.00
BT69 17365 | ESOL 5.3 . EF37A+ G24020 11.75 M8136 595 | OB2t 0.45 L86+  0.65¢ 27.50 | TD03-10 1500
BT75 7225 | E8ICC  5.76 i EF39+ G400-1K  13.50 M8137 608 | 0B3 0.75 PCL805 85+ QQZ06-40A TDO3-10E 17.50
BT95 66.80 | EBIL 5.61 . EF40 GN4 2.50 MBH40 450 | OC2 2.30 0.80* 38.80 TDO3-10F 17.50
CBL3l  130* | E82CC 5.95 1 EF4l EL500/504 1.50* GN4A 250 | M8l4l 485 { OC3t 0.45 PD500  3.00° u37 1.00 | TTI5
CL33 2.00° | E8CC 608 § EF42 EL509  2.16° GS16 9.00 M8142 400 | OD3t 0.45 PE66 40N 27.30 | QV03-i2 300 | TT2!
CY3l L.o0* | E84L 5.25 X EF50+ EL821  4.32¢ GTIC 6.95 M8144 375 | OZ4 0.75° PFL200  0.88% VO4-7 250 TT22
CIK 10.00 | E86C 8.83 Y EF54 EL822  4.65* GU50 9.66 M8149 510 | PC86t  0.85¢ PL36*  0.92* | QV08-100 8240 | TTi00
C3A 10.00 | ES8C 5.24 i EF55 EMB80 L.10* GUSs! 9.80 M8161 562 | PC88+  085% PL8! 0.55¢ Y3.65  40.40 TY2-125
C3JA 10.00 | E8SCC 1.00 1. EFB0t EMS81 1 GXUI 1043 M8162 576 | PC95 0.70* PLBIAT  1.00* [ QY3.125¢ 10.00 TY4-400
DA4i 1685 | E9CC  4.92 . EF83 EM84 X GXU2 1720 M8163 450 | PC97 0.88* PL82 0.60* | QY4250 51.30 TY4-500
DA42 881 | E9OF 5.02 . EF85 EM85 1.25% GXU3 2542 M8190 460 | PC900t 0.75% PL83t  0.55% Y4-400  55.50 1Y5-500
DA1O0  31.86 | E9IH 4.65 . EF86+ EMB7 1.50¢ GXU4 2194 1 370 | PCC84t 045° PL84t  0.60* | QY5-500 118.50 TY6-800
DAF9I+ 040* | E92CC 486 . EF89 EN32 550 [. Gysol  L32* M8196 340 | PCC8  045° PL504/500¢0.96* | QY5-3000A TY6-5000A
DAF96  1.00* | E99F 538 ECC85+ 0.55* EF91+ ENSLT 055 | Gz 0.75* MB204 3.50 | PCC8S  0.85* PL508t  1.32% 170
DET22 1512 | EI30L  16.85 ECC86  2.00* E;ggf P 5 = 135 -
DET24 4100 | EIS0CC 523 ECCS8t  0.60° + . 0.60 5 . 74159 250 74198
DF9It  0.40° | EIS0F 5.64 ECC89  0.75* EF94t  0.55° INTEGRATED CIRCUITS 7493 0.70 74126 080 | 74170 2.60 74199
- T 7400 0.20 7422 025 | 7453 0.20 7494 0.80 74128 080 | 74172 5.00 76013N
BASES CRT'S i{EP7 25.00 | VCRI38A12.50% | 7401 0.20 7423 0.35 7454 0.20 7495 0.80 74132 0.80 | 74173 1.75 TAAS570
4EPIl - 25.00 | VCRI39A 8.00* | 7402 020 7425 0.35 | 7460 0.20 7496 0.90 73136 088 | 74174 1.57 TAAG30S 3.50°
B7G unskirted 0.15 2AP1 S5ADPI 35.00 | VCR517A 3.00* 7403 0.20 7427 0.35 7470 0.35 7497 3.67 74141 0.85 74175 Lo0 TBA480Q 1.84*
B7G skirted 0.30 | 2BP} 5BP1 5.00* | VCR517B 3.00* | 7404 0.26 7428 0.50 7472 0.36 74100 1.75 74142 3.00 74176 L10 TBAS520Q 2.30*
B9A unskirted 0.15 | 3BPi 5CPi 5.00* | VCR517C 3.00° | 7405 023 7430 020 | 7473 0.36 74107 0.45 74143 3.00 | 74178 1.65 TBAS30 ~ 1.98%
B9A skirted 0.30 3DP! 5CP1A 40.00 7406 0.55 7432 0.36 7474 0.40 74109 0.86 74144 3.00 74179 1.65 1BAS 2.30*
[nt Octal 0.20 3EG! 5FP15A 5.00 = Surplus 7407 0.55 743 0.37 74753 0.59 74110 0.57 74145 1.00 74180 1.65 1BA350Q) 3.22*
Mazda Octal ~ 0.20 |, 3FP7 5FP7 5.00* MU metal | 7408 0.28 7437 0.42 7478 0.42 7411 0.86 74147 245 | 74190 1.48 TBAS560C()3.22*
Nu istor .25 | 3GP1 sur? 5.00* | screens 1.50 7408 0.28 7438 0.37 7480 0.60 74116 1.88 74148 2.00 74191 1.48 TBA673  2.19*
Loctal 0.55 | 3Ip1 DG7-5 2500 | 57 MU metal 7410 0.20 7440 022 7482 0.85 74118 0.85 -74150 L.75 74192 1.25 TBA700 1.52%
8pin 0.15 | 31p2 DG7-32  36.00 | screens 250 | 7412 0.26 44IAN  0.92 7483 oo | 74119 2.00 74151 090 | 74193 1.25 TBAZ20Q 2.3
14 pin 0.15 3JP7 DH3-91 3500 | Tube Bases 0.75 7413 0.45 7442 0.78 T84 1.00 74120 1.10 74154 2.00 74194 1,25 TBA750Q 2.07*
16 pin 0.17 | 3KP1 DH7-11  68.00 7418 0.40 TH47AN 120 7486 040 | 74121 0.45 74135 080 | 74195 L1o TBAYINQ 2.99°
Valve screening 3RPI VCRY7  5.00* 7417 0.40 7450 0.20 7490 0.52 74122 0.60 74156 0.90 74196 1.20 TCA27(K) 2.99%
cans afi sizes 030 | 4EP1 VCRI38 10.00* 7420 0.20 7451 0.20 T49IAN 085 | 723 100 | 74157 090 | 74197 1.00 TCAT60A 1.38°
Terms of C.w.0. and ing valves and semiconductors 25p per order. CRTs 75p. ltems marked * add 12 ¥z % VAT. Othars 8%
1 Indicatea cheap quality vorsion or surplus, but also available by leading UK and USA mamifactureraiPrice ruling at time of despatch. Telephone 01-677 2424/7
to app with mi order charge £10. Carriage and packing £1 on credit ordars. Over 10,000 types of Valves, Telex 946708
tubes and semi in stock, £1 each Free on orders over £25.00. E& O.E.

All prices include V.A.T. Carriage & packing add 25p (U.K ). Addl

* NEW * FULLY GUARANTEED

extra for overseas. Cash with order only Discounts over £5 less
5%, over £10 Jess 10%. over £25 less 15% AS -P AK COMPONENTS * FULL SPEC
BEAD TANTALUM
172233 47 68l 35v allvaivgs | m:m;:w';u:s 92 GODSTONE ROAD ) SEMICONDUCTORS « 0UANT|-
R 16v 25v 40v 63v
223.34768uf 3bvall values 12| 1 045,05 055 .06 WHYTELEAFE SURREY CR3 OEB TY nlscuuu'rs *
10uf 25v 3| 15 045 .05 .055. -
22uf 16v A3 22 .045.05 .055.06 BC212 .12 |[MPSALE .22 [IN914 .06 | 2N3702 .08 | 4042 80 JLINEAR 7410 A6 | 7473 .35
330 10v 4| 33 045.05 055.06 BC212L .12 |MPSUO1 .35 [IN40O1 .05 [2N3704 .07 | 4042 ‘99 |380.14 105 | 7411 25 | 7474 38
270t 6 3v as| a7 .045.05 .055.06 BC213 11 |MPSUST .38 [INa002 055 | 2N3705 .07 | apa9 'ss [5558 36 | 7412 28 | 7475 2
68 100uf 3v both values 5| 68 05 .055.06 .07 BC213L .11 |oad7 .08 |IN2003 .06 | 2N3707 .08 | 4054 110 {71014 .32 | 7413 28 | 7476 a7
10 05 .06 .07 .09 BC214 .13 |0A79 08 [IN4O04 075 [ 283710 .07 | 4060  1.10 711~14 32 | 7414 60 | 7483 92
CARBON FILM RESISTORS 22 06 07 .09 .13 BC214L .13 | 0A90 .07 [IN4005 .09 | 2n3819 .22 | 4066 50 as | 7416 30 | 7485 1.25
6 watt — 101 — 1M — E12 Seres [ 33 07 .085.10 .15 BCY70 17 foast 075 [IN400S .10 | 293904 .12 | 4069 ‘a0 VOLTAGE REGS | 7417 30 | 7486 3a
.01 each. .08 lor 10 ot any one value. | 47 .08 .10 .12 .19 8CY71 18 | 0C20 .88 [IN4QO7 .11 | 3N3906 .12 [ 407t .26 1.25 | 7420 16 | 7489 2.80
-75 for 100 ot any one value 100 10 .13 .18 .26 BCY?72 .15 |oc28 .78 [IN4148 .05 | 2N4058 .12 | 4081 20 723'4 46 | 7425 20 | 7490 .42
1.C. SOCKETS LEDS 150 11 a5 20 28 80131 .40 |OC35 78 |INS402 .38 | 2N40B2 .12 | 4093 ‘80 {7805702201.30| 7426 26 | 7492 a8
8 im 1 1250 v | 220 12 16 22 32 80132 .41 |0C36 .78 [1544 ‘05 [ cmos 4501 ‘20 |7812702201.30| 7427 30 | 7493 a2
14 oo ‘12|res 09 09| 330 14 18 .26 .36 BFX85 .25 [TIP29A .46 [1S920 08 | 2000 48 (4502 1,00 |7815702201.30| 7430 6 | 7495 78
06 o 13c % potmaio 16 20 29 40 BFX87 .24 |TIP29B .55 |2N696 .15 [ 4001 120 | 4507 60 |7905702201.95| 7432 30 | 7496 ‘80
245 P H el o} 680 18 24 35 A48 BFXB8 .24 |TIP30A .52 [2N706 .20 | 4002 120 | 4511 1,50 [7912102201.95| 7437 33 | 1412 32
2o Mamber 257 257 (500 .20 .29 .41 BFY50 .16 | T:P30B +.62 [2N1306 .35 | 4011 20 [ 4528 1,05 [7915102201.95| 7440 6| 74123 70
400mW ZENER SCR's 2200 .24 .38 .60 BFYS1 16 | TiP31A .84 [2n1307 35 {4012 120 | 4556 ‘98 17400 TTL 7441 8 | 74132 75
DIODES 7amp 100v 50| 4700 39 52 .85 BFvs2 18 |TIP31E 65 2298 20 s013 50 | 4583 80 |7400 28 | j1a ol avay a0
7 amp 400v .72 BSX19 .20 TiP32A i B . . B .
Zaigcvh mamp"w& ‘y5) BAXiE .05 | BC1SB A1 Bsx2y ‘25 | TiP328 75 |2N2222a .20 | 4017 85 308&'4;5 35 |7902 16 | 7347 76 | 72147 1,40
' An BC107 085 | BC159 .19 | yrye340 66 | TIPATA .67 [2N2368 .20 14020  1.0§ - -35 {7403 16 [ 7450 A6 | 74150 1.4
e Rl DIAC BC108 085 | BCIB2 .11 | wye371 .66 |TIP4IB .70 [2N2646 .42 | 4024 75| 70914 .46 |7404 6 | 7451 16 | 74151 78
oo sodl ™ [er100 26f BC109 .09 | BCT82L 91| wig521 .60 |TIP42A .75 [2N2904 .20 | 4025 207418 22 7405 .16 | 7453 16 | 74153 85
il BC147 .09 | BC183 11| wyeo9s5 .92 | TIP428 .80 [2N3053 .17 | 4027 .60 -20 17406 32 | 7452 a6 [ 74182 137
8C148 .09 | BC183L .11 | p9e3085 6§ | TIP30S5 .50 |2N3054 .42 | 4030 55 | 741 1099 .48 [7407 ‘3z | 7460 a6 | 74157 70
150 amp 100v stud rectfier — swd | 5ciag .09 | 8C184 11| vpsags .22 |2TX107 .10 |2N3055 .42 | 4033 1.50| 14714 .70 |7408 16 | 7470 30 | 74161 1.00
grode 1.00 [ C1s7 90 | BCI8AL 1] wpcaiz 23 |sixzoa 20 |9N34a0  oso | 4040 1.99] 3900 50 {7499 a6 lza72 32| 22173 3is0
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SERVICE TRADING CO GEARED MOTORS

115 4b. ins. 110 volt, 50Hz, 2.8 amp, single phase,
RELAYS it Sesione | caroge s L R or N s ssEnicem QDNCIRCO SERCT Tl
i your enaurries b iy INFUT 230 v. A.C. 5050 P R P S B T
~ OUTPUT VARIABLE 0/260v. A.C. (ength 145mem. ex-equipment tosted £12.00. Post
WHY PAY MORE?! BRAND NEW. All typos £1.50 Suuable wransiommer 230/240 volt €8.00.
MULTY RANGE METER. A.C. volts 2.5-500 D.C 200W (1 Am) . fi dpA/C Post
voits 2.5-500 {Sensttivity 20001}/v D C. & A.C.Y p) fitte
D.C curent 0/1/10/100 mA Ohms range voltmeter .. ... 15 R.P.M.

Type SD48 15:.p.m 80 lb ins. Input 100/ 120 volt A.C Length incl
gearbox 270mm. Height 135mm. Width 150mm. Shaft drive 16mm
Weight 8.5 Kilos BRAND NEW Price £10.00, carr £1.00

Suitable transformer for use on 220/240 volt A.C. £6.00. Post 50p

0.5 KVA (Max. 22 Amp)
1 KVA (Max. 5 Amp)
2 KVA (Max. 10 Amp)

Sturdy compact moving coil instrument with 21
ranges, dimensions 120 X 80 X 44mm. Weight
0.32 kg SERVICE TRADING CO. Price £5.50.

Incl leads and battery Post 50p (Total price inc
VAT & Post £6.48.) 3 KVA (Max. 15 Amp)

M 4 KVA (Max. 20 Amp)

TRIAC. Raytheon tag symmerricai Trnac Type Tag 250/500v 10 amp . F
500 piv Glass passivated plastic trac Swss precssion product for long LT TRANSFO RME RS

term rehabitty €£4.25. P&P 10p (inclusive of date and application 0-12v/24v at 1 amp £2.50 p&p 50p
sheet) Suitable Diac 20p. 0-15vat 1 amp. + 0-15v at 1 amp(30v 1 amp.} £2.50 p&p 50p BoDlNE PE N C 0
25.0-25v at 2% amp. £4.50 p&p 75p | Y Ll
0 to 60 MINUTES CLOCKWORK TIMER. 0-12v/24v. 10 amp £12.35 p&p £1.50 GEARED MOTOR
Double pale 15 amp 230AC. Contacts {no dial) £1.50. P&P 30p O-4v/6v/248v/32v 3t 12 amp £13.00 p&p £1.50
0-12v at 20 amp or 0-24v at 10 amp £12.40 p&p £1.50
0-6v/12v/17v/18v/20v at 20 amp £14.00 p&p £1 50
GALVANOMETER. 50 mcro muror gavo 0-6v/12v at 20 amp £11.85 pap £1.00 (Type 1) 71 rp.m. torque 10 1b. in
Calibrated 50-0-50 and 0-100. Mig. by Gnifin & George Other types in stock. phone in enguiries. Reversible 1/70th h.p. cycle .38 amp. This U.S.A motor is offered in
Lid Oftered at traction of maker's price, in onginal mmnistry —_— — O g as new condition. Input voltage of momr 115v A.C. Supplied complete
packing £12.00, p&p 60p 300 V.A. ISOLATING TRANSFORM ER with transfarmer for 230 /24 %v . input.
1167230 'scicened primary, two separate or 116y for 115 or 230v. Fuce e £6.25. st 755 o 03 wansiormer €3.75. Post 85p

ype 3) 71 r.p.m. 230 Vot A.C.

- Secondary two 115v at 150 V.A. each for 115 ar 230v output. Can be used Continuously rated. Non reversible £6.50 Post 76p

n seres or parallel connections. Fully tropicalised. Length 13.5¢cm . width
CONTACTOR c 5 11cm . werght 151bs. Special price £6.00, carr. £1.00

Mig by Hendrey Relays. type €2838 . 2

220/250 AC ops. Contact 4C/0 at 20 amp i meef . - : ﬁ)'oEig)' WA'I:E RzalngmMm P480w

at 440 vohs Al oy .00. P v ] v a motor

o © price £6.00. PAP 750 1 RODENE UNISET TYPE 71 TIMER approx 1 3 hp drving a centnifugal pump

0-60 sec 23Cv AC operation._ Incorporating a lapsed time | with 12 let and outlet delivering approx
ndrcator and. repeat facibities. A precision motonsed timer | 20 galls . rmn at 1001 head Ideal for

CITENCO wdeal far process uming, photography, welding, mixing etc umgpm e N o e

FHP motor type C7333/15 220/240 voits AC. 19 rpm reversibie | Price £6.00 pip 60p 1| Pant viscosty hquid Dozens of uses i & :

motor. torque 14.5kg, gear ratio 1441 Brand new ncl compasitors - .ndusmai’igbs etc Note this pump 15 not

our price €14.25. P&P £1.25

230 VOLT AC FAN

s‘lnnBE' S'I'nuBE' STR‘DBE' seff-pnmng Price £15 + 75p p&p

ASSEMBLY * HY-LIGHT STROBE KIT Mk. IV
P Mot omplele Latest type Xenon white light tube. Solid state tming and CITENCO
2 e £3.95. 1
:v? b al £3.95 * nggenrg circuit 2307240 volt A € operation. Speed adjustable PP motar type C 7333 15220 240v ac 19 ram reversible moto

torgue 14 b ky Guar ratio 144 1 Brand new mcl capacior our pric

* 1-20 lps. Designed for large rooms, halls, etc. Light oulput
£14.25 + ) 25 p&p

greater “han many (so called 4 Joule) strobes. Price £18.00. Post
75p Sgpecially designed case and reflector for Hy-Light £8.25.

* Post £1 00
A RRRARIIAE IR KA RK KKK

ULTRA VIOLET BLACK LIGHT
% FLUORESCENT TUBES

* 4ft, 40 watt £7.00 [callers only). 2ft. 20 watt £5.00. Post 60p
(For use n stan brpm fittings). MINI 12in. 8 watt £1.75. Post *
25p 8im. 6 watt £1.40. 6in. 4 watt £1.40. Post 25p

21-WAY SELECTOR
SWITCH with reset coil

The ingenious electro mechanical device can be
switched up to 21 posttions and can be reset from
any position by energising the reset coil
230/240v. A.C operation. Unit 15 mounted on
strong chassis Complete with cover. Price £5.50.
P&P 75p.

REVERSIBLE MOTOR 230V A.C.

General Electrnic 230v A.C.. 1,600 rp.m. 0.25 amp Complete with
anu-vibration mounting bracket and capacitor C/A size 110mm x
95mm. Spindle 5/ 16" dia. 20mm long, Ex-equipment tested £3.00.
Post 50p

ryxxxxxxxxl

I o s ) *
VORTEX BLOWER AND * Complete ballast unit Either 6. 9 or 12*' tube 230V A C. op * REVERSIBLE MOTOR
£3.50 plus p&p 40p. Also available for 12V. D.C. op, £3.50 plus
VACUUM UNIT o&p 40p * AEl 1712 hp continuous rated, reversibie motor 100/120v A.C
Wiy bal J totally enc 9 50/60 cycte 2850 r.p m. Flange fixing dia 4", length 42" shaft 1
—n an delive o PSS R RN S R X 5/16" Prce £3.25. P&P 75p,
3 Ma
W ¢ XENON FLASH
: GUN TUBES -
P ’""V Range of X«non tubes avarlable from METERS NEW 90mm Diameter
; g a sock S AE for full details Type: 65CS D.C. mc. 2, 5 10, 20, 50 amp £3.00.
= B T >b pra—— 100 amp £3.25. Type: 6272 A.C. M/I 1. 10, 50 amp
m " ha ( £3.00 0-150 Volt. A.C. M/I £3.25 and 300 volt A.C i
M b R/M/C £3.00 P&P 30p
£12 & —
i d0vac £6 BENDIX MAGNETIC CLUTCH i
&P 4 y
Far SQUAD LlGHT Superb example of electro-mechanics. Main body / E
A new conception in hght n 1wo s?clvor&s Coil section 1s fixed andhhas %' &
H W Ler control  Four channels each 3 sieeve The drive section rotating on the outer |
NI-CAD BATTERIES €  capable of handling 750 watts of penmeter. When engaged the transmission ts -
A 1 & ‘¢ spotights. floodhghts or dozens of small mains lamps. Seven extremely powerlul Diameter 1%:"' Total width
< g programs all speed controlled plus flash modulation, effecuvely 17" 24V D.C. op. Price £3.50 plus p&p 45p
' giving 14 ditferent displays. Makes sound-to-hght obsolete
St C leely et 11 b It 1
40 A ) 3 ompletely electnically and mechanically noise ;zze ek TIME SWITCH
. e Post 75p S.A E. {Fooiscap) for further details : Horstmann Type V Mk Il T-r2“4e Swuch 2007250 vcl“
i b A C Two on/two off every hours at any mancally
UNISELECTOR SWITCH A - O ren g e
el way 75 ohm col 36-48v D 5 o Wide range of AC and OC relays available n case of power failure. Day omuaung device Fitted in
rpe’ahon L3 [y G, (K e & TN Bk R E AY © from stock Phone or wrte 0 your heavy high impact case, with glass observanon
75p Total price nc VAT £5.40. &> 7 enquines window Built to highest Eiectncty Board spec
-\\.w- indwidually tested. Price £7.75. Post 50p (Total inc
>3 5 VAT £8.91)
MINIATURE UNISELECTOR e FT3 : ==
12v 11 way 4 bank (3 non-bridging. 1 homing) €2.50. P&P 35p High intensity multi turn voha B
ge, neon —
glow. discharge Hash tube. Design for ‘ A.C. MAINS TIMER UNIT
ignition timing, etc £1.50 P&P 25p. 3 for =g s Based on an electnc clock, with 25 amp
MICRO SWITCHES £3.00 P&P 50p % === singie-pole switch. which can be preset for any N
Jmron roller micto ;wnch Type VIS FL 22-1C. 10 for £2.00 1 penod up to 12 hrs ahead to switch on for any 3

tength of ume. from 10 mins to 6 hrs. then
switch off An additionai 60 mn. audible timer 1s
also incorporated. Ideal for Tape Recorders

0st 50p (Min_order 1
gub miniature Burgess 'ype V4T 1 10 for £2.50.
50 tor £10.00, post paid

RESET COUNTER

Sub-miaiature Honeywell roller M/ S Type 3 115M 808T 10 2 : & g J Vg Veeder Boot type Lights. Electric Blankets etc Auracuve satmn

:I\fzznsgp?;k?razl% 20 o Mig F e UI'75,”&~_ ‘é:‘ 50 pan 25 copper himish Size 135 mm x 130 mm x 60 mm
200 : o (2. Price £2.25. Post 40p (Total inc VAT & Post

Jnimax USA 10 for £4.00 plus 50p P&P {min. order 10

NEW HEAVY DUTY . BIG INCH

SOLENOID r— Tiny precision built,3 rpm USA motor size

Mig by Magnetc Devices 240v AC only 1 % 1 100 voit AC op. supplied with

operation approx 20lb pull a1 1 25" Price c resistor for 230 volt AC price £2.00 P&P

£7.00. P&P 75p 3 20p. 4 for £5.00 post paid

Similar to above approx 10ib pull £3.50. &

P&P 60p INSULATION TESTERS New ceramic construction witréaus enamel

NEW) embedded winding. heavy duty brush assembly
230-250 VOLT A.C. SOLENOID { Contnuously ated
s, est 10 |t E spec Rugged metal construction =

imidar in appearance to dlustration . e 25 WATT 0 2 1 501 £€1.90. Fos
Approxmately 1%lb pull Size of toet 1% X 13/ 16 suitable for bench or field work constant speed 506 WATT £2.40 100 WATT
Prce £1.00. Post 26p 7 clutch Szet Bin. W 4in. H 6 in.. weight 6 Ib. - o 2 B ) 16k PV

500 VOLTS 500 megohms £40.00 Post BOp
1000 VOLTS 1000 megohms £46.00 Post 80p

24 VOLT D.C. SOLENOIDS SAE for (eaflet

UNIT containing 1 heavy duty solenoid approx. 25 Ib. pull at |

‘avel 2 solenods of appros 1 o pull 3 U6 m iavel § Soienads of AT CURRENT RATE
79:\).;:», du!‘y ' make :elgy';nzle F:;o]o.‘r’zsytﬁ 00 ‘é‘ﬂ%‘i’.ﬁ MUST BE ADDED PROGRAMME TIMERS
N 230 Vot AC Operation. 15 or 20 rp.m
240 A.C. SOLENOID OPERATED . é&- TO ALL ORDERS  Jf e St el
T s FOR THE TOTAL VALUE OF GOODS INCLUDING || BERS
Rated T ps+ will handle up 1o 7 ps 1 Forged brass body ) £5.00
POSTAGE UNLESS OTHERWISE STATED £7.50

Pvec-:-itndr:ade‘ émndshlm(gmg pep et ot h_ = L
ACCOUNT CUSTUMERS MIN. DRDER EI 0_00 Posl Gap Also avallable tor S0 vull AC opevahon Prices as ab< ve
ALL MAIL ORDERS, ALSO CALLERS AT: SE RVI c E TRADI N G co- PERSONAL CALLERS ONLY

PRICE £2.75. Post 50p new ongnal packing

70.
BI-ck Sllvnr Skmod knob ¢l biaten N
bo.e Roeosiits 22p o8,

57 BRIDGMAN ROAD, CHISWICK, SHOWR M 9 LITTLE NEWPORT STREET,
LONDON, W4 588. Phone: 01-995 1560 SHo AI\?IPLE EARNKCI)A\{\(I; OFEN LONDON, WC2H 7JJ
Closed Saturdays. Tel.- 01-437 0576
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HI-FI NEWS 75W/CHANNEL AMPLIFIER

Loty ot 15

4

Bai b er r.,

By J. L. Linsley Hood

Pack Price
1. Rbreglass printed-circull board for power amp £1.15
2. Sel of resistors. capacitars. pre-sets for power amp

£

............ 2.50
3 su ol semiconductors lnr powar lmy £6.50
4. Pair of 2 drilled. tinned heat sinks . . £1.10
5. Fibreglass printed-circuil board for yra-lmy '£1.90

6. Set of low noise resisiers. capacitors, pre-seis for
Preamp ... £4.10
7. Set of low nnlu nlqh Qain semiconduciors for
PrOMD ... £2.40

8. Set of potentiometers (including mains-swilch) £3.50
9 Set of 4 push-buiton swilches. rotary mode
swilch ... £5.40;
10. Torsidal ' Iransformer cnmpme “with m:gnmc
screen/housing Wﬂ 117-234 ¥: secondaries:
BOBBLBY £10.95

Designed n response to demand for a tuner to compiement the world-wide
acclaimed Linsiey Hood 75W Amplifier, this kit provides the perfect match.
The Wireless World (Skingley and Thompson — April, May 1974) published
original circuit has been developed further for inclusion into this outstanding
slimline unit and features a pre-aligned front end module. excelient a.m
rejection and temperature compensated varicap tuning, which may be §
controlled either continuousty or by push button pre-selection. Frequencies are §
indicated by a frequency meter and shding LED indicators, attached to each

channel selector pre-set. The PLL stereo decoder incorporates active filters for &
suppression and power is supplied via a toroidal transformer and
For long term stability metal oxide resistors are used

‘birdy’
integrated regulator.
throughout
Pack Price
1. Rbroglass printed beard for tront end ¥ sirip,
demodulator, AFC and mete circuits . ... . £2.15

2. Set of metal exide resistors, thermistor, capacilors,
cermel presel lor moumting on pack | .. .. £4.80
Set of transistors, diodes. LED, Integrated ‘circuits for
mounting.oa pack 1 ... .. .. ... ... £5.25
Pro-aligned front end medute, coil assembly, three
section ceramic fitter ... ... ... ... £8.50
Fibreglass printed circuit board lor stereo decoder
£1.10
Set of metal oxide resistors. capacitors. cerme!
preset for decoder . . £2.60
. Set of transistors LED, integrated circuit lor decoder
£2.90
Set of components for channel selecior Switch
module inciuding fibreglass printed circuit board,
oush-bution switches, knobs. LEDs. preset adjusters’
ElC. £9.40
Function anch 10 wrn lunlnq polentiometer. knabs

£5.80

@ o s W

@ o~

ad

0. Frequency meter, meter drive compm:ntx llhruqllu

printed circoit board £10.35

Published in Wireless World (May. June, August 1976) by Mr Linsley-Hood,
this design. although straightforward and relatively low cost nevertheless
provides a very high standard of performance. To permit circuit optimization
separate record and replay amplifiers are used, the latter using a discrete
component front-end designed such that the noise level is below that of the

Chile Spain

Pack Price:

11. Fibreglass printed-circuit board for power xuwty

12 Sel of resistors, capacitors. secondary tar
semi-conduclors for power supply £5.40

13. Set of misceflansous parts including OIN skis. mains
input ski. fuse holder, inter-conn@tting cable. conlrnl
knobs ...

14. St of metatwork pmx inciuding sifk scraen prmlcd
fascia panel and all brackels. fixing parts. etc

£8.20
15. Handbook {free with camplete kit} £0.30
16. Teak cabinet 18.3" x 127" x 317 . ... .. £10.70

2 each of packs 1-7 inclusive are required for complete
stereo system. Tolal cost of Indeualry purcnnnd
packs . ........ ... .£80.80

Pack Prica
11, Toroidal transtormer with elecirostalic screen.
Primary. 0-117V 234V £4.90
12. Set of capacitors. rectiliers, vnllaqe regulator for
power supply . £2.10
13. Set of miscellanaous pans mcludmu snckels fuse
holder. luses. inler-connecting wire, eic, £2.05
14. Set of melal work parts including silk xcreen primed
facia panel. acrylic silk screen prinled tuning
indicator panel insart. internal screen. fixing parts.
BlC. ... £8.30
15. Construction notes [iru wnh complete Iul]
16. Teak cabinet 10.3" x 12.7 x 3.1

. £0.25
. £10.70

One each of packs 1-16 inclusive are required for complete
stereo FM tuner. Total cosl of mdwrdually purchased
packs . .

1ape background. Push button switches are used to provide a choice of
equalization time constants, a choice of bias levels and also an option of using
an additional pre-amplifier for microphone use. The mechanism used is the
Goldring-Lenco CRV, a unit distinguished in its robustness and ease of

operation. Speed controt

and automatic cassette ejection are both

implemented by electronic circuitry. This unit which is powered by a toroidal

roller tinned and supplied with circuit diagrams and

O transformer and uses metat oxide resistors throughout offers an excellent
C match for the Wireless World Tuner and the Linsley-Hood 75 Watt Amplifier
(—: PRICE STABILITY
—  Order with connigence! Irrespective of any price changes we will honour all
prices in this advertisement for two months from issue date provided that this
€ advertisement is quoted with your order E&OE VAT rate changes excluded
‘O All components are brand new first grade full specification devices. All resistors
) (except where stated) are low noise carbon film types. All printed circuit boards
¢ are fibre-glass, drilled,
8 construction layouts
[0} Value Added Tax not included in
< prices.
EXPORT ORDERS. No VAT charged. Postage charged at actua! cost plus 50p
doeumentanon and handling Please make payment by lrrevocable Letter of Credit
£500 numimum  Bank Drat, Postal Order International Money Order in Sterhing
Z SECURICOR DELIVERY: For this optional service {U.K. Mainland only) add
o £2.50 (VAT INC ) per kit
= U.K. ORDERS Subject to 12 Yz % * surcharge for VAT. Carriage free
(& MAIL ORDER ONLY . {#or at current rate if changed)
[+

Indonesia Brazil

United Arab Emirates

£81.75

article (Apni,

Singapore New Guinea

MBIENTAcnUSTIES

In Hi-Fi News there was published by Mr. Linsley-Hood a series of four-
anticles (November, 1972.February, 1973) and a subsequent follow-up
1974) on a design for an amplifier of exceptional
performance which has as 1ts principal feature an ability to supply from a
direct coupled fully protected output stage, power in excess of 75 watts
whilst maintaining distortion at less than 0.01% even at very low power
levels. The power amplifier is complemented by a pre-amplifier based on a
discrete component operational amplifier referred to as the Liniac which is
employed in the two most critical points of the system, namely the
equalization stage and tone control
conventional designs run out of gain at the extremes of the frequency
spectrum. Unusual features of the design are the variable transition
frequencies of the tone controls and the variable siope of the scratch fiiter.
There is a choice of four inputs, two equalized and two linear, each having
independently adjustable signal level. The attractive slimline unit pictured
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stage, positions where most

has been made practical by highly compact PCBs and a specially designed

Toroidal transformer

FREE TEAK CASE WITH FULL KITS

wmcconr £79.80

WIRELESS WORLD FM TUNER

FREE TEAK CASE WITH FULL KITS

aronceen £ 70.20

LINSLEY-HOOD CASSETTE DECK

ms—

Pack Price
. Sleres PCB [accommodates 2 rep. amps. 2 rec,
amps. 2 meler amps. blas/erase osc. relay)£3.35
Stereo set of capitors, M.0. resistors,
polentiometers for above. . . . .. £9.80
Stereo sel of semiconduclors for above . £8.50
Miniature relay with socket £2.90
PCB. all components for solenoid. speed control
cirguits £3.80

o =

Ll o]

6. Goldring Lenco mechanism as specified. £21.95
7. Function switch: knobs £1.90
8. Oual VU meter with illmwating lamp . . £8.70
9.

Toroidat transformer with E.S.

screen prim.
0-117v. 234V. Sec. 15V £4.90

SPECIAL PRICE FOR

COMPLETE KITS

N«v/m»

T e

sreoms

'ﬂ- E=i]

Pack Price
10. Sel of capaciters. reciiliers, 1.C. vollage ragulalor
for power supply (Powertran design} . .. £2.80
Set of miscellaneous parts, including sockets. fuse
hoider. fuses. interconnecting wire. etc. . £3.40
12. Set of metalwork including silk screened facia

panel_internal screen, fixing parts. stc. . £7.10
13. Construction notes . ........ .. .. ... £0.25
14, Teak cabinel 18.3” x 12.7" x 3.1 ... £10.70

One each of packs 1-14 inclusive are
required for compete sterec cassette
deck. Total cost of mdlvldually pur-
chased packs .............. 0 .05

£85.90

Further details of above given in our FREE CATALOGUE
EXPORT CUSTOMERS. Please send five INTERNA

TIONAL REPLY COUPONS OR £0 .50 for catalogue to

be sent by airmail

DEPT. WW7

POWERTRAN ELEGCTRONICS

PORTWAY INDUSTRIAL ESTATE
ANDOVER, HANTS SP10 3NN

Switzerland Canada Saudi Arabia New Zealarnd Norway lceland Sweden
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AUDIO KIT SUPPLIER

ltaly Java G

S TO THE WORLD

T20+ 20 and our new-T30 + 30
20w, 30w AMPLIFIERS

Designed by Texas engineers and described in Practical Wireless the Texan was an immed ate success
Now developed further in our laboratories 1o include a Toroidal transformer and additional)
improvements, the stimline T20 + 20 delivers 20W per channel of true Hi-F1 at exceptionally low cost
The design is based on a single F/Glass PCB and features all the normal facnh_\ges tound on quaiity i
amplitiers, including scratch and rumble hiters, adaptable input selector and head phones socket. In a}
follow up article in Practical Wireless further modifications were suggested and these have been
incorporated into the T30 + 30 These include RF interference filters and a tape monitor facitity
Power output of this new model is 30W per channet

Pacs ™o SPECIAL PRICES

1. Set of low noise resistors .. .. ... 160 1.70 8. Toroidal transformer — 240% prlm 120 .
2. Set of small capacitors . ...... .. 260 340 e screen . .. .

"X Set of power u::ply capacitors 2.20 250 9. F!breulass PC8 . 3.90 FO R c O M P L ET E K ITs H
4. Set of miscellaneous parts . ... ... 350 3.50 10. Set of metatwork, hxlng p;m 6.20

5. Set of siide. mains, P.B. switches .. 150 1.50 11. Set of cables. mains lead . .. .. .. .. 0.40 T2 O + 2 O

6. Set of pots. seiector switch .- 2.80 280 12. Handbook {free with complete kit). . 0.25 3 4 2 0

7. Set of semiconductors, I0s. skts. ... 7.25 7.25 13 Teak cobinel 15.4” x 6.7 x 2.8” .. .. .. 450 4.50 K|T PR | C E on |y -

2 MATCHING TUNERS!
WW SFMT 11

Following the success of our Wireless World FM Tuner kit we are now
pleased to introduce our new cost reduced model. designed to
complement the T20 and T30 amplifiers. The frequency meter of the
more advanced model has been omitted and the mechanics simplified.
however the circuitry is identical and this new kit offers most exceptional
value for money. Facilities included are switchable afc. adjustable,
switchable muting, channel selection by slider or readily adjustable pre-set
push-button controls and LED tuning indication. Individuat pack prices in
our free list

POWERTRAN SFMT

‘This easy 10 construct tuner using our own circuit design includes a
pre-aligned front end module, PLL stereo decoder, adjustable. switchable
muting, switchable atc and push-button channet selection As with all our
full kits, all components down to the last nut and bolt are supplied
together with full constructional detatls

? - ,g

somi-10

sam1 — 30 KIT PRICE £40.

Wireless World Amplifier Designs. Full kits are not available tor these projects but
component packs and PCBs are stocked for the highly regarded Bailey and 20W class AB
Linsiey Hood designs, together with an efficient regulated power supply of our own
design. Suitabie tor driving these amplitiers 1s the Bailey Burrows pre-amphher and our
circuit board., for the stereo version of it features 6 inputs, scratch and rumble filters and
wide range tone controls which may be either rotary or slider operating For those
intending 1o get the best out of their speakers, we also offer an active filter system
described by D C Read. which splits the output of each channel from the pre-amplifier
into three channels each of which 15 fed to the appropriate speaker by its own power
amplfier. The Read/ Texas 20W. or any of our other kits are suitable for these For tape
systems a set of three PCBs have been prepared for the integrated circuit based high
erlormance siereo Stuart desn gn Detals ot component packs are

30W Baitey Amplitier

our free catalogue

BAIL Pk 1 F/Glass PCB £1.00
BAIL Pk. 2 @ i P set £2.35
BAIL Pk 2 Semuconduc!or set €4.70
20W Linsley Hood Class AB

«HAB Pk. 1 F/Giass PCB £1.05
LHAB Pk 2 Resistor. Capacitor. Potentiometer set £3.20
LHAB Pk 3 Semiconductor set . €3.35
Regulator Power Supply

60VS Pk 1 F/Glass PCB £0.85
60VS Pk 2 Resistor, Capacitor set £2.20
60VS Pk 3 Sermiconductor set £3.10
60VS Pk 6A Toroidal transtormer {for use with Bailey) £8.80
B60VS Pk 68 Toroidal transformer (for use with 20W LH) £7.25
Bailey Burrows Stereo Pre-Amp

BBPA P 1 F. Glass PCB stereo €2.80
BBPA Pk 2 Resistor capacior semiconductor set siereo, £6.70
8BPA Pk 3R Rotary Patentometer set \Stereo. £2.85
BBPA Pk 35 Siider Potentiometer se1 with knobs 1Stereo £3.10
Acuve Filter

FILT Pk 1 F/Glass PCB £1.40
FILT Pk 2 Resistor, Capacitor set (metal oxide 2%, polystyrene 2%z %) £4.20
FILT Pk 3 Semiconductor set £2.25
2 off Pks 1, 2, 3 rqd for stereo sctive filter systerm

Read/ Texas 20W Amp

READ Pk 1 F/Glass PCB £1.00
READ Px 2 Resistor. Capacitor set £1.20
READ Pk 3 Semiconductor sel €2.30
6 off pks 1. 2, 3 required for stereo active filter system

Stuart Tape Recorder

TRRP Py ' Replay Amp F Glass PCB stereo. £1.30
TRRC Pk 1 Record Amp t - Glass PCB Stereo £1.70
TROS Pk 1 Bias Erase  Stabizer F Glass PCB .steren £1.20

Further details of above and additional packs given in our FREE LIST

EXPORT NO PROBLEM

Tunisia Germany Nauru Hong Kong

T30+ 30
KIT PRICE only

£39.50

KIT PRICE

£47.70

(RN ()

i.",,,__.—'%  rareeny
¥ 0.0.000}0!0‘

@ oo

KIT PRICE

£35.90

™

With 100s of tittes now avaiiable no longer 1s there any problem
'over suitable software. No problems with hardware either. Our
new unit the SQM1-30 simply ptugs into the tape monitor socket
of your existing amplifier and drives two additional speakers at
30W per channel A full complement of controls including
tvolume, bass, treble and balance are provided as are Lo o
-comprehensive switching facilities enabling the unit to be used
for either front or rear channels, by-passing the decoder for
stereo-only use and exchanging left and right channels The SQ
matrix decoder s based upon a single integrated circuit and was
designed by CBS whist the power and tone control sections are
identical to those used in our T30 + 30 amplifier which the
SQM1-30 matches perfectly Kit price includes CBS licence fee

S
7~
@ lrade marh of €8 1n

Special offer to T20 + 20 and Texen

owners!

