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Think of what you pay for a
Digital Frequency Counter and
a Modulation Meter capable
of testing, mobile radio both In

-+ the bench

now halve it!

Our new TF2424 Frequency Counter
is light, compact and portable -
designed for field and workshop
maintenance of mobile radio
installations. Measures frequencies
directly in the v.h.f. and u.h.f. bands
with a 4-decade solid state numeric
display.

The provision of xlt and x1000
ranges allows measurements up to
seven digits to S12MHz. In addition
a x10 facility increases the resolution
to 10Hz. Crystal stability is + |
x10~7. Battery operated with a
built-in charger. Weight: 63 1b.
Supplied with detachable mains lead

and various optional extras. Price:
£425 (inc. batt.).

The TF2303 narrow band
Modulation Meter is also very

compact and portable — designed for

use on FM and AM mobile radios.
Noise level is low: better than

—40 dB relative to S5kHz deviation.
Measures narrow band f.m.
deviation up to 15kHz at carrier
frequencies up to 520MHz, a.m.
depths up to 959 at carrier
frequencies up to 225MHz. Battery

or mains operated - built-in charger.

Weight 13 Ib. Supplied with mains
lead and various optional extras.
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Price: £305 (plus £25 for optional
re-chargeable battery).

Which means you could buy
the pair for just over £750 - or about
half the price of two equivalent
competitive models. Full details by

return.

MARCONI INSTRUMENTS LIMITED
Longacres, St. Albans, Herts, England.

Tel: St. Albans 59292 Telex: 23350
A GEC-Marconi Electronics Company
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LOW COST VOLTMETERS

al

LEVELL

PORTABLE INSTRUMENTS

These highly accurate instruments incorporate many use-
ful features, including long battery life. All A type models
NOTE: All prices subject to V.AT. have 31" scale meters, and case sizes 5" x7"x 5”. B types
have 5" mirror scale meters and case sizes 7" x 10" x6".

A.C. MICROVOLTMETERS

VOLTAGE & db RANGES : 15uV,50uV, 150uV ... 500V {s.d.
Acc. +1% +1%fsd. £ 1uVatlkHz. - 100, - 90... + 50dB,
scale — 20dB/ + 6dB rel.to 1TmW/600Q).

RESPONSE: + 3dB from 1 Hzto 3MHz, 3 0-3dB

from4Hz to 1 MHz above 500 uV. Type TM3B can be

setto arestricted B.W.of 10Hzto 10 kHz or 100 kHz.

INPUT IMPEDANCE : Above 50mV : > 4-:3MQ < 20pf.
On50uVto 50mV : > 5M{) < 50pf.

AMPLIFIER OUTPUT:150mV atf.s.d.

%)

wian”f T ’003»
SN fA9y, £63u:
ji‘, TM3A TM3B
o
L+ ‘7!,0«»’%

INPUT  OUTPUT

D.C. MICROVOLTMETERS

VOLTAGE RANGES: 30uV,100uV,300uV . .. 300V.

Acc. + 1%, + 2% f.s.d., + 1 uV. CZ scale.

CURRENT RANGES: 30 pA, 100 pA, 300 pA, 300 mA.

Acc. £+ 2%, + 2% f.s.d., + 2 pA. CZscale.

LOGARITHMIC RANGE:

+5uVat £ 10%fsd, £+ 5mVat+ 50%fs.d, £ 500mVatfs.d.
RECORDER OUTPUT: + 1Vatfsd.into > 1kQ

£ 5 5 type TM10 (appearance similarto type TM9B)

D.C. MULTIMETERS

VOLTAGE RANGES: 3uV,10uV,30uV ... 1kV.
Acc. + 1% + 1%fs.d. £ 0-1uV.LZ & CZ scales.

CURRENTRANGES: 3pA, 10pA, 30pA ... 1TmA (1A for TMIBP)
Acc. + 2% £+ 1%f.s.d. £ 0-3pA. LZ & CZscales,

RESISTANCE RANGES:3(,10.30€)...1kM Qlinear.
Acc. + 1%, + 1%fs.d. upto100M ().

RECORDEROUTPUT: 1Vatfs.d. into > 1k {2 on LZ ranges.
£75::. £89w:. £93:
TM9A TM9B TM9BP

BROADBAND VOLTMETERS

H.F. VOLTAGE & dB RANGES: 1mV,3mV.10mV ... 3Vfs.d.
Acc. + 4% + 1% of f.s.d. at 30MHz. — 50dB, — 40dB, — 30dB
to + 20dB. Scale — 10dB/ + 3dBrel.to 1mW/50 Q) + 0-7dB
from 1MHz to 50MHz. + 3dB from 300kHz to 400MHz.

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

AMPLIFIER QUTPUT: Square wave at 20Hz on H.F. with
amplitude proportional to square of input. AsTM3 on L.F.

£85 T™e £99 Thie
TM6A TMéB

e

Send for literature covering our full range of portable instruments.
Moxon Street, High , Herts. EN5 5S
LEVELL ELECTRONICS LTD. %281 %535 ed pese ™™ *° °°°
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From the Dymar
instrument
range,

take the 1581
RF power meter.