Owners of T20 + 20 and Texan amplifiers,
which have no tape monitor  outlet,
.purchasing an SQM 1-30 “will be supplled
on request, a free conversion'kit 1o fit a tape
monitoring facility to the existing amplitier.
This makes simple the connection to_the.
Highly SQM 130

decoder / rear channel amplifier.

75

SQ QUADRAPHONIC DECODERS

Feed 2 chaanels (200-1000mV as obtainable from most pre-amphfiers or amphitier
tape monitor outlets} nto any one of our 3 decoders and take 4 channels out with no cverall sigral level
reduction On the logic enhanced decoders Volume. Front-Back, LF-RF balance LB-RB balance and Uimension
controls can all be implemented by simple single gang potentiometers

These state-of-the-art circuits used under licence from CBS are offered in kits of superior quality with close tolerance
capacitors, metal oxide resistors and fibre-ytass PCBs designed for edge connector insertion. All kit prices include
CBS licence fee

M1 Basic matrix decoder with fixed 10-40 blend All components. PCB £5.90
1 Full logic controiled decoder with 'wave matching’' and 'front back logic '~ for enhanced channel separation Alt
components PCB £17.20

L2A More advanced full logic decoder with “"vanable blend’" for increased front back separation. All componems

22.60

L3A. Decoder similar to L2A but with discreet component front end with high precrsmn 6-pole phase shift ne(works for

Q.\)

99

Waxn eusbipy pue|u'|.:| BOLY YINOG, EDBAOISOY08Z) BINISNY S8|S| PIBMPUIA BB BAUSY pPUE||OH EDdlewe(. 8U0d] BiIdIS P

increased trequency response. All components {carbon film resistors), PCB £25.90
Also available with M. Q. resistors, cermet pre-set — add £4.20
SEMICONDUCTORS as used in our range of quality audio equipment.
2N699 £0.20 8C108 €010 257 £0.40 MPSAOS £0.25 TIP29C £0.55
2N1613 €0.20  BC109 €0.10  8F259 £047  fpsa12 £0.35 1P30C £0.80
2N3056 £0.45 BC109C €0.12  BFR39 £0.30  mPSA1a £0.30 TIP41A £0.70
2N3442 £1.20  BCI25 €0.15  BFR79 £0.30  MmpsASS £0.25 TIP42A £0.80
2N3711 €0.09  BC126 £0.15  BFY51 €0.20  MPSAG5 £0.35 TIPA1B £0.75
2N3904 £0.17 BC182 €010  BFY52 £0.20  MPSABE £0.40. TIP42B £0.90
2N3906 £0.20 BC212 £0.12 CA_3046 £0.70 MPSUO05 £0.50 1N914 £0.07
2N5087 $0.25  BCIB2L €0.10  LP1186 £6.50  SpA750A €1.90 1IN916 £0.07
IN5av 7 £0.45  BC184L €0.17  MC1310 €220 51301 £1.30 15920 €0.10
2N5459 £0.45  BC212L €0.12  MC1351 £1.05 513045 £1.20
2N5461 £0.50 BC214L €0.14  MC1741CG £0.65 SN72741P £0.40 FILTERS
2N5830 €0.35  BCY72 €0.13  MFCauly €0.95  SN72748P €040 o0 £1.00
40361 £0.40  BD529 €0.55  MJ4g1 £1.20 111209 €0.200 ehiso
40362 £0.45  BD530 €0.55  Mu491 €145 7ip29a £0.40 N :
BC107 €0.10  BDYS56 £1.60 MJIES2 £0.60  11P30A £0.45
Our Export Department will be pleased to advise on postal costs to any country in o
the world. Some of the countries to which we sent kits in 1976 dre shown O
surrounding this advertisement <

g,

Australia Eire Gambia Denmark France Muscat & Oman
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Tel.: 727 5641 Telex: 261306

Z & | AERO SERVICES LTD.

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF

Retail Branch:
85 Tottenham Court Road
London W1. Tel: 580 8403

MULTlMETER F4313 (Made in USSR

SENSITIVITY

1200V DC range 10,000 (/v
Other DC ranges. 20,000 Q/V
1200 AC range. 6,000 Q1/V
600V AC range. 15,000 Q/V
300V AC range: 15,000 Q/V
Other AC ranges: 20,000 (1/V

AC/DC current ranges: 60-120-600¢A-3-12-300mA-1.2-6A

AC/DC voltage ranges: 60-300mV-1.2-6-30-120-300-600-1200V

Resistance ranges: 300()-10-100-1000K

Accuracy: 1.5% DC; 2.5% AC {of full scale deflection)

Mirror scale and knife edge pothter. Taut suspension of movement. Transistor

amplifier is used for all AC ranges thus achieving a common linear scaie for both AC
and DC ranges.

‘Meter 1s protected by a transistorised cut-out relay circuit. Range selection is
achieved by clearly marked piano keys. Power source: 5 1.6V dry cells
Dimensions: 95 x 225 x 120mm.
PRICE £39.50 plus VAT
Packaging and postage £1.10

OSCILLOSCOPE CI-5
Made in USSR

Extremely simple and easy to use single beam
oscilloscope. Well proved design based on standard
octal valves makes servicing and maintenance
straightforward and inexpensive. Because of its
bandwidth of 10 MHz the instrument s suitable for
general electronic applications and educational
purposes where a sophisticated instrument would be
both too expensive and delicate. 3in. tube giving a 50
x 50mm clear display. Amplitude and time base
calibrations. Sensitivity 30mm /v max. Triggered and
free-running time base, suitable for displaying pulses
from 0.1 u sec. 1o 3 m sec. A.C. mains operation

Price £55.00 ex. works, plus VAT

Packing and carriage (U.K only) £3.00

BAKS
BALS
6AS5
6AS6
BATE
BAVE
BAWBA
BAUB
6846
6BES
66J6
6BN6
6626
6627
6C4
6CB6
6EAB
66K5
644
B456T
GJ6
6LEGT
B5L76T
BSM76

0.45 12ALS 0.65
0.55 12AQ5 0.55
0.45 12AT7 0.45
0.45 12807 0.38
0.45 12AV6 0.60
0.55 12av7 0.90
0.55 12AX7 0.38
1.00 12847 0.80
0.55 128A6 0.60
0.55 12BE6 0.60
0.65 12BH7 0.60
065 12X4 0.50
0.45 19A05 0.75
0.30 3085 0.70
0.65 35A3 0.70
0.80 3545 0.80
0.60 3585 0.70
0.50 35C5 0.70
0.75 35A5 ~ 0.80
040 35wW4 0.60
0.38 5005 0.70
0.45 EABCB0  0.40
0.75 EAC) 0.55
0.80 EAF42 0.70
0.55 EAFS01  0.65
0.70 EBC4) 0.75
0.40 EBCSI 0.50
0.50 EBFB0 0.50
0.75 EBFB3 0.50
0.70 EBFBY 0.40
0.75 EC86 0.75
0.55 EC88 0.75
0.35 EC91 2.80
0.60 ECCS! 0.45
0.55 ECCBZ 0.38
0.55 ECC83 0.38

FULLY GUARANTEED o
EY87 0.50 PLOM4 0.90
EYBB 0.50 PL508 0.90
EZ40 0.60 PL50S 1.30

EZ41 0.75 PY3 0.50
EZ80 030 PY33 0.63
EZ81 035 PY8I 0.45

K166 3.40 PYB2 0.45

KT88 4.80 PY83 0.50

® ross 0.65 PY88 ¢ 050

PC88 0.65 ;;g?OA 1.10

PCCB4 045 6.30

= VALVES PCCBS 045 122 630
PCCBS  0.65 UABCBO  0.50

PCCBY  0.55 UAM4Z  0.70

ECC84 0.35 ECLBS 065 pCCIsS  0.65 UBCA) 0.50
ECC85 045 ECLB6 055 PpCr8o 0.40 UBCBI 0.50
ECCB6  1.25 EF80 035 pCFB2 0.40 UBFBD 050
ECCB8  0.60 EFBS 045 pCFB6 065 UBFBS  0.50
ECC89  0.60 EFBE 040 pcF200  0.80 .UCCB4 075
ECCIB9 0,80 EFI83 035 pCr2ol 085 UCC85 050
ECFB0 045 EFIB4 040 pCFB02 055 UCFBD 075
ECFB2 045 EFL200 075 pch2p0  0.75 UCHA2Z  0.80
ECF86  0.75 EL34 0.70 PCLBI 055 UCHBI  0.50
ECFBD1  0.75 EL36 0.60 PCLB2  0.40 'UCLB2  0.40
ECFB02  0.75  EL8I 060 PCLB4 050 UCLB3  0.70
ECH42 085 EL82 060 P8BS  0.60 UF4t 0.75
ECH8I 050 EL83 060 PCLB6  0.60 UF42 0.75
ECHB3  0.50 ELB4 035 PCL200  0.75 UF80 0.40
ECHB4  0.50 EL95 0.70 P33 0.40 UF85 0.50
ECL80 040 ELS00  0.80 PL36 0.60 UF89 0.50

ECLB! 0.75 EM80 0.55 PL38 0.65 UL41 0.70
ECL82 042 EM8I 060 rL8) 0.55 ULB4 0.50
ECLB3 115 EM84 040 P82 050 UY4! 0.55
ECLB4 0.60 EY81 0.45 PpL83 0.50 UY42 0.55

) . PLB4 0.50 UY82 0.60
All prices are exclusive of VAT PLOS 0.70 UY85 0.50

MINIMUM EXPORT ORDER £100

LARGE STOCKS
SEMICONDUCTORS AVAILABLE 30p

OF

1976/1977
CATALOGUE

WW — 084 FOR FURTHER DETAILS

AC125 20 BC108B 12 BC172 1|58 g 3 ) o]
K oo e, e HicFi Accessories i
el 8 12 +8C173B Br2s0
t8C212L 15 tBC207A 16 BCYS58 22

AC:%K ?g 28833 :2 {BC173C 16 4gcy1y(a 12 18C3078 16 BCY70 17 BF271
Ay SC103C 1918C174 A8 ypco12is 13 18C307C 16 BCY71 18 1BF273
MRS JoBella G BT (7 iBC213 C 12 {BC30B 12 gCy72 14 18F274
Arar 20 thns 1o 8CI77A g 1BC213A 12 1BC30BA 14 BDYIS 6O BF3ZE
a0 IS 12 BCI7E 18 iaChyap 12 1BCI0BS 14 BDI2 S0 BRI
aGiase 30 1eer C178 17 laC21ac  1a {BC0BC 15 Bpi2a g0 BF338
ol [2ONfBCHISN Mo 178 182130 14 {8C309 14 gpi2a ge TBFR39

10

28

16

20

=

AC142K 25 {BCT17 BC17B8 18 1p0513(a 14 BC30SA 16 pp1ay 42 [BFRAO
ACISY 24 1BC1I8 BC178C 18 tmC2131B 14 1BC309B 16 Bp132 4o 1BFR4I
AC151K 24 8 8c179 tBC213LC 15 {BC30SC 1B Bp122 65 18FR79

AC153 27 tBC125 BC1798 19 186212 15 $BC317 11 tBD135 a7 {BFREO

AC153K 37 1BC126 BC179C 19 LS I g {BFRBY
AC176 72 tBC128 25 {BC182 iy ﬁ;ﬁ%}ﬁg 20 tBC317B 12 ;33213 33 8FRW10
AC176K 28 BC132 14 {BCIB2A 12 [od51, g {BC318 10 ygprag 47 BFWI!
aC187 22 1BC134 14 ymCisas 12 IBEZIAL. 02 iachiea 1) 1p0130 a4 BEX1Z
‘AC187K 37 1BC135 14 1BCIBAL 11 L n5, 0 45 BCR18B 11 tmpiag 58 BFXIZ ‘o
AC188 20 1BC136 16 1BCIB2LA 1 L o 0ic 20 {BC318C 12 mpiaa 200 BFX19 O
ACi88K 39 tBC137 16 1BC1B2WB 11 HBE2INC 29 Lhraigt Y Roiss 75 BFX29 &
AG1a8 5o BC138 28 1BC1BR - 10 IBEIRT D lpciige 1) lmpias 43 BFX20
AD161 BC139 35 1BCIB3A 10 1802378 1B Gecaige 15 180023 1 0o- BFX38 O
a0ie2 92 sciao, a0 1BC183B 10 1BGIIE 18 Laon 13 :aoxiz 226 BFX39 oF
AF114 24 BC141" 32 1BCIBKC 10 ;BCZ:!EA 15 t8C320A 11 'mpy20 80 BFX40 A
AF116 24 8C1a2 22 1BCIB3L 10 S 0200 g {BC220B 14 gprig o BFXB
AF116 24 BC143 28 1BCIB3LA 10 Towocor 120 tBC321 13 ygris2 20 BFXS1 4
AF117 24 g8C1a7 10 1BCIBE 10 ;86259 12 BC321A 14 4153 33 BEXB4
AF118 70 1BC147A 1) {BCIBALC 10 Runsogs 13 tBC321B 14 BEi1S3 20 BFX8S O
AF124 30 t8C1a78 17 18C1B4 . 11 tgiinge 13 tBC321C 15 BFiSE 25 o
AF125 30 tBC1a8 08 tBCIBAB 12 LocSeo™ o5 BCa22 14 BF1s7 26 BFXBE
AF126 28 {BC1aBA 09 1BC1BAC 13 fochis 55 4BC3228 15 tBF1sg 20 BFx87 N
AF127 2§ tBC148B 09 1BCIBAL 1 Lonhlo 50 {8C322C 15 tBF159 26 BFX88 G
AF179 34 {BC14BC 09 1BCIB4LB 12 Too0 77 tBC327 20 tBF160 20 BFYS0 (-
AF178 120 t8C143 10 1BCIBALC 12 peog s g {8C328 18 BFI66 2B BFYS1 ]
AF179 120 BC1498 12 BC186 25 pcoeyp 1 4BC337 18 BF167 21 BFYS2
AF180 120 tBC149C 12 BC187 26 glo .o 4g tBC33I 16 BF173 20 BFY52
AF181 120 tBC153 18 1BC204 15 peoe,™ 45 'BCAB1 35 BF177 24 BFYse (T
86 1 20 fBC {BC204A 16 17 18C547 14 BF178 24 BFY64 O
AF186 t8C164 18 " 16 BC2624a
AFz3g 37 tBC157 3y 1BC204B BC2628 17 1BC547A 16 BF179 25 BFY72
ASY26 40 fBCIS7A 17 1BC20S 14 groe5c 17 tBCS478 15 BFIB0 30 z
ASY27 45 BC1578 12 1BC20SA 15 gehee” 47 tBCS4B 12 BFIST 30 BFY7S
ASv2g 40 {BC158 10 1BC205B 15 BCJE6A 18 {BCS54BA 13 BF182 24 BFY/6 =
ASy2q 45 tBC158A 11 fBC205 15 BC266B 18 tBCSBB 12 BFI83 34 BSWE6 T
ASy67 140 18C1588 17 {BC206A 15 867 17 tBC543 14 BF184 25 BSWE?
ASz21 200 tBC169 .17 [BC206B 15 BCog7a 17 tBCS49 15 BFI85 2B BSW6S
BA145 15 tBC15¢8 13 1BC207 - 10 8C2678 17 {BC557 11 tBF194 10 8SX19
tBA148 15 4+8C159C 12 1BC207A 11 BC268 17 $BC558 12 tBF195 10 BSX20
15A|54 W tBC167 13 1BC207B 31 BC26BA 17 fBCSSY 12 tBF196 12 BSX21
BA165 12 tBCi68 12 1BC208 10 BC2688 17 BCY30 90 {BF197 12 BS5X27
BA156 13 tBC169 14 1BC208A 11 gcogsC 17 BCY3l 98 BF200 38 BSX29
BAX12 11 t8C170 11 18C208B 11 BC26Y 17 BCY32 120 {BF244 232 BSX66
BAX13 07 tBC171 14 18C208C 17 BC287 28 BCY22 B0 tBF234A 27 BSX67
xie 07 1BC171A 14 {BC209 12 BCI0O 27 BCY34 90 (BF244B 37 BSY95
-BA|07 12 18C1718 15 1BC2098 8C301 26 BCYIB 100 {BF244C 37 BSY95A
BC107a 13 tBCi72 14 18C208€ BCI02 26 BCY39 240 tBF245 1o {BUIOS 2

BC172A 15
BET0IE M2 Igngg 15 tBC212A BC304 27 BCYA2 28 {BF2458 40 2
gc1 tBC2128 +BC307 15 BCY4d 25 {BF245C {BU108 2

12
13
1BC212 12 BC202 20 BCY40 125 tBF245A 40 {BU105-02
13
9 13
Items mavked thus t carry higher rate of V.ATT otherwise 8% Flease_s-end SAE tor new ssue 3 catalogue

0
40
a2
40
20
24
32

25
80

t8U13A
tBUZ05
tBU206
tBU208
8Y126
BY127
BY133
BY164
BYX10
MJE2965
MJE2055
0AS
0A10
0Aa7
0A70

ORGHARD WORKS GHURGH LANE, WALLINGTON, SURREY SM6 TNF

MAIL ORDER DIVISION OF SEMICONDUCTOR SUPPLIES (CROYDON} LTD.,

For Semiconductors Capacitors Resistors I/C Sockets L.ED's and

185 TIP21A
200 TIP3IB
2.30 TIP1C
245 1ip32
16 TiP32A
16 TIP32B
20 TIP32C
40 TP3R
14 TIP23A
140 TP33B 1
90 TIP33C 1
71 TIP34 1
62 TIP33A 1
143 TIP34B 1
20 TIPRAC 1
30 TIPS 2
30 TP35A 2
30 1tP3BB 2
30 TIPRSC 2
08  TIP3E 2
08  TIP36A 3
08 TiP36B 3
09 TIP36C &
09 TIP4Y
20 TIPA1A
98 1P41B
110 TIP41C
110 TiP42
96  TIP42A
96  TIP428
80 TIP42C 1
90  TIP29S5
230  TIP3054
62  TIPAO55
60 uyc73a
56  {ZTX107
60  ZTX108
100 +21X109
62 {21X300
67 $1X301
56 +2TX302
120 7TX202
70 {ZTX304
67 t2Tx210
67 zrxait
4 21X
62 421x313
63 tz1x31a
168 77320
175 2TX321
80  +21x330
42 yz1xamy
1 +2TX237
53 {ZTX338
57 12TX341
50  {ZTX34
56 $ZTX500
63 tZTXS501
78 {ZTX502
51 {ZTX502

57 IN4OO5 08 2N 2218 30 {2N2707 14 tIN5142 16

e—
+ZTX504 25 2N1671 150 t2N363BA 16 t2N4304 44
tZTXS510 16 2N1671A 160 t2N3641 17 {2N4410 50
42TX530 23 2N1671B 1.RD 12N3642 17 2N44d16 70
+ZTX531 22 2N1711 30 {2N36432 17 $2N4416E 40
1ZTX537 20 2N1889 34 {2N3644 18 t2N4B71 50
12TX528 18  2N1890 34 [2N3645 18 $IN5126 18
tZTx541 20 2N1893 28 t2N3646 17 t2N5127 19
‘tZTx542 25 2N1990 58 t2N369! 16 {2N5128 16
t2TX550 20 2N2102 50 t2N3692 15 {2N5129 17
+ZTX551 21 2N2160 90 12N2692 17 t2NS121 17
INg14 06 2N2192 30 12N2694 17 {oN5132 17
IN916 07 2N2182A 44 $2N3702 11 {2N5133 17

57 INAOO 1 07 ,2N 2192 35 t2N3702 14 $2N5138 18
g4 IN3002 07 '2N2193A 10 12N3704 14 {IN5136 18
79 INAOO2 07 2N2194 35 JIN3705 11 t2NS137 18
60 IN3004 0B 2N2194A 40 $2N3706 14 t2N5139 17

76 IN4OO6 10 2N2218A 23 $2N3708 ' t2NS143 16
g4  IN40O7 11 2N2219 30 t2N3709 15 t2N5162 234
84 INAOOS 06 3N2219A I3 t2N3710 11 $2N5172 16
94 IN1148 06 2N2220 20 t2N3711 11 2N5294 50
05 IN414g 08 2N2221 20 2N3771 200 2N5296 50
37 IN540D 12 2N2221A 21 2N3772 210 2N§298 50
00 IN5401 14 2N2222 20 2N3773 210 {IN5401 52
12 IN5402 16 2N222A 21 2N3789 300 {2N5457 40
26 IN5303 18 2N2368 20 2N3790 230 t2N5158 40
59 IN5404 20 2N2369 25 2N2791 3210 t2NBASY 42
37 IN§405 24 2N2369A 26 2N3792 380 2NS490 65
61 IN5406 28 2N2616 50 t2N3793 36 2N5492 68
g0 N5407 35 2N2647 B5 {2N2794 34 2N5391 65
20 IN5108 40 2N2904 30 t2N3B19 38 9NBAGE 6O
O 1sas 06 2N2904A4 33 42NBIOE 32 1INGO2T 61
31 18920 07 2N2905 25 2N3B20 48 +2NB028 74
53 1s921 08 2N2905A 28 2N3B821 72 '3N71aq 80
o 5822 09 2N2906 25 2N3822 64 30361 50
g0 5922 10 2N2906A 27 2N3B23 58 40362 50
89 2N4Da 110 2N2907 23 2N3B23E 26 40363 1 1a
55 2N456 B0 2N2907A 26 2NIB24 62 apai1 260
g2 2N456A 90 12N2923 22 2N3866 95 CMOS
35 2N457 120 12N2924 23 $2N2903 13 1000 20
g0 2N4567A 130 12N2925 ° 24 f2N3904 14 4001 20
90 2N458 130 12N2926Bin 11 12N3905 14 4002 20
10 2NA5BA 1 40 t2N2926 Red 12 12N2906 12 3006 180
g7 2N525 110 12N2926 qu 2N4030 46 4007 20
, 2N6%6 30 2N4031 46 1008 108
38 2NB97 30 12N2926 Yel 1: 2N1032 48 1009 80
s0 2N706 20 $2N2926 Grn  2NJ023 40 1010 80
75 2N706A 22 15 2N4036 40 4011 20
1, 2N70B 22 2N2053 30 2N4037 34 4012 20
1a 2NTI1 75 ON30S4 60 t2N4058 16 4012 56
s 2N711A 77 QN3055 B0 12N4059 10 1014 1 8|
1o 2N718 22 2N3440 55 t2N4060 12 4015 10
1o aNTIBA 27 2Naaal 96 t2N4061 12 3016 56
20 2N742 20 2N2442 135 {2N4062 14 4017 00
23 2N744 20 2N2525 90 f2N4124 20 4018 130
1 2N753 22 t2N3563 16 12N4125 20 1019 60
1% e 12N3564 17 {2N4126 20 402 10
15 2nga a4 t2N3565 14 t2N4248 18 1021 00
1g  2N916 2B 2N3566 17 f2N4249 20 3022 100
J3 2nmis ha gon3ser 17 t2N4250 22 4023 20
24 2N929 27 |2N3568 17 12N4256 s 4024 80
2N930 22 t2N3569 17 t2N4286 24 4025 20
18 9N1131 20 2N35T76 20 t2N4287 7 4026 190
21 9N1132 30 2N3611 130 t2N4288 25 4027 50
22 ON1302 36 2N3G12 140 12N4289 o7 4028 90
17 2N1203 36 2N3613 160 12N4290 24 4029 130
! PN1304 50 2N3614 160 2N4291 27 4030 65
20 5N1305 45 2N3B15 170 t2N4292 g 4031 240
22 )N1306 64 2N3616 180 [2N4293 2y 4032 oo
170 2N1307 54 2N3617 190 t2N4302 1q 4032 60
18 N1308 60 2N3618 220 t2N3303 44 4033 500
20 5N1309 60 2NI6I2 5

20 2N0% 89 ionasas s ALL PRICES EXCLUDE VAT
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BSR HI-FI AUTOCHANGER
STEREO AND MONO £11.95 ros 75,
Plays 12" 10" or 7' records, Auto or

Manuai. A high quality unit backed by

BSR refiabitity with 12 months 4 - -
guarantee. A C. 200/250V / @

Size 13%-11%n, 3 speeds. ’ I}'
Above motor board 3%in L J
8eiow motor board 2%2in - R S ,1-_

with STEREO and MONO CARTRIDGE s

8.5 R. SINGLE PLAYER similar to above with stereo
cartridge and cueing device, large turntable £13.50
B.S.R. P128 with magnetic cartnidge. Balanced arm
cueing device £24.50. Post £1

BORTABLE PLAYER CABINE

odern design. Rexine covered
Vynair front grille. Chrome fittings

£4.50 rost 75p
‘Motor board cut for BSR or Garrard deck

Size 17 x 15 x 8in. approx
HEAVY METAL PLINTHS

With P.V C. Cover. Cut out for most B.S R £650
or Garrard decks. Silver grey finish Post £1.50
Model "A"" Size 12%2 x 14% x 7%in

Model 8" Size 16 x 13% x 7in. £7.50.

Extra large plinth & cover, teak wood base

Size 20" x 17%:" x 9’ £19.50. Callels only
COMPLETE STEREQ SYSTEM
Two full size loudspeakers 13% x 10 x 3%in. Player unit
clips to loudspeakers making it extremely compact, overall

size only 13% x 10 x 8'21n,, 3 watts per channel, plays all
records 33 r.p.m.. 45 rp.m Separate volume and tone

controls Attractive Teak finish
£22.50

240V ac
£1 carriage

mains

SMITH'S CLOCKWORK 15 AMP
TIME SWITCH

0—6 HOURS £3.30 post 35p

Single poie two-way. Surface mounting
with fixing screws. Will replace existing %
wall switch to give light for return home, X
garage, automatic anti-burglar lights, etc!
Variable knob. Turn on or off at full or
intermediate settings. 8rand new and
tully guaranteed

TEAKWOOD LOUDSPEAKER GRILLES will easﬂ'y fit 1o
batfle board. Size 10% x 7%in —45p.

R.C.S. “MINOR" 10 watt AMPLIFIER KIT
This kit is suitable for record players, guitars, tape playback
electronic instruments or small P.A. systems, Two versions
available Mono. £11.25; Stereo, £18. Post 45p. Specification
10W per channel. input 100mV, size 9% x 3 x 2in approx
S.A.E. details Full instructions supplied. AC mains powered

VOLUME 80 Ohm Goax 8p yd.
NDARD TYPE VH
CONTROLS FRINGE LOW LOSS 13 yu.
Sk.) o 2M2 LOG or LIN | \geai 625 and  colour
L/S 38p. O P 60p. STEREO | p_GS 10p. SOCKETS 10p.
L/S 85p. DP £1. Edge 5K | ||NE SOCKETS 18p.
S P Transisior 45p. OUTLET BOXES 50p.

DRILLSPEEDCONTROLLER/UGHTDIMMERKIT.Easyto
build kit Will control up to 500 watts AC mains

£325 Post 35p
STEREO PRE-AMP KIT. All parts to build this pre-amp 3
inputs for high, medium or low gain per channe!, with volume
control and P.C. Board Can be ganged to make multi-way stereo

mixers £2.95 Post 35p
E.M.I. 13'2 x 8in. SPEAKER SALE!

With tweeter and

Ditto

crossover 10 watt
State 3 or 8 ohm éir‘:vrf‘"s .
As illustrated
£5.95 £8.50

Post 45p POS.I 65p ‘
\;\/I(h twee;e;;nd cr(;ssoJer
20 watt
Bass res 25c¢c.ps £9-50
Flux=11 000 gauss Post 75p "
4 or 8 or 15 0hm 2010 20.000cp s kN
Bookshelf Cabinet £7.50
Teak finish. For EMI 13 x 8 speakers Post £1.00

THE “INSTANT BULK TAPE ERASER
AND HEAD DEMAGNETISER. Suitable for
cassettes, and all sizes of tape reels AC
mains 200/ 250V Leaflet S A E

Will also demagnetise small £450
tools. Post 50p

N
N\ e

BLANK ALUMINIUM CHASSIS. 6 x 4--70p; 8 x 6 -90p;”
10 x 7-£1.15; 12 x 8—-£1.35; 14 x 9—-£1.50; 16 x
6—-£1.45; 16 x 10—-£1.70. ANGLE ALL 6 x % x %in—15p.
ALUMINIUM PANELS. 6 x 4-17p; 8 x 6-24p; 14 x
3--25p; 10 x 7-35p; 12 x 8-43p; 12 x 5-30p; 16 x
6—-43p; 14x9--52p; 12x 12--68p; 16 x 10--75p.

MANY ALI BOXES IN STOCK. MANY SIZES

RADIO GOMPONENT SPECIALIST

Radio Books and Components Lists 20p. (Minimum posting charge 30p.) All prices include VAT. (We accept Access or Barclaycard. Phone your Order)
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POST MAIL ORDER SERVICE

ELAC O X Sin HLFI o
SPEAKER 3.45
" TYPE 59RM Post 35p
All’us famous unAit E)w available,AmAwaAns,AB oTA 1
R.C.S. LOW VOLTAGE STABILISED

POWER PACK KITS

All parts and instructions with Zener diode £ 2 9 5
printed cireuit rectifiers and double wound mains .
transformer Input 2007240V a.c. Output Post 45p
voliages available. 6 or 7.5 or 9 or 12V d.c up to 100mA or
less. Size 3 x 2%; x 1%2in. Please state voltage required
R.C.S. POWER PACK KIT .

12 VOLT, 750mA. Complete with printed £3 . 3 5
circuit board and assembly instructions. Post 30p
12 VOLT 300mA KIT, £3.15. 9 VOLT 1 AMP KIT. £3.35.

.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER — BRITISH MADE
Ideal for Mike. Tape, P.U., Guitar, etc. Can be used with battery
9-12Vor H T. line 200-300V d.c. operation. Size' 1% x 1% x
Yin. Response 25 c/s to 25 k¢/s. 26 dB gain

For use with valve or transistor equiprnem.g £ 1 -45
Full instructions supplied. Details S.A.E. Post 30p

ELECTRO MAGNETIC
PENDULUM MECHANISM

1 5V d . operation over 300 hours continuous on SP2
battery. fully adjustable swing and speed. Ideal displays,

teaching electro magnetism or for 9 Post
metronome, strobe, etc p 30p
MAINS TRANSFORMERS ™%,
U 50p
250-0-260V 70mA, 6 5V, 2A £3.45
250-0-250 BOmA, 6 3V 3.5A, 6.3V 1A or 5V 2A £4.60
350-0-350 80OmA. 6.3V 3.5A, 6.3V 1A or 5V 2A £5.80
300-0-300V 120mA;: 2x 6 3V2A CT 63V 2A £7.00
220V 45mA. 6.3V 2A £1.75
HEATED TRANS 6.3V "2 amp £1; 3 amp £1.40

GENERAL PURPOSE LOW VOLTAGE Tapped outputs at 2
amp 3.4 5 6,8 9, 10 12, 15,18, 25 and 30V £4.60.
lTamp 6.8 10,12 16. 18 20. 24, 30. 36. 40, 48, 60
£4.60. 2 amp, 6,8, 10, 12, 16, 18. 20, 24, 30, 36, 40,
48 60 £7. 3amp, 6,8, 10, 12. 16, 18. 20, 24, 30, 36
40, 48, 60 £8.70. 5 amp. 6, 8, 10. 12, 16 18, 20 24
30, 36. 40, 48. 60 £11.25. 6. 06V 500mA £1, 9V 1 amp
£1, 12V 300mA, £1, 12V 500mA, £1, 12V 750mA, £1,
10V, 30V 40V 2amp  £2.75, 20V, 3amp. £2.45, 40V,
2amp £2.95, 30V 5A and 34V 2ACT £3.45,0.5, 8 10,
16V, > amp., £1.95, 20V 2 amp, £1.75, 20V, 1 amp

£2.20, 20V 3amp.. £2.50, 20-0-20V 1 amp , £2.95, 30V
1% amp. £2.75; 20V, 40V. 60V or 20-0-20V. 1 amp,
£3.50. 30-0-30V 3 Amp £7.

AUTO TRANSFORMERS, 115V 1o 230V or 230V to 115V
150W £5; 250W £6: 400W £7; 500W £8.

FULL WAVE BRIDGE CHARGER RECTIFIERS

6 or 12V outputs, 1% amp 40p; 2 amp 55p; 4 amp 85p.
CHARGER TRANSFORMERS 1%, amp £2.75; 4 amp. £4.60.
12V. 112A HALF WAVE Selenium Rectifier, 25p.

R.C.S.
BOOKSHELF
SPEAKERS

13x 10 x6in
50 to 14,000 cps
8 watts rms. 8 ohms

£16 pair roici 30

KUBA-KOPENHAGEN

STEREO e g e

o T T et
TUNER-AMPLIFIER CHASSIS AM-FM 5+5 WATT
This Contirental 4-band radiogram chasss uses first class quahty
components throughout Features: Large facia pane! with 7 push
buttons for medium, long, short, VHF-FM, AFC, phono, mains
on-off 4-rotary controls, tuning, voiume, tone, balance. Facia
size 17 X 4% inches Chassis size 17 X 4% X 5% inches
DIN-connector sockets for tape record/playback, loudspeakers
phono pick-up, external FM-AM aerals Automauc stereo
beacon light, Built-in territe rod aerial for medium/ longwave

A.C 240V mains. Circurt supplied
Ahnve speakars are syitahle £33 _50 Pact +1 BN
LOW VOLTAGE ELECTROLYTICS

1.2,4,5 8 16, 25, 30, 50,100, 200mF 15V 10p.

500mF 12V 15p; 25V 20p; 50V 30p; 420/500V £1.30
1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.

2000mF 6V 25p; 25V 42p; 420/500V £1.30.

2500mF 50V 62p; 3000mF 25V 47p; 50V 65p.

3900mF 100V £1.60. 4700mF 63V £1.20,

5000mF 6V 25p; 12V 42p; 35V B5p.

MANY OTHER ELECTROLYTICS IN STOCK

SHORT WAVE 100pF ar spaced gangable tuner, 95p,
TRIMMERS 10pF 30pF 50pF 5p. 100pF. 150pF 15p.
CERAMIC, 1pF 10 0. 01mF, 5p. Silver Mica 2 to 5000pF. 5p.
PAPER 350V-0 1 7p; 0.5 13p; ImF 150V 20p: 2mF 150V
20p; 500V-0.001 10 0.05 5p; 0 1 10p; 0 25 13p; 0.47 25p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 25p. Single pole change over
TWIN GANG, 385 + 385pF 50p; 500pF standard 75p;

365 + 365 + 25 + 25pF, Slow motion drive 65p.

120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p.
NEON PANEL INDICATORS 250V. Amber or red 30p.
RESISTORS. W, 2W, 1W. 20% 2p; 2W, 10p; 10t} 1o 10M
HIGH STABILITY. 2W 2% 10 ohms 10 6 mey., 12p.

Ditto 5% Preferred values 10 ohms to 10 meg. 5p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt

10 ohms to 100K 12p each

TAG STRIP 28.way 12p.

TAPE OSCHLLATOR COIL, Vvalve type. 35p,

BRIDGE RECTIFIER 200V PiV > amp 50p.

TOGGLE SWITCHES SP 20p.DP ST 25p.DPD T 30p.
MANY OTHER TOGGLES IN STOCK

PICK-UP CARTRIDGES ACOS GP91 £1.50. GP93 £2.50.
SONOTONE stereo £2.00. SHIIRE M75 F(CS £8

BAKER MAJOR 12" £14.95

5 - Past &

b 30-14.500 /s, 12in” doaie et
woofer and tweeter cone together
with a BAKER ceramic magnet
assembly having a flux density of
14,000 gauss and a total flux of
145,000 Maxwells Bass résonance
40 c/s. Rated 25W. NOTE: 4 or 8 or
16 ohms must be stated

Module kit, 30-17,000 c/s with,

tweeter, Crossover,

batfle ) £ 1 8 .95

and instructions. Post £1.60p each
Please state 3 or 8 or 15 ohms. ]

BAKER "BIG-SOUND " SPEAKERS. Post £1.00 each.
‘Group 25’ ‘Group 35°  ‘Group 50/15°

12in 12in. 15in.

sow £11.95 sow £13.95 75w £24.95

4o0rBor16ohm 4 o0r8or 16 ohm 8 or 16 ohm

BAKER LOUDSPEAKER, 12 INCH. 60 WATT.
GROUP 50/12, 8 OR 15 OHM HIGH POWER

FULL RANGE PROFESSIONAL QUALITY

RESPONSE 30-16,000 CPS £20.95
MASSIVE CERAMIC MAGNET WITH Post £1.60
LﬁLUMINIUM PRESENCE CENTRE DOME.

e e
TEAK VENEERED HI-FI SPEAKERS AND CABINETS
For 12in or 10in speaker 20x13x12in  £14.50 Post £2,
For 13x8in. or 8in. speaker 8.50 Post £1
For 6%2in. speaker and tweeter 12x8x6in £5.80 Post 75p
Many other cabinets in stock Phone your requirements

R.C.S. 100 watt
VALVE i
AMPLIFIER
CHASSIS

Four inputs. Four way mixing, master volume, treble and bass
controls  Suits all speakers. This professional quality amplifier
chassis is suitabte for alt groups. disco, P A.. where high quality
power is required. 5 speaker outputs. A/C mains operated. Slave
output socket. Produced by demand for a quality valve amplifier
100V iine output to order. Send for leaflet.
Suitable carrying cab £14. Price £85 carr. £2.50

SPEAKER COVERING MATERJALS. Samples Large S.A E.
LOUDSPEAKER CABINET WADDING 18in. wide 20p ft.
Horn Tweeters 2-16kc/s, 10W 8 ohm or 15 ohm £3.60

De Luxe Horn Tweeters 3-18kc/s, 30W, 8 ohm, £7.50.
CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm
£1.80. 3-way 950 cps/3000 cps, £2.20.

LOUDSPEAKERS P.M. 3 OHM 7x4in. £1.50; 6'%in., £1.80;
8x5in., £1.90; 8in.. £1.95.

SPECIAL OFFER: 80 ohm. 2%in,. 2%in.. 35 ohm, 3in,, 25
ohm, 2¥in., 3in., 5x3in., Zx4in., 8 ohm, 2%in., 3in. 3%in ,
5in 15 ohm. 3%in, dia. 6xdin, 7x4in. 5x3in.,
3 ohm.. 2%in., 2%in., 3%2in., 5in. dia. £1.25 each.

PHILIPS LOUDSPRPAKER, 8in.. 4 ohms, 4 watts, £1.95
RICHARD ALLAN TWIN CONE LOUDSPEAKERS

8in_ diameter 4W £2.50. 10in. diameter 5W £2.95;

12in. diameter 6W £3.50. 3/8 /15 ohms, please state

PIEZO ELECTRIC MORN TWEETER. Handles up to 100
watts. No crossover required £9.95.

i

Tweeter Volume Control 15 ohms 10W with one inch long
threaded bush for wood panel mounting. 'ain. spindle. 65p.

BAKER 150 WATT |
PROFESSIONAL

MIXER AMPLIFIER
All purpose transistorised

Ideal for Groups, Disco T IERRI——
and PA 4 nputs speech and muskc. 4 way mixing
Output 4 8/16 ohms. a.c. Mains. Separate treble and

bass controts, Master volume control
Guaranteed. Details S.A.E. £68 £1.50 carr
£49 .. F1

NEW MODEL MAJOR—50 watt, 4 input,
2 vol Treble and bass !daat discr amplitia-

700 WATT DISCO AMPLIFIER

volume, treble, bass controls. 500 M.V. or 1 voltinput. - ‘o
Four loudspeaker outputs 4 to 16 ohm. All transistor £59'

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER

Add musical highiights and sound effects to recordings

Wili mix Microphone, records, tape and tuner

with separate controls into single output. 9V, £6.95
£8.95

TWO STEREOQO CHANNEL VERSION
BARGAIN 3 WATT AMPLIFIER. 4 Transistor

Push-Pull Ready Built. with volume. Treble £3.95
and bass controls. 18 voit d.c. Mains Power Pack £3.45

ALUMINIUM HEAT SINKS. FINNED TYPE.

Sizes 672" X 4'2"" X 2" 95p. 6% X 2" X 2% 65p.
BALANCED TWIN RIBBON FEEDER 300 ohms. 5p Ed.
JACK SOCKET Std. open-circuit 20p, closed circuit 25p;
Chrome Lead-Socket 45p. Mono or Stereo.

Phono Plugs 8p. Phono Socket 8p.

JACK PLUGS Std. Chrome 30p; Plastic 25p: 3.5mm 15p.
STEREO JACK PLUG 30p. SOCKET 25p.

DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p: 5-pin 25p. DIN PLUGS
3-pin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS 10p.
TV CONVERGENCE POTS 15p Each
Valves = 5, 7. 10. 20, 50. 100, 200, 250. 470. 2000 ohms

R.C.S. SOUND TO LIGHT KIT
Kit of parts to build a 3 channel sound to light unit
1,000 watts per channel. £14. Post 35p
Easy to build Full instructions supplied. Cabinet £3.

PERIOD LOUDSPEAKER CABINETS. Two styles available,
Regency and Queen Anne. Size approximately
34 x 19 x 16in. These cabinets are slightly soiled and are
priced from £10 each. Catlers only.

337 WHITEHORSE ROAD, CROYDON

Open 9-6. Wed. 9-1. Sat. 9-5 (Closed for lunch 1.15-2.30)
Tel. 01-684 1665



102 Wireless World, July 1977

REVOX A700 SERIES

” "; The new big
. Revox —

ITAI04
MODULAR MIXER

TEAC A3340(05)
4-CHANNEL
RECORDER

ideal for all
studio re-
" quirements
Highly so-
phisticated
design fea-
tures n-
clude servo
tape tension,
tull  deck
+ENEESE GRERE R——3EN- logic, crystat
controlied
servoelec

tronics, 3
speeds. tape

BEST PRICES!

w e A7 7 SERIES Mk4
b e %}ﬂ%?

een consis-
tently im-

Ten balanced inputs. four output groups, 4 limiters;
bass mid and treble EQ. modular construction
headphone monitoring. Extremely high quality
construction only matched by mixers costing around
£1,000

proved over
the past B
years and
is now avail
able in the

latest Mk 4§ 104 £690
¥ir:'onW|de
choice of 204 £11 90

Industrial version upgraded to studic requirements,
with increased signal to noise performance and
improved reliability. Four to-ally independent channels
each with sel sync, input mixing. switchable VU's and
-all the facilities for easy multitracking. This industrial
model'is in more studios than any other version.

specifications [
includes

versions for
duplicating
‘and logging
applications

EIGHT ouTPUT £1360

IMMEDIATE DELIVERY
Also available for hire

A_V&l/ab/e c_)n y from /TA lBJ?(‘f:e‘fa‘:;; Hire servrcej bheck our prices
(Semi-pro version also available) fastestser- BEST PRICES! PRICES EXCLUSIVE OF VAT

IMMEDIATE DELIVERY vice,

. - e - 1-7H d A ., Maryl Road, ]
Industrial Tape Appllcatlons[l I Are.epzz‘;“;?&-azz":w Terox 21879 " onden MW

WW — 095 FOR FURTHER DETAILS

The 31st edition of World Radio TV Handbook. ..
the only complete directory of international
broadcasting and TV stations . . . endorsed by
UNESCO, Eurovision, Intervision and the

world’s leading broadcasting organizations.
Includes ‘Listen to the World’, a special editorial
section; the latest world time charts and tables;

with comprehensive coverage of short-wave,

long-wave and medium-wave. ——— —— —

i
The essentlal guide to anyone associated with /leﬁcajs;a?j?g?l'\r/n:andbook Iy |

broadcasting or television . . . national or ekl we' 81y o

international, professional or amateur DX-er. /NAME |
°°°‘“ I Copies at£5 each can be obtained from /sooress |
Argus Books Limited, Station Road, / |
Kings Langley, Herts. / |
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ECC1890.80 | EMB7 1.00 | PFL200 0.70 AD149 8C108 BSY27 OA7} 0C780 2N1307 25303 902 0.80]50C5 0.70 5cp; 4900
ECF80 0.45 | EY5! 0.45) P36 0.60 | AO16} BC109 BSY38 0473 ocs1 2N1309 112082 906~ 0.78150CD6G1.20 | 5g," "g'gg
ECF82 0.45 | EY81 0.45| pig) 0.55 AD162 BC113 BSY95A 0A79 0¢82 2N2062 40235 ”i% ‘;-23 75 1.001 goy 0
ECFB010.75 | EYB6/870.50 | p(g2 0.50 A0Z1) BC116 BY100 0A91 0C820m 2N2270 40250 12AE, .80 75CT 9.80) cyis2610.00
ECH42 0.85|EY88 0.50| pig3 0.50 A0Z12 8C118 BYZ16 04200 0c83 2N2904A 40251 AL 8y 76 080
ECHB1 0.45|E240 0.860 | piga 0.50 AFI14 8C136 CRS1/20 04202 oca3s SNZ389 IN23A 2AT6 0.45) 78 0.75( SPECIAL
£CHB4 0.50 [EZ41 0.75 pi504 0.85 AF115 BC137 CRS1/30 0AZ200 0C139 IN3083 IN3BA oA {OCRSHINSO 0.75 | VALVES
ECL8O 0.60 | EZB0 0.30 | pi508 0.95 AF118 BC148A CRS3/10 0c22 0C140 IN3054 INa3 12AU7 0.40 | 8542 0.75 3“18923"-"0
€CLB2 0.40 [EZB1  0.35| pl509 1.35 AF117 BC172 CRS3/20 0c25 0C170 2N3055 IN7O 12AV6 0.70 | 723A/89.00 | M503-2J42
ECL83 1.20 | GTIC 7.00) plg02 2.00 AF1I8 oc192 e INT2 12AX7 0.40 | 803  6.00 65.00
ECLB6 0.55 | GYS501 0.76) py33 0.60 AF124 iIN277 12B8A6 0.50 | 805 18.00 | K301 ~7.00
EF36 0756732 0.65 VALVES ANO TRANSISTORS [ orwers wv stock mc. mie | IN148 ot oo g el g o
Telephone enquiries for valves. transisiors, etc grated circunts, CRT & special | IN4785 12C8  0.55 | 8298 5.50 | 2J/52A75.00
retail 749 3934, 1rade and export 743 0899 valves. Min. Mail Order £1_ UK 1261 4.25 | 832A 4 80| Cv233945.00
UHF POWER GENERATORS POSTAGE £ £2 20p, £2-£3 1245G70.40 | 931A 6.00 | CV522817.50
: VAT FOR TEST EQUIPMENT 30p gLt SO Overgroliice — odion - iy -
TYPE SLRO trom 275 to 2750 mc/s. Maximum output from 275 Casual callers welcome. e hold one of the largest stocks of vaives i the
10 500 Mc greater than BW. from 500 to 1700 Mc greater than 8%  PLEASEADD 8%
20WiMadulaion; A M 0007 sldenthito" 10036 A lot of these valves are imported and prices vary PLEASE SEND STAMP WITH
TYPE SMUM Fom 30 10 300 Mc/s = 1% Max output 3v across for each delivery, so we reserve the right ta change ENQ ES
60 ohms Internal modulation 1000 ¢/s depth to 80% external ¢ T prices for new stock when unavmdabg!e o UiRl
from 30 ¢ /s to 200 ke /s depth 1o 80% R SEARCH LABORATORIES
TYPE 'SLSD from 300 to 940 mc/s Max output 5V modulation 133A PULSE GENERATOR. Features Ultra: FOR EXPORT ONLY COLOMOR
internal 1000 c/s inear ramp, nise and fall independently variable ; 350W ai LTD
O N S0v output into 50 ohms. either polarit RCA ETA4336, 2 Mc/s-20Mc/s. 35 piso (ELECTRONICS LTD }
Y 5D 10UUMH; 3 anges 07y 2v 35y outn Aumma“g ovesload - provecton. S, nchronols modified version of increased output to 700W
gaung, all solid state F:II specnhcahonyon request c:"i“" i"n 475 W\l" SpiHz2aSEaY 10 170 GOIdhaWK Rd" London’ w'lz
anne uto. or manual tunin
:::: C?;Tyf’::(;":rﬂ :i:o 4.2 kmc1:6kw FV:A P;;e !:l;dula:on £275.00 ;3 Transmittor g T8|. 01-743 0899
tom 7kmc/s to mc/s : and pulse 62 Tranaceivers H
modutation MARCONI S'G:'AVLGE':'“,:TO“S' Trsuig Muliard C11, high power installation (1000W) Open Monday to F"day
Prices tor all the above on apphcation Technical details and prices avaiable on request 9-]2.30, 1.30-5.30 p.m.
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OVER 300,000 IN STOCK!
MULTIWAY AND R.F. CONNECTORS

BY PRACTICALLY ALL U.K. ANO OVERSEAS
MANUFACTURERS

ANALYTICAL EQUIPMENT
GAS CHROMATOGRAPHY RESEARCH OVEN
PV4051/4056 (other GC items in stock)
A large capacity oven of low thermal mass for use between 35 and 400 C
Provides a forced air circutating sysiem yielding 1000 changes of air per
min. The oven has forced ai cooted outer surfaces when the internal!
remperature 1s high 210-240V 50Hz 2 6KW £35 + carrage

RCA PHOTOCELLS 7193 {LDR's). £2.75 per 3 with techinto

ALPS TRUE VU METERS
ATTRACTIVE IN APPEARANCE!
STANDARD VUA SCALE!

Su4as 6.44inc. 12%2% V.AT
SuUb5 6.77
SU6S 7.19
AUBS 7.53

Reasonable quantities ex-stock
Discounts on quantity orders

jewel movement Many of these waiches are as
new but all have been completely overhauled and
accuracy Futed strap  Black face
Inspection

checked for
£21.80 inc P &P ANl watches:
agsinst remittance.

GS WATCHES all with brushed stainless steel
case with screw back and black face
Manufactured by CYMA VERTEX RECORD . etc

to a standard specihication  Compietely
averhauled Fitted sirap £10.85 (inc P &P ) We
also have imited quantihes of these waitches by
OMEGA  BUREN. HAMILTON. and IWC at
£€17.35 nc P &P

Cawalogue of Aips meters on request

IONISATION AMPLIFIER PV4075 Su45 69 X 53 mm €14.50 nc P &P & VAT
A modern high grade low noise solid state amplifier 10 feed a potentiomerer SU55 87 x 63
B T I (eI (B, 1) 0 CREMTE & carf B oo e MM SERVO AUTOTESTER No. 3. Simultaneously on searate meters 0-16v
of 1mV to 100mV Linearity 0.1% f 5. Noise less than 0 5% fs at max SU65 105 X 77 mm &0-80A Suze 17 x 10 x 7cm Wt 045Kg Prce £12.71 inc P.&P &
sensitivity. Back off facility Dimensions 28 x 10 X 43 cm deep With AUBS 110 X 77 mm VAT .
operaing mformation £37.80 (CPA LK) SERVO AUTOTESTER No. 4. Dwell angle and engine speed Hand heid
Detaits of these three and other gas chromatogiaphy items. price 25p instt Size 14 X 8 x 5cm Wi 0 26Kg Prce £8.26 inc P &P & VAT
{C.W O onily} Handbooks (compiete) availabie
LABORATORY Tantalum Capacitors
STAINLESS STEEL VACUUM CONTAINERS FOR LiQuIDS TYPE SA65E (KEMET, ITT, PLESSEY, ETC.)
apacity LS Fi WITH DELIVERY TAPS Brand ne i
canons' - £3250 3 carnage e et e S ALL AVAILABLE EX STOCK in
0A tast MANUFACTURING QUANTITIES
AIRCREW CHRONOGRAPHS i 99 \
15400 £9.07
Stainiess sieel case with screw back lummnous SO £30] MIL
T -1t
T e e amec® 20 ALL ABOVE PRICES INCLUDE
press o start stop and return to zero hutton 15  P-&P. andg VAT AND SERVOMOTORS EX STOCK’

PANEL DISPLAY RECORDING CAMERA. Manufactured AG |

Specifically for 1he recording of
2'ain shcts Fited 80mm F3 5 lens. Shutter speeds |

100 1

complex instrument displays on 2%n x

50.1/25

TAPE STORAGE CANS. Brand new finished sieel cans ongmnalty
inteaded for 16mm film but 1deal for storing 7in reefs of 1ape Our last
supply of these items was quickly exhausted at 30p each but as a result of
a massive new purchase we can now offer a case of 55 at £7.80 nc P &P

sec and tme exp Focusingar 1 7510 50ft 1n 18 steps Aperture stigs F3
to F22 Pasmauc viewlinder and facility for viewing direct on ground glass
screen Rotating filter attachment Cord film advance and shutter cock with
septe Button control and electncal release facility (24V DC) Spoo! holds 40
exposures Camera may be wall mounted on bracket supplied Tripod
mounting socket provided In wooden case Somewhat used but
serviceablc £32.50 (inc P & P and VAT) Some brand new avalable
A

BRUSH CLEVITE 2-CHANNEL RECORDER. 4 sprocketiess chart
Push-button gearbox 1 5 25 125 mm /min Twin intni amphrs Giving
10mV 10V range variable sensy elect. zeroing, twin @vent markers 137 x
13 x 12 .115v 60Hz input £82.50 (inc carr & VAT)

VARIAC-DURATREX VBH. 240v 10 0 270v 50Hz 3A Wth Knob dual
Shrouded 1mnis £8.45 tinc P &P & VAT)

TELEPRINTER PAPER. Standard rolls per do: 3 ply €6.40 per daz 4
lv €6.75 per oz All P Pd UK Telex your order now!

AUTOMOBILE TEST EQUIPMENT

SERVO AUTOTESTER No. 1. 0-3 2 & O 16v 0-80 A-DC & 0-20K
Ohms dwell angle and speed for 4 6 & 8 cyc engines and E H 1 SEC
VOLTS A subsuiute capacitor 1s incorporated Size 28 5 x 14 x 16.5cm
wt 3 26KRg With handbook €39.48 inc P &P & VAT

SERVO AUTOTESTER No. 2. 0:16v. D 80A dwell angle and speed for
4 6 & Bcyc engines Size 16 x95x 65¢cm Wt 045Kg With instns

PLESSEY GROUND BASED U.H.F. GROUND/AIR TX/RX

FOR EXPORT ONLY OR SALE TO LICENSED USERS

Single Channel Recever 5820-99-932-5694

Single Channel Transmitter 5820-99-932-5698

Single Channel Amplitier 5820-99-932-5701

Power Lnit for Amplifier 5820-99-932.5700

Cooter Unit 5820-99-932-3995 E}

These assemble nto free sitanding rack umt providing UHF
communications over 225 0 to 399 9MHz the TXsAmplitier umit giving
100 Wats R F output into 50 Ohms Spare sub-units available Al are
guaranteed new and unused Full details on request

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, TEST EQUIPMENT, METERS ANO CONNECTORS

CSPI‘HO ano[ éleclwnw CSales oL}l

24 HIGH ST, LYOO, KENT. Tel. Lydd 20252 (STO 0679) VAT No. 201-1296-23 TELEX 965265
ALL PRICES INCLUOE CARR. + VAT EXCEPT WHERE STATEO.

(Established 1953)

»
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SINTEL INDUSTRIAL MODULE KITS SINTEL CHOOSES THE ZILOG Z80

Using only the m%;es‘ quality components — Fibreglass roller-tinned PCBs — ICs and Displays direct
from™ ‘Blue-chip anufacturers.

KITS FOR TTL LATCHED COUNTER MODULES ' COMING IN A FEW MONTHS |

Each kit includes a set of displays (0 5 Red LED type TIL321/FND507) and two PCBs. one each per
digit ot 7447, 7475 and 7490, plus brackets, resistors, capacitors, a single in-line plug and socket, nuts

screws, washers, instructions, etc. Sockets are NOT included and we recommend that you order A coMPuTER usING T"E ZBO

Soldercon Pins separately (112 for a 2 digit module, 224 for a 4 digit modute and 336 for a 6 digit

madule} . .
Each modute consists of one vertical PCB holding the displays. fixed by two brackets 1o a horizontal PCB. In kit form and read\/“b“IIt
which holds the remaining components We think it's worth Wﬂi‘iﬂg for
Full Kit for 2 digit TTL Counter with Latch Order as 526412 £€10.52
Full Kit for 4 digit TTL Counter with Lawch. Order as 657-412 €17.98
Eullalter STdigupITNGountar withLachR Orderast7 217412 Pl Sintel offers you the worid’'s most advanced 8-bit microprocessor, designed by the team who created the
8080. The ZB0 s manyfactured by Zilog (backed by Exxon. the world's largest corporation) and by
ﬁ' Mostek — the world's leading memory manufacturer
Here are some features that will warm the expert’s heart
158 instructions, including all 78 of the 8080A Single +5V power -supply
Automatic dynamic RAM refresh Static operation
721412 857412 526412 Superb set of addressing modes Slr%gle simple clock
4-bit rotates for BCD multiplication 1.6 sec cycle tme
KITSIROMCMOSILATCHEDICOUNTE RIMODULES Loop counting and exit wil‘r)\ single instruction Block move instruction
Similar to the TTL kits above but using 0.5'' common cathode LEDs, two 4511 and one 4518 CMOS ICs Great interrupt handting Two index registers
for each pair of digits
Fuil kit for 2 digit CMOS Counter with Laich- Order as 548470 €10.42 12 general purpose registers
Full kit for 4 digit CMOS Counter with Latch, Order as 869-470 €18.11
Fult kit for 6 digit CMOS Counter with Laich: Order as 191-470 £25.85 280 DR MDSTEK
PCBs used in our TTL Latched Counter Modules are also avail tuding brackets, layout, ' £29 50
circuit and instructions. " ’ MK3880 FROM s'NTEI- 0NI-Y -
2 digat TTL Counter PCB Set: Order as 815-950 £2.97 - .
4 digit TTL Counter PCB Set Order as 246-950 £4.53 Send in your name and address to go on our Z80 Mailing List

6 digit TTL Counter PCB Set Order as §10-950 €6.18

q Zilog Z80 data already available from SINTEL
For other 1tems from this range available separately. piease send for FREE Catalogue Zilog 280 — CPU Technical Manual ¢ 80 pages €5.60
KIT FOR SINGLE PCB CMOS COUNTER MODULE WITH LATCH Zilog Z80 — CTC Product Specitication (Four channel programmabie Counter Timer Circuit) c. 7 pages
Order as 142-289 £8.60 £0

SETS OF JUMBO DISPLAYS WITH DISPLAY HOLDING PCB | §':°9 §:g o ';":‘Tm ical Manual (Prog wo port input output device) c.25 pages 23-30
Each kit consists of the appropriate number of 0.5” red LEQ displays (either common anode Hlog atasho £0.7

Ti1.321/FND50Q7s or common cathode TIL322/FND500s) and a display helding PCB. OPTIONS. PCBs T

wired for muitiplexing or non-multiptexing. clock format or counter format

TYPE COMMON ANGDE COMMON CATHODE
Non-Muitiplexed Part No. Price Part No. Price
HIGH QUALITY ACK
2 digit Counter 574822 €3.37 446822 €2.97 ;
4 digit Counter 777-822 £6.63 128-822 £5.83 £27 80
6 digit Counter 684.822 £9.89 271822 £8.69 K ITS 1 D
Muktiplexed |
4 digit Clock 801-822 €6.66 262822 €5.86 4 |
£ digit Clock 417.822 €10.15 452.822 £8.95
8 digit Counter 119.822 €13.09 515.822 €11.49 ! D G ITALARMEE o ca kT
Six red 0.5 digits @ White case @ Touch switch snooze @ Battery backup @ Crystal tmebase pius other
LOW COST SOLDERCON IC SOCKETS featurcs @ Suo b 0mm. . 205mm d. 140mm @ Completo fess mains cable. plug and battery
100 pins for 50p. 1,000 pins for €4. 3,000 pins for £10.50. Order o5 ACK + BBK + XTK . = ) e e34.33
S e - lable without crystal control and banery backup whurh ~an be addad tglar
TCOMPONENTS Send for Catalogue a0 1.28°C04047  1.04 (04085 Order as ACK -« ..o .owuitii e W ... €27.80

04486

074
foioss 038 s
CLOCK CHIPS MPUs VEROPINS coagzz  0.94 38 (04089 1.60
AY51202  3.10 6800 24.84  (c.200) 04023 023 (DACSD  0.58 (04033 0.92
AY51224  3.50 SC/MP CPU Veropins-Pkt. 1.18 (04024  0.80 C0405)  0.94 (paos4  1.94 FOUR DIGIT MANTELPIECE OR OFFICE CLOCK
MK50253 5.80 ISPBA/500D 14.50 gnwzs "J;: ng‘ggg g~: gﬂmﬁ :-:: Four bright green 0.5 digrts @ White Case @ Battery backup ® Crystal control @ —
TA S CRBLE MPU KIT c MOS cnmwzv 230 (044 120 cwmsv Sies gﬁer: 40mm. w. 154mm, d 85mm ® Complete less mains cable. plug and ‘
20eqUmil  QIFOOR INTROJKIL. i 04028 0.92 COA0SS  1.36 04098 103 Order as GCK + GBBK + XTK £19.65
Tl Bpo” Digiiooories.51 Mainly FCA coarpg 118 G405 136 Coagm 130 Avaitable without crystal control and battery bad—( ----- AR A
SEORMERS €04000 0.t7 cDag30 058 CD4DSY 493 (p4sp?  1.24 v i o
VEROCASES TRANSFORMERS Order as GCK . .................. S5, BN cii......£14.40
751410)  3.36 LEDTRF 1.95 C0400  0.18 (p4p31  2.30 CD4060 115 CDasin  1.41
751411D  4.10  SLTRF 1.95 04002 0.17 (pad3z 102 CDADE3 113 cpast 172
7612370 2.50 piSpLAYS D406 1.20 (p4033  1.44 (D406  0.63 (pa5i4 284
7512380  3.00 0 1.30 4007 0.18 (04034  1.97 COAD6? 385 c04s15 324 SiX DIGIT CAR CLOCK WITH INDEPENDENT JOURNEY-TIMER
751239k 358 o230 i (04008 1.00 ¢pagds 1.22 CD4068 023 Cpasis  1.40 Crystal controlled @ Shows time or elapsed time in hrs. mins. secs. @ Runs off car Lo sed
TiL321 1.50 C04009 058 (04036  3.29 CD40B9 023 (D451  1.25 12v supply ® NINE PUSH BUTTONS FOR Start-Stop-Reset, selecting display to =2
CRYSTALS L322 1498 CDADI0 058 (0037  0.98 CDAOTD 051 CD4520 119 show ume or elapsed time @ All conteols funcuonal irrespective of dispiay mode @ <1
32.768kH: 3.50 SLTOT 5.80 ggﬁ:; gvgg Eg:ggg ;.;g ‘l_fg:g;; g_g 04527 1.64 (S)lze h 4é)mm w 205mm, d 140mm .
5.12MHz 3.60 XTAL TIMEBASE : . .23 (4532 1.39 rderas| COK 5 g m 5 Py g B a g ......£42.00
CBaDI3 D58, CO4040 111 CD4073  0.23 (D4S55  0.90
MEMORIES 2"7?5'5%'":05“1 CO4014 1.4 CD404I 0.6 (D405  0.23 (Dass6  0.90
9131 (New) 19.50 7.30 04015  1.04 CD4042 0.86 CD4OT6 134 MCI4S28 1.2
210246 3.10 g71.100 100H? C04016 058 CD4043  1.01 04077 0.45 MCI4S53 4.68 FOUR DIGIT CAR CLOCK :
211244 a.10 D) (04017 104 CD4044 0.9 (04078 0.23 IMG508  B.05 Four red 0.5 digits ® White case @ Battery backup ® Crystal control @ Sudable m
6508 8.05 ERGEORRDS 04018 (.03 CD4045  1.45 COADB! 023 for all 12v negative earth cars @ Size. h. 40mm, w. 154mm, d. 85mm @ Complete .
CO4019 0,58 (04046  1.37 CDAOBZ  0.23 tess battery.
SUNDRIES 375" x &5 Order as AUT-CK ... ................ . [P . .. £17.85
CA3130 0.84 103/P16 x 2PK Some of the Books available from Sintel
=A741 0.40 1.12 RCA CMOS and Linear |C Databook 6.70
78LI2WC  0.77 4.7 x17.9" National Semiconductor Databook 3.45 s
2022 Cutter 0.74 126/P16  2.55 MOT CMOS Databook Vol. 5 Series B 3.50 50Hz CRYSTAL TIMEBASE KIT [
= Use to improve accuracy of your digital clock @ As a 50H2 source n a clock with H
Offices at Link Property, 209 Cowlay Road, Oxford, but please do not use this as s postal address. battery back-up @ Accurate 1o within a few seconds a month @ Size h. 14mm. w ey
4mm 49mm
ORDERS: C.W.0. add VAT @ 8% + 25p P&P. TELEPHONE and CREDIT (Invoice) Orders add VAT @ 8% + grder asdxvf( N T - o] - i - - & - - [ e aii........E8.28 ‘-

50p P&P, and piease see “FAST SERVICE.” £XPORT Orders {min £10) welcome, no VAT byt add 10%
SEND Y SINTE
ORDER g(l)"‘ PO ;O; 75C, OXFORD FAST SERVICE. We guarantee that Teiephone Orders for goods in stock. received by 4.15 p.m.
. ' {Monday-Friday) will be despatched on the same day by 1st cless post {(some hnnvy itema by parcel
Barclaycard number, with a minimum order value of £5. Oftficial orders, no minimum.
performance/ price ratio available
Our kit contans alt 1the printed circuit
CATRO N Ics boards and components necessary to

{Europe), 16% (Overseas) for Air Mail P&P. For Export postage rates on heavy items — contact us first
Tel. 0865 49791 post) and our stocking is good. Private customers should telephone and pay by giving their Access or
Without doubt the best by CATRONICS Ltd.
build the complete decoder

PHPEG &S

M Standard version New'version Pos1 &
10Hz to 250 MHz | eswmewsnewsn S0 oo, ot
Setof 5 PCBs €20.70 £20.65 30p
Component Kit (incl. PCBs) €122.35 €133.70 €1.50
* Full 7 digit 0-35"" amber display ez:’“'::ﬂ"'.':"::(‘: ('i‘:\::lo’l’cc.;). pcs t::::: i
N * 1.C. memory giving a “"non-blinking” display o & b —
TCXO VERSION ALSO For lal Y * suppressed zeros on J leading digits to Cabinet €14.85 €14.35 €1.00
usefandyoihersirequinngllal precis onfirefercnce Joscillator] s reduce power ConsUMPLION PLATED-THROUGH hole PCBs for TEXAS version only at additional cost of £27.00
special high stabiify version is ava.lable using a temperature * TTL and ECL ic.s. used to give a high degree of A reprint of the series of articl silable at £1.50 + large 14p SAE (including free in
controlied crystal oven oscillator + reliability complate kit)
~Fraquency stability is better than £0.1 ppm over 4 10MHz master oscillator for high accuracy ; ice i
1he temperature range 1o + 608 C atier a 5 minute : . COMPONENTS ALSO AVAILABLE SEPARATELY — SAE for price list
o 9 * 12V (—ve earth) dc nput and 210-260V mains psu READY BUILT & TESTED DECOOERS £241.87 +.£5 Corr.

warm up penod firted
PRIGE ONLY £177-5_0_+ VAT PRICE ONLY £137.50 + VAT STOP MATRIX H DECODER
at ro n |CS - PBESS Kits available for Maluix };VDer;oder Deéigg a; featured in last
month's Wi rid” — d SAE for detait
C RONICS LTD (Dept 727] onth's reless Wo sen or details
o

Communications House, 20 Wallingtn Square, Wallington. Surrey. Tel: 01-669 6700

PP O PP PO PO OO OO O OO OO PP
T et e ot e e e e o e

WW—727 FOR FURTHER DETAILS
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Are you receiving us? NEW Doram

DIGITAL FREQUENCY - TRANSFORMERS

ALL EX-STOCK — SAME-DAY DESPATCH

METERYOURS FORONLY ,MAINS ISOLATING ViTs 12 and/or 24-VOLT

+£4.36 VAT The DFM you must have at a price that Centre Tapped and Screened Primary 220-240 Volts
£54 5 ) could save you up to £25.1t's easy to see g c F Amps
. how accurate this new Doram meter is thanks 37-* ( 2’6“) 2B 24v
to 4 digit display with extra shift left to check 149 50 6.20 5 0.25
- digits for even greater accuracy! 150 100 713 0 05
You can see the well-designed 151 200 11.16
shatterproof case with its built-in handle/ 152 250 12.79
display tilt-foot looks so much more 153 350 16.28
expensive than many a kit product. 154 500 19.15
But Doram kits always give you the best 155 750 29.06
for less. This complete kit with case, printed 156 1000 37.20
circuit boards, all componenis and 157 1500 45.60
instructions is yours for only £54.50+ £4.36 2000 54.80
VAT, oo 2000 7905 0
KEY DATA | The meter covers 20Hz to 50MHz with (1S off240fsecionly e T
| 3 20Hz to 50MHz i 3 steps || prescaler (additional purchase) provision $
e . guowin ou to measure up to 5S00MHz. 50 VOLT RANGE Primary 220-240V
Sensitivity 20mvrms. ngy 2 o Primary 220-240V 5
Inputimpedance and sensitivity are very i SEC. TAPS 0-12-15-20-25-30V
Inputlmpedance  1M.in parallel with 30pF § ¢ \ SEC. TAPS 0-19-25-33-40-50V 1 Amy £ P&
) AC high with read-out accurateo + 0.01%! Kef. Amps P bisp 13 N gs 254
input Coupling So the message comes through loud and 102 0% 3.41 78 o i
Maximumjingut o clear—don't miss this latest Deramdigital 103 10 96 20 527
Fregquency Standard \h.lle.OOI%cahbrauon bargain 104 20 1.14 30 6.20
tolerance I
105 3.0 132 4.0
Oisplay 4 Digit LED %%D'a_v W"go n DEPEND ON Wm 106 40 1.50 50 Z;‘;
sh;hdleﬂ (o(;%)ngll readoy " Thousﬁndls of kit makers do tor top value and 107 6.0 1.64 6.0 9.92
ACC\"ICY x Igll . modern tecl nology. . ‘18 BO 208 8 0 11 73
Ltd, P! TR8, Weli .
Supply Voltage 220-240Vacwith12vdc B ooy R\odr::riea'fEc;g;‘:\slVélding?oE%:idge.Le:d‘s, u:r;( | 10.0 OA 10.0 13.33
R ettt e eracter London No. 1165856,Di "60 VOLT RANGE .
Registered # Lond 0. . Directors E
R.A Vgler b1 Torner, F Chable brimary 220-240V AUTO TRANSFORMERS
SEC TAPS 0-24.30-40-48-60V| Ref. VA Watts TAPS £
Amps £ P&P! 113 20 0-115.210-240v 2.48
05 3.88 96| 64 75 0-115-210-240v 3.95
) ) 10 5.58 -96 4 150 0115210220-240v
S wm— S SeEs NS SEEE NS NN Yy, 2.0 7.60 1.14 66 300
25 3.0 10.54 1.32 67 500
Yes,I wanttosaveupto £ 50 1223 182 54 1000
. 13. 1.64
Flease send me (subject 10 avartability) . comptete kitls) for DORAM DIGITAL FREQUENCY METER at 80 1566 184 gg ;ggg
(£58.50 + £4.36 VAT inc p & p) total £58.86. | understand | can return unused kit(s} within 7 days and 80 20.15 OA 73 3000
claim my money back if kit{s] returned in the form received and ready for re-sale 10:0 24:03 0A | 2
RAM KITS CATALOGUE(s) sh dditional 25 kits at 25p each. 5 -
lPl:aTese;\: me/PosgIr::'eleDO (slishowingjanjacditionalrea RIS ati< 3PS '5_49 120 2713 OA! SCREENED MINIATURES Primary 240V
Sreose FR HIGH VOLTAGE Ref. mA Volts  Pap
NAME (BLOCK CAPITALS} MAINS ISOLATING 238 200 3.0-3 1.99
S Pri 200/220 or 400/440 | 212 1A, 1A 06,06 2.85
Sec 100/120 or 200/240 13 100 9-0-9 2.14
TOWN VA Ref. €  P&P| 235 330,330 09 09 1.99
e 60 243 589 1.32| 207 500, 500 0-8-9,0-8-9 2.59
COUNTY 350 247 1411 1.84} 208 1A, 1A 0-8-9. 0-8-9 3.53
POST TD: DORAM ELECTRONICS LTD.. DEPT. WF2. PO BOX TRB. LEEDS. WEST YORKSHIRE LS12 2UF ‘ ;ggg ggg g:g: 82 g?i ggg ggg g;g g;g ;g:
= 221 700 (DC) 20-12.0-12-20 3.41
— DECS SOLDERLESS 206 1A 1A 0-15-20, 0-15-20 4.63
BREADBOARDING 203 500, 500 0-15-27,0-15-27 3.99
T S Dec 70 contacts £1.98] 204 1A 1A 0-15-27, 0-15.27 5.39
SURROUND SOUND KITS 1 R s
g csec.  £329 | CASED AUTO. TRANSFOR
, *¥¥4{ 240V cable input. USA 2-pin outlets
20VA £4.96. P&P 96 Ref
) 75VA  £6.03. P&P 114  Ref
. 150VA £8.48. P&P 114 Ref.
Demodulator TDM29 Type A Variomatrix Decoder :gp 300vA €12.53. P&P 1.45  Ref
A new JVC design with Decoder Synthesizer Type 3A 65"' 500VA €15.73. P&P 1.64 Ref
improved muting (with or without SQ Option) Type A gop 750VA  £18.55. P&P 176  Ref
' & 08 1000VA £22.68. O0A Ref
PRICE LIST (VAT in brackels: overseas. customers nogiact) 104 £2.35 | —2000VA £37.65. OA Ref. 95W
complerelidt £35.004 (£4.38) P&P 29p. VAT 12:% HIGH QUALITY MODULES VAT 12:%
CD4 ctics and coils only £18.00+ (£2.25) *VAT 8% 10 watt RMS Amplifier £3.66
QS Variomatrix Decoder Kit : £32.00+ (£4.00) 25 watt RMS Amplifier £4.57
‘As above but with SQ option £36.00+ (£4 .50) METERS Pre-Amp for 3-5-10w £6.95
so Type L3A Kit £26.50+ (£3.31) £68.95 Pre-Amp for 25w £13.88
Type L5A Kit £31.50+ (£3.94) 628.00 Power Supplges for 3-5-10w £1.35
PCBs {for both types) £6.80+ (£0.86) £37.80 ;’owe; Supphfes fsor1 gSW 2:1?
Master Switch Kit £9.50+ (£1.19) £21.94( Jranstormerior -] Sw -
Transformer for 25w (one modube) £4.79
ANGang]Petentiometel . . . £2.00+ (£0.25) cgg.gs P&P Amps/ Pre-Amps/ Power Supplies 40p
{Overseas Airmail £4 per kit) 214.92 P&P Transformers 96p
For details send SAE to ) i "
ncludes steel carry case EREO 30
COMPCOR ELECTRONICS LIMITED I e e Complete chassis Si:cER7 _?7%? s amps. pre
o \e] d A d -
9 DELL WAY, LONDON W13 8JH. Telephone 01-998 8221 P&:sgi aSnO_ VLK:Tesgo%nes Sy (ST supgly,sfrom T i et
—041 R FURTHER DETAIL 2 mains trans.), £19.05. Mains trans. £2.45. Teak
W FQ i DETAILS TBEMI;FMULTIMETER veneered cab. £5.25. P&P £1.02 VAT 12'2%
-1000V. AC-1000V
AC/DC-10000)/V 205 P(5)V7VER uzmgs
= = £ . . TV — - DC-100mA. Res — 150K cc1 .3.4.5 7.5 9, 12v 500mA £5.29
INJECTION AND COMPRESSION MOULDING TO 8argain at £5.30 STABILISED 3. 6, 7.5, 9v at £00mA £5.95
YOUR REQUIREMENTS ALSO INDELIBLE PRINTING VAT 8% P&P 62p 3320'- ‘? 7d5) 9v at 300mA plugs direct '"'Z; gé
- = socke! use N
LAOF G.R.P. ALUMINIUM AND COATED PANELS. STEREO F.A1, TUNER . P&P 70p. VAT 12/4%
GLASS FIBRE CASES. D.M.C. OR S.M.C. GREY, BUT L 4 Pre-selected stations ANTEX SOLDERING IRONS
OTHER COLOURS BY ARRANGEMENT. Switched AFC 15W £3.46. 18W £3.46. 25W £3.20
BOX WITH czﬁ”g’g"ﬁ:f:’g 9%&? r;/lza;% Soldering iron kit £4.93
. . . 2 .
SIZES ALONE ADDITION % P Stand for above £1.45. P&P 46p. VAT 8%
1" 1, 1 1 vy PLEASE ADD VAT AFTzR P&P
Bbls: £1.94 £2.71 N e namIC PANEL METERS AND SEMICONDUCTOR
9"x4"'"x3 £1.30 £2.07 Operating Volage 20 /45y | STOCKISTS. AUDIO ACCESSORIES & BARGAIN
6'7x4""x4" £1.10 £1.9€ ONLY £2.85 P&P 36p PAKS. SAVE POSTAGE. CALLERS WELCOME
5'7%3"x 1V, £0.51 VAT 12%:% (MON.-FRI.) OR SEND STAMP FOR LISTS
i _ PRICES CORRECT AT 7/4/77

4"'x4" x 1" £0.54
Plus VAT and carriage

“WITH FRONT PANEL, INSIDE PANEL (BOTH ALUMINIUM) AND 4 Barr-e Electronics Ltdl =

RUBBER FEET
TRADE PRICES ON REQUEST

o S R e, 0B | 3 THE MINORIES,LONDONEC3N 1BJ =
THOMAS MAUBUAN & ASSOCIATES TELEPHONE: 01-488 3316

CLARENCE MILL, BOLLINGTON, NR. MAGCLESFIELD, CHESHIRE .
Tel: BOLLINGTON 74294 NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST.

WW—022 FOR FURTHER DETAILS

WW-076 FOR FURTHER DETAILS



NEW PRODUCTS!

NRDC-AMBISONIC 45J
SURROUND SOUND DECODER

The first ever kit specially produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years’
research by the Ambisonic team. W.W. July, Aug. and Sept. ‘77

The unit is designed to decode not only 45J but virtually all other ‘quadrophonic’ systems (Not CD4), inctuding the new BBC Matrix H 10 input
selections.

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 3 input signals and 4 or 6 output
signals are provided in this most versatile unit.

Complete kit, including licence fee £45.00 + VAT

INTRUDER 1 RADAR ALARM

With Home Office Type approval.
As in this issue of ""Wireless World"", designed by Mike Hosking, 240V ac mains operated and disguised as a hardbacked book. Detection range
up to 30 feet. Complete kit. Exclusive designer approved kit £46.0Q + VAT.

Trademark of Dolby Laboratories Inc.

Wireless World Dolby®nhoise reducer

Typical performance

Noise reduction better than 9dB weighted

Clipping level 16.5dB above Dolby level {(measured
at 1% third harmonic content)

Harmonic distortion 0.1% at Dolby level typicaily
0.05% over most of band, rising to a maximum of

0.12%
- Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal
Featu rnng at Dolby level) at Monitor output
® switching for both encoding (low-ievel h.f. compression) and decoding Dynamic Range >90db
® a switchable f.m. stereo muitiplex and bias filter BOMYTsersitiviy

@ provision for decoding Dolby f.m. radio transmissions (as in USA)

® no equipment needed for alignment
@ suitability for both open-reel and cassette tape machines
® check tape switch for encoded monitoring in three-head machines
Complete Kit PRICE: £39.90+ VAT
Also available ready built and tested . . . . .. ... ... .. Price £54.00 + VAT |
Calibration tapes are available for open-reel use and for cassette (specify which) . ... ... .. Price £2.20+ VAT *

Single channel plug-in Dolby@ PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with

all COMPONENTS, seme 5z wwrw &1 - [ 16 1 50 2 D@ fle m s« b £ cl@’s ss a b e [ H4 D sla FOE wis o i 8 Price £8.20+ VAT
Single channel board with selected fet . . . ... ... ... ... Price £2.50 + VAT
Gold Plated edge CONNECIOr . . . . . . . . . . Price £1.50+VAT*

Selected FETs 60p each+ VAT, 100p + VAT for two, £1.90+ VAT for four

Please add VAT @ 12%% unless marked thus”, when 8% applies (or current rates) ’

CETSl

We guarantee full after-sales technical and servicing taciiues on all our kits, have
you checked that these services are available from other suppliers’

Please send SAE for complete lists and specifications

MNTE 7 T B Portwood Industrial Estate, Church Gresley,
INTEGREX LTD. :moimvssiuns
» Burton-on-Trent (0283) 215432 Telex 377106




SOLID MAHOGANY CABINET

A high-quality push-button
FM Varicap Stereo Tuner combined
with a 24W r.m.s. per channel Stereo
Amplifier.
Brief Spec. Amplifier Low field Toroidal transformer, Mag, input, Tape In/Qut facility {for noise reduction unit,
etc.), THD less than 0.1% at 20W into 8 ohms. Power on/off FET transient protection. All sockets, fuses, etc., are PC
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF,
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range
88 —104MHz. 30dB mono S/N @ 1.2..V. THD 0.3%. Pre-decoder 'birdy’ filter.

PRICE: £58.95 + VAT

NELSON-JONES STEREO FM TUNER KIT

A very high performance tuner
with dual gate MOSFET RF and
Mixer front end, triple gang BRI W TR
varicap tuning, and dual ceramic
filter/dual IC IF amp.

Brief Spec. Tuning range 88—104MHz. 20dB mono

quieting @ 0.75uV. Image rejection — 70dB. IF rejection Mono £32.40+ VAT

— 85dB. THD typically 0.4%. -

IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £36.67 + VAT

tuning and AFC unit. Choice of either mono or stereo witH -

a choice of stereo decoders. With Portus-Haywoqd Decoder

Compare this spec. with tuners costing twice the price. £39.20+ VAT

% = o STEREO MODULE TUNERKIT
= e ap e A low-cost Stereo Tuner based on the 3302 FET RF

module requiring no alignment. The IF comprises a ceramic
filter and high-performance IC Variable INTERSTATION MUTE.

Sens. 30dB S/N mono @ 1.2uV PLL stereo decoder IC. Pre-decoder ‘birdy’ filter
THD typically 0.3% Push-button tuning
Tuning range 88— 104MHz PRICE: Stereo £31.95+ VAT

LED sig. strength and stereo indicator

S$-2020A AMPLIFIER KIT

Developed in our laboratories from the highly successful
“TEXAN' design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Power ‘on/off’ FET transient protection.

“Typ Spec. 24+ 24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N
72dB. Headphone output. Tape In/OQOut facility (for noise reduction unit, etc.). Toroidal mains transformer.