UHF portable, mobile and base W.ith performance like that, the 1581,

A“YWhere. radiotelephones. like many other Dymar instruments,

| The technical specification includes a will turn up, too, in a good many
wide power measuring range from | laboratories. Not to mention on the

o N ' 30mW to 100W and a frequency | premises of some of our rival RT
Take it into_the test bay — it's rack | 3nge of from DC to 500MHz. ‘True’  Manufacturers.

mountable. Take it into the field — 1t | power is measured, regardless of
works as well from its rechargeable | harmonic or sideband content, by a
NiCd batteries as it does from AC | yHFthermocouple. Large linearscales
mains. in 1-3-10 sequence make for easy
The new Dymar 1581 is an RF power | accurate reading, VSWR is 1:1.3 at
meter intended primarily for testing | 500MHZ and accuracy is 5% of fsd to | Use the Reader Enquiry Service for
the transmitters of HF, VHF and | 200MHzand 10% to 500MHz. | more details, or contact Dymar direct.

Dymar instruments are like that. A
lot of people take them to a lot of
places. They're good, versatile and
available.

the name in radiotelephones

Dymar Electronics Limited Colonial Way Radlett Road Watford Hertfordshire WD2 4LA. Tel : Watford 21297 Telex: 923035 Cables : Dymar Watford
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Presentig th facts

Wherever there’s a clear need for the swift and A BRIEF SELECTIOM FROM THE DATA DISPLAY & AVIONIC TUBE RANGE
accurate presentation of data, you’ll find a cathode

ray tube from M-OV. SCREEN SIZE | pu awope | DEFLECTION | oo e LENGTH
In the air, for example, where the sturdy 700] THGE A VOLTABE kY | AMOLE mm -
Series tubes are used to project vital information to srees
the pilots of fast-moving jets via head-up displays. =
Or the campact 700H Series projection units which
enable large displays to be presented in situations ?OOH (\L) oo D 0.10 259
unsuitable for conventional, large screen tubes.
Or on the ground, where M-OV’s uniform 7004 @5 15 45 0.15 195
density spot systems give better resclution and ‘
enhanced legibility than conventional tubes. You’ll 3
find them in many control installations, presenting A17-20 12 45 0.25 345.5
both analogue and alpha-numeric information. ‘
Or at sea in marine radar installations. Or in 19017 14 60 0.25 290
industry...or in any situation where a superior tube, ;
quality engineered to the highest specs (BS 9900,
CV and MIL) is essential. 28008* 8 50 0.30 506
QOur comprehensive catalogue gives full details
of all our tubes, including those for instrumentation, A36- ‘
radar, dzta display and TV studio applications. Bt @ il Il 15
So if yowd like the facts about M-OV tubes,
please write, phone or telex. T994* 42.5 15 70 0.25 608

*Uniform density spot types

%@ The M‘O\’a.lve CO.Ltd Hammersmith, London W6 7PE. Tel: 01-603 3431. Telex: 2343 5. Cables: Thermionic London

5 member of The GEC Electronic Tube Co. Ltd., a management ccmpany which unites the activities of The M-O Valve Co. Ltd., and English Electric Valve Co. Ltd.
W5 FOR FURTHER DETAILS
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The smaller we get
the bigger we grow

From miniature to standard, = smaller components, it's true.

simple to complex, But we also grow by our under-
prototype to production, standing of customer problems
Gardners have the expertisethe and the solutions our technical
electronics industry demands.  experience provides.

We grow bigger by making Most of our business involves

@.rd r\eE

Specialists in Electronic Transformers

‘specials’. But even so, we've

-still the largest stocks in the

country of ‘off the shelf’
transformers for most
applications.

Why not try us next time?

GARDNERS

TRANSFORMERS LIMITED

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

WW—007 FOR FURTHER DETAILS

WWW_americanradiohistorv.com


www.americanradiohistory.com

Wireless World, March 1973

Custom Tailoring...

.. . but at off-the-peg prices.

That’s the GEC range of miniature magnetrons.
Seven versatile versions of one proven, lightweight de-
sign. All built to conform to the most rugged and
demanding military and civil specifications. Custom
tailored for all potential applications, from low-cost
marine radars to ultra-sophisticated airborne and military
systems.

Little bigger than a latch key, a GEC magnetron
weighs about 250 gms, operates at 800V anode voltage
and 0.5 to 2A anode current and gives up to 300 watts
peak power. Options include fast warm up—90%;, output
power is available within two seconds of initial switch on
of heater.

And you can choose models with nominated fixed
frequencies over the range 9 to 17GHz or with limited
tuning capabilities. Interline noise and r.f. leakage are
exceptionally low and sophsticated construction elimin-
ates missing pulses.

To find out more about these versatile GEC
magnetrons, please contact
the address below.