PRICE: £33.95 + VAT

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT £14.28+ VA1 PHASE-LOCKED IC DECODER KIT . . £4.47+VAT
BASIC MODULE TUNER KIT (stereo) £16.75+VAT PUSH-BUTTON UNIT . = = . . . £5.00+ VAT

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT , ‘ " £8.00+ VAT
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LYNX ELECTRONICS (London) LTD T [, gl e TRl
723 0.4s5 CLASS Ii CLOCK
) ] 150 WS age e C:l?PS PISHERS
! ) 7812 150 ! ed 0.13 8 Pin 0.13
92 Broad Street, Chesham, Bucks. Tel {(02405) 75154 7818 150 107 093 2 Green 020 MM5314  3.25 14 Pn 014
. . 7 1.50 s 2 Clear = 0,10 1 ‘35 16 Pin 0.15
VAT 8% except * which are 122 % Return Post Service LM309K  0.95 735 1.95  TIL209 0.10 mi—,ﬂ?m:;s 24 Pin 0.45
. . S LM340-6  1.35 7 1.80 ; 40 Pin 0.80
P&P 30p. Overseas 90p. Matching 20p per pair New Price List 20p- | (mds012 135 750 180 MODULE 00T Dy s
; . LM34015  1.38 £ 2.95
Prices correct at 30th April, 1977. ACCESS WELCOME LM34015 138 28000
TRANSISTORS THYRISTORS
AC126  0.15 BC182 g 170 BUI33  1.60° 2N20260 0.09°  CMOS- TTL 7400 SERIES . T e il e [ T
acn2g  Noe BGIERL {6, 65 U203 180: 2n29%6R) 00 [T05) (Stes) (C106] (10220) (0220 [10220) (10220) (T048)
AC128 ' 0.16 BC183 - 115 BU20S  1.90° 2ny9z6y o.090  PLASTIC | 7400 016 7480 o055 | 4 B o ol e Ty e
AC128k  0.25 BCI83L - 2.14 BU206 2.40° 2N2926G 010" 4000BE  0.20 | 7401 016 7482  0.75 i ¥
.
AC14) 021 BCi8a I 2196 BU208  2.60° 2N3053 0.20  4001BE  0.20 | 7402 018 7455 o33 | (X 040 060 050 043 083 088 038 140
aC141k 034 BC184L I 245 MJ480  0.80 2N30S5 050 400288  0.20 | 7403 018 7489 202 | angsors sy anoe sime " eniee 'messs
£, s o seam lsonan e d e S obhe 0] D B 08 OND N0 W
AC142K  O. . I d 4DO7BE 020 | 7405  0.1B  7431AN 0.65
AC176 0.18 BC207B . 0.30 MJ491 1.15 2N3442 1.20  4008BE 0.83 | 7408 0.18 7492 057
AC176K  0.32 gg;;;L - 0.30 MJE34D  0.40" §N357g 3.80 400855 0.52 | 7409 0.18 7493 045 T IACS. Plastic T0-220 P
AC187  0.18 b 030 MJIES20 045 2N3702 0.10° 4010BE  0.62 | 7410 016 7494 : — -
AC187K 036 BC213 ; 020 MJEB2) 0.5 2N3703 010" 4011BE 020 | 7412 025 71495  o63 g ASHCY aCkageiisoiaten
AC188 018 BC213L H 0.20 0C43 085 2N3704  0.10° 4012BE 020 | 7413 o040 7496 o082 | Vab
AC188K  0.32 BC214 I 0.10° 0C43 0.32 2N3705  0.10° 4013BE  0.50 | 7414 072 74100 1.07 “ 654 854 104 ™
AD149 0.80 BC214L I 0.12° 0C45 0.32 2N3706  0.10° 4014BE  1.00 | 7417 043 74107  0.35 - :
AD161 035 BC237 H - 0.20 2N3707 010" 401SBE 085 | 7420 016 74121 034 R L
. - - 100V 060 0.60 0.70 0.70 0.78 078 0.83 0.3 1.01 1.0t
AD162 0.35 BC238 . 0.30 2N3708 0.09 4016BE 0.54 | 7425 0.30 74122 0.47
a8 : : 200 064 064 075 0.75 0.87 0.87 097 1.01 117 1.7
AF114 0.20 BC3 0.35 2N3709 0.09° 4017BE 1.00 | 7427 030 743123  0.65 83 087 101 1.13 119 +.70 1.74
AF1e 0320 BC30Y i 022 3N3710 010" 4018BE 110 | 7430 018 74141 o7a | Q0 0T7 078 080 08 07 10l 113 118 470 |
AF116 020 86302 i 040 3N3711  010° 40198 0:30.| J439  oae 1441 018 V Q96 099 101 100 121 126 1.42 150 2.1t 217
AF117 0.20 BC303 . 1.30 2N3715 1.70 4020BE 1.12 7437 0.30 74154 1.30 N.B. Column (a) withou! ialaraal trigger (b} with iatereal Irigger
AF118 0.50 8CY30 - 1.30 2N3716  1.80  4021BE  1.03 | 744)1AN 0.76 74164  0.93
A5 028 Bovay O B4% N2 180 osmc  ode |14er  oms ae 0% SPECIAL OFFER SECTION
A . . .44 9N3772 1 BE  0.20 | 7445 090 74174 140
:E}%g g.gg gggi - g-:} 2N3773 210 4024BE 0.88 | 7447AN 0.81 74175 0.94 *kk * k&
s B T bes ZuE 0 bt o0 |jdiT OB 700 108 | sooom coss  Twgos mes e OGP 7 euts
ALI0Z 145 BCY39 d 068 9N4348 120 4027BE  0.62 | 7472 0.26 74191  1.33 | NPNTO.3 POWER 010 RECTIHIERS 00-4
A0S gy o i 072 7N4870 035 4028BE 081 | 7473 030 74192 120 | TRANSISTORS TO-18 NPN PACKAGE
AT HS0RacYa2 20 BFX86 025 040 ,n4g71 035 4029BE 110 | 7474 032 74193 135 | Fuly tested bu  TRANSISTORS 104 50V 0.80.
vio .75 8CYS4 1.60 orvgy 020 2N89% 0.20° 5N4918  0.60° 40308  0.55 | 7475  0.47 74194 1.20 | unmarked Simiar  Medium Voltage  Please specity
AUI13 180" BCY70 012 BPXBT 020 2N697 020 7NAg1g  070° 4041BE  0.80 | 7476 036 74106 168 | o 2N3055 except High Gain Type  10A 100V 0.80.
cro7 012 Bl 0.18 .N89 0.00 -2N706 0.15  2N4920  0.50°  4042BE 0.83 BVCED = 50+ BSY65 Polarity
e oo aw o MhaNn e R M o b Tep i dmb, v ke e
g B N b 4044BE 0.84 at 3A VCE BC107/8/ tud Cathode or
1
o o1 ML oi g g uil 0% — B8 S| LINEAR Les | e Vi iafm. £ s
n ‘g BFY41 0.60 8 40498E 0.54 .C. pes £1.00 pcs 3 td Anode
Cioee  oas Bo1ss 036 grysp  pi2p 2N1301 048 Resistors’ 40508 0.54 LINE B 25 pcs  €4.00  TO-3HARDWARE  ideal for Powsr
5 019 "20- BFYS! 018 2N1305  0.4s E24 Series 4069BE 0.30 | 3p1A  0.40° MC1352P0.75° | 50 pcs  £7.50 Mica, Washers Supplies. toverters,
BC11 - 80137 0.40° oo 0.18 2N1306  0.50 1G0hm—10r 4D70BE 0.50 | 307 0.55° MC1353P0.76 | 100 pes £13.00 Soider tag. Nuts, etc
BC119 0.25 BD138 0.48 2N1307 0.50 m neg y Bols
BE126 018 BD139 o 58 BFYS3 025 ZN1307 080 v 3sp 4071BE 026 | 380  0.80" MC1458P0.77
5126 0.20" BD124 220 BFY64 0.35 201300 Oeg Y wan 20p 4072BE 0.26 | 381 1.60° MC1496L0.82 DS & 50 sets for 65p *hw
BC140  0.32 BD157 0.0 BFYSO 090 5 ,5NT  gog toooc] [oris 3900 ooy SASSeONZZt
8C141 028 BD1Bt  0.86° BSX13 0.6 102 044 — - 08 027 1
B 0a ene o3t ESEl  wiR N SN comww HOM Ta 20 B3 0 1e) | wewomss owoes .
B8C143 0.23 BoiB3 097 BIXZl 020 55359  g1s 4S16BE 135 | NEwS5 o045 TAAS50 045 | 210246 30 Y208 015 BIXB1Seres IN914  0.04'
BC147 0.09° BD184 1.20 BSY52 2N2369A 0.14 01 4p 22 6p 45 gm¢ 125 | NESGS 200 TAAB11B12 8v207 0.20 0.26 IN40O1 0.04
8C148 0.09° BD232 0.60 BSYS3 0.38 5N2483  0.20 - 4520BE 1.20 44 1.257 | 2112A4 4.75 BYX36- BIXB3 Series  IN4002  0.05°
BC149 009" BD233 048 BSYS4 033 Jny53 gy OIS % 33 % U NESES 260 TAAsel 065 | 6508 798 SO0z ONINIO0S Joross
Bg|57 o.g:' BD237 0.55 gg;gg 8';3 2N2646  0.50 022 4p 47 10p CA3045 085 TBA530 1.85 T 2-50 goo 0.16 BZY88 Series  IN40O4 g.or
8C158 0.09° BD238  0.60 .30 3N2717 0120 Err—em—— 353 24 B 00 0.18 0.11 IN4005 0.08
BC159  0.09° 80410  0.60 BSYS5A  0.16 2n2712 015 033 4p 68 1dp CAd04E 050 I eeo 2oy | 2107 1000 1200021 OAS 0550 INAOOE 0.05°
BC160 032 BOX32  2.30 BUI0S  1.80° 2N2904A 0.20 047 4p 10 17p  Also available GG 304F Lo TBA370 0.98 " BYX3B— 0A10 040 IN4OO7 0.10°
‘BC161 0.38 BDY10 1.50 BU105/02 1.80° IN2905  0.18 (g 6p 15 26p Popular valuss 2"45 307P0.85° TCA2705Q 2112 4.50 300 0.50 0A85  0.12 IN4148 0.04"
8C168  0.09° BDYI1 2.00 BUI0B  3.00° IN2905A 0.22 Potentiometers | MCI30770.85" .95 | 25613 850 600 0.55 0A90  0.08
BC169 0.12° BOY20 0.80 B8U109 250" 2N2906 ©0.18 ! 5P 22 28p  and slectrolytics Mc1351po'7§' 900 0.60 0A91  0.08 |
gCisoc 614 BOY3B  0.80 BUI26  1560° 2N2925 o014 15 6p ! - j2602 250 1200065 0A200 0.09 |

A fascinating excursion into the past. The author has
unearthed some 400 trade names from the crystal set
days, along with nearly 200 manufacturers—giving
the name of the set, technical description and original
price. He also reviews the first days of broadcasting
and looks at the difficulties experienced by crystal set
users. Concise information and over 40 illustrations
make this book a valuable work of reference as well
as a rare piece of nostalgia for collectors.

LEEEERY cunnee
£2.50 from hookshops

£2.80 inclusive direct from Wireless World, Room 11, General Sales
Dept., IPC Business Press Ltd., Dorset House, Stamford Street,
tondon SE1 9LU.
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carbon film resistors
£1.50.... per 1000!

0.125W 5% TOL. RADIAL LEAD
SUPPLIED ONLY IN MULTIPLES OF 1000pcs per OHMIC

MIN. ORDER £25 WHILE STOCKS LAST

0.25W, 0.5W, 1W & 2W AXIAL LEAD RESISTORS
AND POLYSTYRENE CAPACITORS ALSO AT LOW PRICES
SEND FOR LISTS AND SAMPLES

PBRA LTD THREE ELM LANE
GOLDEN GREEN TONBRIDGE TN11 OLH
phone HOPFIELD (073274) 345
WW—090 FOR FURTHER DETAILS

ANY MAKE-UP OR
COPY QUERIES
CONTACT
JOHN GIBBON

01-261 8353
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ELECTRONICS
DEMA INTERNATIONAL

TELERADIO SPeCiALISTS IN DESIGNS by John Linsley Hood

Example. 25 to 75 watt. Very Low Distortion HIGH FIDELITY
STEREQ AMPLIFIER. D.C. Coupled. T.H.D. hardly
measurable. £73 in kit form (+12%% VAT)

PP extra

Supplied as a Kit of parts or in ready assembled module form

Also available. Phase Locked Loop: F.M Tuner; Millivoltmeter
Audio Signal Generator; T.H Distortion Analyser
F.M. Signai Generator/ Wobbulator

Send SAE for comprehensive illustrated lists and up-to-date prices

TELERADIO ELECTRONICS
325 Fore Street, Edmonton, London N9 OPE
Telephone: 01-807 3719 Cilosed Thursdays

STEREO DISC AMPLIFIER 2

FOR EROADCASTING, DISC MONITORING AND TRANSFER WITH THE HIGHEST
QUALITY Stereo Disc Amplifier 2 1s a self-contained mains powered unit which accepts
cartndge inputs and produces balanced line level outputs. Permanent rumble filtering
and switched scratch filtering is included

1KHz @ 6mV set for 0dBV 7 loaded 600 ohms

Distortion

Output + 10dBV.7 30Hz — 20KHz below noise

Output + 20dBV 7 1KHz 88dB. 0 004% 30Hz-20KHz 82d8. 0.0089
Intermodulation distortion 50Hz + 7KHz 4 1

Output + 10dBV 7 Static 30dB. 0 003% limit of measurement

Oynamic Intermodulation Distortion 3 18KHz square wave (single pole —3dB
1O0KHz} + 15KHz sine wave. 4 1

Preemphasised input 1V pk-pk 60db. 0 1

Cartridge impedance interaction on frequency response.

High industance cartndge. 1H tnductance less than 0.24B

Clipping Point C. y to RIAA Curve 1KHz clips at +24dBV.7 output
10Hz-20KHz Within O 5dB

Clipping determined by onset of peaky distortion products o1 THD exceeding ~80db
Differential Phase Shift

50Hz-20KHz Within 0.5

Worst error at LF and HF

filter wrnovers Within 5

Crosstalk tKHz -~ 76dB. 30Hz-20KHz —-60dB

SURREY ELECTRONICS

The Forge, Lucks Green, Cranleigh, Surrey GU6 7BG (STD 04866) 5997

TTL 7400 NEW LOW PRICES
SERIES
7400 £0.09 | 7441 £0.58 | 7486 £0.25| 74156£0.69
7401 009 | 7442 048 | 7489 1.45| 74157 069
7402 0.10 7443 0.48 7490 0.32 | 74158 0.69
7403 0.10 | 7444 060 | 7491 055 | 74160 0.89
7404 013 7445 0.70 7492 035 | 74162 0.89
7405 0.13 | 7446 080 | 7493 0.35| 74163 089
7406 022 | 7447 065 | 7494 040 | 74164 1.05
7407 022 | 7448 060 | 7495 045 | 74165 1.05
7408 013 | 7450 012 | 7496 055 | 74166 1.05
7409 0.13 | 7451 012 | 74100 089 | 74170 1.65
7410 009 | 7453 012 | 74107 0.23 | 74175 085
7411 0.16 | 7454 012 | 74121 0.23 | 74180 0.80
7413 025 | 7460 011 | 74122 0.37 | 74181 2.00
7416 022 | 7470 0.24 | 74123 045 | 74182 0.80
7417 022 | 7472 021 | 74145 057 | 74192 0.9%
7420 0.11 7473 025 | 74150 0.75 | 74193 0.95
7426 023 | 7474 0.25 | 74151 059 | 74194 0.85
7430 0.11 7475 0.35 | 74153 0.69 | 74195 0.78
7432 022 | 7476 024 | 74154 1.05 | 74198 1.20
7437 0.25 7483 069 74155 069 | 74199 1.70
7438 0.19 | 7485 085
CTMOS 4000
4000A 4010 £0.36 | 4021 £0.65 | 4035 £0.75

£0.14 | 4011 9.14 | 4022 0.14 | 4042 055
4001 014 | 4012 014 | 4023 065 | 4049 035
4002 014 | 4013 036 | 4024 050 | 4050 035
4006 0.75 | 4014 065 | 4025 0.14 | 4066 046
4007 0.14 | 4015 065 | 4027 0.36 | 4069 015
4008 065 | 4016 038 | 4028 059 | 4071 0.15
4009 0.36 | 4020 0.75 | 4030 0.36
W LINEARS w
= DIP £2.45 =2
©® LM300 TO99 £045 | 562 B o
o 301 VDIP 0.25 | 565 ADIP 140 &
= 302 TO99 0.40 | 566 vDIP 140 §
< 304 TO100 0.50 | 567 VDIP 1.55 g
= 305 TO99 045 | 709 ADIP 020 |-
g 307 vVDIP 038 710 ADIP 025 <«
o TO99 0.45 711 ADIP 018 ©
w 308 ADIP 059 | 723 ADIP 0.38 w
w 324 ADIP 107 | 739 ADIP 0.65 :
€ 339 ADIP 115 | 741 vDIP 022 &
b 30T TO92 125 | 747(1456) ADIP 044
&£ 380 ADIP 080 | 748 vDIP 024 €
O 381 ADIP 090 | 5556 (1456) VDIP 095 O
550 ADIP 055 | 5558(1458) VDIP 045
Q 555 VDIP 035 | ™M 3900 Adip 025 @
2 556 BDIP 075 | ICLBO38 Funct Gen. 280 2
W 560 BDIP 245 | 8864 22 Pin 145 W
] n

pkg

MEMORIES w/DATA LATORS &

1101 256 Bit Ram Mos £0.75 | CALCU

1103 1024 Bit Ram Mos ooy CEEREKWWIDATA
7489 (8225) 64 Bit Ram TTL 1.45 {5002 Cal Chip £0.79
82523 Programmable ROM 1.95 | 5005  Cal Chip 079
5260 1024 Bit Ram tow Pwr. 1.45 [ 5725  Cal Chip 1.10
5261 1024 Bit Ram L Power 1.56 | 5312  Clock Chip 2.50
1702A 2048 Bit Ram 52515316 Clock Chip 3.95
2102 1024 Bit Status Ram 1.50 | CT7001 Clock Chip 3.85
V=Mini Dip A=14L Dip B=16L DIP TO99 8-Pin Header
TO100 10-Pin Header
Data sheets supplied on request. Add 20 ea. excepted as
noted.

All 1t
DISCOUNTS: MIN. Guaranti?g by
10% on orders over £10 ORDER DEMA
15% on order over £25 £2.00 ELECTRONICS

ZRMS: PRICES LISTED ARE BRITISH POUNDS & PENCE
SEND CHEQUE WITH ORDER. ACCESS CARD,
BANKAMERICARD, BARCLAY CARD ACCEPTED
(Card No. and expiration date requested). TERMS
OFFERED TO SCHOOLS & INSTITUTIONS.

POSTAL AND HANDLING CHARGES

SHIPMENT VIA AIR MAIL

under 4.99 add .45 £10 and over
5 00-9.99 add. 35 No Charge

DEMA ELECTRONICS
INTERNATIONAL

P.O. Box 407
San Remo, CA 94583 USA
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SPECIAL
LOW PRICE

ARRANGE \, ,,,,,,
FOR VISITING
OVERSEAS

IPC Electrical-Electronic Press Ltd., the world’s largest publishers
of computer, electrical and electronic journals, have made special
arrangements for readers wishing to visitimportant overseas trade
fairs. The cost, in most cases, is little more than the normal air fare
butincludes — travel by scheduled airline from Heathrow and
Manchester Xk first-class hotel accommodation ¥ arrival and
departure transfers X admission to the trade fair ¥ services of an
experienced tour manager. The current programme comprises the
following tours.

000000 000000000000 0000000000000 0000 0CEOCOCECEOIENOCEOCERNORNOIONOINOIOIEOIONONOOOTS
Toobtain abrochure and booking form, tick the box against the tours in which you are interested, complete the coupon and post to the

exclusively appointed travel agent, Commercial Trade Travel Ltd., Carlisle House, 8 Southampton Row, London WC1. Telephone
01-405-8666 0or01-405-5469.

International Exhibition of
Computers and Peripheral

equipment — SYSTEMS [ ] Munich October 17-21
1977
Internepcon/Industrial
Electronik ] Vienna November 9-12
1977
International Exhibition for
Electronic Production—
PRODUCTRONICA [ ] Munich November 22-26
1977

Please send details of the tours indicated above.

NAMECC....."'.'00.'.m"'.'.....'.....'C.CC.'CCCC‘CC..C COMPANY0'0000'000"""""""""'!'.

ADDRESSOOCCOooocbooocc.00000.'0.00000.00..0.0..!....o.‘ooocoooo..ococo..oc. Telephone'-GOG'GGOOOIO



Wireless World, July 1977

111

TTLs by TEXAS C-MOS I.Cs 0OP. AMPS TRANSISTORS
7400 16p 74109 89p CD400DAE 20p 1458 Dual Op Amp Int Comp 8 pin DIL 70p AC125 25p | BFx86 30p | *2N2926R 7e | DIODES
74H00 28p | 74110 55p CD4001AE  20p 301A  Ext Comp. 8 pin DIL 36p AC126 20p | BFX87 30p | *2N29268  7p
74500 63p | 74111 90p CDA002AE 20p 3130 COSMOS/Bi-Polar MosFet 8 pin DIL 100p R 200i}| BEXS8 30p | *2N29260  10p | #SIGNAL
p| 8FY50 22p | *2N2926Y  12p 0447 9p
74LS00 30p 74112 96p CDAQOOGAE 95p CA3140 BIMOS 8 pin DIL 100p AC141 20p | BEYST 22p | *2N2926G  12p 0A81 20p
7401 18p | 74116 200p CDAOO7AE  20p LM318N  High speed 8 pin DIL 200p AC1 42 20p | sFys2 226 | 2n3053  22p | 0485 20p
;igg :g" 741 ;8 84p CDAO09AE 61p IM324N  Quad Op. Amp 14pnDIL  120p R 200 | 4790 120p aNaDss o fi pOR3Y 7
P | 74120 120p CDA011AE  20p 3900  Quad. Op. Amp 14 pin DIL 709 g P | BRY39  45p o P B
7404 23p 74121 32p CD4012AE 20p 709 Ext. Comp 8/14 pin OIL  30p ASIBIE  [25pyl BSXil9 20p ‘NJZZQ S7pgl “02%5 I
4 AC188 20p BSX20 20p 2N3442 140p 0A200 8p
;4304 36p 74122 54p CD4013AE 55p 741 Int. Comp. 8/14 pnDIL  22p AC188K 25p | #8UT05 140p | *2N356 30p 04202 10p
S 25p | 74123 76p CDA015AE 90p 747 Duai 741 14 pin DIL 70p AD149 a9p | BU10B  250p | %2N3702  12p | iN914 ap
7406  43p 74125 13p CD4A016AE 50p 748 Ext. €omp 8/14 pin DIL  36p AD16! 45p | wiJE340  65p | %2N3703  12p IN916 9p
7407  43p 74126 70p CD4017AE 100p 776 Programable Op. Amp. 105 140p AD162 asp | myag1  175p | *2N3704  12p Na148 ap
7408 25p | 74128 75p CDA01BAE 110p po 8 2op | ey [acop | PARIADS Ao
7409 27p | 74132 70p CDA019AE  52p LINEARI.C.s e 15 gg: Yeooy fi?,: N3707  12p | RECTIFIER
7410 18p | 74136 75p CDA4020AE 120p *AY 1.0212  Tone Generator 16 pn DIl 600p AF117 20p | M1E2955 130p | *2N3708  12p | #BY100 25p
74H10 28p 74141 75p CD4022AE 100p *CA3028A Oiff Cascade Amp 106 95p AF127 25p | MJ3001 226p | *2N3709  12p | #5v)26 12p
7411 24p 74142 320p CDA4023AE  22p ICA3046 5 Transistor Array i4pin DIl 80p AF139 43p | MUE3055 70p N3773 250p | #B8Y127 10p
7412 25p 74145 90p CD4024AE 80p #CA3048 Quad Low Naise Amp 16 pn DI 200p AF239 48p | »MPSAOS  30p 2N3866  90p iIN40O) 5p
7413 36p 74147 190, CDA4025AE 22p *CA3063 Dl Cascade Amp 70p BC107 B 9p | #PSAT2  S0p | *2N3903 18p IN4002 Sp
7414 78 il 60" CDA026AE 170, A3080E Op Transcond Amp. 8 pin DIL 90p BC108 B 9p | #PSA56  32p | *2N3904 16p IN3004 6p
P 74148 160p P *CA3089€ FM IF Syster 16 pn DIL  225p BC109 B 10p | aMPSUOS  62p | *2N3905  20p IN4UO5 6p
7416 33p 74150 140p CDA4027AE 65p *CA3090 £M stereo Multi Dec 16 pn DIL 400p BC109C  12p | #MPSUSE  78p | *2N3906  16p IN40O7 70
7417 36p 74151 72p CDAO28AE 98p (CLBO3BCC vCO Fun Gen 14 pin DIL 340p *BC117 22p ; 0C28 120p *2N4058 15p N5401 13p
7420 18p 74153 85p CD4029AE 120p LMZJ!BQN Vol Quad Comparator 14pn DIl 200p | #BC147 9p | oc3s 90p tzwiggg 10p N5404 18p
] LM377N Oual 2W Aud Amp 19 pnDIL 175p | #8C148 9p | 0C36 90 w2N 13p N5407 23p
7421 40p | 74154 150p CDA030AE 55p *M380 2W Audio Amp 13pinDIC 99p | +BC149 10p | #0C71 200 | #281123  22p
7422 22p 74155 90p CD4040AE 120p «M381 Siereo Preamp 1apn DIL 175p | #5CI5 11p | 4720088 200p | *2N4124  22p
7423 37p 74156 90p CDA0A2AE 90p * M3BIN Aud Amp +3 Trs Aray 18 pinOIL 160p | #8C158 10p | 2130105 200p | *2N4125  22p | zEWER
7425 30p 74157 90p CDA0A3AE 100p *1252 Rhythm Generator 16 pin DIL 800p *BC159 1ip | #TIP29A 40p | *2N3126 22p | 2 7Vio 33vw
7427 37P 74158 140p CDA0A6AE 140p *MC1310P FM Stereo Dec 14 pin D! 190p #8169 12p | #T1P29C 55p *2N4289 20p *100mW 9p
7428  36p 74159 190p CD4047AE 100p *MC1351P Lum Det Aud Preamp T4 pn DIL 97p | #8C172 11p | #TIP30A 48p | *2N4401 27p [ w'W 18p
7430 18 74160 120, CDA049AE 63 MC 14950 Muitiplier 14 pin DIL  450p 8c177 18p | »11P30C 60p | *2N4403 27p
o P P 4050 57" *MC 13961 Bal Mod Demod 14 pin DIL - 100p BC178 17p | 1P31A 52p 2N4427  90p
2 36p 74161 120p CD AE P *#MC3340P Electrome Atlenuator 8pn DL 160p 8C179 18p | Tedic 52p | *2N5089  27p | NOISE
7437  36p 74162 120p CD4054AE 120p #\VFC40008 1 4W Audio Amp PCB 90p | #2C182 120 | TiP32A 58 IN5296  5Sp | Z5) 110p
7438 36 74163 120p CDA40O55AE 140 *NES40L Autho Pwr drive 1099 140 C183 12p | TiP32C 320 | *2N5a01 S0p
e utlic 'wr driver Wi G 321 2ZN>40
7440 19:: 74164 120p CDA056AE 135= Ngg?g Timer 8 pin DIL 402 *BC1841 13p TIP33A 90: 2NEBO34  160p
7441 75p 74165 220p CDA0BOAE 130p 25%1 L)Itial 55:‘5AM 14 pin DI 100p BC187 30p | TIP33C 115p 2N6107  55p
5 A Demod 16 pin DIL  425p *BC212 Mp | TIP34A 115 2NE6247  190p
7442 70p | 74166 160p CDAOGIAE  27p NES62 PLL with VCO 16 pnDIL 425p | %BC213 10p | 1P3aC  160p | Comp 10 2N3055)
7443 140p ;:1% ;ggp CD4071AE 27p NESB5 L 14 S.,”. o't zoo: *BC21a 14§ »ba:i 2352 ne254  130p | BRIDGE
7444 140 p CDA072AE 27p NE5S66 PLL Fun Gen 8 pin DIL 200p BC461 36p | TiP3SC 290, 2N6292 65p
7415 120p | 7] 727208 | CDAOTIAE 30p | NSO PLL Tane Guc ool zo0p | sCon 3| reaea  z7an | G0d0 4G RECTIFIERS
5 sal pin P P TIP36C 340 o
;23? 12‘5’9 74174 120: gDigg;ﬁE g;" SN727 D Comparator t4pnolL 50p | BCY7I 22p | ne1A ese | <0362 4se | Ay, 3P
p i 165 D p *SNT27 \deo Amp 14 pin DIL 120p 8D124  130p | T/PI1B 70p 40364 1208 | ia a00v S
7448  80p p CD4093AE  95p *N76003N  Pwr Aud Amp with nt HS 16 pin DIL  245p |  BDi31 63p | 1Tipatc 78p | 20409 650 | L1400y 30p
7450 18p | 74176 120p CDA4510AE 130p #5N760 10W Amp i 4 ohms SpnPlsic 250p | BD132  65p| Tipaza  70p | 40410 650 | %00y 38h
7451 20p 74177 100p CDA511AE 160p #SN76013N  Pwi Aud Amp with nt HS 16 pin DIL 140p | *BD135 48p | TiP4AZB 76p 40411 300p | o4 50y 30:,’
7453 20p | 74179 160p CD4516AE 112p TN60IS  1OWAmpinGohms o SprPemc 250 | DI somj Tipaxc B2 | 10630 1306 | uaio0v 35
. . 23 wr Aud Amp with int pin p B P TiP2955 78, > p >
7454 18p ;2}3? ;;g" CD4518AE 130p wSN76033N  Pw: Aud Amp with it HS 16 pin OIL 230p | #80140 s8p | w1503 30m | 40895 7 [ 330 2000 o
7460 18p P CD4528AE 120p *TAAB2 1A Aud Amp for TV Qi 225p BDY20 125p | w7Tx) 10p OV 2
7470 36p | 74182 82p MC14553 525p *TAABG1B FM IF Amp Limiter Oet QL 120p | BOYSG  200p | w2Tx300  13p | hersas a6p oS gg:
7472 30p 74185 150p TEXAS 75 SERIES | *1846¢18 Audio Amp Qi 250p BF115 22p | szTxe00 | 1sp | P2 3eR | MM 00y a2
7473 34p 74186 920p *TBABS1 Tuner & (F Amp 16 pin QiL 200p BF167 23p | »71%502 18p MPF102 40, wlA 200V 90,
ra7s aap | 7a19060s | 191070 lebe | ot Sw i T B - T A Y P
747 a 74191 160, p udio Amp E P P i 2N69 22p | wvpF104  40p | 6A 100V 96p
7a76 368 | 74192 1208 1go) T2p | T0R%00  sow Acao A al o S0 | 817 ol neos  45p | wwerios  4op | 6A 200, 108p
75452 72p wigiAme QIiDl w3238 g 8p | 2N 20p [ 4wN3819  25p | 6a 200V 120
7480 50p 74193 160p XR2240 Prog Timer Counter 16 pin DIL 370p 8F179 33p N 20p | 4wHN3820 50, 10A 400V 2 »
7481 95p | 74194 120p 75453 72p *ZN414 TRF Radio Recewe 10-18 110p | 8F180 33p | N 05 [l Braaces oocal A%AfaoSy [aiom
7482 90p | 74195 95p 75454 72p Basic data sheets on ahove at 20p each +S A € (Bl 226 N 18p | Wonoas,  aop | D
e P | 2N1131 18p N
;igz 15193:; mgg :gg: 9§§XAS DT%: OPTO-ELECTRONICS eSS 9p| oNii32 gp N Ton
[ h 8 p| 2N1303  6Sp DFt
7485 120p | 74198 250p 936 aop | BRI gop oRED gop | *SI80 el oo ese | MR 40P
7486  34p P 946 40p 0CP71 120 ORP60 90p | o5 320 | N LN B vl e
7489 320 74221 160p 955 p 0 75p s | TRIACS
P 60p 2N5777 45p ORP61 90p | BF258 36p 1308 50 N 14 95p | Puas
7490 4gp | 74251 140p 962 36p BF259 38p | ni30s  sop | 3N14 95p
7491  85p 74265 90p 963 a0p LEDS 0.2 Red 18p | 4337 30p | NG 25 N187  1BOp 3 8sp
7492 55p 74278 290p MEMORIES TIL209 Red 16p Green 20p | «GFR39 30p | oNi7Y 25p 10603 63p % 99p
7493 40p 74279 140p TIL211 Green 36p Yellow 36p | *BFR40 30p 2N189 30p 40673 63p 6 107p
7494 90p | 74283 190m Hgg E{Z?AOM 1;239 TIL32 Infrared 75p  Tristate Red/Green/ winsl 3% on2i02 s%e | s ly 00 1208
7495 70p Ld L o Op | Sriin 30 P | 11543 34p i & P
4 74293 150p | 2104 RAM  1000p —— e — 8 p | 2N 200 N260  9sp | 15 100 160p
T4y amon | 74298 200p | 2107 RAM  1000p SEVEN SEGMENT DISPLAYS PRl 30p| 239w | onzoap  asp | 2500 1806
74100 120p | 74365 150p | 2112RAM  450p" | 3015F 0 3" 175p Xciton: BFX3 3an | Inoeoa 3 aen | wNas7loosae | e op
74104 65p 74366 150p 2513 ROM 850p | DL704 03" Red 140p 0.3 Green 160p | Brxas 30p | UN2905 A 28p | PUIT DIAC
74105 65p | 74390 200p | 2602 RAM  250p | DL707 03" Red 140p 03" Green 160p | &F: 30p | on2508 4 24p | *2N6O asp | BRIOO 30p
b st L IRTTReRs e BT I NS DUMDO LEE 4922352 754?92 ’o(tssreeg%s 220205',
= = i ———- rivers: 75491 L ; p
VOLTAGE REGULATORS - rixep - PLASTIC L 2 NEW CMOS — MOTOROLA'S 3% DIGIT A/D CONVERTER
1 Amp Positive 1 Amp Negative SCR-THYRISTORS C106D A high performance, low power LSI umt combining digital and linear
5v 7805 140p 5V 7905 200p 1A 50V TO5 60p 4A/400V  Plastic 63p | circuits on a single IC Requires 4 external passive components to work as
12y 7812 140p 12V 7912 200p 1A100V TOS 70p *MCR101 a converter. Other features include auto polarity, auto zero, single positive
15V 7815  140p 15V 7915 200p 1A400V TO5 80p O0.5A/15v  T0-92 25p | voltage reference, onchip oscillator. up to 25 conversions/sec. over and
18y 7818 140p 18v 7918 200p 3A400V Stud 90p 2N3525 under range signals. LED and LCD compatible and accuracy of =0 05%
24v 7824 140p3 24v 7924 200p 7A100V TOS5+HS 84p 25A(400V TO-66120p | -1 Count
LM309K 1 Amp 5V T03 140p [M323K 3A 5V 700p 7A400V TOS5+HS 90p 2N4444 Suitable for low cost DVM or DMM.
LM309H 100mA 5V T05  75p 8A 50V Plasuic 130p BA/600V  Plastic185p | (0 5nnicatons DPM. Digital Scales, A/D control systems
TBA6258 12V 0. 5A TO5 120p 12A400V Plastic  160p *2N5060 MC14433P 24 pin DIL £13 with data (Data 50p +SAE)
VARIABLE VOLTAGE REGULATOR 16A100V Plastc  160p (z)rs?:ogzov TO-92 34p
723 2Vt 37V 150mA 14 pin DIL 45p 16A400V Plastic  180p *
’ 7 !
DUAL VOLTAGE REGULATOR o 2% leEcoou Plsstc 2209 OOA o0V 1092 3TR| yAT RATES: All items at 8% EXCEPT where
x m n . N
(Adjustable by resistors from * 8\7(0 + 20v) ’ 1A 700V Stud 110p 08A/200v 7092 40p marked* which are at 12V2%.
LOW PROFILE DIL SOCKETS BY TEXAS de ail Order O [ . »
8pin13p, 14 pn14p, 16 pin15p, 1B pin 36p, 22 A RWIeNe 0 i o a4 SAND R ROAD: LONDO 9
pin 40p, 24 pin 50p, 28 pin 60p, 40 pin 75p. Piease add VA o tota 0 - ae pred 0 04 4 00

How to mate an amplifier
with a breadboard.

Without great difficulty.

Connecting breadboards. to external signal sources and
loads isn’'t always as easy as it might be. Ramp’s bread-
board connectors plug commonly used leads straight into
.1"" matrix breadboards.

RANVIP

ELECT RON'CS PO BOX HH2 LEEDS LS8 4HG

Save time and extend your
breadboard — details of the
Ramp breadboarding system
are in our free catalogue.

WW-—082 FOR FURTHER DETAILS

NEW /! AMERICAN STYLE CRADLE

TELEPHONE AMPLIFIER

= P\ ONLY

.4
£14.95
+ VAT £1.20

Latest transistorised Telephone Amplifier
is completely automatic with detachabie
plug-in speaker. Placing the receiver on
to the cradle activates a switch for
immediate two-way conversation with-
out holding the hand-set. Many people
can listen at a time. Increase efficiency
in office. shop, workshop. Perfect for
conference” calls: leaves the user’s
hands free to make notes. consult files.
No long waiting. On/Off switch. volume
control. Model with tape-recording
facility £16.95 + VAT £1 36 P. & P 75p
C.W.0. 10-day price refund guarantee

NEW IMPROVED
Y
RN 1 F I

NO BATTERIES
NO WIRES

o oMLY

£29.99

per pair

+ VAT £375%
Made to British Safety and Telecommunica
tions Standards. The modern way of instant
2-way communications. Supplied with
3-core wire Just plug in1o power sockew
Ready for use. Crystal clear communications
from oftice to office Operates over V2-mile
range on the same mains phase On/off
switch. Volume control. Useful as office
intercom, surgery and homes, between
office and warehouse. No GPO licence
required. Full price refunc if returned in 10
days Six months® service guarantee. P
&P 90p

WEST LONDON DIRECT SUPPLIES (W/W)
169 Kensington High Street, London W.8
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Wenden'lenge
A range of communications lll@dmmﬁaqnm@

amplifiers having power
ratings from 15 to 200 watts,
plug-in input facilities ensure
individual requirements can
be provided.

Manufacturers of Station Road, Wenden
sound systems Saffron Walden
and electronics EssexCB114LG

Saffron Walden
(0799) 40888

ST~ Y~ = < = [y o=l =S T

7 = IS/ -
Z3Z Measuring Accuracy /4 S

— S P ,///g \\'////
abilised Power Supplies < \\\i /// ‘"L/*\\U/ AL
?(t) :/I:-Iz gu:ITrace a A Q\ iy L ‘//////” / /s»//%’\‘?

7 4 \ Q:\"
5551 10 mV Sensitivity A .‘/'Y..J\ NN \\'\/m

i

!

=
/
L

UKex VAT

R
. — st -wlwx\/m” N / S
./ S \/
YN
J'? //// /&0/
//'\\ Scopex Instruments Limited. Pixmore Industrial Estate, Pixmore Avenue. 3
DI Letchworth, Herts. SG6 1JJ Letchworth 72771 (STD 046 26)

NN S 7 S w =
RSN USS T 7

WW — 057 FOR FURTHER DETAILS
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MARCONI TF675F WIDE
RANGE PULSE GENERATOR

+ /—~ variable outputs up to 50V

ROYAL INVERTORS manufac-
tured USA. 28V. DC Input. Output
115V AC 400HZ up to 2KVA. Brand

MARCONI! NOISE
GENERATOR
TF987/1
4 Ranges 0-5; 0-10; 0-15; 0-30

AVO TRANSISTOR
ANALYSER CT446

Suitcase style

Optional delay. Small compact unit
£18 ea.

new. Crated £12.50 ea.

Due to large purchases now priced at NOW £27.50 each

£15 ea.

113

FOR THE VDU BUILDER. New stock of Large
Rectangular Screen 30 x 20cm tube. Type M38 at
the ridiculous price of £4 each. And also still
available the CME1220, 24 x 15¢cm at £9 ea. Base
connections for both tubes supplied.

WE ARE BREAKING COMPUTERS
UNIVAC/HONEYWELL/ICL 1900 etc
Boards, Power Supplies, Core Stores are available
CALL AND SEE

EDWARDS HIGH VACUUM PUMPS
Type 1SC30 @ £55 each. Type ES35 @ £45

each
Carriage £2.50

UNIVAC MAGNETIC TAPE UNITS

Complete with heads and 10 reels of tape
£77.50 Carriage paid

2" MAG TAPE

Approx. 2,000ft. NOW 25p each P&P £1

R&S DIAGRAPH & GENERATOR 3-300MHZ Verv nice condition £440.

PHODE & SCHWARZ ADMITTANCE METER BN3511. As new £65.

POLARAD RECEIVER Model FIM-B2. Complete 1-10GHZ £375.

MARCONI] OSCILLATOR TF1101 20HZ-20KHZ. Nice condition. Special price £50. i
MARCONI Wide Range Oscillator TF1370. Freq. range 10HZ to 10MHZ. Sine Wave 10HZ
to 100KHZ. Square Wave. High outputs up to 31 6V. Fantastic value at £90 ea.
MARCONI ADAPTOR TM6113 for TF2700. TF1313. TFB668B £20 »a.

AIRMEC 4 trace scope Type 279 Large screen £95.

MARCONI TF142F DISTORTION FACTOR METER giving percentage distortion on a
directly calibrated dial and includes an spurious components up to 30KHZ £29.50 ea.
MARCON!| PORTABLE FREQUENCY METER TF1026/11, 100 to T60MHZ. Very fine
condition £25.

DECCA NAVIGATOR DISPLAY UNIT. Very impressive £12.50 ea.

COURTENAY MAJOR Mk. 2. 250 joules. 5 outputs Can be combined — 1250 joules
No heads, £30.

MARCONI SIGNAL GENERATORS. TF801B from €£140; TFB801D €240. Usually
available ex-stock

ITEMS OFTEN AVAILABLE
CORE STORES with Drivers from £100.
Some small RAM Boards from £15.
DISK PACK — new singles £20 each.
Good used TWIN PACKS £10 each.
Good used MULTI PACK £25 each.
CORE PLANES (no drivers) from £5.
HEADS for PACKS (individual) £15 each.
P.C. MOTORS (Disk Drives?) £15 each.

A et s 13 e G o
RHODES & SCHWARZ POWER METER. BNRD-BN2412/50 £50.
MARCONI RF POWER METER. TF1020A/1.50 ohm £65.
HEWLETY PACKARD 11 Channel Numerical Printer £30.
1.C. TESTER by SCHLUMBERGER. Model TCL232 — tests 741, 709, etc. Dual in lines;
flat packs or TOs £65 ea.

PICK-A-PACK— 50 PENCE A POUND

AIRMEC MODULATION METER 210 £95.

HILGER & WATYS SPECTROMETER H1170 £240

RHODE & SCHWARZ Tunable Indicating Amplifier UBM £75

TEKTRONIX 180A Time Marker Generator £55

S.E. Labs Oscilloscope Type 102 £220.

GENERAL RADIO PULSE SWEEP & TIME DELAY GENERATOR Type 1391B £120

SPECTRUM ANALYSER by NELSON ROSS. Plug-in for TEKTRONIX
Oscilioscopes 561/506 etc. Freq 0-500KHZ £225.

SOLARTRON CD1212 SB 40 meg. £85. DB 24 meg. twice £120. Many other types
available

Ex-Ministry OSCILLOSCOPE. CT436 Double beamn DC 6MHZ £95 ea.
*TELEPHONES. Post Office style 746. Black or two-tone grey £6.50 ea. Modern styie
706 Black or two-tone grey £4.50 ea. P&P 75p each. Old black style £1.50 ea. P&P 75p
TELEPHONE EXCHANGES. eg. 15-way automatic (exchange only) from £95.
MODERN FANS. 4% x 4% x 1%:"". 240 Volts. Superbly quiet. & blades. £4.50 ea. P&P
75p.

PAPST Model 240V available at £7.50 ea. P&P 75p.

PHOTOMULTIPLIER Type 931A £4 ea. P&P 75p. Other types available
*POTENTIOMETERS — All 5p ea. P&P extra. Metal bodied AB Linear, PCB Mount. Brand
new. 10K, 100K ganged, 250K ganged, 100K ganged, concentric shafts

*BEEHIVE TRIMMERS 3/30pf Brand New 10 oft £40p P&P 15p; 100 off £3.50, P&P
75%. 500 off €15, P&P £1.25, 1,000 oft £25, P&P £1.50

LARGE RANGE OF ELECTROSTATIC VOLTMETERS. From 0-300V 2’ €3, to 20KV
Max. General guide 5KV 3%;'' £5. Thereafter £1 per KV. P&P 75p

VARIACS 240V input 0-240V. output BA £18 ea. 20A £30 ea. Carr. £2.50.

E.H.T. TRANSFORMERS 20KV 2KVA £70 ea. Many other EHT transformers and EHT
Capacitors availabie

DON'T FORGET YOUR MANUALS. S A £ with requirements

TUBE Type DB7/36 — Replacement for Telequipments S31 £11 ea. P&P £1.50

FROM OUR ""PICK-A-PACK'* AREA WEIGH UP YOUR OWN COMPONENTS
NO RESTRICTIONS ON WHAT YOU TAKE

SUPERB PROFESSIONAL VDU CASES, size 23" x 16/ x 27'* on stands,
Hammer grey. BRAND NEW
SCHLUMBERGER Surplus £35 each. Carriage £2.50

EX-DYNAMCO Oscilloscoes INVERTORS
30V Input 6KV OQutput. Size 2" x 42" x 12"
Complete with circuit £10 each. P&P £1

 LINE PRINTERS — VARIOUS MODELS
£100 each. Carriage £15
Size approx. 4’ 4" x 3' x 4’ high

MINIATURE — OXLEY PATCH PANELS — BRAND

EX-DYNAMCO
10 x 10 complete with pins. £8 each. P&P 50p

C.D.C. DISK DRIVES
TWIN E.D.S.

Single phase — air conditioning not essential.
NEW Guaranteed fine condition £240 each. Complete
with copy of manual and 50 packs.

Size approx. 2' x 2’ 10" x 3’ 6" high.

A LARGE QUANTITY OF MIS-
CELLANEOUS TEST GEAR,
CHASSIS, UNITS, etc., on view
at LOW COST.

SURPLUS — BRAND NEW — REPLACEMENT TUBES
FOR DYNAMCO 7100 SERIES OSCILLOSCOPES TYPE
BRIMAR D13-5IGH

Mesh PD A Transistor Scan Wide Bandwidth 60MHZ +
Rectangular 6 x 10cm — 1KV EHT X Sensitivity 15V/CM. Y
Sensitivity 6V/CM Standard heaters Length 13% "

THIS IS A MUST AS A SPARE FOR THE DYNAMCO 7100
SCOPE OR IDEAL FOR THE HIGH QUALITY TRANSISTOR
SCOPE BUILDER
At £65 each Carriage £2 .50

LOGGERS BY
DYNAMCO

To Tube purchasers only Numetal Shields at £2 50
ALSO AVAILABLE TUBE TYPE BRIMAR D10-210GH/ 32
Rectangular 7 x 5¢cm  Mesh P D.A. Short 9%', 30MHZ+
Sensitivity x 14V/CM; Y 10V/CM BRAND NEW at £70 each
Carriage £2 50

DATA LOGGER
by DYNAMCO

These are BRAND NEW —
not finished — DATA

They are completed but for the plug-in boards. The case with hinged hid s quite superb and
extremely adaptable. It contains as well as the mother board an equally superb Power Supply
with the following voltages +28V, +15V. +5V (2 5A) — this supply is crowbar protected:
—BV; —14V; —~20V; —24V; —48V and other supplies including auto 110V This unit supplied
in its original cardboard box complete with original manual and must be of serious interest to
the professional constructor and anyone considering the construction of a micro processor
system. Unit size 7%2"' high x 19" wide x 23"’ deep

Price £45 each. Carriage £2.50

PICK-A-PIECE — 50 PENCE EACH

FROM OUR ""PICK-A-PIECE" AREA

PICK-A-METER — £1 EACH

A LARGE SELECTION OF BRAND NEW AND EX-EQ. METERS

~—

Minimum Mail Order £2. Excess postage refunded. Unless stated — please add £2.75 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with * 122 % VAT, otherwise 8%
Official Orders Welcomed. Gov./ Educational Depts., Authorities, etc., otherwise Cash with Order

Open 9 a.m. to 5.30 p.m. Mon. to Sat

7/9 ARTHUR ROAD, READING, BERKS (rear Tech. College, King’'s Road). Tel. Reading 582605
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Available Soon!

NEW Dynamco 7500 40MHz

dual-trace oscilloscope.

Check these star features:
D.C. to 40MHz, 10mV/dw
5MHz on x10)

6 input operating modes
Dual-Time base, 200nSec to 2 Sec/div,

with 4 sweep modes £595

NEW TRANSISTOR
TESTERS!
KDP Model TT1

This compact unit
facilitates the rapid
checking of junction
transistors (NPN or
PNP), indicating a
fault in either
junction, excess
leakage current
PLUS a spot-check
of d.c. current-gain

NEW FUNCTION
GENERATORS!

(imV to

G432 is a source of sine, square
and triangle signals, 1Hz to
1.1MHz 25V into 50{), via
attenuator
Also independently
£115 5V into 60901} fixed
level. Variable d.c.
off-set.

NEW POWER SUPPLY UNIT!
Model PG312 'Hercules’

Add 8% VAT to all
prices shown.

Ca

G430 (illustrated) provides Sine-
wave (0-10Vrms) and Square-
wave (0-20V p-p) from 6002,
continuously variable, via 0-60dB
step attenuator. Frequency range
1Hz to 1MHz
Send for
£9 5 details of our
complete range

== o

rriage extra

details on reguest

(iMustrated above)
This high-power (180 watts, max) bench p.s.v. features
dual protection — a current-limiter PLUS an electronic

cut-out proof against persistent short circuits.
% 10 to 15 Volts, variable, at 12

Amps, maximum * Ripple less than

10mV at full-load * Stability 0.3%

Send for full details of our range of power éupply
nit:

ELECTRONIC BROKERS LIMITED (New Products Division)
= 40-53 Pancras Road,London NW1 2QB. Tel:01-837 7781

WW — 099 FOR FURTHER DETAILS

Invaluable in any
Service Department

or Development £23
Laboratory

See inside back
cover for details
of I1CE Super
range of multi-
meters!

Callers welcome—
Monday to Friday
9am. to5pm.
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MICRO AMPLIFIER

€2.186.

Ex behind the ear heanng aids
compiete with volume control

VEEDER-ROOT
COUNTER

6 Digit 230-250v cycle operated. not
resettable also needs perspex or simdar panel
over the wheels £1.62.

ROTARY WAFER
SWITCH

break Lefore make — '‘' diameter 1"
spindle. siotted for
Plessey. Price £1.08.

—wiper contacts 3 way 8 poles. § amp rating,

knob screw, made by

fong

PP3/PP9 REPLACEMENT
MAINS UNIT

Japarese made in plastic container with teads size
2" x 1" x 1%", this is ideal to power a calculator
or radio, 1t has a full wave rectified and smoothed
output of 9 volts suiable for a loading of up to
100mA £2.53.

PERSPEX ENCLOSE
12 VOLT RELAY

with 10 amp changeover contacts,
approx 2 x 1" x 22" in case £1.08.

size

(DIGIVISOR)

punched out with numerals. 0. 1, 2

3 smalt fortune ]

DIGITAL DISPLAY UNIT

A precision made instrument which 1s
basically a moving coil voitmeter Instead
of having a pointer, however, the scale 15
3.4
and so on. When you apply a voltage for
nstance 8 volts — fig 8 comes n front of
a lamp and 1s focused on to the front
screen This device which must have cost
develop

and make can also be used for a variety of other purposes Voltage

regulauon for instance by making beam of ight tngger a photocell. etc
£5.40

PAPST MOTORS

West Serman make, these fine motors are noted for their performance

reiabiiity  Special features are the rotatng heavy outer which acts as a
flywheel to eliminate wow and flutier and switchable reversing We have

four types in stock, all 1360 revs.. including starting capacitor

(1) Ref
£6.30.

{3) Ref same as above

No KLZ 20.50-4. 230 volts 50HZ,
{2) Ref No. KLZ 32.50-4. 230 volts 50HZ
£7.28.

115 volts 50HZ. £€3.30.
{4) Ref same as above, 110 volts 60HZ, £3.30.

and

MERCURY BATTERIES
Bank of 7 Mercury cells type 625
which are approx. %' diameter by 7'’
thick i plastic tube giving a total of
10 7 volts Being in a plastic tube st 1s
very easy to break up the battery into
separate cells and use these for radio
control and similar equipent. Carton
of 25 batteries. £1.60.

HONEYWELL P.B.
MICROSWITCH

1-2 or 3 10 amp 250v change over microswitch 4
thro panel mounting by cock nuts. 1" dia black knob
1 switch 40p, 2 switch 55p, 3 switch 70p. &

i INSULATED
TERMINALS

15p each. foilowing colours available

Well made with metal panel insulalors — sciew
down 10 trap wire or »nsert 4mm plug nto top

LATCHING
RELAY

by Guardian Electtic. mains operated 1t «s in fact 1wo relays mounted on a
metal base plate The refays being mounted in such a way 10 ensure that
when one closes the other opens and vice versa thus when closed relay A
would remain locked untui manually released or electrically reteased by
energising retay B Each relay has 2 sets of 10 amp changeover coniacts

Should be ideal for burglar alarms and similar apphcatons £2.19.

EDGE MOUNTING
MOVING COIL METER

100VA fsd Size 3" x 2'' Sealed D.B
made for G.P.O new and unused
£3.60

24 HOUR MOTOR

beaunfully made by Sangamo This s
200-240v mains driven motor with gear box
together in one housing. size approx 1%' dia
by 1%" deep It you are contemplating makiny
a 24 hour switch with a lot of on oHs then this
1s obviously the motor Price £1.89.

PANEL METER

Large 42 square flush mounting — mirro
scale for accurate reading scaled DB
beautiful Instrument made for G #.0
unused £4.50.

50 VA MOVING COIL

new and

red

4 POLE MOTOR

Carefuily batanced

working. speed 1,250 rmp. £2.12.

fitted with belt drive
puliey for tape recorders. etc Normal mains

SPIT MOTOR WITH CARTER GEAR

BOX

Probably one of the best spit motors made
Ongimally intended 1o be used in very high priced
cookers, bowever this can be put to plenty of
ather uses for instance your garden barbeque or
to drive a tumbler for stone polishing: 10 fact
there are no ends to s uses Normal mains
operation £3.25 including POST & VAT

HUMIDITY SWITCH

American made by Ranco. ther type No
JV1 The action of this device depends upon
the dampness causing a membrane to
streich and trigger a sensitive microswiich
adjustable by a screw Quite sensitive
breathing on 1t for instance will switch 1t on
Micro 3amp at 250v AC Qverall size of the
device approx 3%'' long, 1" wide and
1% deep 65p.

RECTANGULAR HOT PLATE

Alumumun panel with ndyed top
and angled underneath 1o strength
enit This s approx 10" x 42" of

tags This

cupboard etc Price £1.03.

flat plate Beneath please is 100w
element and sensor switch which
will maintain the surface of the plate
Just 100 hot to touch With leads and
deal 1t you are making
up a tood warmer or for an aiing

ELECTRO
MAGNETIC
MECHANISMS

4v-8v AC operated the electro mag
easily removable from mechamism
50p each — two types available

EXTRACTOR
FAN

Ex computers - made by Woods of
Coichester ideal for fung through
panel - teasonably quiet running
~ very powerful 2500 rpm Choice
of wo sizes 5 or §%2'' dia £4.43.

TERMS

Cash with order — delivery same day as order received Prices includes
VAT and carnage unless stated but orders under £6 must add 50p to

et packing etc
BULK ENQUIRIES WELCOMED

J. BULL (ELECTRICAL]) LTD.

(Dept. WW)
103 TAMWORTH ROAD
CROYDON CR9 1SG

IT'S FREE! :

Our monthly Advance Advertising Bargains List gives
details of bargains arriving or just arrived — often
bargains which sell out bef our adverti can
appear — It‘'s an interesting list and it's free—just send
S.A.E. Below are a few of the Bargains still available from
previous lines.

Digital Thumbwhael Switch. 8lack face flush panel mounting, face

size approx 3%’ x %'’ White digits 10 positions 0-9. These can be

stacked edgewise 10 any guaniity The nght hand and left hand ends

have projections for 6BA fixing 10 the panel. Price left-hand and nght

han%end switches £1.50 each + 12p Intermediate switches £1.25

+ 10p

Mains Transformer upnght mounting with top tagboard. primary

0116 210, 240 two secondanes 115 vots 5mA and 8.5 voit

1 25A Note this rransformer is ex-new equipment. Price £2.00 +

16p Post 30p + 2p

Mains Transform primary 0-110. 127, 150, 180. 220

Secondaries (1) 3.16-0.3.15 (2) 2.6v, (3) 0-220v Fitted pnimary

screen This s 3 30w transformer. ex equipment £2.50 + 20p Post

40p + 3p

Relay 8-12 volt. Single 2 amp changeover contacts. open miniature

lzype size approx 1’ cube P.C. mounting ex new equipment 30p +

Relay Miniature -1 2 volt plastic covered plug in type 4 changeover.
gold piated contacts 52 ohm coil. size approx 1%" high, 1" wide
%'’ hick, ex new equipment with base 75p + 6p

Miniature Reiay 6-12 vo!t plastic covered plug in type 200 ohm
cotl Two changeover gold plated contacts ex new equipment with
base 75p + 6p

Thres Digit Counter, resettable 12 volt coil. flush panel mounting,
black with white digits, ex new equipment £1.75 + 14p

Reed relay with double wound coil 12 volts one coil will ciose the
read switch. 12 volts on the other coit wil! open the contact or still
furtner close 1t depending upon whather the current is opposing or
assisting Price £1.50 + 12p. Post 20p + 2p

Push on Push off Panel Mounting Switch. 3 amps. 250 volts
metal plunger similar to and mounted hight toggie switch made by
Arrow, 50p + 4p

Push to make Switch 250v 1 amp similar to and mounted like a
loggle made by Arco Electronic. Price 36p + 3p

Panel Mounting Neon Lamp. Compact type with bright chrome
type mounting clip, these will flash from voltages of 100 upwards but
need a series resistor of about 250k. higher or lower depending
upon how bright you want them. Price 30p + 2p. these are red but
we also have another shghtly larger in natural colour, same price
Relay, Clare Elliott 670 ohm. Coil sealed in metal can size approx,
%' by %' x %', two pairs of changeover contacts. This type of relay
is mounted by its own leads £1.00 + 8p .
Desk Instrument Case with sioping frant, overali size of sloping
tront is 4" wide and 5 long Mounted on a heavy basae for stability
base size 42" % 4’ with flex lock The heavy base is easily removed
+# not required. The average depth below sloping panel 3" approx
Price £1 50 + 12p Post 50p + 4p Note the sioping front wilt be
supplied with each of these cases but this already has quite a lot of
holes in 1t however it 15 a simple matter to cut and bend new
alumimum front if you use this as a pattern

Multicore flex lead. 25 coloured coded cores n PVC outer, length
approx 3 meties 50p + 4p

Combined flex lock and cabie bush. Self adjusts for most sizes of
cucular mains lead This s a two part device held 1o the back panel by
means of a screw, the tightening of which firmly locks the cabte
which prevents 1t being pulled to the detriment ot the :nternat
cannections Price 25p + 2p.

Vohage or current selector, comprises a 9 pin valve holder and an
insutated plug with a shorting link which can be made to short
together any pair of the valve hotdes contacts. Price 30p + 2p

This Month's Specisl Bargain Offer consists fluorescent chokes
and if you take advantage of it you wili be buying at approx one half
of the manutacturer's quantuty prices Three popular sizes. type (a) 2ft
20wsize 4% x 1% x 1% price 50p + 4p, type {b} 4t 40w or 1
metre 40w size 6% x 1%’ x 12" 70p + 6p. Type (c) 5t 65w size
6% x 2" x 1%’ price 90p + 8p. These prices are cut so keen that
we cannot give our normat quantity discounts but if you purchase a
mimmum of 100 — can be mixed over 3 types — then we will give a
specral 10% discount

Rigonda 6'' Mains Battery TV's for spares, these are less tubes and
less knobs and wili have one o¢ two other parts missing but in the
main are complete and worth having if you have one of these
televisions or 1f you do repairs to them Price £3.50 + 44p. Post
£1 00 + 12%p. )

25 Way Piug & Socket by McMurdo. The socket is panel
mounting and the plug has a metal shieid and cable clamp Ex
unused equipment 60p + 4p a pair

12 Way Piug & Socket, ditto Price 50p + 4p a pair

Remember 7029. We are rapidly running out of this and if you have
not put any into stock then this could welt be your tast chance The
price for 100 metre coil £ 50 + 76p Carriage £2 50 + 20p
Engine Revolution Counter. This is ex-Air Minsstry item, beautifully
made As a revolutton counter it is driven by a flexible shaft and
having a permanent magnet hetd the voltage outpul would be
dependent upon the speed Of course it will also run as 3 low voltage
0 C motor and 1ts speed will be dependent upon the applied voitage.
This 1s dustproof and almost waterproof so it will still run in adverse
conditions One point, however. s there are no brushes htted to these
motors. these are special and as yet we have not been able to find a.
supplier so you will buy without brushes. The Air Ministry ref
number of the motor is 6A/7A2 We would hke to hear from any
customer who met this during his service career and who knows of a
possible source of brushes Price £2.00 + 16p. Post 40p + 4p
Miniature Sealed Thermostat. German made. these are ahout the
size of early power transistors, have 4" wire ends and are sealed, so
sustable for immersion in many liquids Operating temperature 90 C
plus or minus 3% Wae were not sure of the operating voltage and
current but we tested one with 100w lamp off the mains and it
worked perfectly o k Price 50p + 4p

Gooseneck as used on adjustable table lamps, microphone stands,
etc. Normal brass %' thread each end iength 18" chrome plated
Price 75p + 6p Post 30p + 2p

Nicad Battery Charger in neat plasuc case size 4% x 3% x 2%"
approx with mains input lead and charging output iead terminated
with din plug This is a dual output charger but contains useful mains
transformer which makes 1t easity adaptable for many volitage cells 1€
not wanted as a charger could very easily be rebuilt as a power unit
for recewver or other device. The plastic case has a neon indicator
Price £2 50 + 20p Post 40p + 4p

Panel Meter. 2’4" made for Air Ministry unused but storage soiled
30mA moving coil offered at a low price but these have loose glasses
which will want reglueing Price £1.50 + 12p Post 20p + 2p
Papst Motor, ret KLZ 20 60-4-5400 This s normal mains working
motor capacitor tun so easily reversible May be a little storage soiled
but these are unused and fully guaranteed by us Price £5.00 + 40p
Post 30p + 2p

Garrard 4 Pole Motor, probably made for record player or tape
recorder. this s 140v. 40-60 cycle We do not know the Garrard ref
no but the figure 12 s pressed on the bottom bearing cover Price
£2 00 + 25p Post 30p + 4p

Simmerstat by Sunvic for 2500 watts. Sunvic ref. 230707/10776
This 15 a larger than usual simmerstal, dimensions approx 2%"
square by 2/;' deep Price £1 50 + 12p Post 20p + 2p

Smiths Time and Set Switch. 15 amp normal mains operated
device intended for use with cookers, e which could be set to be
switched on up to 14 hours in advance and for and up to one period
of 4 hours A very neat glass fronted instrument with centre control
knob size approximately 472" x 3% x 2*' deep The Smuths ref No
CS7400 One obvious use 1s for switching on your heating an hour or
s0 betore you come home so you come home to a warm house Price
£2 50 + 20p Post 30p + 3p.

10 Amp 12 Way Connector Block, black PVC 30p each. £24 for
100

Fluorescent Choke, polyester hiled compact size 5 x 1% x 1%""
for 4tt 40w tube We are seliing these in mimmum quantity of 100
at a time. price 60p each + VAT @ 8%, carnage at cost




Build your own

GOLDRING CK2
Belt Drive Turntable

the famous Goldring company,
comes complete with instructions ee
and all necessary parts. Ready to

incorporate into your design
plinth and cover. The pleasure of

assembling your own deck.

GOLDRING G103
Belt Drive Turntable

Famous name turntable slashed
to near half price. Complete with
plinth, cover and leads. Accepts
any standard cartridge (not inciuded)

OUR PRICE

£29.95

(+p/p & Ins £2.25)

™

(+ p.p & Ins. £1.50)

(Plinth, cover and cartridge not included).

Usually sold for £54.95 with plinth and cover.

Call in or send cheque, P.O, M.O, Access,

Barclaycard, Diners Club or American Express Number.

SonicSoundHudio

248/250 TOTTENHAM COURT ROAD, LONDON W1. TEL: 01-637 1908

ALL PRICES
INC. VAT

00000086 6000000000009

—

SERVICES
BBC MATRIX H

We are offering a component
kit comprising all
transistors,
diodes for this purpose built
quadraphonic decoder. Price
£20.00 including postage and
packing. A pair of p.c.bs is
available separately for £6.00

capacitors,

inclusive.

Other kits include the electroly-
tic capacitor tester (Wireless
1977),
sensitive metal detector (Wire-
less World, April 1977). Send
s.a.e. for full list of parts and
order
Circuit Services, 36 Hallowes
Crescent, South Oxhey, Herts.

World, May

prices. Mail

Wireless World, July 1977
eeC630002000
CIRCUIT.

S

)

resistors,
and

and the

0000000006050 200

only to

02206000000

(ELECTRONICS) LTD.
9 & 10 CHAPEL ST., LONDON, N.W.1

01-723 7851

01-262 5125

ADJACENT TO EDGWARE ROAD MET. LINE STATION
PLEASE ADD 8% TO ALL ORDERS INC. CARR.

CURRENY RANGE OF NEW L.Y. TRANSFORMERS
OPEN TYPE TAG CONNECTIONS
ALL PRIMARIES 220-240v

Type Sec Taps Amps Prce Cair

1 24-30-40-48-60v 12 £24.60 £2.00
2 24-30-40-48-60v 10 £22.31 £2 00
3 24-30-40-48-60v 8 £18.11 £1 75
4 24-30-40-48-60v 5 €12.47 £1 75
5 24-30-40-48-60v 3 £9.30 £1.00
6 24-30-40-48-60v 2 £6.80 £1 00

6-8-10-12-16-18-20-24-36-40-48-60v

CAN BE OBTAINEO FROM THE ABOVE RANGE

7 19-25-33-40-50v 10 £20.41 £2.00
8 19-25.33-40-50v 6 €14.62 £1 50
9 19-25.33-40-50v 3 £7.81 £1.25
10 19-25-33-40-50v 2 6.10 £1.00

6-7-8-10-13-15-17-20-25-30-40-50v

OR 25-0 25v OR 20-0-20v CAN BE

OBTAINEQ FROM THE ABOVE RANGE
LA 12-15-20-25-30v 10 £11.91 £175
12 12-15-20-25-30v 5 £7.83 £1.25
13 12-15-20-25-30v 2 £4.79 £1.00

3-4.5-6-8-9-10-12-15-18-20-24-30v

or 12-0-12v. OR 15-0-15v CAN BE

OBTAINED FROM THE ABOVE RANGE
14 12-24v 12v 6OA 24v 30A £22.90 £3 00
15 12-24v 12v 30A 24y 15A  £18.33 £2.00
16 12-24v 12v 20A 24v 10A " £12.5§ £2 00
17 12-24v 12v 10A 24v 6A £6.80 £1 00
18 12-24v 12v 4A 24v 2A £3.74 £1.00

FULLY SHROUDED TYPE TERMINAL CONNECTIONS

19 28-32v 4
20 14-16v 2
21 12-20-24v 10
22 12-20-24v 5
23 24-30-36v 10
24 24-30-36v 5
25 €6 12v 10
26 &-0v 2

£7.50
£4.35
€12.50
£7.50
£12.00
£9.95
£7.20
£4.35

CENTRE TAPPED TRANSFORMERS
Fully shrouded terrminal block connections. Screen. Pr 220-240v
sec. tapped 36-25-0-25-36v 5A £13.50, pp £1 30-25-0-25-30v

2A £6.75, pp £1

18-0-18v 2A £5.25, pp £1 Open trame types

Pri. 220-240v. sec. 50-0 50v 1A £5.95, pp 75p. 50-0-50v 2A

£8.95, pp £
HEAVY DUTY TYPES

Pri. 230-240v. sec, 12v 30A twice will give 12v 60A or 24v 30A
£23.00. carr £2 Sec. 6-12v 20A £10.985, carr £1 75. Sec 20v

20A £12.00, care £1 75

s aioghasiu
AUTO TRANSFORMERS FOR AMERI-
CAN EQUIPMENT
240/110v. 80 3000 Watts. fiuted with 2-3
pin sockets and 3 core mains lead Send sae
for price Ist We have England's largest
selection of American electrical accessories,
2-3 pin plugs recessed and surface type, 2-3
sockets. multi-way adaptors, 2-3 pin
grounding adaptors Cable type sockets
Extension cords 240v Edison screw type light
bulbs industrial plugs and sockets. Let us
know your requirements

GARDNERS ISOLATION
TRANSFORMERS
New, traction of maker s price Open type top
connections. Pri 220-240v Sec 240v Bamps
£22.50, carr. £3. Open type cable lead
connections. Pr. 200-220-240v. Sec 240v
700 watts £10, care. £2

PARMEKQ

Ex equipment in perfect condiion. Metal
shrouded open tabie top connections. Pn
200-250v in 5v steps Sec 240v 10 amps
€35, cair £4 Pri 200-250v i 10v steps. Sec
tapped 90-100-110-120v 7 5 amps £18.50,
carr. £3 Pri. 200-250v in 5v steps. Sec 115y
13.5A £39.50, carr £4

HEAVY DUTY AUTO TRANSFORMERS
For mans boosung ex. equipment input
200-260v sn t0v steps. output 240v 6kVa
Enclosed in metat case €40, carr. £5 One
only

LY. TRANSFORMERS

By famous makers Fraction of maker's price
Al pnmaries 220 240v open type No | Sec
26v 10A. Top panel connections £5.78, pp
£1 No 2 Sec. 43v 3A. Wire end connections
£3.75, pp 75p. No 3 33v 5A and 18-0-18v
1A Wite connections £3.75, pp 75p. No 4
30v5 5Aand 12v2 2A £5.50, pp£1. No §
Sec 14v 5A, 14v 2.5A 12v 10A, 8v 10A
24v 750m/A, separate windings €10, carr
£2 No. 6. 26v 5A, 16v 4A 25v 2A, separate
windings £8,50. pp £1 Potted types. No 7
Sec tapped 24-30-32v 2A £3, pp 75p. No 8
Sec 20-2v 24A. high voltage nsulation
£5.50, carr £1 No 9 Sec 6.6v 6A. 6.6vBA
S5v 6A. separate windings. The following
outputs can be obtained 6.6v 6A. 6v6.6A. 5v
6A. 13v 6A amd Sv 6A. 6 6v 12A and 5v 6A,
11.6v6Aand 6.6vBA 18 2v6A £5.95, carr
£1 No 10 24.0-24y 470m/A and 45 1A
and 150v 16m/A, separate windings £2.50,
pp 75p No 11 Sec 4 2v 1A €1.25, pp 50p
No. 12 Sec. 50v 1A and 140v 195m/A and
6 3vat 1.25A £3.50, pp £1 No. 13 Sec. 6v
1A wwice £2, pp 50p No 14 Sec 24v 1A
24v 750m/A £3, pp 50p No 15. Sec. v 2A
and 9v 1A, open type €£2.50, pp 50p No. 15
Sec. 35v 5A, 200v 100m/A. 30v 100m/A,
separate windings £7.50, carr. £1 50

RELAYS

Keyswitch, Open type KMK1 230v AC 1 CO
65p; KMK3 230v AC. 3CO 85p; KM1 12v DC
1 CO 75p. Omron open types Mk, 2 12v DC
24y AC 2 CO 75p. Plug in type Mk, 2P 12v
DC 2 CO 85p. Schrack plug in type. 11 pin
24y OC 3CO 95p. Miniature types. Siemens
or similar: 7008 4CO 85p; 7009 3CO 65p;
5212 4 CO 85p. RAPA open type base
mounung  220-240v AC, 1 make. 50p.
American Miniature open type. single hold
fixing. 6v OC 1CO 50p, pp all types 10p

3 PHASE ISOLAYTION TRANSFORMERS
BY FAMOUS MAKEK

Input tapped 380-400-415-430 volts RMS
NOM Line to line 3 phase 4 wire 50H2 output
415 volts. NOM 3 phase 4 wire at 2 15kvA
Regulation 2% secondary fully screened apen
type construction. Tesminal board connections,
size 16%2x7x6"%ins VWeight 90Ibs Brand new
Fraction of maker s price, £298.80, carr £4

WODEN 3000 WATT AUTO
TRANSFORMERS

Ex equipment, pertect conditon Tapped 105

115.125.335-200- 215 - 230 - 245
260v Open type terminal block connections
£22.50, carr £2 Can be supphed n metal
case with two Amerncan 2/3 pin flush
mounting sockets. 3 core 240v mains lead
Carrying handle £37.50, carr £3

C'" CORE TYPES

ALL PRIMARIES 220-240v
No 1 Sec. 18-0-18v 21A £10, carr £2. No
2 Sec. tapped 22-25.-28v 5A and 16v 1A
twice, 10v 1A twice. 26v 2 5A. 23v 1A 6 3v
2A 145-0-145v 200m/A, separate windings
£6, carr £1 No 3 Tapped 29-31-32v 15A
and 23-24-26v 5A and 14-15.17v 5A £12,
carr £2 No. 4 Sec tapped 27-28-30-39v
10A €12, carr, £2 No 5 Sec 1apped 10-21v
5A and 1-3v 5A | the following outputs can be
obtaned 1.3 10-11-13-21-22-24v. 5A €4,
carr, £1. No. 6 Sec tapped 1-3v 1.1A and
10-30v _1.1A £2.50, pp 75p No 7 Sec
w@pped 20 22V 1.5A €2, pp 75p No 8 Pa
50v only, sec 100v 2 5A twice £8.50, carr
£1 50

AC WKG BLOCK CAPACITORS
B8Y FAMOUS MANUFACTURERS

MFD Volts Price
025 1500vAC 50p
0.75 440vAC 50p
1 470vAC 60p
125 360vAC 65p
2 400vAC 75p
24 360vAC 75p
25 360vAC 75p
27+01 700vAC £1.25
3 440vAC £1.00
35 250vAC £1.00
4 250vAC €1.00
5 360vAC £1.25
5 440vAC €1.50
7.2 440vAC £1.50
8.4 250vAC €1.00
15 250vAC £1.75

PP up to 2 5MFD 25p, 2.7 to 15MFD S0p +
8% on total

GEC L.T. TRANSFORMERS ALL PRI-
MARIES 220-240v

GPO spec Sec tapped

59-61-63-65-67-69v 10A £10, carc £2 Sec

apped 58.63.69-74v 3A £4.50, pp 75p

Both types terminal block connections

REDCLIFFE 'C' CORE TRANSFORMERS
New and boxed Pri. 220-240v Sec 29 5875
m/a twice conservalively rated £3.00 p.p
76p. Pri 220-240v. Sec. 504v 375 M/A
50v 125 M/A 6.3v 4.5A 6.3v 3A £86.00,
cari. £1 850 Pn. 200-240v sec 11 6v 3 5A
£2.00, p.p. 75p

REDCLIFFE ‘C' CORE CHOKES
20H 180 M/A £3.50, pp. £1 25 0.7H 250
M/A €1, pp. 50p. 50H 25 M/A €1, pp
50p 20H 75 M/A. £1 50. pp 50p

H.T. TRANSFORMERS
BY FAMOUS MAKERS
Fraction of original prices
ALL PRIMARIES 220-240v
Potted types. No 1 408-200-0-200-408v
408Bv 1aps 165m/A. 200v taps 500m/A
€5 50, carr. £1 50. No. 2 Sec 330-0-330v
200m/A. 63v 6 6A. S5v 3A £4.75. carr
E1 25 .No 3 350-0-350v 200m/A, 6.3v
6.6A, 5v 3A £4.95, carr £1.25 No 4 300v
37m/A twice 4v 1A, 4v 0.3A. 4kv DC wkg
£3, pp 750 No 4 Sec 630-0-630v
105m/A. 5v 4A 5v 2A £4.95, carr £1.25
No 6 Sec 400-0-400v 170m/A, 6.3v BA,
63v 1.6A 5- 3A €£4.50, carr. £1 No. 7
400-230-0-230-400v  120m/A. 6.3v 4A
6 3v 3A. 5v 3A £4.50, carr £1 No. 8. Sec
tapped 700-760v 50m/A. 6.3v 1 5A £3.50,
pp 75p. No 9 Pri. t15v only. Sec
530-0-530v 330m/A. 6.5v 6A £7.50, carr
£1 50. No 10. Sec. 65v A and 18 24v D 5A
£3.75, pp £1 No 1) 250-0-250v 60m/A
2.8-0-2 8v 2A. 24v 3A, 63v 3A 'C core
type £5.50, pp £1

OIL FILLEO BLOCK CAPACITORS
TCC: 8mid BOOv OC wkg. £1, pp 35p. 1mid
2000v DC wkg 7Sp, pp 35p 1 mid 1500v
DC wky 60p, pp 25p. 1 mid 1000v DC wkg
§Sp, pp 25p. | mid 600v DC wkg. 30p, pp
15p. 2 mtd 200v OC wky Three for 50p, pp
35p. Dubilier: 8 mfd 350v DC wkg. 50p, pp
35p, 4mid 1250v DC wkg €1, pp 35p. 2mid
750v DC wkg. 50p, pp 25p. 2mid 600v DC
wkg. 40p, pp 25p 0.1 mtd 10kv DC wkg 3kv
RMS €2, pp 75p. 0.1mfd 3D0Ov OC wkg
75p. pp 25p. Hunts: t mid 350v DC wkg. 2
mid 200v OC wkg . erther type. three for 50p,
pp 25p Amencan types 4+4+44+24+1 mid
600v DC wkg. £3, pp 75p. 8+ 8+ 4mfd 650v
DC wkg £3, pp 75p. 6+4 +3mid 400v DC
wkg. £2, pp 75p. 7mid 800v DC wkg 75p,
pp 35p. 6mid 600v DC wkg 60p, pp 25p
4mid 600v DC wkg S§Op, pp 25p TMC
Special Ofter: 2mid 100v DC wkg Cartons of
12 €1, pp 50p. 50mitd 150v DC wkg. €1, pp
25p AC Wkg Types 15mid 330v AC £1.50;
6mfd 300v AC 7Sp; 4mid 400v AC 75p;
4mid tubular 250v AC 60p.

CLARE MERCURY WETTED RELAYS
30042 2 co contacts size 1%xVax¥2ins £1, inc
postage Reed relays 200082 2 co SOp. 8004
2M 35p, 6004 2M 35p nc. postage Siemens
miniature relay 7008 2 co contacts metal
cover with base 65p inc. postage Delco horn
relays 12v enclosed type single hole fixing 7S5p
inc postage
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ELEGESL TREGH

GOMPOIENTS LT
315,317, 364 EDGWARE ROAD, LONDON W2

TEL: 01-723 5667 & 01-402 5580

Shops and mail order dept (mail to 364) open 9 to 6 Mon. 1o Sat. inc.
Prices include VAT. Carr./p. & p. quoted U.K. only

ACCESS & BARCLAY accepted. Minimum order £5 otherwise C.W.0. For credit on approved accounts

mvo-cmg costs necessitate minimum order of £20

TTL

BULK USERS

Please note we have purchased a distributor s entire stock

and can atfer the following items in substantiai quantities

at half current 1000 up prices
Pubieonl . st N

74160 7441AM 7470 7495) T415IN
TAUIN 71843 7476N  7495M 74153
74200 7445N  T480N  T410N  74155N
74230 7445) 74828 74105N  T41S5J
74823 T446AN 7483 74107 74156N
7430  7446N  T485N  T410IN  T4180N
74370 748N 74850 741260 741804
74378 7453N  TA91AN 741450 74181N
TA40N  7454N  7484) 41508 74182M
7441A)  T460N  T494N 74151 ;él!jlli:.l

PHONE FOR QUOTATION
NIXIE TUBES

ITT. GN4. Red. Standard numerals 0-9. Compiete’with
ceramic base for PCB mounting. 1.08' dia. x 1.38°* high
alus ¥4" base depth inc. pins. Operating voltage 170v. DC
min. Complete deta and connections supplied. Brand new.
£1.50. p. & p. 20p. 10 off£1.00 each. 100 or more B5p
sach. p & p. 40p any quantity,

ROTARY STUD SWITCH 1
PLESSEY. 30 way. 2 bank. Single pole.

Contacts 1 amp. 240v. AC/DC. .0051 res

Break before make. Stop infinitely adjustable

allowing for any desired arc of travel |deal

for instrument and model switching Snu

2‘/-” dia. overall x 2%Y deep plus 1%’

0 ‘ dia. spindle. £2.28. p&p. 20p. ‘oﬁt! 9% each. pép

UNI- SELECTOR

- 240v. AC or DC operation. Spht
30-way double bank contacts. Qverall
size approx. 2% da. x 2% deep
Brand new. Bargain at £4.50. p&p
65p.

TRANSFORMERS

DAVENSET AUTO

2KVA cantinuously rated. Tagped for any voltage from
5-260v. in steps of Sv. Wah an isolated winding of
0-5-10v at 8% amps this transtormer is an extremely
useful buy. Push-on connections Size 8 x 5% " x 6%2"
“A really robust job. Bargain at £23.80. Carr. £3.00
750VA. continuously rated. Tapped as above with
0-5-10V. isolated winding of 5 amps. Same connections
Size 4%:" x 3%" x 4%’ Alsc bargain at £12.50. Carr
£2.00

GRESHAM

P 10-0-200-220-240v. Sec tapped
0-3%-7-11-32-33-34-35 at 10 amps. to give 24 useful
voltages. £6.00 carr. £1.00

TORROIDAL

Prt 15 0-210-240v. Sec. 140v at 35m/a. 31v. 8t 500
m/act. 10v. at 1.9 amps. Scr. Size 32" dia x 1%2"
£3.95p & p. 30p

MINIATURE

Pri. 240V Seq, 6v. at Y2 amp Size 1% x 1%2" x 1"
Ideal as power supply base for models, radios, cassettes,
e £1.50 ea. p. & p. 20p. 606“:1 00 ea. o & 0. 450

GOODYEAS 1KVa iransfarmer
0-110-115-120-200-220- "40v Fully shrouded.*
Terminal biock connections. Size 5" x 4%" x 5% "' plus,

block. cannot be bettered at £13.85, p. & p £1_.50.

ARROW SWITCH
Press on/off. Single hoie fixing
SP/ST. Size 1%" x %"”. Swd
extends Y4’ Rated 1 amp. m
240v. 2% amps. at 125v, Price
for 5 (min. qty.) €1.78 p. & p.
30p. 10 0r more 30p eachp &p.
(AOP

REED SWITCHES

Glass encaps. N/o «contacts Glass length 1%, dia. %"
overall lenght 17" 10 oft £1.00. p. & p 25p 100 off
€8.00, p. & p. iree. 1000 off £68.00, p. & p. free.