'96 The M-OValve Co.L

o Hammersmith, London W6 7PE Tel: 01-603 3431
Telex: 23435 Cables: Thermionic London
A member of The GEC Electronic Tube Co. Ltd., a management company which
unites the activitics.of The M-O Valve Co. Lid., and English Electric Valve Co. Ltd.
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Thrdughout the world

B&W Monitor Loudspeakers
set the
standard

Lund
Copenhagen

L oosdrecht Helsinki

Montreal

Aalst

New York Montreuil

Porto

Tenerife“

Barcelona

Kingston Athens

Trinidad

*»  Karachi

And now two new models
have been added to our Hong Kong

world-famous range - DM4 and D5 - . Singapore
proving once again the quality
and technical superiority

of B& W loudspeakers.

DM4 A small
monitor using three
units including a
new, bass/mid range
unit to provide a

top quality sound
rarely achieved by
speakers at twice the
price.

D5 A smali, two-
unit system offering
the unique
combination of
B & W precision,
quality performance
and a remarkably
low recommended
retail price of under
£30.

DM2 Already weli-
known, this three-
unit system has
achieved a truly
world-wide reputa-
tion for excellence
and been rated as
one of the best top
quality systems.

DM1 The original

B & W three-unit
miniature—not much
larger than an LP
sieeve—enjoying

increasing popularity.

DM70 Now released on the
UK market for the first

time in its continental
styling. One of the world’s
finest loudspeakers—and
inciuded in the Design
Council’s Index.

see

B& "ot
\VA¥{ electronics | at
nex
Meadow Road, Worthing, Sussex Tel. 0903 205611 So

WW—009 FOR FURTHER DETAILS
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Teonex are
better known abroad...
because we don'’t sell
in the U.K.
i

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

Teonex offers more than 3,000 devices.

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

All popular types in the Teonex range are nearly
always available for immediate delivery.
Write now for technical specifications and prices
to Teonex Limited, 2a Westbourne Grove Mews,
London W11 2RY, England.

Cables: Tosuply London W11. Telex: 262256

TEONEX

ELECTRONIC VALVES + SEMI CONDUCTORS [:? i
WW—010 FOR FURTHER DETAILS
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SM 202 From £395.00
150 MHz Ultra High Performance
Universal Counter Timer

Perhaps the most sophisticated
counter timer available under
£1000 - and it costs much less
than half that! Full eight decade,
150 MHz, three channel spec.
with almost every possible plus
feature,

SM 190 From £195.00
Variable Time Base (Computing)
Counter Timer.

For the industrial user. Five or
optionally six decade display, two
channels. Total variable time

base range 15 to 10 secs.
Frequency, count (totalize) time
interval & ratio modes. Stored or
non-stored display. Ultra low
cost.

®©

25 MHz Counter Timer

Six decade, frequency, count,
Period, time and ratio meter
having 25 MHz bandwidth and
two-line stop start at very low
cost.

SM 201 From £265.00
100 MHz Universal Counter
Timer

Best value general purpose unit
of 6 decade 100MHz, capability.
Three channel input with seven
operational modes. Standard or
high stability versions.

WWW americanradiohistorv.com
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=1= Universal

© SM200 From £175.00 ® SM 209 From £495.00

500 MHz DIRECT Frequency
Meter.

Nine full decade display. TRUE
DIRECT NON DIVIDING input
circuit giving 1 Hz resolution
right up to 500 MHz. Optional
I.F. subtraction circiut. Ultra
fast warm up very high stability
oscillator. 10mV sensitivity. All
at a fraction of the price you
would expect.
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® SM 205 From £295.00
Automatic Universal Counter '

Timer (70 MHz)

The Automatic one. Completely HIRE For a small charge you can hire any of the instruments shown here, singly or
OR  as part of a system which we can design for you. ‘

a}JtO-ranglng in all frequ.ency & BUY tf you decide later to purchase the equipment, we can refund part of the
time modes. 7 decade display hire fee to you.
with two channel input and 100 You save your capital and space. You beat obsolescence.
nano-second resolution. Remote Why not ring our HIJ’E Department for details? )

. Included in the range are Transducers, Recorders, Oscilloscopes,
programming and BCD output as Digital Voltmeters, Dynamic Analyses, Data Systems, Magnetic Recorders.

standard. High stability reference.
gé Laboratories (Engineering) Limited

North Feltham Trading Estate, Feitham, Middlesex. Telephone: 01-890-1166 Telex: 23995
Northern Sales Office, Bessell Lane, Stapleford, Nottingham. Telephone: Sandiacre 3255

@ A member of the EMI Group of Companies

International leaders in Electronics, Records and Entertainment
WW—011 FOR FURTHER DETAILS
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“The alternative to
QUAD
isnota
colour television set
but a seat
in the
concert hall”’

See you at Sonex ‘73

Excelsior Hotel,
London Heathrow.

March 28 - April 1

Room No. 452
Demonstration Room L3

QUAD

for the closest approach to
the original sound

Send postcard for illustrated leaflet to Dept ww
Acoustical Manufacturing Co. Ltd., Huntingdon, Tel: {0480) 2561. QUAD is a Registered Trade Mark

WW—012 FOR FURTHEE. DETAILS
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. THE FREE
HEATHKIT CATALOGUE

......perhaps the most valuable
stereo Hifi/Electronics kit publication available foday

NEW DIGITAL MULTIMETER KIT
With State-of-the-Art Digital Circuitry and Read-
out. Rugged portability and versatility at a kit
price.