SYLVANIA SWITCH

10 for £2.50

50 tor £11.00
100 for £18.00
Plus 50p p. & p.

any quantity

Complete with magnet.
N Jar Vacuun
XA na

MOTORS

RANCO 1/6 H.P. 1425 rpm, 240v. 50Hz
Split phase. '2''x3’" long shaft. Unused.
Normally cradle mounted but offered without
cradle, hence low price of £7.50 plus £1.50

carriage. i
JE3

CITENCO F.H.P. roversible geared
motor. 220/240v. 50 Hz. 1 Ph. cap
start cont. rating. 0.2 amps. Geanng
144 1 fmal dove 19 rpm  Torque
14.5 Ka/cm. 5/16" dia. shaft. Size
6" x 3% dis. plus base. Brand new. Limited quanmy
€14.50 p&p 1 1 50

f‘*

1/8 HP. reversible geared
motor. 220/240v. 50 Hz 1
Ph. cap. start, cont. rating
Gearing 5.1, Final_drive
approx. 280 rpm. %'’ dia. shaft. Size 14 inc. gearbox ¥
g;/z" dia. plus cap. and base. New. Robust. £23.95_ carr

ACADEX shaded pote motor. Open frame 230v. 50 Hz *

Double ended 5/32"" dia. spindle, each 1% jong Ideal
for tans, models, etc. Size 1%’ x 2%" x 1%'’ deep plus
spindles. £1.80 p&p 45p o
CROUZEY shaded pole motor Open frame 115/230v
50 Hz 1425 rpm Size 2%’ x 2%’ x 1%’ deep plys %'
fong x 5/ 32" dia. spindle. £3.80 p&p. 62
PAPST motors. Noted for advanced desngn
and superb construction. Rotating diecast
outer body acts as flyweight and eirminates
wow and flutter. 50 Hz. capacitor start
MODEL HSKZ 32.80-6/12. 220v. Dual speed tape deck
motor 500/1000 rpm. 12 mm. drive shaft gwes tape
speeds of 9.53/1905 cm/sec. (3%/7% ins/sec)
respectively. Size approx. 5%'' dia. x 3%'' pius 1%’
spindle. £16.80. p&p. £1.10
MODEL RO 32.65-4 Dual voliage 125/250v. Size 2% x
3% Spindle 5/16" dis, £12.50. p&p. £1.10
MODEL HSZ 20.25-2. Basically 42v but can be operated
from mains with additional capacitor. A magnificent smalt
Tolor Size 1% x 2%’'. spindle 5/ 16"’ dia. £56.95. p&p
P
SOLENOIDS 240V A.C.
MAGNETIC DEVICES LTD. No. 1)
has 201b puil for 50% duty, 1%"
travel, push or pull. Shackle both
ends. Size 1%’ wide x 3%" tugh |
x 4' long plus 3’ arm travel |
£6.78 plus p. & p. £1.00
{No 2) has 2Ib pull continuously
laled %'' travel. Size 1% X
1%2"'h x 2% plus travel. £1.80,
30pp. &p.
PYE ETHER LTD. Thrust opevatas through spring loaded
hinged lever giving a 1lb. pull or push Complete with
mounting bracket and push-on connections Size overall
nc bracket 2%:"'w x 3"'h x 32" long. £2.25 P&P 45p

RELAYS

Octal base 2 C/Q 6 amp contacts. Following
w~oltages 12V a.cn4BV dc. 110 dc 230
a.c., all £1.28 each ptus base 15p postage
and packing 15p. t1-pin 3 C/O 6 amp
contacts, following voltages 115 ac. 48
d.c. 24 d.c. all at £€1.50 each. base 15p
plus 15p p. & p
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FANS

DUAL EXTRACTOR FAN.

240v. 50 Hz Two thick stack

shaded pole motors make thys a

highly efficient unit producing a

powerful airfiow. Mounted in

heavy stee! frame each has five element 6% " biades. Size
22%" x 14" x 5% deep.; £E.WB carr £2.75

SINGLE FAN with motor similar to
above. Very useful in home and
workshop. Remember last summer
Keep cool this year. Onty £3.95. plp.
65p

INIATU

57T

Size Sue
Type (Dia) Volt/Curr fype (Dia.) Volt/Cufr.
A 3MM 56V 60 MA D 3IMM  2-5V 360 MA
-] 4MM 4V 250 MA 5-6 60 MA
5V 60 MA E 4MM 6V 200 MA
12V 40 MA 6.3 200 MA
12V 100 MA 14V 40 MA
14V 75 MA  F 4MM 2,7V 60 MA
28V 40 MA 12v 160 MA
14v 80 MA

c SMM 28V 40 MA
G Smail telephone jack type 6 or 24V

Prce Types A-F £4.00 for 25. 50 and upwards 13p each.
Type G 45p each. p. & p. 20p per order

BENDIX MAGNETIC CLUTCH

Superb example of Dozens of uses
electro-mechanics. Main body n n Horme, Farm,
two sectons, coll section fixed Workshops & Lab.
with  3%in sleeve; drive section
{otaing on outer perimeter,
Uniting plate has 3in. 1D bearin
concentric with mamn section an
18t00th cog wheel. Extremely

erful transmission. 24V D/C
%Ow 0 m/a. £3.78 pius p. & p

PCB EDGE CONNECTOR

CINCH. .15" pitch. 27 way but designed with adjustabie
fixing endplates enabling connector to be cut and uséo in
any length desired. 50p p. & p. 15p. 100 £4.00p. & p
30p.

MEM LIMIT SWITCH

Snap action 5 amps at 240/410 A.C size base. 3%" x
1%" x 17’ plus heavy duty roller plunger %'’ ext. or
1" when compressed. Very robust for tireless operation
weather proof. Price £2.20 plusp & p. 40p

JABSCO (ITT) ROTARY PUMP

Self-paiming Works from electnc dnll
or surtably powered motor for 4’ drive
shatt %" hose connections. Through-
put 2/3 galls per min. at 2400 rpm
Dozens of uses in home and workshop
Giveaway a1 £2 75. p&p 20p

The SECOND-USER

Compuler
Specialists

N

Miini~-Computer
Exchane_:;e

JUST ON THE MARKET—
SUPERB CONTROL DATA SYSTEM:

1774 32K Processor. 2 x 854 3meg Disk Drives. 2 x 608 7-track
Magnetnc Tape Units {NRZ), 430 Card Read Punch (500/100 cpm)

1742 Line Prnnter (300 1pm),
211-2 CRT Displays. 1750 A/D Interface

DEC PDPBM-ML 8K Processor — BRAND NEW
DEC PDP8I 8K Processor

Olympia KC 7000

Philips Dats 4000

PERIPHERALS

DEC AF01 A/D Convertor

DEC DF32 Disk Drive & Control

DEC DS32 Disk Expander Drive

DEC RT02-B Alphanumeric Data Entry Termnal
DEC TUSS DECTape Drive

Computer Automation Dual Cassette Drive
Ciphor X-100 9-track 800 bp: tape deck

1713 ASR Teletype {10 cps). 5 x

Systems,Peripheral

Equipment &

Components for
Data Processing

LARGE STOCKS
OF A WIDE
RANGE OF
KEYBOARDS

ALWAYS

AVAILABLE

KB6: 56-station ASCll-coded TTi-compatible 4-bank alpha-nymeric
keyboard standard Teletype layout 7-bit ASCII code {no parity) with

ROM encoder chip

two-key rollover and debounce supplied

complete with circust diagrams. pin connections and code chart

Power Supply +5VDC +/-5% 150mA.
10mA. Output Logic Lavels Data Bits 1 through 7.0v ™~
1" 5.25V. Fan Out: One standard TTL load. Strobe:
§.25v Ov "0

—12vDC +/—-10%
0O 45V, 2.6v
2.6v 1

46V, Fan Out: 10 standard TTL loads Strobe signal

detay 10 milliseconds nominat 1o allow data to stabilise

Price £30.50 + £1 P&P + 8% VAT Send £43.74

Periphersi Equipment Corp. 7520 7-track deck

Kennedy 7-track Incremental Tape Transpéft

RDL 10000-series Incremental Tape Transport

TALLY 425 60cps Panel-mounted P/ T Reader

ELLIOTT table-mounted photo-electric readers

FACIT 4060 Heavy-duty rack-mounting P/ T Punch

FACIT 4001 High speed readers, table or rack-mounted

DEC MODULES

BM792 Bootstrap Loader KE11A Extended Anthmetc

DC11AC/DC11DAAsynch- KKBE PDPBE Processor Module

rorous I/ F Set

DKBEA Real Time Clock KLBE Seqal Interface

DREEA Parallel Interface KMBE Memory Extension

DR11B Direct Memory Access Module

KDSE Data Break KP8E Power Faill/Auto Restart
Many other modules in stock or on early call-off

OUR STOCKS ARE CONSTANTLY CHAN-
GING — please phone for latest availabi

Add 8% VAT to
prices shown.
Carriage extra
details on request.

| ==

Printers and
Terminals

Diablo Hi-Type | 30cps Daisy-wheel Printer,
complete with interface module for Nova
prccessor — BRAND NEW!

CENTRONICS 102A Twin-head Printer
KSR33 and DD390-KSR Teletype Terminals
ASR33 and DD390-ASR Teletype Terminals
ASR35 Heavy-duty Teletype Terminals

I1IBM 735 Input/Output Writers

TEKTRONIX 611 Storage Display Unit
COSSOR DIDS 401-2A and 402-2A Visual
Display Units

BALL eraml TV Monitors, 9" tube, 12MHz

— ELECTRONIC BROKERS LIMITED (Computer Sales & Services Division)

OXS-CRT U&-staton ASCIIB-coded TTiL-compatible 4-bank
alphanumeric keyboard. 8-bit code. upper and lower case alpha
output plus separate numeric pad Delayed strobe and 2-key rollover
Mounted in attractive box. overail dimensions 20% x 7% x 3%""
Price £65.00 + £3 carnage + 8% VAT .Send £73 44

555W3-1 S4.station BCD-coded 4 bank alphanumeric keyboard
Hall-effect switches Input +5VDC. negatve logc and strobed
output  two-key rollover Set in atiracuve panel incorporating 5
wndicator lamps and on/off switch Dimensions 15%:x5%x2':""
Price £39.50 + £2 PA&P + 8% VAT Send £44 82

18-Key push-button calculator keyboard. Numerals 0-9 decimal’
pont C K + Mounted on FCB. overall dimensions
5 axd%x1'2  Prce £4.00 + 50p P&P + 8% VAT Send £4 86

MINIATURE MATRIX PROGRAMME BOARDS: Brand new X.Y
Matrix boards. with 3mm grating. 3x10 positions (1%’'x1") £4.00
P&P 40p

Callers  welcome
Manday to Frday 9am
°hpm

=_ 49-53 Pancras Road,London NW1 2QB. Tel:O1-837 7781

WW — 100 FOR FURTHER DETAILS
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_SIGNAL SOURCES

V HF Square wave Generator
KHz-100MHz Max o/p 2V

H1 Audio Signal Generator. 15Hz-50KHz
Sine and Square

€2 RF. Signal Generator 10KHz-100MHz

$G21 1D
£35

£35.00
£76.00

H1E Audio Signal Generator. Sine & Square Wave

15Hz-50KHz. 200 V to 20V (Sine) Distortion 1%

1.4mV to 140V (Squars). Brand ne
dition ... ..., .. ... 45 £70.00

GENERAL RADIO

Unit Oscillstor 1209C Freq 250-920MHz. Accuracy
1% Dntt 0.2%. O/pin 1o 50ohms = 150mW supplied
with Power Supply Type 1201--CQ €145
HEWLETT PACKARD

10615A Frequency Doubler Extends the useabtle
frequency range of signal generators Operating on
nput frequencies O BMH? 1o 500MHz 1t provides a
doubied output in the range of 1MHz to 1GHz The
frequency response of this 50 ohm device 15 very flat
{<. % 2dB typically) over the entire frequency range and
undesired harmonics are weil suppressed Brand
211A Square Wave Generator 1Hz-1MHz £75.00

[ F M /AM Signal Generator 202H FM AM CW &

pulse coverage 54 10 216 MHz RF 0/p 0 Tu V-0.2V
50chms Impedance

Audio Signal Generator 206A 20Hz-20KHz
.accuracy Distortion £ 1% £90
612A-U.H.F Signal Generator 450-1230MHz
0 V-0 5V (50 ohms) A M internal & external. Pulse
mod. faciiities SUPERB CONDITION £1250.00
MARCONI INSTRUMENTS

TF1060 U.H F Signa! Generator 450-1250MH:z, Sine
wave and pulse a.m £350.00
TF867 Signal Generator 15KHz-30MHz. Q/p volts
0 4pv.4v £185.00

——

Signal Generator TFB887. 15KHz-30MHz o/p
0.4uV 4V Int. & Ext. mod. Supplied with Terminating
unit £185
TF2005R Two Tone Source The instrument comprises
two dentical low-distorion at oscillators and a
montiored attenuator unit. to form a compact test set
for the measurement of inter-modulation distortion
using the methods recommended by SM P TE and
C.CI.F Frequency range 20Hz to 20KHz in six bands
teach oscillator can be adjusted and used indepen-
dently). Harmonic distortion Less than 0. 05% between
63Hz and 6KHz when using unbalanced output
Generally less than 0 1% under other conditions
intermodulation  Betow —80dB with respect to the
wanted signal. Ampiitude Reference Level Up to
+10dBm from each oscilator Qutput attenuator
111dB in 0.1dB steps Output impedance 6000}
unbatanced, or B00( 1500 or 75() balanced and
centre-tapped £485.00
S H.F Signal Generator 618C 2 8-7 6GHz ~1% 50
ohms £500
FM/AM Signal Generator TF 995435 Mwmistry
type No. CT402 1 5MH2-220MH:z RF o/p
2uV-200mV Internal & External Mod Facdities. V.
good condition £385
FM.7A M Signal Generator TF9954/5 1.6.220MHz
in §bands 0.1uV-200mV. FM upto * 120KHz from
50Hz-16KHz. AM up to 50% from 100Hz-10KHz
o/p (1) 2uv-200mV {2) wnh terminating untt
1uV-100mV Int. mod freqs 400Hz VKHz & 1.5KHz
Distortion (1) on nternal F.M_ = 25Hz {2} on internal
AM 6% ar 30% mod £300 1o €450
A M Signal Generator TFB0ID/t Freq range
10-470MH2"R F output O 14-1V Pigton attenuator
50ohms Impedance Modulation Int AM 1KHz Ext
AM  30Hz-20KHz. Low spurious FM & dnft
VSW.R 1.2orless £400-£800
A M Signat Generator TFBO1D/1S Military version.
10-485MHz 450.£800
RC Oscillator TF1370A 10Hz-10MHz Square Wave
up to 100KHz High Outputs up to 31 6V 5
Phase/A M  Signa! Generator TF

0 4-12MH;

AM Sgnal Generator TF B8018/3S
O luv.iv

R C. Osallator
20HZ-200KHz. Output

£
12 485MH:
£195
range
into 600(0-20v
variable Attenuator 0.6dB in 10dB steps (mpedance

TF1101  Frequency
Direct
600{) Distortion Via 1KHz Filter less than O 1
Direct or via Atienuator. Less than 0.5% 50Hz-20KHz
Less than 1% 20Hz-200KHz £120-£150
Signai Generator TF144H/4 Late madels in super
condition £500 1o £650
TF9958B AM/FM  Signal Gengrator
200KHz-220MHz Narrow deviation model for mobile
radro testing 3 mod . freqs £675.00
MARCONI-SANDERS

Microwave Sweep Generator type 6600A c/w 6619
plug in 1 7Gh2-4.2GHz £2900.00
"MUIRHEAD L f Decade Oscillator DBBOA 2-phase
Q0 01HZ-11 2KHz £295
Decade Oscillator D890D

1Hz-11 2KHz £260

Electronic Brokers Ltd. are one of the
leading electronic instrumentation companies in
the UK, providing a full range of services to
Universities, Industry, Colleges.and
Governments both at home and overseas.

We have the largast stocks of secondhand
test equipment in Europe as well as a selected
range of new products. These are on display at
owr London showrooms where customers can

exam
it working.
Electrol

e the equipment of their choice and see

Brokers Ltd. have fully equipped
workshops on the premises to test a

d report

on the majority of equipment we sel

PHILIPS
PM 5167 Funcuon Generator Sine. triangle, square
positive pulse, negative puise and ramp 9 1 and t 9
0001 Hz 10 YOMH2 (sawtooth and pulse up to max
MHz}  Output  40V(P-P} Impedance 50 ohms
Vanable DC Ofiset External sweep Single shot set
phase Hold function Overange warning hght. Superb
condition ) £615.00
PM5501 Colour bar generator Extremely light and
compact instrument for mobile maintenance
difterent 1est patterns for colour and black/white TV
installation and service RF output signal switchable
VHF, Band Il and UHF Band IV 1KHz tone for sound
pertormance checks {sine wave) £165.00
S0MHz Pulse Generator PM5712 £435.00
Putse Generator PM5775 £800.00
Pulse Generator PM5776 £900.00
SANDERS
cr478 Microwave
t 5GHz-4 5GHz
RHODE & SCHWARTZ
H.F generator
1700-5000MHz
WANDEL & GOLTERMAN
UHF Power Oscillator
Dscillators
ype LO-4 i 4TMH:
Type LO-40 40-108MHz
Type L0170 170-330MH,
Type 1L0-610 610-960MHz

. MULTIMETERS

Test Leads
Multiminor Mk 4 c/w carrying case & leads

Generator
£285.00

Signal

SMCB-BN 41042

P.O.A.

LMS.68 c/w plug n

€4.00
£13.50

Type 175A 50MHz. Bright. sharp trace, 6 X 10cm
display.  Plug-ins prowide bandwidths to S0MHz
Vartical and time axis piug-ins for specific applicatons
Eight plug-ins provide maximum versatility Easy 10
calibrate and maintain, few adjustments, no distributed
amplifiers or delay hne adjustments. Positive syncing
over entre bandwidth. Plug-in Unns 1750A Dual
Trace Verucal Amplifier 40MHz, 50 mV/cm. 17818
Sweep Delay Generator. Sweep Selector provides {a)
Main Sweep (b) Detaying Sweep; brightened segment
of trace indicates time relatonship between delaying
sweep display and main sweep display (c) Main
Delayed Sweep {d) Mixed Sweep {e) Single Sweep of
main sweep £
POLAND

Meratester” Mulumeter 1.5 mv to 1.5ky full scale AC
& DC 0.15uA to 1.5a tull scale AC & DC Accuracy *
1.5% over wide range Resistance & decibel
measurement. Battery or AC supply operation. Input
Impedance 100Mohms {DC) 10 Mohms 60pF 5 1o
150mV ranges (AC). 100Mohms 20pF 500mV to
1.5KV (AC). NEW

BRIDGES

MARCONI INST.

TF936 Impedance Brdge
Universal Bridge TF1313A
LCR Brdge IF 8688
TF1245 CCT Magn
TF1246

WAYNE KERR

Radio Freq Bridge B601
RF Admitiance Bridge B701
COMPONENT BRIDGE B521 (CT 375)
Sell-contained portable mains operated equipment
designed 10 provide accurate measurements over an
extremely wide range of resistance. capacitance
nductance and impedance vatues Resistance 10
ranges from 1m ohm to0 1000 M ohm Capacitance 1G
ranges from 50kuF 1o 500pF Inductance 10 ranges
from 1uF 1o 500 KH Capable of measunn:
components in situ £105.00,

£125.00
£525
£115.00

w  Oscillator
£685.00

Meter ¢

£95
£85

OSCILLOSCOPE

COSSOR

Dual Trace Scope 4000 50MHz 7nsec Rise Time
SmV/cm sensitivity. Calibrated sweep delay. Gated
trigger X-Y display 8 X 10cm display £485
OYNAMCO

Type 7200 15MHz Dual Channel Portable ¢/w Plug
ins 7201 & 7212 Sohd State. 10mV/dwv 10 5V/div
X10 on channel 1 permits ImV/dw to 12.5V/div
Calibrated Sweep Delay c/w batt pack £310.00
DC-30MHz Portable Oscilloscope 7100 c/w Plug-in
Units 1X2 & 1Y2. Sold State. Dual Channel, Delayed
Sweep. 10mV/div. sensitivity with X10 1mV/div
{1OHz-5MHz} £315
GREENPAR

Probe Kits GEB 1600/ 1
HEWLETT PACKARD
1858 1000 MHz Oscilloscope Sampling ¢/w Plug-in
188A. or Plug-in 187C £395.00
PHILIPS

tOMHz Dual Beam Oscilioscope PM3233 2mVv
sensivity. True dual beam 8 X 10cm screen. Signal
delay in both vartical ehannels Triggenng Auto, AC
DC & TV £520
Transistor Curve Tracer PM 6507 £525

SOLARTRON
Portable Scope DC-6MHz Double Beam CT436 £105
Poriable Scope CD 1400c¢-15MHz Plug available
1443 1448 157 £180

TEKTRONIX
DC-15MHz Portable Oscilloscope 422 Dual Trace
Small size and lightweight 10mV/div. 1o 20V/div
£595
DC-30MH:z Oscilloscope 545A c/w CA & L Plug-ins
. £445

New £25.00

Sampling Scope 661 ¢ /w plug ins
Scope Camera C-12. Superb cond. & complete

50MHz Madel 546 c/w 1A1 plug-in

Wiréless World, July 1977

TV Waveform Monitor 525 Freq response Flat
wrthin 1% between 60Hz & 5MHz Low Pass — Passes,
stair steps. eliminates H.F High Pass — Passes H F
eliminates stair steps. IRE — meets IRE standards for
level measurements. Sensitivity - Deflection factor of
the vertical amplifier is 0 015V /cm Vert Atten 1-x
2-x 5-x Keyed Clamp-type DC Restorer Gain stability
within 1 £125
Differenual Uit 10A1 Used on 647 Series £300
585 c/w Type 82 Plugon Dual Trace BOMHz
B width Sweep Delay £750. Other plug-ins avatlable
80 and B6
Transistor Curve Tracer 575 Displays curves ol NPN &
PNP transistors and dynarmic charactenistics of a wide
range of sericonducior devices P.O.A.
Dual Beam Scope 551 2 verucal dellect:on systems
Accepts Amp Spect analyser Samphng and special
purpose Plug-ns DC-27MH:z Price dependent on
lug-ins required P.O.A.
531A DC 15MHz Osciloscope ¢/w K Plug-n Singlel
Trace 50mV/c £195.00
15MHz Oscilloscope c/w CA Plug-in
Trace 50mV/cm £210.00
544 DC-50MH:z Osciloscope ¢/w CA Plug-n. Dual
Trace. 24MHz 50mV/cm £375.00
549 Storage Oscilloscope (Mainframe) £610.00

TELEQUIPMENT

D33R Oscilloscope min
DC-6MHz

WANDEL & GOLTERMANN

BLS 218 Storage Oscilloscope
Supply

PROBES {New)

X1 Part No 30

X10 Part Nn 91

X1 & X10 (switchable) Part No 95

sensinvity

ELECTRONIC

ADD 87 VAT TOALL PRICES

49-53 Pancras Road

London NW1 2QB
Tel: 01-837 7781

WW — 097 FOR FURTHER DETAILS
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MISCELLANEOUS

ADVANCE
Frequency Counter TC16
Recarder Calibrator HC20

X-Y Ploitzr LR10OO

£110.00
£15

Further details on request

Digital Panel Meter DPM302 (new)

Digital Panel Meter DPM301 (new)

AIRMEC

Time Interval Meter 369 Mains operated transisonsed

umt Time Intervals 100nsecs 30msecs £

conditior

BECKMAN

Transter Oscillator 7580H DC-15GHz with caunter

7 5MHz.15GHz without counter y 130mv

MSH SPECIAL OFFER £250

B &K

Deviation Brdge 1504

BIRD

Coaxial Resistor 8053 10W RF coaxial load res»:xor
0.00

Wattmeer Termaiine 6835 3 ranges 0 120 0 l’-OO 0.

1200W 30-500MHz

Watimater Terma

0-25 0-100/0.500wW 30 wOOMHI

B P.L.

nent Comparator CZ457

BRUEL & KJAER

Automanc Vibraton Exciter Control 1018

FLUKE

Industrral Counter 'Totahser 1941A Freq Mz2asure

ment SHz- 40MH: 40mV sensitvity  Totahse

measurements to 999939 units Presettable crisplay

RPM measurement £°50.00

£195.00

Carriage and packing
charge extra on all items
unless otherwise stated

On these pages you will find just the
briefest selection from the vast range which we
hold in stock at any one time.

if you are seeking a specific item and it is

not listed, it wi

pay you to ring us first — w.

believe we offer the best prices and the best

service.

WORLD WIDE EXPORT
Enquiries and tenders welcome from any

part of the world.

HOW TO REACH US . ..
‘We are easy to reach, no matter where yo
live. Minutes away from Kings Cross or St.

Pancras main-|

ne stations, and a bus ride from

Euston; only just over half an hour from

Heathrow Airport.
—

49-53
Pancras Rd
London
NAV12QB
Telephone:
01-8377781

HEWLETT PACKAROD

Oigital Recorder 560A

Digitai Recorder 5618

Directional detector 7870 1 9-4 1Ghz

Directional detector 788C 3 7-8 3Ghz

UHF Attenuator 355C

HOUSTON .

XY Ommigraphic Recorder type 6520

XY & XYY Omnigraphic Recorder type 6452

MARCON! INSTS

Attenuator TF 1073A /25

Quantization Distortion Tester TF2343

Probe Kit TM8120 ' 1x1 for use with valve

TF2600 Brand new

AF Power Meter TFB93A 20 42-20KHz 1mw to 10

Watts FS Z = 25 ohms to 20Kohms in 48 Steps
£150.00

Out of Limits Indicator TF 2404 °2M1  Checks

readings from electromic cousters and other digi

nsts Local and remote visual electrical indicatian

auuable tor use by unskilted personnel ar.. with

ATE P.OA.

Blank & Sync_Mixer TF 2308 £90

RHODE & SCHWARTZ

Polyscop Swob 11

Selektomat USWV

Frequency Indicator FKN-BN 47051

TEKTRONIX

Programmer 262

Sweep Generator 3m 2000

AMM

£1400
£835.00
£475

P.O.A.
w plug-ins 8-3M and S 6|
P.0.A.

Current Rauo Transtormer T10QC

NOLTMETERS

C Millivoltmerer
GENERAL RADIO
Electromic Voitmeter 1806A =C DC & OHMS =2
Accuracy Wide freq Range up to 1500 MHz£200.00
HEWLETT PACKARD
DC Vacuum Tube Vohlimeter 412A 1MV. 1000V
Accuracy Can also be used as Ohmmeter and Ammeter

£75
VIVM 400D 1mV to 300V F3D 12 ranges 10Hz 13
IMHz 27 accuracy Inpui Imoedance 10Mohms £85
VTVM 400L Logarnthmic vers on of 4000 Reads RMS
vatue of sine wave Log voltag2scale 03101 &0 B 1o
3 Linear dB scale Input Impefance 10Mohms £90

P.O.A.

£50.00

<
York Way 6@

KING'S CROSS

Vacuum Tube Voitmeter 400H Freq Range
10Hz-4MHz Volts 1 OmV-300V F § 2 ranges
Accuracy = 1% {50H2-500KHz)
(20Hz- { MHz} P.O.A.
AC Voltmeter 400F & 400E €155
Broad Band Sampling Voltmeter 34064 £495.00
MARCONI
Sensitive Valve Voitmeter TF 1100 100:V-300V AC
Freq coverage 10Hz-10MHz Meter has dB scale
facility £85
Valve Voltmeter TF 104 1B General Spec 0-300V Ac
0-1KV DC Resistance up o 500Mohms £60/£95
Electranic Voitmeter TF2604 £225.00
Voltmeter No 3 CT 208 TF 958 AC 100mV-150V
multiplier extends AC range to 1 5KV DC
S50mV-i00V freq Range 20Hz-100MHz £55
Valve Volimeter TF2600 £175
PHILIPS
HF  Millvoltmeter GM 6014  Measuring Ranges
1mV-300mV in & ranges Accuracy at 30KHz at 3% of
FSD = Amplitude Char 1KHz-30KHz flat within

£55
current

(FSD}
£65

DC  Muicrovoltmeter  GMB020  10.V-1KV
10pA-10u4A Accuracy 3% (FSD} 0-100aV 3¢
AU other ranges Recorder o/p facihty

TRANSMISSION
TEST EQUIPMENT

AIRMEC/RACAL
Wave Analyser 248A 5--300MHz
Analyser 248
--300MH:z £145 00
Modulation Meter 409 P.O.A.
Type 210 Modulation Meter (earlier version of 210A)
£85-£100
Type 210A Modulaton Meter 2.5-300 MHz A M
Range 0-100% F M Range O 10 = 100 KHz mn 4
-anges £185-£245
HEWLETT PACKARD
Sweeping Local Oscillator 3595A Piug-in for use with
3590A Wave Analyser Freq range 20Hz t
620KHz £650.00
MARCONI! INSTS.
Distorion Factor Meter TF 142F Fundamental Freq
Range 100Hz—-8KHz Dist measuring ranges O-5
0-50% Measures all spurious components up 0
I0KH:2 £60.00-£80.00
A.F. TRANSMISSION MEASURING SET. Model
TF2332 Frequency Range 20Hz 0 20KH7 Accuracy
1 0 2Hz P.O.A,
RADIOMETER
Wave Analyser FRA 2 T3 Speciat version of FRA 2
with facilnes for intermodulation measurements and
selective measurements of frequency responses Freq
range 30Mz to 16KHz Incremental freq OH:z to
B60Hz Setectvity 3 curves with following 1dB points
1 25Hz - 12 5Hz - 63Hzand 60dB points - 40Hz
30 350
50 Hz 250 Hz

£250 10 £300
Freq range

\

Alixig Uscrilator
1 BKHz 0/p - 10V
npedence Kohms

£375.00

Voltage y
Range OHz to 1 6 KHs and 1 5 1
(EMF) conunuously variable
164F

WANDEL & GOLTERMAN
Level Transmitter TFPS 42 10 KHz-14MH; Generato
O plevel 0 8mV -2 5V FSD Lowest adjustable 50 4V
Synchranous tuning of gencrator and level meter
possible Output impedence 150 75 70 60 50 and
ohms ~25KHz Fine Tuning range £250.00
tevel Meter TFPM 43 10KHz - 14MH: 3dB
Bandwidth {B00Hz and 4KHz) Selective measuring
range 8V to 404V (lowest readable 2 .Vo Swiichable
ndwidth ~15KHz fine tuning High sensiivity Full
specificaton for the above on request £250.0

Please note: All instruments offered are
secondhand and tested and guaranteed 12
months unless otherwise stated

WW — 098 FOR FURTHER DETAILS
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Distortion Meter VZM 83 52/304 /556 kHz This unit
comprises a generator and receive portion and operates.
according to the intermodulation method  This:
distortion measuring set is mainly used to measure
transmission distortions occurring on FM radio Tink
systems £190.00
VZM2 Distortion measuring set for phase and
amplitude mod For multichannel FM Radio Systems
up to 12MH: base bands {3

TELEPHONE
TEST EQUIPMENT

SIEMENS

Level Meter 30 332 0 3-1200KHz
Level Meter 3D 335 10KHz-17MHz
Level Oscillator 3W29 0 3-1200KHz
Level Oscillator 3W518

OSCILLOSCOPES
TEST EQUIPMENT

TEXKTRONIX

Time Mark Generator 184

Snsec Pulse Generator Model 2101
connectors

Time Mark Generator 2901

Pulse Generator Modei 110

DIGITAL VOLTMETERS
AND MULTIMETERS

DYNAMCD
DV M. DM 2022S 104V-2KV Max reading 39999
Accuracy 002 Resolution 1 10 40.000 Input
impedance 25KMohms £265.00
Digital Volimeter DM 2023 C/w DC  Ranging unit
Ct Scale 99999 0001% FSD DC Accuracy
104V--1Kv DC £450.00
Dv M DM 2004 P.O.A.
HEWLETT PACKARD
OVM type 34304 3 digt, 5 ranges 100mV to 100V
F S Input resistance 10Mohms Overload protection
£145.00

£250.00
c/w loads &
P.O.A.
P.O.A.

£95

34702A with Display 34740A.

4 digit display. 4 ranges both AC & DC plus 6

ranges of ohms. AC function covers 45Hz to

100K Hz. Ohey nges are 100chms to 10Mohms

F.S. LED d plnv New condition. A much -oughl
in current production

PHILIPS
D M.M. TYPE PM2423 3% digit, DC Voits 2V-1 KV AC
VOLTS 2V-350V. R=200 ohms — 200 M.ohms.
Accuracy 0.1% of reading. Automatic range swilching
_for ail functions. Automatic polanity ndicator £140.00
D.M M TYPE PM2522 3% digit. DC Voits 0.2-1KV
AC Volts D.2-600 v AC/DC Current 0.2mA.2A R =
200 ohms — 20 M ohms. Accuracy 0 1% = 0.1% of
range DC Volts. Full circuit protecton. LED display
£150.00
SIGN/ROGERS
AF Volimeter AM324
SOLARTRON
AC Converter L(M1219 30mV.-300V mean readmg
Freq range 10Hz--10KHz
DC Digital Voltmeter LM14202 2 5.V H(v n B
ranges 0 05% DC accuracy £235.00
DV M Type LM1420 2Ba OC true R M S. and mean
AC sensing Accurate measurement irrespective of
barmonic d:slcn.on accuracy =0 25% Freq
IHz - 20K £325
DVM Type LM 1440 2 10.V--2Kv DC'in & ranges
Oven controlled zenerdiode Accuracy —0 033% FSD
-0 005% reading P.O.A.
OVM LM 1480 3 Autoranging version of LM
14403 Max readmg 39999 5.V--2KV DC Full
spec on reques! P.OA.
DVM LM 1604 DC onty 1.4V sensiivity O 01
accuracy Max reading 19999 1uV.-1KV Remote
and Autoranging 11QdB series mode reject on No
common Mode error P.O.A.
D M M. 7050 (autoranging) £245

REMEMBER
We also buy

We are interested in
providing quotations|
for the purchase of
good quality used
and unused Test
Equipment.

£50.00.
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| > Goldring ck2
BELT DRIVE TURNTABLE
CONSTRUCTION KIT

Complete with SAU2 arm, template and easy-to-follow
instructions. Ready for operation in a short time.

AFEW OF THE BRAND NEW

MANY BIG FEATURES | IN SEALED CARTONS
@ Wow Flutter 0.15% peak {12 MONTHS GUARANTEE

@®Rumble -60dB weighted
®Removeable hoadshell OUTSTINNDINGIVALUE
@ Viscouse damped OUR PRICE
£16.95

cueing device
(+ £1.50 p/p & ins)

@® Easily adjusted tracking
force and bias setting

& Two speed. 16 pole
synchronous motor
@®Dimensions 37.8 x 28.3cms

Plinth, cover and cartridge available, P.O.A.
Callin or send a cheque, P.O, M.O, or Access, Barclaycard
American Express or Diners Club number.

Lion house™’

227 Tottenham Court Road, London W.1. Tel 01-580 7383

,
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The GR Electronics
Pocket TTY offers

the keyboard facilities

of a teletype - at a fraction

of the cost.

o Qutputs serial ASCH

code to any Teletype

-compatible device

20 mA loop or RS232 mode

36 keys giving full 64

character alphanumerics

¢ 9 digit LED display of

characters entered

o All solid-state with

" optical coupling for reliability
Pocket TTY can be used for microprocessor programming,

k production data entry, warehousing, mobite data collection,

training and education.

Z:,’,-,’ﬁs”ﬁ%m. G.R.ELECTRONICS LTD.

80 Church Road, Newport NPT 7EH, Gwent. England.
Telephone: Newport (0633) 67426
Telex: 28604 Ret: 1796

WW —093 FOR FURTHER DETAILS

BRUNEL UNIVERSITY
DEPARTMENT OF EDUCATION

TECHNICIAN

required to supervise three others in a
Visuat Aids and Reprographics work-
shop and a Physical Sciences Labora-
tory. The successful applicant will be
required to diagnose faults and, if
appropriate, repair a wide range of
electro-mechanical and electronic
equipment. Applicants should be
educated to H.N.C. level or equiva-
lent, and a knowledge of photogra-
phic techniques is desirable, as is
experience of simple TV production
techniques.

Salary within the grade 6 scale
£3328-£3964 plus £275 London
Weighting Supplement. Four weeks
annual leave (plus Easter and Christ-
mas weeks). Good conditions of
service, sports and social facilities etc.

Write for applicatic.) form to Assistant
Secretary (Establishement), Brunel
University, Uxbridge, Middlesex UB8
3PH or telephone Uxbridge 37188
extension 48‘ Closing date: 8 July,

1977
7302

The Media Department of the British
Council has two vacancies for

Television
Engineers

to operate and maintain their studios,
situated in Tavistock Square, London

The studios are used to train personnel from countries overseas in
broadcasting and closed circuit television techniques in support of
developmental broadcasting and education. As well as for the regular
training courses, the studios are used to produce videotapes, films and other
audiovisual programmes.

Some of the training activity takes place in institutions situated overseas
and there may be opportunities for the successful applicants to work and
.travel abroad.

An essential qualification is the City and Guilds Telecommunications
Certificate or HNC or equivalent or broadcast engineering training.
Candidates should also have practical experience in studio operations
including vision control, lighting, sound and videotape. One of the posts
includes responsibility for the supervision of a small team of operational and
maintenance engineers; for this post experience of managing staff would be
an advantage.

The salary scales, including London Weighting and pay supplements, range
from around £4760 to around £5880. There is a non-contributory pension
scheme.

For further details and an application form to be returned by 4 July
telephone 01-499 8011 extension 3041 or write to Staff Recruitment
Department, The British Council, 65 Davies Street, London W1Y 2AA,

quoting reference G/5.
7309

CHELSEA COLLEGE
University of London

ELECTRONICS
TECHNICIAN
GRADE 2B

required for the construction and mainten-
ance of equipment and apparatus and to
assist in the running of Electronics and
Physics Undergraduate Teaching Labora-
tories. Day release available for approved
courses. Salary in range £2.769 t0 £3,112
per annum (inclusive}. 37 Y2-hour week
Further details and application form from:
Mr. M. E. Cane (2B.ET)
Chelsea College
Pulton Place, Fulham
London SW6 5PR
i {7267)

CAPITAL APPTS.

FREE LISTS
101 Design/Development
and Test Jobs.
Permanent and Contract

To £6,000

L

FURTHER
APPOINTMENTS
CONTINUED ON

PAGE 122

b
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HART ELECTRONICS

The Only Firm for Quality Audio Kits

Are proud to offer the only DESIGNER APPROVED kit for the

J. L. Linsley-Hood High Quality
Cassette Recorder

As these circuits are capable of such an excelient
performance we feel that it is not sensible to sacrifice this
potential by destgning a kit down to a price. We have
therefore spent a littte more on professional hardware
allowing us to design a very advanced modular system. This
enables a more satisfactory electrical layout to be achieved.,
particularly around the very critical input areas of the replay
preamps. These are totally stable with this layout and
require no extra stabilising components. Many other
advantages aiso come from this system which has separate
record and replay amps for each channel plugging in to a
master board with gold-plated sockets. The most obvious is
the reduction of crosstalk and interaction which could cause
trouble on a single plane board, with our modular system
the layout 1s compact but there is no component crowding
Testing is very easy with separate identical modules and
building with the aid of our component-by-component
instructions 1s childishiy simpie, but the fimished resutt is a
unit designed not to normal domestic standards but to the
best professional practice
All printed circuits are of glassfibre material. fully drilted
with a tinned fimsh for easy and reliable soldering
Component locations are printed on the reverse side of the
board and are arranged so that all identification numbers are
still visible after assembty
71x Complete set of parts for Master Board includes bias
oscillator, relay, controls. etc. £9.83 + £1 23 VAT
72x Parts for Motor Speed and Solenoid Control for Lenco
CRV deck. This is the proper board layout as given in
the articles. £3.52 + 44p VAT

73x Complete set of parts for stereo Replay Amps. and VU
Meter drive £8.12 + £1.02 VAT

74x Complete set for stereo Record Amps. £6.74 + 84p
VAT

75x Compiete set of parts for Stabilised Power Supply to
circuit given in Article. This uses a special fow hum
tield transformer with better characteristics than the
commonly used toroid £8.79 + £1.10 VAT

700M2 Individual High Quality VU Meters with excellent
ballistics. £8.48 + £1.06 VAT Per Pair

700C/2 High Quality Custom built_steel Case. Complete
with Brushed aluminium front plate, mains switch,
record microswitch, turned record level knob, piastic
cabinet feet, all bolts, nuts and mounting hardware
All necessary holes are punched and all surfaces are
electroplated. Complete step-by-step assembly
instructions are included. The cover is finished in an
attractive black crackle surface. £16.50 + £2.06
VAT

LENCO CRV CASSETTE MECHANISM™M

High Quality, robust cassette transport for Linsley-Hood
recorder. Features fast forward, fast rewind, record, pause
and full auto stop and cassette ejection facilities Fitted with
Record/play and erase heads and supplied complete with
Data and extra cassette ejection spring for above horizontal
use. Price £21.60 + £2.70 VAT

Total cost of all parts £83.58
Special offer for Complete Kits £81.50 + £10 19 VAT
Optional extra solid teak end cheeks, £3 pair + 38p VAT

Reprint of 3 Linsley-Hood Cassette Recorder articles. 45p
post and VAT free

MATRIX 'H° QUADRAPHONIC DECODER
Printed circuit boards and kits to our usual quality are being
prepared for this design. Send for list

We also supply compiete kits to make a fully integrated 30
watt stereo amphfier using the Bailey Power Ampiifier circuit
and the Bailey/Burrows Pre-amplifier with the Quilter Tone
control modification

Printed circuits and components are available for the Stuart
tape circuits. These articles described a high quality tape
iink circuit for use with a reel-to-reel deck Reprints of the
three articles are available frem us price 40p Post Free (No
VAT)

ALL PARTS ARE POST FREE

Please send 9 X 4-SAE for lists giving fuller details and Price breakdowns

Penylan Mill, Oswestry, Salop

Personal callers are always welcome, but please note we are closed all day Saturday

RELAYS—UNISELECTORS—
SWITCHES

MINIATURE-PLUG-IN RELAYS (Siemans/Variey)

“with perspex dust cover and base.