NEW MULTI-SPEAKER KIT
Features Four KEF Hi-fi Drive Units. Offers monitor
quality at lowest cost.

NEW AM/FM STEREO RECEIVER KIT
Solid State FM IF Circuitry, two IC's two ceramic
filters. Black magic lighting.

NEW THREE-BAND QRP/CW

TRANSCEIVER KIT
with VFO and prov. for Xtal transmit Operation.

NEW 30 MHz FREQUENCY
COUNTER KIT

with full 5-digit read-out, 8-digit capability.
NEW PORTABLE ENGINE ANALYSER
KIT

Versatile automotive testing and trouble-shooting.

NEW INDUCTIVE PICK-UP

TIMING LIGHT
Solid-state circuitry - high intensity flash.

LOW-PRICED TESTERS AND
INSTRUMENTS

for the hobbyist and technician.

COMPREHENSIVE STEREO HI-FI
RANGE

Something for everyone.

JANUARY 1973

RONIC KITS
RaEST SELECTION OF ELECT

FOR THE WORLDS LA

PLUS all the models you have read about In
international publications.

NEW 1214 SERIES STEREO HI-FI

Ideal for use for quadraphonic sound.

. the HOW AND WHY OF KIT BUILDING
Electronics is fun the HEATHKIT way.

BUILD YOURSELF A PAIR
OF SPEAKERS

in an evening-enjoy Stereo sound.

GET THE BEST IN HI-FI
Enjoy worthwhile kit savings.

SOMETHING FOR ALL THE FAMILY

even a battery charger for dad.

LOW COST STEREO RECORD
PLAYER

amazing sound value.

EXTENDED BUDGET PLAN
ALSO AVAILABLE

It'sFree . . .it's the latest Hi-Fi/Electronics catalogue from
Heath the world-famous electronic kit manufacturers.. andit's | Name
yours on request. This latest catalogue will appeal to ali the l

family. Stereo Hi-Fi, Transistor portables. Metal detectors, Address
Electronic calculators etc, etc. You name it, Heath can supply. |
All models offer unbeatable specifications for price.

Excellent continuous credit and no deposit terms available . . . I
this even includes instruments. I

You cannot afford to miss reading this fine publication . . . ==r=
HEATH Heath (Gloucester) Limited, Department WW/3/73|
I Schlumberger Gloucester GL2 6EE. Telephone 0452 29451 I

hurry, send off the coupon f6r your personal copy today.

Heath (Gloucester) Limited, Gloucester GL2 6EE.
WW—013 FOR FURTHER DETAILS
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50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s.

This is a high fidelity amplifier with bass cut controls on
each of the three low impedance balanced line microphone
stages and a high impedance (1.5 meg.) gram stage with bass
and treble controls, plus the usual line or tape input. All the
input stages are protected against overload by back to back
low self capacity diodes and all use F.E.Ts for low noise,
low intermodulation distortion and freedom from radio
breakthrough.

A voltage stabilised supply is used for the pre-amplifiers

S WAYA30/70m
VORTERION Ll

making it independent of mains supply fluctuations and
another stabilised supply for the driver stages is arranged
to cut off when the output is overloaded or over temperature.
The output is 75% efficient and 100V balanced line or 8-16
ohms output are selected by means of a rear panel switch
which has a locking plate indicating the output impedance
selected. The mixer section has an additional emitter follower
output for driving a slave amplifier, phones or tape recorder,
output .3V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH
BUILT-IN 4-WAY MIXER

(0.3% intermodulation distortion) using the circuit of our 100% reliable 100
Watt Amplifier with its elaborate protection against short and overload,
etc. To this is allied our latest development of F.E.T. Mixer Amplifier, again
fully protected against overload and completely free from radio break-
through. The mixer is arranged for 2-30/6042 balanced line microphones,
I-HiZ gram input and l-auxiliary input followed by bass and treble
controls. 100 volt balanced line output or 5/150 and100 volt line.

100 WATT ALL SILICON AMPLIFIER

A high quality amplifier with 8 ohms-15 ohms or 100 volt line output for
A.C. Mains. Protection is given for short and open circuit output over
driving and over temperature. Input 0.4 V on 100K ohms.

THE 100 WATT MIXER AMPLIFIER

With specification as above is here combined with a 4 channel F.E.T.
Mixer, 2-30/60€ balanced microphone inputs, 1-HiZ gram input and
l-auxiliary input with tone controls and mounted in a standard robust
stove enamelled steel case. A stabilised voltage supply feeds the tone
controls and pre amps, compensating for a mains voltage drop of over
25% and the output transistor biasing compensates for a wide range of
voltage and temperature. Also available in rack panel form.

CP50 AMPLIFIER

An all silcon transistor 50 watt amplifier for mains and 12 volt battery
operation, charging its own battery and automatically going to battery if
mains fail. Protected inputs. and overload and short circuit protected
outputs for 8 ohms-15 ohms and 100 volt line. Bass and treble controls
fitted. Models available with 1 gram and 2 low mic. inputs, 1 gram and 3
low mic. inputs or 4 low mic. inputs.

20/30 WATT MIXER AMPLIFIER

High fidelity all silicon model with F.E.T. input stages to reduce
intermodulation distortion to a fraction of normal transistor input circuits.
The response is level 20 to 20,000 cps within 2dB and over 30 times
damping factor. At 20 watts output there is less than 0.2% intermodulation
even over the microphone stage at full gain with the treble and bass controls
set level. Standard model 1-low mic. balanced onput and HiZ gram. Qut-
puts available 8/15 ohms OR 100 volt line.

200 WATT AMPLIFIER

Can deliver its full audio power at any frequency in the range of 30 ¢/s—
20 Kc¢/s + 1 dB. Less than 0.2% distortion at 1 Kc/s. Can be used to drive
mechanical devices for which power is over 120 watt on continuous sine
wave. Input 1 mW 600 ohms. Output 100-120 V or 200-240 V. Additional
matching transformers for other impedances are available.

F.E.T. MIXERS and PPMs

Various types of mixers available. 3, 4, 6 and 8 channel with Peak
Programme Meter. 4, 6, 8 and 10 Way Mixers. Twin 3, 4, and 5 channel
Stereo, also twin 4 and 5 channel Stereo with 2 PPMs.

VORTEXION LIMITED,

Telephone: 01-542 2814 and 01-542 6242/3/4

257-263 The Broadway, Wimbledon, S.W.19 1SF

Telegrams: "Vortexion, London S.W.19"

WW-—014 FOR FURTHER DETAILS
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Gentlemen-
we'd like toupset
yourmarketing

We'll tell you why. YWe're now able to ~ Delivery — we offer the most reliable
offer our complete range of Magnetic.Heads delivery in the Business. o
for tape decks at a price which could reduce We'd like to hear tfrom you. o
the prime cost of your decks by something If tha quantities you use - f
like 5=10%. ' are large encugh, mavbe we

As a result of our new production line, can upset your marketing plans A __
vour loading bay is reached much cheaper even more | il e
and quicker. - Please write to Ronald Gorton

We believe that cur quality and ask him to tell you how.

remains unchallenged.

S IMARRIONIMAGNETICSIINOR

Penryn, Cornwall. Telephone: 032-67 2257 J

WWW.americanradiohistorv.com
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Loudspeakers

=LIC]iX

SOUND SYSTEMS AND ELECTRONICS

lustrated here is part of the range of loudspeakers manufactured
by Audix for use in the industrial, entertainment, marine and
aviation tields.

Column loudspeakers for interior and exterior use, wall
mounting cabinet units, diffuser speakers suitable for
suspension in factory areas, hotel units and studio monitor
loudspeakers are available and can be supplied with volume
controls, programme selectors, priority override tacilities, etc.,
according to requirements.

Most of the loudspeakers designed for interior use are
tabricated from solid afrormosia timber and include some
which are designed specifically for speech reproduction and to
overcome difficult acoustic feedback conditions.

i

MANUFACTURERS OF
SOUND SYSTEMS AND
ELECTRONICS

AUDIX BB LIMITED
STANSTED - ESSEX
TELEPHONE: STANSTED 3132/3437 (STD 027-971)

WW—016 FOR FURTHER DETAILS
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i “®| Th|s card is
r order for
oduline rotary swntches
delivered in 7days
Send for this brochure describing the
2 million variant switch systerm complete
with unique single card ordering NOW!

!namon! ! !ontrol l ! !SU!SI 1ar

Vulcan Road North, Norwich, NOR 85N Tel Norwrch 45291[5
Cables :Diamonhart, Norwich.

.‘i
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ieldTech on your panel

Panel mountlng |nd|<:dtor lights, sthches and knolbs

Now from FieldTech. A whole Minomushi clip and binding posts. send you all the information you
range of panel components All at really competitive prices. need to play the panel game
designed to cover every design Precision engineered knobs of all successfully. _
situation. There is a wide selection kinds. ranging through dimmer [To: FioldToch Limited, London Airport |
of indicator lights including controls and skirted knobs and dials | (Heathrow), Hounslow, TW6 1BR
incandescent and neon types, as to servo clamps and locking dials. Telephone: 01-7569 2811 ‘
well as Minilamps — the brightest Put FieldTech on your panel of NAME |
idea yet in low voltage indicator experts, and you’'ll get components | PERES |
lamps. Switches by the hundred, that are right for availability, right
including toggle, push button, for quality and right for price. | — — — |
see-saw and slide types. As well as Complete the coupon and we'll | = — — w373 |

I
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Metal
Ca bl nefts | There are

Suppliedin kit form
for power supply units gOOd rYeasons

voltage stabilizers and AMTRON

electronic apparatus

CODE NO: 300900 Height 120mm Length 284mm Depth 138mm
300910 Height 120mm Length 224mm Depth 138mm
300920 Height 120mm Length 284mm Depth 188mm

PRICES:

300900 £3.84
300910 £3.29
300920 £4.18

<UL \
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Apart from the five items
19 5 Other indicated on the left, there are
another 195 kits to choose from

in the vast AMTRON range of

® ‘ = e
for buying

equipment you can construct

< - from AMTRON kits are:
eleCtronlc klts i Power supplil:ss, jriamplificrs,

amplifiers, L.F.instruments,
accessories for musical
instruments, amateur and radio
control transmitters and
receivers, battery chargers,
electronic car accessories,
psychedelic lighting equipment,
e—— measuring instruments, tuners,
receivers and 1.C.digital equipment.