6-12-24.48v D.C. In Stock
2c¢/050p: 6 make 60p
4c/075p: P &P 10p

S.T.C. MINIATURE (P.C. Mounting)

with dust cover

2c/0({18/24v)45p P.P 10p

4c/0(24/36v)50p P.P. 10p

6c/0({36/48v) 75p P.P 10p

I.T.T. 240v A.C. Plug-In RELAYS

{with perspex cover) 10 amp contacts

3c/075p PP 10p

H.D. TIME SWITCHES (100 amp contacts} 1 on/off in
24 hrs. Excellent condition 240v-50 hz £6.50 P.P. £1.00
'UNISELECTORS 25 WAY

5 Bank Full Wipe 75 ohm £5.50 P.P. 50p

6 8ank Full Wipe 75 ohm £6.25 P.P. 50,

8 8ank Full Wipe 75 ohm £7.50 P P 50p

12 Bank Half Wipe 68 ohm £8.50 P.P. 80p

s(v)vmu. 12V UNISELECTORS 4 8ank 11 way £2.50 P P
50p

D.C. SOLENOIDS 24v (Cont Rated)

101b Pull .20 mm Stroke. Size 50 x 48 x 42 mm

75pP.P. 15p

TELEPHONE HANDSET with Press-to-Speak  Switch
£1.50 PP 40p

CITENCO GEARED MOTORS, 240v 50hz, 19 rpm
torque 14 5 kg/cm. £6.75 (new) P.P 50p

DECADE INDICATOR SWITCHES with plus & minus
Push Buttons. 6 mm digits 75p each P.P. 10p

KEY SWITCHES 1000 TYPE

4 ¢/0 each way locking 60p P.P. 10p

6 make each way locking 60p P.P. 10p

8ank of 4.4 ¢/o0 each way. 1 biased £1.25P.P. 15p
MAGNETIC COUNTERS

3 DIGIT RESET COUNTERS (i2v DC) £1.50 (Ex
Equip) PP 20p

3 DIGIT RESET COUNTERS (240v 50 hz) £1.75 (new)
P.P. 25p

6 DIGIT RESET COUNTERS (24v D.C.) £4 (new) P.P
25p

4 DIGIT NON-RESET (24v D.C) £1 (New) P.P 20p

5 DIGIT NON-RESET (24v D.C.) £1 (Ex Equip ) P.P 20p
6 DIGIT NON-RESET (48v D C) £1.50 (New) P.P. 20p

MULTICORE GABLES

4 CORE RIBBON (RAINBOW) CABLE 4 x 10/ 2m.m
forming Yam. wide strip 10m—75p: 50m ~£3: 100m —£6.
P.P 1p per metre

8 CORE RIBBON (RAINBOW) CABLE

8x 14/76 Forming Y2in wide strip

10m—£1.50: 50m—£6.50: 100m—£12.00 P.P. 1p per
metre

5 CORE H.D. CABLE 5x 70/76 P.V.C.

8ack Quter PV.C 0.0 % in

10m—£2.50: 50m—£12: 100m—£22.50 P.P. 2p per
metre

10 CORE CABLE 10 x 7/76 {10 colours) P V.C. 0.0
7m.m

10m-—-£2: 50m —£8.50: 100m —£16. P P 2p per metre
16 PAIR RIBBON CABLE 16 x 2 core P V.C. double
sheathed forming 55 mm wide stnp 10m—£3;
50m —£25: 100m-—£40. P.P 2p per metre
EQUIPMENT COOLING FANS (100 C.F M)
PAPST-LUFTER 120x120x38 mm 115v 50hz £5.75
gr_\{ew) PP 50p

PAPST 112x112x565m m 220v 50 hz £3.50 (Ex. Equip )
PP 50p

MUFFIN TYPE 120x120x38 mm £3 (Ex Equp.) P.P
50p

S!VIAI:L TRANSFORMER_S 240/115v 40p each
WOODS EXTRACTOR 130x130x80 m.m. 240v. 50 hz
£3.507(El Equip.) P.P. 75p

PAPST (SQUIRREL CAGE) 9 Blade. lLess Mounting
£3.50 (new) 240v 50hz P.P 50p

VARIOUS

AIR PRESSURE SWITCHES 010 b varable switch
ntacts 15 amp change-over {a quality unit turned

plated bross) £1.80 PP 25p

E.H.T. MODULES. Input 180-260v 50 HZ. Qutput 13 7Kv

PK@©0.50m/a. (150x 95 x 70mm)£12. PP £1.

MYRIA MEGOHMMETER TYPE 35A. 20-200K

MEG/OHMS 500v test. Excellent condition. £45, carr

£2 50

SYNCHRONOUS GEARED MOTORS (Smiths) 2 r.p.m

3rpm 30rph 20rph 6rph 2cph all 240v £1.50

ea PP 25p

P.C. EDGE CONNECTORS

32 way ( ! pitch) fimished ends 45p P P 10p

56 way ( | pitch) cuttable 65p P.P 10p

64 way { 1 pitch) cuttable 75p P.P 10p

Mounting Pillars for 56 /64 way 15p pair

Gold Plated Contacts 15p extra

32 way ( 15 pitch) Double-Sided Gold Plate Contacts 50p

PP 10p

H.D. ALARM BELLS (Ext /int use)

4.n Dome (Ext Gong) 4'2/6v D.C £2.50 PP £1.00

6 in Dome (Ext Gony) 6/8vD.C £2.75P P £1.25

6 in Dome (Internal Gong) 12vD C £3.75 P P £1.25

10 in Dome {Int Gong) 24/48v D C £5.00P P £1.50

D.C. POWER SUPPLIES Input 240v A C.

TYPE 1 20v D.C. at 1 amp. Fully regulated 155 x 156 x 76

mm totally enclosed £5 P.P 75p

PLEASE ADD 8% V A T

J. B. PATTRICK

191/193 LONDON ROAD
ROMFORD, ESSEX RM7 §DJ
ROMFORD 44473
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DISPLAYED APPOINTMENTS VACANT: £7.50 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £1.10 per line, minimum three lines.

BOX NUMBERS: 50p extra. (Replies should be addressed to the Box Number in the
advertisement, c/o0 Wireless World, Dorset House, Stamford Street, London SE1 9LU.)
PHONE: Eddie Farrell on 01-261 8508

Classified Advertisement Rates are currently zero rated for the purpose of V.A.T.

Advertisements accepted up:
to 12 noon Monday, June 27,
for the August issue, subject
to space being available.
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£7265-£8435
These senior positions within the Directorate of Radio

For further information about the work, telephone Mr. R. A.
Technology, London, present Electrical Engineers with an

p ; ] Bedford on 01-275 3381
outstanding opportunity to help shape future usage and . . e
considerable scope for exercising their individual initiative. Candidates must have a degree or equivalent qualification in

) ) ) i electrical engineering and should be Chartered Engineers.
The Directorate provides the technical expertise and In-depth knowledge and experience of spectrum engineering is
engineering support so necessary in forming and implementing

essential together with a sound appreciation of allied disciplines.
management policy. It is concerned with all aspects of spectrum Candidates must also have managerial ability and be able to
engineering — the forward planning, management and regulation deploy and stimulate staff of different skills. Working knowledge
of civil frequency bands; radio propagation over the whole

; | - ¢ of French an advantage.
requency spectrum; specifications and equipment type approval - Mo . :

. i ; . . A ; within t ted range. Promotion ects
for fixed and mobile services, including microwave links; the Starting salary within the quo ge 'on prospec

application of computer techniques to frequency management 065,058 0and abste. [NenzeahtibutonIpensismschsmen

problems; the nationwide radio interference service; the provision For an application form (to be returned by 8 July, 1977) write
of technical advice on radio services, licensing; and the operation to Civil Service Commission, Alencon Link, Basingstoke, Hants

of an international radio monitoring service. It is also very much RG21 1JB, or telephone Basingstoke (0256) 68551 (answering
involved in the technical preparations for the 1979 World service operates outside office hours). Please quote T/9536/2.
Administrative Radio Conference.

The successful candidates will lead specialised teams
responsible for key areas within the Directorate's activities. The
work should appeal to those engineers who enjoy applying
imagination and new ideas to problem solving.

(7324)

HOME OFFICE

s
FREE JOBS LIST

for

FIELD SERVICE ENGINEERS
BASIC SALARIES TO

£5,000 + CAR

DESIGN TEST

Immediate vacancies exist in most
areas for engineers qualified to
[BSc/HNC/C&G with analogue,
digital or R.F. experience.

Phone or write

APEX PERSONNEL
800 FULHAM ROAD
LONDON S.W.6

AVIONIC
TECHNICIANS

required
Interesting and varied work on Navigation and

34 Percy Street. London, W1
01-637 5551

01-731 4353

(7155),
ELECTRONICS
ENGINEER
(Audio)

needed urgently by lively young West
London Company.
Write/ring:

INTEGRATED MUSIC LIMITED
188 Blythe Road, London, W14
01-602 2302

(7288)

Communication Equipment including VHF, VOR, ADF, HF,
RADAR, TRANSPONDER / DME & CABIN ADDRESS
SYSTEMS.

* Salary from £3,750 to £4,100 according to
experience, reasonable overtime opportunities could
raise this to £5,000 if desired.

* 5-day week.

* 4 weeks' holiday per annum plus statutory holidays.

Contact: ROBIN SHOPLAND

AIR TRANSPORT (CHARTER) C.1.) LIMITED
7 WILLOW ROAD, COLNBROOK, SLOUGH, BERKS.

Telephone Colnbrook 2654 (7268)

SUNNY SOUTH COAST
Expansion on the South Coast in the
Electronics Industry now demands urgently
the following personnel Electronic
Engineers (R&D), Design Engineers,
Software Programmers, Systems
Engi s, D lop t Engineers,
Sales Engi s, Trals Engi s, QA
Engineers, Test Engineers, Production
Engineers, design Draughtsmen, In-
spectors, Buyers.

All these positions offer excellent salaries
and prospects and In most cases relocation
expenses. Ring or write. C.B.S. Appoint-
ments, 224 Otd Christchurch Road
Bournemouth, 292155 or Wimbourne
4891 evenings

17319)
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ELECTRONICDESIGN/
DEVELOPMENT ENGINEERS

FERRANTI OFFERS YOU FREEDOM

..... freedom to create. Over the years leading design and develop-
ment engineers have been attracted to Ferranti by our reputation for truly
~ innovative engineering and together they have formed specialised teams
' involved on a variety of sophisticated projects related to the Tornado, Sea
Harrier, Jaguar, Nimrod 2 and other front line aircraft.

We now require additional engineers to join these teams engaged
on the creative work of desianing and developing airborne radar, laser and
inertial navigation systems and their associated test equipment.

Engineers are required in the following technical fields:-
Digital and analogue electronic circuitry design.

Design and application of small digital computers.
Microwave and laser techniques.

Advanced instrument design including gyroscopes of inertial

quality.
Design of small mechanical structures and analysis of stress.

In addition to the above we have vacancies for production engineers
with either electrical or mechanical backgrounds in these fields.

Applicants should have some design/development experience to offer
in avionics and a desire to expand their experience to project leader level.

Edinburgh, with its outstanding facilities for education, housing, sport
and entertainment, is one of the ideal cities in Europe in which to live, work
and bring up a family. And to make moving here easier, we pay realistic
relocation expenses. Salaries are negotiable and the Company operates
a contributory pension and life assurance scheme.

Apply in writing, with full details of experience and
qualifications to

Staff Appointments Officer,

Ferranti Limited,

Ferry Road,
EDINBURGH, EH5 2XS.
Please quote Ref. WW /5

(7C00)
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Electronics
Engineertoday!

You could be the Computer
Engineeroftomorrow!

ICL, Europe’s leading computer
manufacturer, supplies systems to
governments, universities, research,
industry and commerce. ICLis
renowned for its efficient customer
service, and each of our customers
relies on a team of Systems Engineers —
which is where youcomein.

ahead of you, and you will have the
satisfaction of using all your technical
expertise, tactand personality asa
representative of ICL.

You could bejust the person we're
looking forif you're 20-35 and have
any one of the foIIowin% (1ualifications
plus two years’ practical electronics

ELECTRONIC
CIRCUIT DESIGN
PHGY 5182

Do you enjoy the challenge of using
advanced technology to solve com
plex interdisciplinary problems. Are
you thoroughly conversant with the
use of discrete components, micro-
circuit amplifiers, function genera
tors, TTL and C.mos techniques? Can
you design both analogue and digital
circuits? We have one vacancy for a
senior technician in a small team
providing a comprehensive design,
construction and maintenance service
for teaching and research.

Candidates must have at least 9 years
relevant experience including 2 years
design work. HNC standard is
required and the ability to supervise
other staff is essential. Familiarity
with medical electronics an
advantage

Salary on University Technical Scale
Grade 6 £3315 x 7 — £3950

Letters of application stating age,
qualifications, experience and the

We're building up our intake of experience: s of 2 ref?r(e)e? © édmir:istra;
H i g i R 0 o tor niversity o xford, Departmen
Electronics Engineers who will ® City & Guilds Full Electronics of Physiology. Parks Road  Oxford
undergo athorough initial training Certificate. OX1 3PT
over18 weeksatourTraining Centre e HNCintlectronics. Further details from Wilf Laycock,
in Letchworth, Hertfordshire — the ® ACompletedElectronics Supervisor, Electronics Group, Ox-
largest of its kind in Europe, with Apprenticeship. ford 57451 =
accommodation provided. You will ® AnHM ForcesElectronics Training.

then work at one of three locations Why hesitate when one of the
which you choose atinterview, from world'stop technologies is there for
the large number we have throughout  the taking? Phone David Reeves on

APPOINTMENTS

I the countryWithin 18 monthsyou will  (1-788 7272 extension 4150 for an IN
be afully trained Systems Engineer application form, or send the
with a career rich in opportunity coupon. ELECTRONICS
———————————————————————————— Take your pick of the
To: David Reeves, ICL, 85/91 Upper Richmond Road, WW1389 RETanenipostsin.
Putney, London SW15 2TE. MISSILES  — MEDICAL

COMPUTERS — COMMS
MICROWAVE — MARINE
HARDWARE — SOFTWARE

For expert advice and immedi-
ate action on career improve
ment, 'phone, or wnte to
Mike Gernat BSc

“lechnomar
Engineering and Technical Recruitment

11 Westbourne Grove
London W2 01-2299239

[ wouldlike to find out more about becoming a Computer Engineer with
ICL. Please send me details.

Name.
Address.

International Computers

think computers-think ICL

Executive Selection Consultants

Trade Magazine Editor

Hong Kong Attractive salary negotiable

Our client, a major South East Asia publishing group, requires an editor for
a growing consumer electronics trade magazine. The successful candidate will
initially assist the Group Managing Editor, who is currently editing this
magazine, and will assume full editorial control as soon as he has gained sufficient
knowledge of the trade in the region. He will then be expected to develop the
magazine further and increase the coverage into new countries.

Applicants must have had at least five years experience in journalism with at
least three in electronics, and will have gained some knowledge of the technical,
as well as marketing aspects of the industry. Taxation in Hong Kong is very
low and the package will include excellent fringe benefits.

H.W. FitzHugh, Ref: 20053/WW )

UNIVERSITY OF STRATHCLYDE
CENTRE FOR EDUCATIONAL PRAC-
TICE (AUDIO VISUAL UNIT)

TELEVISION

Grade 3

required with experience in the
maintenance of electronic equip-
ment. The work includes the repair
and operation of a wide range of
audio visual equipment. The Engin-
eer will also become a member of the
studio crew as a Television Camera-
man. Applicants shouid hold an
O.N.C.,, O.N.D. or City and Guilds
Certificate and have 3-5 years’
relevant experience.

Salary Scale (including all supple-
ments): £2455-£2788 per annum,
dependent on experience and qualifi
cations.

Applications in writing, QUOTING
REFERENCE CEP. 13/WW, giving
details of age. experience and
qualifications, should be made to The
Personnel Officer, University of
Strathclyde, Royal College Buitding,
204 George Street, Giasgow G1
1IXW.

Male or female eandidates should telephone in
confidence for a Personal History Form to:
LONDON: 01-734 6852,

Sutherland House, 5/6 Argyll Street, WIE 6EZ.
Offices also in Birmingham, Glasgow, Leeds,
Manchester, Newcastle and Sheffield.

7298 7323
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You listen to Radio? You watch Television?
You're a qualified electronic engineer and
yet you've never considered working in
broadcasting?

Then perhaps you need to know a little more
about some of the opportunities available
with the BBC.

Studio Capital Projects
Engineering staff are based in central London,
but will travel to various studio centres to
assist in the design, installatiori and com-
missioning of radio and television studio
equipment.

Transmitter Capital Projects —
Again based in central
London, engineers are
required to travel to
studios all over the
U.K. to assist with the
design and commis-
sioning of radio and
television transmitters
and their associated
aerial systems.

Candidates for both [
these departments
should either possess '~
a British university or poly-
technic degree in electronic
engineering or physics.

Television
Working in the Television
Service, based in West

London, engineers are in-
volved in the maintenance
and operation of the equipment used in
the origination and distribution of tele-
vision programmes.

Transmitters
Engineersareallocatedto the majorstations
in various parts of the country and arerespon-

QBRITISH i

sible for both the maintenance and opera-
tion of radio and television transmitter
plant. For these positions a current driving
licence would be an-advantage.

BBC Receiving Station

Thisstation, basedatCaversham, Berkshire,
requires engineers to operate and maintain
the elaborate receiving terminal equipment
to enable foreign broadcasts to be monitored.

For these three departments candidates
should possess either a City and Guilds
full Technological Certificate in Tele-
communications (course No. 271) or
an HNC in Electronic En-
gineering. Shift working
~_will normally be involved,
AN .
\  for which generous
| extra payments are
made.

N .
N N Candidates for all
Q \\ positions must have
J normal colour vision
s and hearing.

\ For further informa-

|\ tion and an applica-

/- tion form, write stat-
, % ing which type of
o U engineering you are
\ interested in to the
Engineering Recruit-
e ment Officer, Broad-

W casting House, London
W1A 1AA, quoting refer-
ence No.77.E.4034/WW
and enclosing a self addressed foolscap
envelope.

Closing date for completed application
formsis 14 days after publication.

LEE

7289
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Radio Officers-now you can
enjoy the comforts of home.

Working for the Post Office Maritime Services really
makes sense. You still do the work that interests you,
but with all the advantages of a shore-based job: more
time to enjoy home life, job security and good money.
To qualify, you need a United Kingdom Maritime
Radiocommunication Operator’s General Certificate
or First Class Certificate of competence in
Radiotelegraphy, or an equivalent certificate issued
by a Commonwealth Administration or the Irish
Republic.

Starting salaries, at 25 or over, are £2905 rising
to £3704 after three years service. Between 19 and
24, the starting salary varies from £2234 to £2627
according to age. In addition, a supplement of £312

p.a. is payable. You'll also receive an allowance for
shift duties which at the maximum of the scale
averages £900 a year and there are opportunities to
earn overtime. There’s a good pension scheme, sick
pay benefits and prospects of promotion to senior
management.

Right now we have a few vacancies at some of
our coastal radio stations, so if you're 19 or over,
preferably with sea-going experience, write to:

ETE Maritime Radio Services Divisior ( 1.690),
ET17.11.2., Room 643, Union House,
St. Martins-le-Grand, London EC1A 1AR.

Post Office Telecommunications

RADIO
TEGHNIGIANS

Government Communications Headquarters has vacancies for Radio
Technicians. Applicants should be 19 or over

Stam_lards required call for a sound knowledge of the principles of
electricity and radio, together with 2 years experience of using and
maintaining radio and electronic test gear

Duties cover highly skilled Telecommunications/electronic work,
indluding the construction, installation, maintenance and testing of
radio and radar telecommunications equipment and advanced
computer an analytic machinery.

Qualifications: Candidates must hold either the City and Guilds
Telecommunications Part | (Intermediate) Certificate or equivalent
HM Forces qualification.

Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on
entry), rising to £3,385 with opportunity for advancement to higher
grades up to £3,780 with a few posts carrying still higher salaries.
Pay supplement of £313.20 per annum.

Annuat Leave allowance is 4 weeks rising to 6 weeks after 27 years’
service.

Opportunities for service overseas

Candidates must be UK residents

Further particulars and Application forms available from

Recruitment Officer
Government Communications Headquarters
Oakley, Priors Road
CHELTENHAM, Glos GL52 5A)

Tel. Cheltenham 21491 Ext. 2270
{STD 0242-21401)

(7219)

lle
Learning Materials Service
Television Centre, Thackeray Road, SW8

Maintenance
Engineer

The Television Centre of the ILEA Learning Materials Service, situated
at Battersea, has a vacancy for a maintenance engineer with specialist
knowledge of professional studio and film sound equipment. The Centre,
which produces programmes for over one thousand educational
establishments, is provided with television and film production facilities
at broadcast level, which are shortly to be converted to colour.

The successful candidate will join the maintenance section (four in
number) and, with other members, will be responsible for maintaining a
very wide range of vision and sound equipment which includes helical
scan VTR’s and cassette machines. He or she will be expected to be the
department’s expert in sound with particular knowledge of professional
mixing desks, tape recorders and 16mm magnetic film recorders and
reproducers (some involving digital techniques) and must have a number
of years experience in this work. An HNC, the final City and Guilds
certificate or a similar qualification in relevant subjects is desirable.

Salary within the scale £4,864-£5,191 (Studio Technician 3).

Application forms, returnable within 14 days of the publication of this
advertisement, from the Education Officer, Estab 2A/2, Room 4A,
Addington St. Annexe, County Hall, London SE1 7UY. Tel: 01-633
7456. (7290,
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Just a tick, that's all it will take you.

1. Can you fault find
Electronic Circuits ?

2. Do you know how to use

= an Oscilloscope ?
3. Are you able to read circuit diagrams ?
4. Can you use a Spectrum Analyser ?
5. Do you understand the meaning of GHz?
6. Does V.S.W.R. mean anything to you ?
7. Do you know how many “ohms” in a village ?

U0 O 0
JUU U L

If you score five or more “"Yes” It's challenging work and our
answers, then you could qualify Laboratories employ the most

for areally interesting career as advanced techniques. Your

a Test Technician with Marconi- experience, plus some training
Elliott Avionic Systems. from us, will enable you to enjoy

inour Mobile Radar Division a satisfying future with a top
at Borehamwood in Hertfordshire company in the field of
we're looking for men and women electronics development.
with a good basic electronics If you would like more
background to join details, getin

teams workingon touch now with

the development, MARGONI G. Cock at Marconi-
test and manufac- . Elliott Avionic

ture of a wide range ELL'OTT Systems Limited,

of radar equipment Elstree Way,

and electronic AVIONIcs Borehamwood,
surveillance and Herts. Tel: 01-953 2030,

alarm systems. A GEC-Marconi Electronics Company Ext.3195. 12320)
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COMMUNICATIONS

ENGINEER
Newcastle upon Tyne  up to £4131

The Engineering Research Station at Kil-
lingworth is looking for a Communications
Engineer to be involved in developing
techniques which will increase the capacity
of the Corporation’s mobile radio channels.
Work may be broadly split into two areas:

(i) investigation of the performance and
implementation restrictions of wide
area-coverage schemes.

(ii) investigations leading to more effective
use of spectrum including problems
associated with the transmission of
digital information to mobile receivers.

A considerable involvement in discussions
with user departments will be needed to
ensure feasible integration of new tech-
niques with existing systems.

Candidates should have a degree in Elec-
tronics, preferably with a specialisation
towards communications.

Starting salary will be within an incremental
scale rising from £2361 to £3819 plus a flat
rate supplement of £312 p.a., with initial
placing according to age, qualifications and
experience.

Application forms may be obtained from
the

Manaéer/Managemem Services,British Gas
Engineering Research Station

Killingworth, Newecastle-upon-Tyne _

NE99 1LH
quoting reference
RD/539656/ERS (656) WW

BRITISH GAS

(7325)

ENGINEERS

EXPORT OPERATIONS

emphasis on export markets

you
* Design and development of colour TV receivers.

*

submissions

* Quality Assurance in @ modern factory environment

* Customer service with particular emphasis on export markets
* Assessment of audio products from world wide sources

to our customers, home and abroad, will be required

towards the further success of our operation please write to

Mr. H. Brearley
Head of Technical Services

ELECTRONICS LTD.

Fullers Way South
Chessington

-
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Communications
Department

Vacancies will existfor Technical Assistants intheSummer1977towork

in the Communications Departments of the BBC based in Central

London.

Technical Assistants will work under supervision on the maintenance

and in some cases the operation of electronic cquipment used in the

dis{ributionot radioand television programmes

Duties

Technical Assistants will be concerned with the switching and routing

of both televisionand radio programmes and in the provisionand main

tenance of allcommunicationsystems.

Training

Technical Assistants receive full-time training, which if successful
- should enable them toqualify internally as BBC Enginecersinsomething

overtwoyears

Qualifications

Applicants, who must be between the ages ot 18 and 26 and have normai

colour vision and hearing. should have had a good general education

and be able to offer G.C.E."O' levels in English, Maths and Physics, o

the cquivalent. and have read up to "A” level in Maths and Physics.

AlternativelyanONCor Partlof the City & Guilds Telecommunications

Technicians Course {(No. 271) would be aceptable. In addition it is

essential that they can demonstrate the ability toapply their knowledge

of electricity and magnetism to related practical applications in the

ficlds of communications, radio and television

Salary

Depending upon experience the starting salary on appointment will be

in the runge £2514 10 £2706 p.a. Additional payments will be made for

those Technical Assistants who are required to work shift rotas or

irregular hours. In addition a monthly pay supplement depending on

totalearnings of between £10.86 and £17.38 is payable under the current

Incomes Policy

Forturtherdetailsand applicationform pleasewrite toThe Engineering

Recruitment Officer. BBC, Broadcasting House, London WIA 1AA

quoting reference number 77.E(R) 4036/WW and enclosing an

addressed envelope at least 9 x 4. Closing date for completed applica-
tionformsis 14 days after publication

~ TELEVISION )

Rediffusion Consumer Electronics 1s expanding its engineering team
to give greater technical support to its customers with particular

If you are a qualified television engineer with current experience in at
least 'some of the following disciplines we should like to hear from

Safety engineering, radiation measurements and test house

The team is based at our engineering centre at Chessington, Surrey,
but occasional visits to our factories in the North East of England and

Salaries are attractive and assistance with relocation expenses will be
offered if appropriate. If you feel you can make a real contribution

REDIFFUSION CONSUMER

Surrey, KT9 1HJ
or phone 01-397 5411 730J

GRAMPIAN TELEVISION LIMITED

ENGINEERS/TECHNICIANS

The Independent Television Company for North and East
Scotland seeks electronic engineers or technicians for
duties at its Studio Centre in Aberdeen.

The successful canaidates will be employed in the
operation and maintenance of modern electronic
broadcast equipment.

Experience in this field is desirable but candidates
without this experience, having a sound technical
training, will-be considered

Salary is in the range £2689 to £4887. dependent on
experience, with the prospects of later promotion
through competitive interview to more senior posts

Applications, in writing, to

Mrs. E. A. Gray
Personnel Officer
Grampian Television Limited
Queen's Cross ®
Aberdeen ABY 2XJ
(7328)
GRAMPIAN

‘SERVING THE OIL COUN




Wireless World, July 1977

SALES

If you are looking for a stimulating and
demanding job with the prospect of regular
overseas travel on a world wide basis, why not
join Pye TVT, one of the world’s leaders

in the design and manufacture of broadcasting
equipment ?

Continuing expansion has led to the need
within the Technical Sales Department for Sales
Engineers in the following fields :

1. Video Tape Recording.
2. Video Mixing, Switching and Assignment,
including Station Automation and Computer

Editing Systems.

3. Colour Cameras and Telecine.

In each case the successful candidate will be
required to discuss advanced and sophisticated
equipment at a high engineering level and to -
assisttheregional and area managersinthe
marketing of these products.

A degree or equivalent qualification is
desirable, but several years experience in the
relevant field is more important.

These are very responsible posts and salaries
will reflect the importance we attach to these
appointments. Relocation expenses to this
pleasant part of East Anglia will be given in
approved cases.

Please write or telephone : Dave Barnicoat,
Pye TVT Limited, PO Box 41, Coldhams Lane,
Cambridge CB1 3JU.

Telephone : Cambridge 45115

{7291}

Pye TVT Limited

The Broadcast Company of Philips

A member of the Pye of Carnbridge Group

WIRELESS |
TECHNICIANS

There are vacancies at Home Office Wireless Depots
throughout England and Wales for Wireless
Technicians to assist with the installation and
maintenance of VHF and UHF Systems etc.

Applicants must be able to drive a car and be in
possession of a current United Kingdom driving
Licence.

Salary
is £2010 (at 17), £2450 (at 21) and £2905 (at 25)
rising to £3385, plus a 1976 pay suppiement of
£313.20 a year and a 1977 pay supplement of 5%
of total earnings, subject to a minimum of £101.79
ayear and a maximum of £208.80 a year.

~ A Secure Future
with a non-contributory pension scheme, good
prospects of promotion and a generous leave
altowance. There are opportunities for day release to
gain higherqualifications

Qualifications

Candidates, male or female, must hold a City and
Guilds Intermediate Telecommunications Certificate
or equivalent qualification and have had good
experience in Telecommunications.

Interested?

Then write or telephone for further details and an
application form to:- Mr C B Constable, Directorate
of Telecommunications, Home Oftice, 60 Rochester
Row, London SW1P 1JX. Teleshone : 01-211 6420.

ELEGTRONIGS
ENGINEERS

Are you a young flexible, electronics engineer preferably with
HNC and some experience in design/development, able to
analyse circuitry and modify existing equipment as well as
creating original equipment?

Does the opportunity of joining a small Company in the
forefront of scientific instrumentation where hard work and
initiative are well rewarded appeal to you?

The job involves the on-site installation, commissioning and
after-sales servicing of our range of complex instrumentatio
and requires a high degree of technical skili, initiative and
responsibility.

In return we offer plenty of interest and travel (sometimes
international) coupled with first-class working conditions.
Salary is by negotiation and all travelling expenses are
reimbursed.

Please apply in writing to:

R. F. LADBURY

BRUKER SPECTROSPIN
LIMITED

UNIT 3, 209 TORRINGTON AVENUE
COVENTRY, CV4 9HN

B
BRUKER

7297
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- B ITN |
Botswana SENIOR ENGINEER

VTR OPERATIONS

Independent Television News Ltd. has a vacancy for a Senior
co Engineer in the ITN Facilities Centre in Central London, able to
- operate and maintain a tape transfer area of, at present, 18 Helical
- Scan Video recorders.
En Ineer Candidates should have several years’ experience with such
equipment, and experience of broadcast 2'' quad recorders would be

an advantage.

For varied engineering and administrative
duti he eff £ o WA f Salary £5712 per annum.
uties to ensure the efficient functioning o Contributory Pension Scheme and free Life Insurance.

telex, telephone, telegraph, and broadcast Please telephone the Personnel Officer on 01-637 3144 for an
services for the Botswana Ministry of Posts application form, quoting reference 8312.

and Telecommunications.
Candidates, under 55, must be MIEE or

MIERE, preferably with a degree. 15 years’ ASS'STANT
experience in telecomms operations is

required, including responsibility for ELECTRDN'GS
maintenance of telex, radio relay and

multiplex systems, automatic exchanges, ENGIN EER

subscribers’ equipment and distribution required for a Research and Development company in West

7294

|

networks. A knowledge of electronic London.

exchange working, exchange 5.'9”a||"n9 A vacancy exists for a young engineer educated to HND
systems, and broadcast transmitters s standard to join a design and development section working on
desirable. the control of vehicle engines. Experience 'in industry is

desirable but not essential as the applicant would be at a junior

Starting salary is equivalentto £6145— level in the first instance.

£7680 pa and includes a substantial tax- Please apply, giving details of age. gqualifications and
R or M MO experience to:
free allowa_nce paid under B"Fa'n S The Development Manager, SGRD Limited
overseas aid programme. Basic salary Concord Road, LONDON W3 0SE (7286)

attracts a 25% tax-free gratuity. =
) A ARTICLES FOR SALE

Benefits include free passages,generous
paid leave, children’s holiday visit passages VHF Rx ass for use on 121.5Mc/s but can be moded to any
and education allowances, subsidised freq 100/ 150Mc/s as 9 min. valves, O/P for phones, crystal
i i ; _ controlled HCB/u type not supplied, new cond. with circ.
housing, appointment grant and interest £6 50. ISOLATING TRANS pria 230v sec 26v at 13 amp
free carloan. with c.t. fitted in case with ammeter new £17.80. I.F.F.
’ . . . TRANSPONDER for use in range 850/1 100Mc/s with
For full details and application form write tunable Tx and Rx cavities, 60Mc/s |.F. strip, pulse modulator
quoting MX/1 202/wWD to cires, 115 400C/s |/ P, plus large number of misc parts with

circ, note these are supplied less valves and ext store soiled
otherwise complete £10.80. INFRA RED TEST SETS
contain mains p.u. giving 24v. d.c. infra red source, ent unit
giving 12Kv from 24v, meter, test jig cables, etc., all in neat
case transistorised used to test image convertor tubes, good
cond. £15 BATTERIES. Dryfit sealed lead acid two types 1.8
The:(;?nm;:i:\t?::;snf:;Op\:)eorlsneta:“ion\::gir\:\:;t:and A/hr. size, 2%x2x2'* £6.40 and 2.6 A/hr size 5%x1 '/2x2_'/4"

k aMillb k'L don SWIF 3JD ' 7296‘) £6.50, both new. KEYBOARDS for telephone 0 to 9 digits
DS 33 OMCKIN size 4x3" new £1.50. PLUG & SK min. 12-way req %' fix

hole new £2 per pair. C.R.T s all new electrostatic cv2184
2%" P7 £450. CV1746 6%’ P.1 ordi. tube £6. CV1534

RAD'O ENG'NEER /TECHNICIAN 11" P11 orange £10.80. SELSYNS mains power type 230v
£25 per pair. RADAR SCANNER by Decca 24v drive X band
FOR TH E CAR i BBEAN with qty of w.g. £564. TIMBERS will measure up to 60 secs in
Necded 1ol work as echnicaln ivisers o ithes Radlol Schoolsmin i 1/100ths of a sec 24v new £15. TAPE RECORDER airport
; el Radiol_Schoolsin LESNE, &8 type audio 10 track with rec and playback amps (no erase) for

- I devel
D L eaSsiodnaioiesiatine: Mepal Rlinl 0" Rl 230v 19" rack with handbook one only £108. U.H.F.
A British Volunteer Programme Post: volunteer terms of service include free GROUND Tx/Rx inst comprise Tx, Md & Rx covers
accommodation, hving and other allowances. return air travel, language and 225/400Mc/s single channel O/P 100 wattsa.m. /P 115v
Pt ) 50c/s units are for 19’ rack mt, American surplus £173. The
Write with details of curriculum vitae 1o following for callers: Marconi h f. spec analysers 3/30Mc/s

OVERSEAS CIIR Overseas Volunteers, 1 Cam- £45 P.A. Amps 100watt valve type with c.u. etc. mains £27
bridge Terrace, London, NW1 4JL. P A speaker outdoor type 15 £8 ea. TANNOY 200 watt
VOLUNTEERS ekl transis amps with control gear also high power p.a. speakers.

SCOPES. Solartron CD643 DC to 15Mc/s large 5'' single

ARTICLES FOR SALE beam scopes £30. Prices inc. VAT and Carr. Goods ex. equip.
unless stated new. Carr. applies mainiand only
MV \ NAGNENICIMIGROPHONE A.H.SUPPLIES
Best choice for used TV' U o e TR 122 Handworth Road, Sheffield S9 4AE. Phone 444278
’ (0742)

« Largest stock and selection of colour

l listening applications Very rugged. DC res. .20
and mono TV in Britain.

ohms
Size: 1%’ da %' deep (7272
40p ea + '0p P&P

81976 exports exceeded 250,000 sets. ' 6 Jor £2.20 + 20p P&P
Trade enguiries to: 12 tor £4.50. P&P free
; j ; SAE Many other tems. Trad HEATHKIT SEMI CONDUCTOR
Wmcesm'r'i'::dT\o’(iL?edﬁ..?:;{'geﬁiruu HY weicome |71 Mo O M TR SRS ELECTRO-MECHANICAL METERS 4 | FESTER. Latest model ITIZI_ As
England. Tel. Kidderminster 61907 or 67380 C0 S, SO S ey digit, Magnetic meters. 48 volt. 75p | new. Factory tested. £45. — Tele-
T Telex 337993 i NZICANTERSURY[KentICTSIIOZ o inc, P&P. 42 St. Paul's Road, Bed- | radio_325 Fore St.. London N9. 01-
ford. (7281 | 807 3719 (7278
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SITUATIONS VACANT

We are looking for Lecturers to teach the practicalities
of computer servicing. You will he based at our
Engineering Training Centre in Letchworth, Herts - the
largest ot its kind in Europe. Here you will be given a
comprehensive grounding in computer technology in
generaland ICL equipment in particular.

You will be thoroughly prepared to train engineers
to the point where they will be capable of maintaining

computers atthe optimum operational specification
Ideally, you will have an HNC or Forces’ training in a
technical subject. Any experience of digital electronics,

computers orinstructing on these subjects, while not

I essential, will be usetul. Fluency in written anct spoken
French or German would be a distinct advantage but

is not essential.
We'll start you as an Assistant Lecturer on a salary ot
notless than £3800 a year, subject to review in the near
L future. You'll be encouraged and expected to progress
ecture on to the position of Senior Lecturer which carries asalary

inexcess or £5000.

Computer 5erViCinq dml)\:)lgr(ig::n expenses will be considered where

Foran application form, phone David
Reeveson(1-788 7272 extension 4150
orwriteto him at1CL, 8591 Upper
RichmondRoad, Putney, London
SWi52TE. Please guote
reference WW1398.

International Computers

think computers-think ICL

MARINE ELECTRONIC
ENGINEER/
TECHNICAL MANAGER

[
u | l This fast expanding company seeks a
- quahﬁ_ed‘ expenenqed person capable of

installing and servicing SSB, VHF, Auto
Pilots, Radar, Instruments, Electrics, etc.
and to take charge of all engineering aspects

with a possibility of a Board appointment as
Technical Director

> The successful applicant must live in, or very
close to London. Salary negotiable

Send full curriculum vitae to
Telesonic Marine Limited

Service and Test Engineers R

. . b P )
~ As aircraft and electronics I’s skilled work, calling for V.H.F. SERVICE TECHNICIAN RE.
equipments become more sound practical experience of thU l:!!IED dei,th fullb_tlmperit:jnceb of
. L. . . . h . adlo e

sophisticated and our servicing radio and electronics theory, ranging station equipthent. Applicants will
programme expands, the need for from audio to microwave and work in our modern and well

. B E J equipped workshops in Croydon
experienced Service and Test including the use of advanced test with occasional work in the field.
Engineers increases. . equipment for fault diagnosis. Ao iy oaperienced S Boieais

At Stanmore, we are involved Training in this field will be given and fast expanding company, sal-
. . 1 . . ary commensurate with ability and
in the provision of spares and the to suitable, less experienced ?xperlenfe wmfl ample 8ppoqtumlty

4 M 3 or overtime if require =

repair, maintenance and overhaulof  engineers. phone Jonothan Clack: London Car
a variety of British and American The Company offers excellent Telephones. 01-680 1010. (7293
airborne electronic equipment. salaries and benefits together with

We need Engineers who can first-class working conditions in AT
successfully maintain the high well-equipped workshops. This ICLES FOR SALE
standards and efficiency required Unit is conveniently situated in
both in the aircraft and the pleasant surroundings within easy @\
workshop. reach of the A1 and M. \‘\' c ry S 'al

\ ACCURATE @)

MARCONI G5t \\\3
experience to:

ELleloo NT|Tcs %icfm%ﬁlgl%tt Avionic Systems Ltd., L @ "
22-26 Dalston Gardens, Stanmore, Middlesex

A GEC-Marconi Electronics Company HA7 1BZ. Tel: 01-204 3322.

Frivate enquiries, send 7 3p in stamps for brochure

HE QUARTZ CRYSTAL CO.LTD.

.Q.C.C. WORKS, WELLINGTON CRESCENT
NEW MALDEN, SURREY  01-942 0334 & 2988

7300




o go ;
CIGSSIerd 132 Wireless World, July 1977

EXCLUSIVE OFFER

ELEC ! RICAL/ WORLD-WIDE RANGE
NEVER BEFORE OFFERED
EI ECTRONI : s PHILCO HC-150 POINT-TO-POINT STRIP
RADIO HF RECEIVERS 2/30 m/cs. Ten fully
3 tuneable channels to 0.5 kes with synthesisers.

prices on application.