ﬂlm E Only Lst class fully
) - é guaranteed components are used—
. S solder being included with
every kit.

Prices range from £1.10 to
£80 and each kit is sold in a
protective blister pack containing
complete instructions.

A unique feature of
AMTRON Kkits is their ease of
construction which appeals to
both dabbler and expert alike.

Please send for brochure.

Should you experience any
difficulty in obtaining AMTRON
kits, plcase contact us direct.
Trade & Educational enquiries
welcome.

alMRop
HuUOEs

AMTRON U K. 4 & 7 Castle Street,
Hastings, Sussex, England. TN34 3DY.
Telephone: Hastings 2875.

‘ LEVEL ﬁ eutpst
!

meK 8 L0

'@ DYNAMIL [OMPRESSOR @O 00009

WW-—019 FOR FURTHER DETAILS

WAM-amekiecanradiohisterscom


www.americanradiohistory.com

alg

SYNTHESIZED DRIVE

UNIT (MA. 1720)

1.6-30 MHz in 100 Hz steps
SSB/ISB/MCW/CW/AM/FSK
modes Local/Extended/Remote
Control. Alternative crystal
controlled and Transmitter/
Recelver exciters available.

METER PANEL

Monitors voltage/current
conditions of individual RF
modules and RF input and output
(forward and reverse) power.

POWER AMPLIFIER

MODULES o

Eight identical plug-in wideband
125 watt modules which may be
removed for servicing without
traffic ‘'break”

TWO INDEPENDENT
BLOWER UNITS

‘oam @ .e Q
20 T [ ‘. ¢ el N
s . " .‘ ‘3
. Ham

Wireless World, March 1973

FEEDER

MATCHING UNIT

Permits FULL power output to be
delivered to feeder system with
VSWRof up to3:1.Fully
automatic with manual override.
An alternative switched filter
unit may be fitted.

COMBINER UNIT

(behind meter panel)

Combines output of 8 power
modules with negligible loss but
complete isolation.

TWO 'DUAL’

POWER UNIT MODULES

(Each 2 x 250 watt units.) May be
withdrawn individually for
"no-break'' maintenance.

AIRFILTER
Optional front or rear access.

The RACAL TTA. 1860 series 1 kW solid-state low noise Transmitter
provides unequalled reliability with maximum operational flexibility.
Suitable for static, mobile and shipborne installaticns for military
or civil applications. A wide range of alternative drive units and
remote control systems are available tocgether with suitable antenna
matching units-and antenna systems. Where lower output is required
the TTA. 1863 300 watt version, using identical modu.es, is available.
Now in full quantity production, the TTA. 1860 series isready to

meet all your HF transmitter requirements.
APPROVED NATO Nas. 5820-99-624-5593/4/5 5820-99-624-2248

Racal...the communications people

RACAL COMMUNICATIONS LIMITED,
Western Road, Bracknell, Berks, RG12 lRG England.

Tel: Bracknell 3244 Telex 848166 Grams: Racal Bracknell

WW—020 FOR FURTHER DETAILS
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It's not like us to cover up.

Because we make the best
equipn-ent there is.

And it shows.

Only this time we aren’t
showing it.

Because our new range
of amplifiers, mixers, speakers,
and sound systems are so special,
they deserve to be launched
in style

Which is exactly what will
happen at Sound '73.

It's not that we have
anything to hide.

We just thought we'd go
under cover.

Until March. Mi“bank

It's got to be good.

Sound '73 International is at the Bloomsbury Centre Hotel, London, on March 13th-15th.

" See us on Stands 19, 20, 33 and 34.

Millbank Electronics Group, Uckfield, Sussex, England. Tel: UCK (0825) 4166. From Europe: 892-96-4166
Manufacturers of specialist audio equipment for industrial and entertainment applications.

Sound mixers, tuners, sound systems. loudspeakars, tuner amplifiers, audio modules and amplifiers. MILLBANK
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— The new FP 1200 Plumbicon colour
e l a en camera brings to the world of CCTV,
aTV camera thatembraces many of
- the features associated with large,
I“ mblcon FP I zoo commercial broadcast units - yet the
priceis only £7,000. .

The colour TV Camera that gives broadcast  [o: 5 you 9ot2 ioht. compact and

easy to operate camera that guarantees a
. . very high standard of colour reproduction,
quallty at d CCTV p"ce. evenin poor light conditions,because
the FP 1200 is fitted with automatic
lens control.

Based on three Plumbicon tubes, this
new unit has a builtin encoder which
produces standard colour composite
signals from NTSC or PAL, without the
need for an accessory unit.

And you get builtin facilities such as a
colour bar generator, a masking
amplifier self contained aperture
correction circuit, all of which aid
the camera’s simple-to-use
performance.

If you would like to see the FP1200
in action or require full technical details
please contact Shibaden’s Technical
Service Department at 01-203 4242 or
writeto :

P SHIBADEN (U K ) LIMITED
(snumat» BROADCAST & CCTV EGQUIPMENT MANUFACTURERS
7 Lodge House Lodge Road Hendon

NW4 4DQ. Telephone: 01-203 4242/6

WW—022 FOR FURTHER DETAILS

AUDIO EQUIPMENT

SOUND MIXERS from PORTABLE UNITS
TO

MULTI-CHANNEL CONSOLES

Write or Telephone
FOR DETAILS

Mic. Amp
CE. 8101

FULL

AUDIO MODULES ,
RANGE AVAILABLE L

CRYSLON ELECTRONICS LIMITED.

ROTHER STREET, STRATFORD-UPON-AVON. WARWICKS.
TEL: STRATFORD-UPON-AVON 4797.
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WAYNE KERR

TESTMATIC

Antaomates Ciagroveiin. T oottt

FAULT 8

HECCAD NE & DETAY

The TM6(

tests circuit boards,
sub-assemblies, cableforms
and cash flow

The Wayne Kerr Testmatic TM 60 For all the technical data, and further
can scan up to 60 test points on a circuit in information on the TM 60, please fill in the
about six seconds. Fault-finding by other coupon below. It could well be the first step
means costs skilled time —realistically about  in saving your company €normous sums
£1 per faulty circuit board. of money.

But the TM 60 can be worked by Or quicker still, call us on Bognor Regis
assembly staff and this results in early fault ~ (02433) 4501.
location. By cutting the time between an

error and subsequent rejection, productivity p-===—===="=====Sssss255s i
is increased and cash flow improved i For information please fill in and post: "
The modest cost of the Testmatic can be I For the attention of Mr |
fully recovered in the first few weeks of use. } Company Name !
5 and Address 1

WAYNE KERR | i

. I Post to Wayne Kerr (TM 60), Durban Road, i

A member of the Wilmot Breeden group § Bognor Regls Sussex PO22 9RL W.W.March |

e oon oun SED GED CED GED GED GED GED GED GED GED GEG NG GED GED GED GNP GED GED GED GND GED GED G o
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When you've got components that call forencapsulation
—bring them along to Whiteley. With efficient potting,
your components will be totally insulated and environ-
mentally protected —and Whiteley experience in
developing this advanced plastics technique will ensure
that it is applied to full advantage.

We can encapsulate in epoxy resin or polyurethane—
hot setting or cold setting as required. Where fillers
offer advantages, we can apply them, expertly. We are
ready to handle small quantities or volume production
for you. It's one more way in which you can capitalise
on our production resources. Forelectrical and electronic
work—right through from design to final assembly—
you can safely follow the example of many famous
names—and call in Whiteley.

Whiteley

versatility...

"‘ELECTRONIC & ELECTRICAL DESIGN

PRODUCTION CAPABILITY
CABINET MAKING

SHEET METAL FORMING/FINISHING

PLASTICS MOULDING

ENCAPSULATION

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

No.1in soider

Superspeed solder wire
Enthoven's Superspeed soldering wire
features an activated-rosin flux core and is
ideal for those applications where a wide
variety of different jobs must be handled with a
single solder.

But don't forget the rest of the Enthoven
range. It gives you a wide choice of high-quality
products developed for use with modern
technigues. It includes Flux Cored Solder Wires,
Solder Pre-forms, Solid Solders, Selective
Fluxes, solder specialities, materials for printed
circuitry and for soldering aluminium.

And behind every Enthoven product stands a
comprehensive advisory service that can solve
your knottiest soldering problems.

Enthoven Solders Limited
Dominion Buildings, South Place

S, L pp——

1 U -
London EC2M 2RE. E tem o
Tel: 01-628 8030 Telex: 885737 + --C
Cables: ENTHOVENLONDONEC2M2RE 1 ___ -
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What is improved?

This question is put to us frequently these days so a few words of
explanation as to why and how we ‘improved’ our Model 3009
Series |l precision pick-up arms may be helpful.

We assumed that if you choose one of our arms you will use the
sort of cartridge it deserves. The field thus narrowed we were able
tomake them more compactand above allreducetheeffectivemass
of the standard model to a mere 5-5 grams. This benefits track-
ability and all round definition with improved bass transients and
still lower sensitivity to external shock and feedback.

Cleaning the stylus is not really a problem with a non-detachable
shell as the stylus assembly itseif can usually be withdrawn from
the cartridge for this purpose.

Where the facility is demanded an altemative version, the Model
3009/S2 Improvedissimilar but has a detachable shell, its effective
mass is consequently 4 grams higher.