AUDIO AND INSTRUMENTATION-
TAPE RECORDER-REPRODUCERS

a consultancy/managerial/designer role

Plessey M5500 Digital Unit, 7 tracks %"~
Ampex FR-1100, 6 speeds, stereo %"
Ampex FR600, 4 speeds, 7 tracks %"
D.R.I. RMI, 4 speeds, 4 tracks "’
o o ey e
The Government Communications Headquarters has a constant demand EMI RIOIG, 5 oeedt, 3 trackes w
for specialised complex equipment and systems designed by its own E{‘;‘;ﬁﬁf{ﬁ?{‘; e T
0 N 1 [ Mil CMP-1(w, 6 eds, 7 ks %, 44, 1’
engineers, as well as readﬂy available commercial equipment. ‘ e P B UCEE
The successful candidates will undertake engineering project officer Leevers Rich Console 2 track %", 2 speeds
duties. These will include interpreting non-technical briefs; advising
clients on the best method of approach; preparing specifications and
designs; and managing projects right through to implementation.
Currently there are vacancies in the following fields: 'Radio Com-
munication Systems across the range from VLF to microwaves and
the millimetric bands; Line and Data Communication Systems including
computer application; and Main Computer systems together with a wide
range of peripherals.

with 4 sub-bands to each channel. Full details and

R )

Prices of above £70 to £500

Also Transport Decks only available

We have a large quanuty of “bits and pieces” we
cannot list — please send us your requirements, we
can probabty help — all enquiries answered

All our aerial equipment is
professional MOD quality

a 3 . e - . 761 F: Standard: £32.00
Candidates must have a degree in electrical or electronic engineering or % Gloster Digimasters. o mon
be academically qualified for corporate membership of the IEE or IERE, T e =i
and have at least 5 years' recognised study, professional training and i [
i Valradio | 12V DC/240V AC 500W .. £42.00
eXperlenCe. . .. d : O:crlﬁois?:o;::réz;\s purpose 3 . £35.00
Starting salary betwen £3950 and £5240, depending on qualifications * Solartron CD 711/52 D/U Oscilloscopes . £110.00
- B . B * Airmec 702 Sig. Gen. 30/300KCS . . - £35.00
and experienced. Promotion prospects. Non-contributory pension  R-216 Power Supply Units . . £15.00
h * 10ft Lightweight Mast sections, 6" sides £14.00
scheme. . . . * Oscilloscope Trolieys from . . £12.00
For further details and an application form AiacieslDgpEyIUIEcok w48 00
(to be returned by 11 July, 1977) write to + Venner s Counters . faooe
Civil Service Commission, Alencon Link, e O ) e Al
G‘ H Basingstoke, Hants RG21 1JB, or tele-
hone Basingstoke (0256) 68551 (ans- HIGHEST QUALITY 19"
p 9
CI ’Itenha’n wering service operates outside office RACK MOENTING CABINETS
RACKS
(& hours). Please quote T(A) 85/1. - riBRCRS
s il FROM £]0 to £75
PLEASE SEND FOR STOCKLIST
Also Twin, Triple Consoles etc.

100 amp Belling Lee Interference Filters
Marconi TF2331 Distortion Meters

AVO VT Voltmeters CT-471A

Solartron Digitai Voitmeters LM 1420/2 o
Racal MA197 Pre-Selectors

Marcon: TF-888 Receiver Testers

Collins 500 watt 2/18 mcs. Transmitters
Collins KWT6 SSB 500w Trdnsceivers
Collins KWT6 200 m/w AM Transceivers ..
STC Rx5 2/25 mes Receivers Diversity
Rack Mounting Operator Tables

Gaumont Kalee 564 Fiutier Meters

Hewlett Packard 618B Sig. Gen. 3.8/7.2 GHz
Rohn 95ft masts lattice 12" sides. .
30ft Lattice Masts, 14" sides B

15ft Lattice Mast sections, 12" sides

120ft Lattice Masts, 15" sides -

75/90ft Sky Towers, seif- suppomng

Heavy Aerial Rotators .

Racal SA 504 Voltage converters

Elliot Recording M/A Meters

75t Atuminium Lattice Masts, 20" sides
Plessey peak distortion meters

Polarad Microwave power meters . .

Rhode & Schwarz SBR sig gen. 1.6/2.4 gmc
Large Aenal Turning Units

45 feet Uniradio 4 Co-ax 50 ohms

Baluns Professional Exterior 600/75 ohms
Addo 5/8 Track Tape Punches .
Quality Weather Vanes 8 contacts (unused)
Racal MA-175 1.S.B. Modulators (new) .
Imslide Cabinet Shelf Sliders .
DG7/5CRT's

Tally 5/8 Track Tape Readers 60 cps L
Tally 5/8 Track Tape Readers with Spooling  £65.00
Cawkell FU 4 Band Pass Filter Testers £680.00
Racal RA-63 SSB Adaptors, new 0.00
Racal RA-237 L.-W Converters, new £70.00

Engineer Programmers

For advanced test programming techniques

Engineer Programmers are needed by the Electronic Switching Products Division
of S.T.C. The job is to prepare test programmes using a high level language and/or
to derive test generation techniques to control the testing of digital printed circuit
board assemblies on automatic test equipment.

If you have had experience in testing, fault finding, commissioning, or a similar
field using modern electronic methods and devices, these positions may interest you.
A formal qualification — degree, HNC or equivalent, in electronics is necessary.

We are situated on the outskirts of North London with all the amenities of a
large established lecation. We are offering competitive benefits and there is a very

v.»lllllllll»l»»»»'ll!ttlllltt»!t'lt.»n'

. Racal RA-298 L.S.B. i i
real scope for advancement for the right men and women. {new) g T TR
. i * 400 Channel Puise Helgm Spectrum
For further information please telephone or write to : Analysers £600.00

Mike Randal, Electronic Products Switching Division,
Personnel Dept, Standard Telephones and Cables Ltd,
Qakleigh Road South, New Southgate, London, N11 1HB. 01-368 1200 Ext. 3066.

We have a varied assortment of industrial and
professional Cathode Ray Tubes avaitable. List on
reguest.

PLEASE ADD CARRIAGE AND

P. HARRIS

ORGANFORD-DORSET
BH16 6BR
BOURNEMOUTH (0202) 765051

33)

Standard Telephones and Cables Limited
A British Company of ITT

7314
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ATIONS VACANT

to:

SYSTEMS TEST
ENGINEERS
£3,500-£4,000

Several interesting opportunities are available for Test Engineers, qualified
to O.N.C./H.N.C,, degree standard, or ex-military personnel, to join our
Test Engineering Department which is currently located in North London
but will be moving to new premises in East Anglia/East Midlands later this
year. Therefore, we would be interested in receiving applications from
candidates who are either currently seeking a new appointment, or who may
be interested in changing their jobs later in the year.

Suitable applicants will have had -5 years’ practical experience of testing,
modifying and repairing electronic systems. A knowledge of analogue and
digital electronics is required and an understanding of computers would be
an advantage. Full training will be given.

These positions offer progressive salaries with regular reviews and good
employment benefits.

Please telephone or write for an application form quoting reference G/1013,

Linda Geers, Personnel Officer,
CROSFIELD ELECTRONICS LIMITED,
766 HOLLOWAY ROAD,

LONDON N19 3JG, ENGLAND
Telephone: 01-272 7766.

A member of the De La Rue Group of Companies.

7295

ARTICLES FOR SALE

SOWTER TRANSFORMERS
FOR SOUND RECORDING AND
REPRODUCING EQUIPMENT
We are suppliers 1o many well-known companies.

studios and broadcasting authorties and were
established in 1941 Early dehvenes Compettve
prices. Large or smail quantues Let us quote
SOWTER TYPE 3678
A recant release
MULTITAP MICROPHONE TRANSFORMER
Primary windings for 600 ohm. 200 ohm and 60
ohm with Secondary loadings from 2K ohm t0 10 K
ohm. Frequency response plus/minus %dB 20 Hz
10 25 KHz Contained n well finished Mumetal box
33mm diameter by 22mm high, with colour coded
and Ilcads. low distortion. DELIVERY (small
quantities) EX-STOCK HIGHLY COMPETITIVE
PRICF FULL DETAILS ON REQUEST
E. A. SOWTER LTD.
Transformer Manufacturers and Designers j
7 Dedham Place, Fors Street
Ipswich IP4 1JP. Tel. 0473 52794 7269
SILICON SOLAR CELLS and
modules can provide a useful alter-
native to transformer power sup-
plies. Adequate energy for low
power instruments, and entertain-
ment equipment can be obtained
from nickel-cadmium batteries
charge — maintained by silicon
cells. We have in stock two types
of cell: — 35mW, .5V — £595
250mW. 5V — £9.55 Prices include
VAT and postage. Data is supplied
free with the units or separately
at 20p. Booklet ‘Solar Cels' 75p
— Edencombe Ltd. 16 Princes
Avenue, Kingshury. London NWg.
(7271

QUARTZ CRYSTAL
UNITS from
® 1.0-90.0 MKZ

/ /
® MIGH STABILTY 4

® FAST DELIVERY
® TOOEFS271-A

WRITE FOR
LEAFLET AT 1

MCKNIGHT
GRYSTAL Co. Ltd.

HARDLEY INDUSTRIAL
ESTATE HYTHE.
SOUTHAMPTON SD4 §2Y

(6044) |

TEL HYTHE 848961
STD CODE 0703

WE INVITE ENQUIRIES from any-
where in the world. We have in
stock several million carbon resis-
tors ith 1, 3, and 1 watt 4 million
wire wound resistors 5 and 10 watt
— 1 million capacitors 1 million
electrolytic condensers — % million
transistors and diodes, thousands
of potentiometers, and hosts of
other components. Write phone or
call at our warehouse — Broad-
fields and Mayco Disposals Ltd
21 Lodge Lane, North Finchley,
London, N.12 01-445 0749, 445 2713.

(5907)

18 watts of power at 240 v straight to the bit

MINIATURE

SOLDERING IRON } A

Probabty the smallest 18watt soldenng
iron to comply with Cunsurner Prulectlun
Regulations BS No. 345

New method of bit- secunng (uat pend.}
Built-in suspension hook.

All parts very easily replaced.

Insulation tested at 1500 V. ac at max. temp.

S:R BREWSTER I2 |
86-88 UNION ST, PLYMOUTH
Telephone Q752-650H

Manufactarers ans Distributors

VALVES RADIO — T.V.-Industrial-
Transmitting. We dispatch valves
to all parts of the world by return
of post, air or sea mail, 2,700 types
in stock, 1930 to 1976. Obsolete
types a speciality. List 20p. Quota-
tion S.A.E. Open to callers Monday
to Saturday 9.30 to 5.00. Closed
Wednesday 1.00. We wish to pur-
chase all types of new and boxed
valves. Cox Radio (Sussex) Ltd.
Dept WW, The Parade, East Wit-
tering, Sussex PO20 SBN. West Wit-
tering 2023 (STD Code 02436625392

)

} o 4o
Classified
ARTICLES FOR SALE

PREGISION

POLYCARBONATE CAPACITORS
All High Stability — extremely Low Leakage

440V A.C. RANGE 63V 0.C. RANGE
Value Dimen- Price  Value [.F) Tol. B
{«F}  sions [mm|  each <1 =2 55
L0 0014 ¢ 05 4
00 21 121 e8p Ol 28 T 50p,
015 27 121 sop 02 €132 1 Sip
022 33 16 sep 033 €1.32 M 51
025 33 16 92p 047 €132 1 51p
033 33 16 g9p 068 f£1.44 8dp 56p
047 33 19 €110 10 £1.56 91p 60p
05 33 19 £116 15 £1.74 £1.16  67p
068 508 19 €£1.25 22  £148 €132 75n
10 508 19 €137 33  £24D €160
15 508 254 €164 47 £2.82 £1.88 il 23
20 508 254 €195 68 £3.48 £3.32 £1.47

10 £4.98 £3.32 £201
15 €114 €4.76 2.8
2 £9.66 £6.44 £3.90,

JANTALUM BEAD CAPACITORS—Value available: 0.1, 0.22. 0.33. 0.47.
068.1.0.2.2.3.3. 4.7. 6.8 uF a1 15¢/25Y or 35V; 10.0uF 21 16V/20V or
25V: 22.00F 2t 6Y/)0V or 16V: 33.0:F 3t 6Y or 10V: 47.0uV at 3V or 6V:
100.0.:F at 39, All at 12p* sach. 10 lor £9.90%. 50 for £5°. 100 lor
€9

TRANSISTORS 1.C.'s

BC107/8/3 99 UBE212/212L 12p 2N30SH 50p.
80114 12p *8C203211  Vip 0L 12p
*BCI47//9 10 *BCZIA/ZIAL  Vlp °MESSS Timer 61p,
8153 169 “8F194/5 12p T4l Bin 0N 32p
BCIS4/1/B/3  12p BFYS0/1/2  20p IMAN4 £1.15
*BC182/182L  11p AFITB 4p SNTBOIZND  £1.50
*BCIBI/IBAL  Vip ARZ 38p SNIG02M0 £150°

*8C184/184L 12p *2M3702/4 Tlp TBABICAS  £1.42¢

POPULAR DIODES— IN914 Gp. & far 45p, 16 for 90y, ING16 B, & for
45p, 14 for 90p: 1544 Sp. 11 for 50p, 24 for £1.00, 1N4148 50. 6 far
27p, 12 for 48p: INA0T 5¥%p: 002 6p: 003 6%p: 004 7p; 005 7%p:
006 8p: 007 8%g.

LOW PRICE ZENER DIODES —400mW. Toi 5% al 5mA. 3¥: 3v3: 3v6:
AVT: 5¥1: 5V6: 6Y2: 6¥8: 7¥5: BV2: Gv1: 10V 11v: 12v: 13V: 13.5¥: 15V:
VBY: 18¥: 20V: 22¥; 24V: 27V; J0V: 33¥. Ali at 7p sach. 5 for 33p, 10 4or
65p. 50 for £3.92. SPECIAL OFFER: 100 Zeners [may be mixed) Jor
£6.00.

RESISTORS —High siability. iow nosse carbon lilm 5% %W 3t 40° C. %WW
al T0-C.E12 series only—Irom 2.2() 18 2.2M(). ALL al 1p* each. Bp*® foi
10 of any ome value. 70p* for 100 of any one value. SPECIAL PACK: 10 of
sach value 2.20) 1a 2.2) (730 resistors] £5*

SILICON PLASTIC RECTIFIERS—15 emp. wire-anded D027 100
PLV. 7p 4 for 26p): 400 P.LY. 8 |4 lor 30p)

BRIDGE RECTIFIERS 2! amp 200V 40p; 350V 45p; 600V 55p.

SUBMINIATURE YERTICAL PRESETS—0.1W only: Alf al 5p* each:
50: 100: 220; 470; 630 ohm: K. 2K2: 4KT: 6K8: 10K. 15K; 22K 47K: 47K:
100K: 220K 6BOK: 1M.'ZM5; 5M

PLEASE ADD 20p POST AND PACKING ON ALL ORDERS. EXPORT—ADD COST
OF SEA/AIRMAIL. Add 8% VAT to all tems excep! those marked wlih *
which are 12%%

Send S.AE. lor additional stock lists.
‘Whalesale price Hists svaileble 1o bona fide companies.

MARCO TRADING g ept P5)
The 0 School. Edstaston. Wem, Shropshire
Tel, Whixall 464/465 (STD 094 872)
[Proprs. Minmcost Trading Lig.}

CASSETTE HEADS. 4 track head:
this head which is used in audio/
visual equipment can also be fitted
for the recording/replay of Quadro-
phonic material: 3-head system;
fitting these 3 heads to existing
cassette decks will allow off-tape
monitoring during recording: Cas-
sette mechanism; top loading, with
stereo heads and piano-key con-
trols: C90 cassette tapes available
in small quantities at bulk prices.
For data send large SEA, Box No.

7139. (7139)
PHOTO ETCH

# LIMITED #

9 LOWER QUEEN STREET
PENZANCE, CORNWALL
TR18 4DF

Protatype or long run we will
supply your printed circuit require”
ments.

Also facilities for Design. Assembly
and Test

Prompt and efficient service assured

contect Oavia Webster

M eenzancE (07301 aTR 56

T.V. TUBE REBUILDING — FAIR-
CREST ENGINEERING LTD. offer
a comprehensive range of equip-
ment for processing all types of
picture tubes. Standard or custom
built units for established or new
businesses. Full training courses
Individually tailored & backed by
27 years' experience in tube mak-

ing. FAIRCREST ENGINEERING
LTD, Willis Road Croydon CRO
2XX. Tel: 01 689 8741. (7305)



Classified

Ma\com In

n ENAMELLED COPPER WIRE

sw.g. 1ib reel Yalb reel
1011019 £2.95 £1.60
2010 29 £3.15 £1.80
30 to 34 £3.45 £1.90
3510 40 £3.65 £2.10

Al the above prices are inclusive of postage
and packing in UK

COPPER SUPPLIES
102 Parrswood Road, Withington,
Manchester 20
Telephone 061-445 8753 100

TELEPHONE ANSWERING Machines
for Sale. New £120. Answers and
Records. Plus 2-way Conversations
and Dictation. Free Accessories and
guaranteed 1 year. Callsaver. —
-C.R.V. Electronics Ltd. 01-249 04186,
01-580 1800. 30 Goodge Street, Lon-
don Wi. (7096)

60KHz MSF Rugby Receiver. BCD
TIME OF DAY OUTPUT. High per-
formance, phase locked loop radio
receiver. 5V operation with 1
second LED indication. Kit com-
plete with tuned ferrite rod aerial
£14.08 (including postage and
VAT). Assembled circuit and cased-

up version also available. Send
for details Toolex, Sherborne
(4359), Dorset. (21)

FOR SALE ]

10.7 MHz CRYSTAL FILTERS
ITTO24DE/923L 12% KHz channel
spacing. £6.00 ea.

ITT024DC 12%2 KHz channel spacing
£6.00 each. STC455/LQU/901A 50 KHz
channel spacing, £2.50, all new and
unused

Plastic semi-airspaced trimmers 10mm dia.
2-25pf., £5.00 per 100. £33.00 per
1,000.

ITT Mimniature Nixie Tubes type 5853S
170v Y2'' characters with left and right
hand decimal points. 10 for £4.75; £32.00
per 100; £250.00 per 1,000

ITT GNYA std size nixie tubes, no decimal
point, same price as above

1’ VIDICON SCAN COILS transistor type to
suit std 1 wvidicon tube, with picture
centring magnets and tube clamp no gen

new, £6.25

Ya WATT CARBON FiLM RESISTORS
pre-formed vertical mounting. We have a
large quantity of these at £3.50 per 1,000

Send for list or phone for values in stock
{only supplied in 1,000 of one type)

EIRE 1000pf 500v disc ceramic capacitors.
7mm dia., £11.00 per 1,000

ALL ITEMS ex-stock prices include VAT &
POST. manufacturing quantities available
on most items A J H. ELECTRONICS.
69 Waverley Road, Rugby, Warks. Phone
76473 (0788). Callers by appointment

only

300,000 MULLARD C280 & C281 for
sale values from 0luf to above luf
250/400 v/w, price per mixed pack,
100/£1.50, 500/£6.00, P&P (export
50p). Electronic Mailorder Ltd,
Ramsbottom, Bury, Lancs. (7172

FOR DISPOSAL AT CLEARANCE
PRICES. Up to 15 miles of 10-way
cable. Overall diameter 8 milli-
metres approx. SAE for sample.
Eddystone receiver 500-1000 MHz.
£50 VAT, as seen. Jennings
vacuum capacitors. Variable 8 to
35mm fd nominal 35.K.V. £6 +
VAT ea.  including pé&p. Fixed
25mm fd 30 K.V. £4 + VAT ea.
Some larger ones for callers only.
G.W.M. RADIO LTD, 40/42 Portland
Road, Worthing. Sussex. Tel. 3;1;{):;])
(

10.7TMHz WOBBULATOR KIT:
11lmm x 57mm p.c.b.; R’s; C’s:
i.c.; transistors; pots; skts. You
supply case, battery, etc. Features
sawtnoth generator. Can be alter-
ed t0 other (lower) frequencies.
£12.96 inc. VAT (8 per cent rate)
and post and packing. Dovedale

Electronics Limited, Post Office
Box 47. Derby, DE1 2BE, Derby
(0332) 40717. (7282

LINSLEY-HOOD AMPLIFIERS con-
struoted and repaired. Brand new,
guaranteed, spares by return. BDY
56 £1.85, BD529 55p, BDS530 55p.
2N 5457 35p, 2N5459 45p, BF258 35p.
BFR39 25p, BFR79 25p. Inter-
ference suppression Kit, with in-
structions £1.35. Inclusive prices.
P&P 15p. SAE for list. 1. G. Bow-
man (Dept WW), 59 Fowey Avenue,
Torquay, S. Devon. (7287

instruments.

Attractive salaries and, where appropriate,
relocation are offered for the right candidates.
Further information may be obtained in confidence

from John Prodger

Marconi Instruments Limited,
Longacres, St. Albans, Herts. tel: St. Albans, 59292

% & & &

A GEC-MARCONI ELECTRONICS COMPANY

FOR SALE

ELECTRONIC INSTRUMENTATION.
If you are interested in the buying
or ~selling of good quality used
Electronic Test Instruments, ring
Reading 51074, Martin Associates
and converse with our Sheila
Hatch who will deal promptly
with your enquiry.

(6578)

ANTIQUE COLLECTOR'S ITEM, 30
years old, HMV IS INS television
tube. Offers to McBain, 52 Hawne
Lane Halesowen West Midlands.
Tel. 021 550 2827. (7312)

SEMICONDUCTORS

Dictionary in_ seven
English - French - German - Italian,
Portuguese-Russian-Spanish. 2 vol-
umes, originally published in 1971
at £15 now offered at £3 post free
by Weatherhead's Bookshop, 58
Kingsbury, Aylesbury Bucks. Tel.
0296 23153. (7330

International
languages

TEKTRONIX 43 DMM DMS501, uni-
versal counter DC503, function
generator FG501, dual power sup-
ply PS503  dual trace scope, port-
able 326 vgc £550 ono. — Tel.
Welwyn Garden City 32271. (7331

PROFESSIONAL TV TUBE RE-
BUILDING PLANT designed and
manufactured with 20 years’ exper-
ience of tube rebuilding. Also all
associated supplies including
Electron guns. Regular training
courses, Western-Whybrow Engin-
eering, WECO Works, Penzance,
TR20 9QT (073676) 2265. (6542)

BURGLAR ALARM EQUIPMENT —
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struments
ELECTRONIC
TECHNICIANS

Opportunities for the experienced and some-
times inexperienced in St. Albans and Luton.
Work situations range from fault finding on PCB's
and components, to batch product testing of
equipment that utilise very advanced techniques
including microprocessors and the repair/
calibration of all manner and types of test

THE TTL DATA
BOOK FOR
DESIGN
ENGINEERS

By Texas Instruments
PRICE: £5.50
RADIO, TV & AUDIO TECH-
NICAL REFERENCE BOOK
by S: W. Amos. Price £24.70.
MICROPROCESSOR /

‘MICROPROGRAMMING
"HANDBOOK by B. Ward

Price £4.00.
WORLD RADIO TV HAND-
BOOK. J. M. Frost. Price
£5.50.
BUILD YOUR OWN WORK-
ING ROBOT by D. L. Heiser-
man. Price £3.70.
THE RADIO AMATEUR’S
HANDBOOK 1977 by
A.R.R.L. Price £6.60.
THE MEMORY & MICRO-
PBOCESSOR DATA BOOK
FOR DESIGN ENGINEERS
by Texas. Price £3.40.
TOWERS INTERNATION-
AL TRANSISTOR SELEC-
TOR by T. D. Towers 1977
Price £5.00.
SOUND RECORDING
PRACTICE by Borowick, J
Price £16.60.

* Prices include postage %

Safes — Trade supplies — Astro
alarms, — 25 Stockton Road., Sun-
derland, Tyne & Wear Tel. 77825.
Free lists. SAE. (7274
WIRELESS WORLD NOVEMBER
1939 TO SEPTEMBER 1947 COM-
PLETE, Offers. — Hayes. 159

Beechwood Drive, Glasgow. GI1

7DX. Telephone 041-334 4369. (7275

THE MODERN BOOK CO.
SPECIALISTS IN SCIENTIFIC
& TECHNICAL BOOKS
19-21 PRAED STREET
LONDON W2 1NP
Phone 723 4185
Closed Sat. 1 p.m
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ARTICLES FOR SALE

COLOUR, UHF AND TV SPARES
WNEW COMBINED COLOUR BAR
GENERATOR PLUS CROSS HATCH
KIT (MK4) UH¥F Aerial input type.
Also gives R-Y, B-Y, Luminance
combinations, Grey scale etc, Push
button controls, Battery operated,
£35, ‘Case £1.80, battery holders
78p, p/p 85p.

CROSS HATCH KIT, UHF aerial
input type, also gives peak white
and black levels, battery operated,
£11, p/p 45p. Add-on Grey Scale
kit. £2.90 p/p 30p. Add-on Colour
Bar kit (Mk3) £25, cases £1.40, p/p
85p.

CEEFAX parts shortly
details on request

‘"Wireless World’”' TV Tuner and
FM Tuner Projects by D. C. Read.
Kits of parts available. CRT Re-
activator kit for colour and mono,
£18*, pp £1. Signal Strengh Meter
kit £18* p/p 85p. 625 TV IF Unit,
‘for Hi-Fi amps or tape recording
£6.80 p/p 65p. Decca Colour TV
Thyristor Power Supply Unit. incl.
H.T., L.T., etc. Incl. circuits £3.80
p/p 95p. Bush CTV 25 Power Sup-
ply Unit incl. HT, L.T., etc. £3.20
p/p £1.20. Bush CTV 25 Conver-
gence panel plus yoke, blue lateral
£3.60 p/p &0p. Philips single stand
convergence units complete, incl. 16
centrols, £3.75 p/p 75p. Colour
Scan Coils, Mullard or Plessey £6
p/p 90p. Mullard AT1023/05 Con-
verg. Yoke £2.50 p/p 75p. Mullard
ur Plessey Blue Laterals 75p p/p
30p. BRC 3000 type scan coils £2
/p 80p. Bush ICTV 25 Scan Coils
£2.50 p/r 80p. Delay Lines: DL20
£3.50, DL40 £1.50 DL1E, DL1 85p
p/p 40p. Lum. delay lines 50p p/p
30p. Bush/Murphy CTV 25 3/174
EHT quadrupler £8.50 p/p 85p.
G8 Tripler £6, BRC 3000 £6.60 pp
75p others available. Philips
G8 Panels, part complete, sur-
plus/salvaged: Decoder £2.50. T.
Base £1 p/p 70p. CRT Base 75p
1/p 30p. GEC 2040 Decoder panel
ior spares £3.50 p/p 70p VARICAP
TUNERS. UHF: ELC 1043 £4.20,
ELC 1043/05 £5, VHF; ELC 1042
£4.80, Philips VHF £3.80. Salvaged
UHF & VHF Varicaps £1.50 p/p
35p. SPECIAL OFFER: RBM 6 psn.
Varicap control unit £1 p/p 35p.
UHF Tuners transd. incl. slow mo-
tion drive £3.80. 4 Psn. and 6 Psn.
push button ransd. £4.20 p/p 85p.
Helical pots 100K, 4 for £1.20, p/p
20p. Thorn 850 dual stand. time
base panels 50p. Philips 625 IF
panel incl. cct. 50p. p/p 75p. VHF
Turret tuners AT 7650 for KB Fea-

available,

theriight, Philips 19TG170. GEC
2010, etc. £2.50. Fireball tuners.
Ferguson., HMV, Marconi 80p p/p

all tuners 75p. Mullard Mono scan
coils for Philips, Stella, Pye, Ekco.
Ferranti, Invicta £2 p/p 75p. Large
selcetion LOPTs FOPTs available for
most popular makes MANOR SUP-
PLIES, 172 West End Lane, London.
N.W.6. Shop premises. Callers wel-
come. Thousands of additional
items available no! normally ad-
vertised. (Nos. 28, 159 buses or
West Hampstead Bakerloo Line and
British Rail). Mail Order: 64 Gold-
ers Manor Drive. London, N.W.11.

Tel.: 01-794 8751. V.AT. Please
ADD 24% TO ALL PRICES (EX-
CEPT WHERE MARKED * V.A.T.
8%). (60)

BOOKS

TV REPAIRS SIMPLIFIED, Ful] re-
pair instructions any British TV
for £4.50. Circuit Diagram on re-
quest; details unique books, e.g.
Every mono British TV circ. diag./

layout £9.50, Also colour. Aus +
WW, 76 Church Street, Larkhall,
Lanarks. 7217

“'"VINTAGE CRYSTAL SETS, 1922-
1927"’. Just published by Wireless
World, contains 128 pages. Chap-
ters on the first days of broadcast-
ing. The Crystal Set. Vintage Wire-
less Trademarks. Also catalogue
sections listing and describing
crystal sets together with thedir
original prices in £:s:d. A book for
the collector or those interested in
nostalgia. Available from main
bokshops or direct from us, Please
send £2.80 inclusive to IPC Busi-
ness Press Ltd., Room 11 Dorset
don WI.

ARTICLES WANT

Classified

EQUIPMENT WANTED

* MINICOMPUTERS
* PERIPHERALS
* INSTRUMENTATION

For fastest, best CASH offer, phone

COMPUTER APPRECIATION
Godstone (088 384) 3221

WE PURCHASE ALL FORMS
OF ELECTRONIC
EQUIPMENT AND

COMPONENTS, ETC.
SPOT CASH

CHILTMEAD LTD.
7.9, 11 Arthur Road
Reading, Berks.

Tel. 10734) 582 605

Wanted: Test Equipment, RF
power transistors, and compon-
ents of VHF/UHF type.
Immediate cash available
Wanted Philips E10-12 scope tube.
Modular Electronics
95 High Street, Selsey
Chichester, Sussex P20 0QL

Tel: 024-361 2916
7321

WANTED: TEST AND
COMMUNICATION
"EQUIPMENT

‘single items or quan-
tities, also RF plugs.
sockets and connectors.

Call or phone.
170 Goldhawj Road, London, W.12
01-743 0899 (7006)

* MINICOMPUTERS
* PERIPHERALS
* INSTRUMENTATION

For fastest, best CASH offer,

phone

CHILTMEAD LTD.
Reading (0734) 586419

WANTED, all types of communica-
tions receivers and test equipment.
Details to R. T. & I. Electronics
Ltwd., Ashville Old Hall, Ashville
Rd., London, E.11. Ley 4986. (63

SURPLUS COMPONENTS Equip-

ment and Computer panels wanted

for cash. Ring Southampton 77250;5
(1

WE BUY new valves, transistors
and clean new components, large
or small quantities, all details,
quotations by return. — Walton’s,
55 Worcester St., Wolverhampto&

(62

BUSINESS OPPORTUNITIES

FINANCE FOR
ELECTRONICS

£10 - £100,000 available to
young Engineers with bright
ideas for a business venture.

Write in confidence to
Box No. WW7270

CONTRACTOR/INSTRUMENT Maker

required to produce 1,000 unipivot

Pick-up arms monthly. Box No.
(7198)

PLANT FOR SALE

HEATSKIL INFRARED CONVEYOR
OVEN S$MI1114 380/415 volts 3PH
Netral Secomak soft air blower SM
S1131. Gas-fired Barlew Whitney
stoving oven  type G.D. 300/763
VAF Kresslink silk screen printing
machine, type G2, FABR 2042,
Gyrex roller coater mode]l 530c —
SN 10163. — Teleng Ltd., Arisdale
Ave., South Oclenden, Essex. (7280

TICL FOR SALE

RECHARGEABLE BATTERIES. 'AA
pencell (HP7) £1.26; Sub 'C' £1.29;
‘C’ (HP11) £2.38; ‘D' (HP2) £2.92:
PP3 £4.98 Matching chargers £5.91
cach except PP3 charger £4.99.
Charging holders for 2. 3. 4 5 or
6 pencells 35p; C’ & ‘D’ size
holders, 4 cell only 50p. Prices in-
clude VAT. Add 10% post, package
and insurance  orders under £20.
57 over £20. SAE for full details
plus 50p for ‘Nickel Cadmium
Power’ booklet, Mail orders to
SANDWELL PLANT LTD., 1 Den-
holm Road, Sutton Coldfield, West
Midlands. Tel. 021 354 9764 Callers
to T.L.C., Char-
ing Cross, (7306)

32 Craven Street,
London. W.C.2.

WILL BUY ANYTHING, any quan-
tity if price is right ring Stan
Willetts, West Bromwich, 021 533

d (6815)

5pf APROX SINGLE TURN TRIM-
MERS, large stock required. Elec-
tronic Mailorder Limited, Ramsbot-
tom, Bury Lancs, Tel (070 682)
3036. (7279

BROADFIELDS AND
MAYCO DISPOSALS

21 Lodge Lane, N. Finchley
London. Ni2 8JG
Telephone:

01-445 2713

01-445 0749 01-958 7624

WE ARE INTERESTED IN
PURCHASING ALL KINDS OF
RADIO, T.V. AND ELEC-
TRONIC COMPONENTS AND
EQUIPMENT IN BULK
QUANTITIES.

WE PAY PROMPT CASH AND
CLEAR MATERIAL BY
RETURN. (46)

CAPACITY AVlLABLE

ELECTRONIC ASSEMBLY
AND WIRING

CAPACITY AVAILABLE
M.O.D. approved

J.N. Electronic Supplies
Osiers Road, London, SW18
Tel. 01-874 6162 {7284)

WANTED OSCILLOSCOPES TEST
EQUIPMENT, cheap electronic kits.
Hobby Computers Eng. E. Aclickes
S-42431 Angered/Sweden Skolpacet

31, (7276
ALL SURPLUS or used equipment
wanted. Radio telephones — com-
plete systems purchased. Ships

equipment and small boat radio's
— components, partly assembled
chassis, ete, etc. Established 20
years, For prompt attention contact
Mr Grout at Worthing 34897. GWM
Radio Limited 40/42 Portland Road.
Worthing, Sussex. (7307)

SER

EURO CIRCUI

Printed Circuit Boards
layouts — Photography Legend
printing Roller tinning Gold
plating — Flexible films — Convention

al fibre glass — No order too large or too

Master

small — Fast turnround on prototypes
All or part service available NOW .
EURO CIRCUITS TD.
Hightield House
West Kingsdown
Nr. Sevenoaks. Kent.

WK2344

LABELS, NAMEPLATES, FASCIAS
on aluminium or plastic. Speedy

delivery G.S.M. Graphic Arts
Ltd., 1-5 Rectory Lane, Guis-
borough (02873-4443), Yorks, U.K.

(13)

'AGENTS WANTED,

TECHNICAL BREAKTHROUGH in
sound radiation by small English
Company has resulted in an in-
creasing range of unique prestige
products for Hi Fi, Studio and
Sound Reinforcement applications.
We are now seeking home and
overseas agents to handle these
on an exclusive basis - E. J. Jordan
Ltd.. ‘Stoneyway ' Bovingdon
Green, Marlow. Bucks. England
SL7 2JH (7329

FOR

CLASSIFIED

ADVERTISING
RING

EDDIE FARRELL
ON

01-261 8508

PRODUCTION
wiring, assembly to sample or
drawings. Specialists in printed
circuit assembly. Rock Electronics,
41 Silver Street, Stansted, Essex.
Tel. Stansted (0279) 33018/814006.
19

SMALL BATCH

AIRTRONICS LTD. for coil winding
Large or small production runs.
Bobbin — Layer — Wave — Bifilar
— Miniature Toroidals. Airtronics
Limited Gardner Industrial Estate,

Kent House Lane, Beckenham,
Kent BR3 1UG. Tel. -01-659 1147,
(7158
PRINTED CIRCUITS Ultra fast
turnaround, very competitive
prices. Also Prototype, Artwork,
Photograhy. Tel. Redhill 68850.
(7283
PRINTED CIRCUITS. Ultra fast

turnaround. Very competitive
prices paper or glass. Punched or

drilled. Single or double sided.
Also prototypes, artwork, photo-
graphy. Phone Redhill 68850.
(7304)
PRINTED CIRCUIT BOARDS —
Quick deliveries, competitive
prices, quotations on request,

roller tinnings, drilling, etc, speci-
ality small batches larger quan-
tities available. Jamieson Auto-
matics Ltd. 1-5 Westgate, Bridling-
ton, N. Humberside for the atten-
tion of Mr. J Harrison. Tel. (0262)
74738/77877. (18)

PRINTED CIRCUIT ASSEMBLY to
sample/drawings. Fast professional
work at lowest prices. Glentrenics
(Chesham), 34 Glenister Road,
Chesham. Bucks. Tel 6005. (7308

+

RADIO and Radar M.P.T. and
C.G.L.I. Courses. Write: Principal,
Nautical College, Fleetwood, FY7
8JZ. (25

RCEIVERS AND AMPLIFIERS

HRO Rx3s, etc., ARS8, CRI100,
BRT400, G209, S640, etc.. etc., in
stock. R. T. & 1. Electronics, Ltd.,
Ashville Old Hall, Ashville Rd.,
London, E11. Ley 4986. (65

SIGNAL Generators, Oscilloscopes,
Output Meters, Wave Voltmeters,
Frequency Meters, Multi-range
Meters, etc., etc., in stock, R. T.
& 1. Electronics, Ltd., Ashville Old
Hall, Ashville Rd., London E.11.
Ley 4986. (64



IGE the informatigp

I.C.E. MULTIMETERS

Wireless World, July 1977

inHALF the szg . _

P TV YTy
The I.C.E. range of multimeters provides an Y 4 TOryT L
unrivalied combination of maximum perfor within mini at a truly / / i M = =
low cost. Plus, a complete range of add-on accessories for more ranges, more functions. o, « i - 1 a0
- y X .
All 1.C.E. multimeters are supplied complete with unbreakable plastic carrying *» $ «f‘?,fu?vmflv#a,h_
case, test leads, etc., and a 50-plus page, fully detailed and illustrated Operating and ' & 3;‘ TR I e

Maintenance Manual.

Now available from selected stockists. Write of phone for list. or for details of direct mail-order service

Supertester 680R

(illustrated)

'20k(}/V. *1% fsd on d.c.
4k)/V. + 2% fsdona.c

‘80 Ranges — 10 Functions

“140 x 105 x 55mm

£25.25 + VAT

{For Mail Order add 80p P&P}

Supertester 680G
"20k(M/V, 2% fsdon dc
4k()/ V. = 2% fsd on a.c.
*48 Ranges — 10 Functions
109 x 113 x 37mm

£19.95 + VAT

Electronic Brokers Ltd.

(For Mail Order add 80p P&P)

Microtest 80
*20kM/V, ~ 2% fsdond.c
4k\M/V, 2% fsd on a.c
*40 Ranges -— 8 Functions
‘Complete with case —
only 93 x 95 x 23mm

£14.95 + VAT /
{For Mail Order add 80p P&P) -
€

(K

WW—090 FOR FURTHER DETAILS

ﬂ 49-53 Pancras Road, London NW1 2QB
WD 7ol 01-837 7781
-
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Even if we didn't make it,
well make it work.

Bradley Services have the expertise and aftér-sales engineering support, from the H .
manufacturing capability necessary to provision of technical literature to the Brﬂdley EIec' ronlcs

make the most sophisticated electronic upgrading of complete systems. -
systemsand electro-mechanical devices. These facilities all approved to MOD G & E Bradley Limited
However, equally important are the Def. Stan. 05-21, have been developed Electral House, Neasden Lane
facilities we have for repair and over more than 20 years and during that London NW10 1RR
calibration. We can handle virtuallyany ~ time we’ve handled practically every Telephone: 01-4507811
type of instrument within the frequency type of instrument in use. So, if you've Telex: 26583
range DC to 36 GHz —irrespective of got a problem with some equipment, the
manufacturer. chances are that, even if we didn't make

We also have a Post Design Services it, we can still make it work.

Group which provides every type of

WW_—002 FOR FURTHER DETAILS
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Even if tin prices stabilised,
a change from 60/40 alloy

to Savbit Solder could save
you £100/tonne, ensure

a better job...

60/40 60/40 SAVBIT
Thereason is that Multicore Savbit not only SAVBIT !
solves the problem of fine copper wires and thin = |
foils deteriorating during soldering, but also contains [
less tin than 60/40 alloy. We make both so we are !
just offering to alleviate your rising metals |
costs. | !
During normal soldering, a dissolving action | saveiT _SAVBIT
causes the wire to weaken and embrittle - often to S ol s il
break during subsequent field use. up to strength ,
Savbit, however, is a rosin based, 5-core wire | £100 per SAVBIT and shear
solder comparable in joint quality to standard high i can reduce < omi
performance alloys, but capable of dramatically =t '
inhibiting the copper dissolving action. | by as much
As this diagram shows! compared with a 60/40 * as100
alloy, Savbit can reduce the dissolution of copper ‘ s
by as much as 100 times. Yet wetting rate, flow,
conductivity and capillary force are almost identical | I
—-with creep strength and shear strength actually | | ) 1
increased. | | SAVBIT_ L

Erosion of fine

£ pertonne price ,
copper wires

“Iindicative of product advantages only; not to scale) Joint strength

oo 2Nd Mmore

Some people think Savbit alloy is
- only usable with plain copper soldering
= iron bits, but thisisn’t true.

As these photographsillustrate
dramatically, Savbit also saves
significantly on the cost of iron-plated
soldering iron bits, which have a
copper core. This is exposed through
cracks in the plating.

e

Cracked iron-plated bit, after 40,000 simulated
operations using 60/40 Solder.

g

Cracked iron-plated bit, after 40,000 simuiated
operations using SAVBIT Solder.

g

Add this advantage to the increased reliability and
joint quality Savbit offers, and you'll understand why

more and more 60/40 users are making the change - , _
For full information on

and profiting. The Ministry of Defence have given a
special new Approval No. DTD 900/4535A for Savbit
alloy with ERSIN 362 flux to be used in lieu of Solders
toBS.219and B.S. 441

Savbitor any other Multicore
products, please write on your
company's letterhead direct to:

Multicore Solders Limited,
Maylands Avenue, Hemel Hempstead, Herts. HP2 7EP.
Telephone: Hemel Hempstead 3636. Telex: 82363.