Both models require a lot less space than their predecessor,
widening their application and simplifying installation.

Foliowing oui established policy earlier arms can be updated by
our Service Department from whom particulars are available.

=Sl =

The best pick-up arm in the world

Wrrite to SME Limited - Steyning - Sussex - England Telephone Steyning (0903) 814321 T

'WW—027 FOR FURTHER DETAILS
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Magnetic
shielding

TELCON offers these simpie answers

Standard shields

Telcon Metals offer an extensive standard range of
high efficiency Mumetal shields, which fit most
cathode ray, photo multiplier and radar tubes,
together with a selection of boxes and cans for
microphones pick-ups, transistors and transformers.
These are normally supplied stove enamelled in
hammer grey externally and matt black internally.
Other finishes can be supplied by arrangement.

Fabricated shields

Telcon Metals offer complete facilities for fabricating
special shields in Mumetal and composite shields in
Mumetal/Radiometal to customers’ individual re-
quirements. All Telcon shields are made to close
tolerances and have excellent finish and appearance.
For the highest efficiency and extra close fitting
tolerances, the ‘Telform’ technique is recommended.
These shields can be produced in complex shapes
with a minimum of welded seams and very close
uniformity throughout batches. A comprehensive
design/advice service is available to assist all customers.

‘Telshield’ wrap around foil

‘Telshield' is an easy to use, ferromagnetic shielding
foil, which can be cut with scissors, wound into
cylinders, cones, etc., and fixed with adhesive tape,
clips or spot welds, to provide a permanent efficient
shield. It is economical to use, especially for
research, development and short-run applications
which do.not merit the tooling involved in the
production of fully fabricated shields. ‘Telshield’

is supplied in a standard thickness of 0-:05 mm. in
widths of 150, 50 and 25 mm in convenient packs
costing approximately £5. Other thicknesses and
widths are available by arrangement.

{IELGT

Telcon Metals Ltd

Manor Royal, Crawley, Sussex
Crawley: 28800

WW—028 FOR FURTHER DETAILS
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QD
b _adPacific Measurements

CaN be in the

RIGHT PLACE
at the
RIGHT TIME

with the Portable RF Power Meters
1034 and 1035

pac

For with
@ Self-Checking

Communication Links ® 1 MHzto 14 GHz

Microwave Data Links ® 50 and 75 ohms
Laboratory ® Special 60 dB scale
Factory @ High burn-out protection

and the Digital Power Meters
1036 and 1037

For

Laboratory ® 1 MHz-18 GHz ® 50dB dynamic range
Factory ® Downto —40 Db @ High accuracy
Systems @ 0.01 dB resolution @ Excellent match

Full data and specifications for Models 1034 to 1037
will be sent upon enquiry to:

aveley

electricum

Roebuck Road, Telephone: 01-397 8771

Chessington, Surrey. Telex: Avel London 928479
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‘Chorale’the
greatest thingin

ENTERTAINMENT
SOUND SYSTEMS

since music

Here comes the latest in Audio
Consoles! Here comes commer-
cial sound for the prolessional!
Here comes Chorale, the ultimate
in complete Eintertainment
Sound Systems. From SNS . .
whoelse.

Chorale brings a whole
range of new dimensions to
your sound scene. Chorale is
versatile with applications
ranging from cabarets to
conventions. And because it
comes from SNS, its perfor-
mance 1ssuperb, its reliability

total, its quality supreme. its
features uncomparable

50W . or 125W . RMSoutput.

6 Channels with facilities
tllustrated below.

Low impedance or 100V . lIine
output. Know what we mean?
Ask our representative
when he arranges your
trial.

See us at ‘73,
SOUND
Bloomsbury Centre Hotel
13th-15th March

a2$

...and two big

advances in quality

COMMERCIAL
SOUND SYSTEMS

Welcome the new range of SNS
PA Mixer-Amplifiers. New?
They're altof that. A new
flexibility. new features which
incorporate 12W. or 10W. RMS
output and the latest integrated
circuits used throughout the pre-
amplifier stage 1n fact anew
kind of finesse in medium power
Commercial Sound Systems.
Link them to another big new
range - SNS column and cabinet

speakers. That’s 2 seven league
step forward! Put each range
together or use themapart.
Quality marks them both.
Periormance singles themout.
Where else could they come {rom
but SN§?

Ol course, you need a trial to
feel as confident about them as
we do. Call your SNSrepresen-
tative soon

SNS Communications Ltd., 851 Kingwood Road, Bournemouth BH118LN Tel: Northhourne (02016)5331.
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The backgroun
music machine.

For people who want the right kind of music behind them, one name comes
immediately to the fore. It is TOA — with their versatile PA-100 background
music machine. This compact
and easy-to-install machine
plays standard 8track cartridges,
gives a programme lasting from
60-80 minutes,and can be played
continuously if required. It also
incorporates a solid state 15W
P.A. Amplifier with 100V line
output and provision for
microphone and record player.
It's ideal for use in hotels, bars,
amusement and bingo halls and
shops where it can also be used
to sell as well as entertain.

Get in touch with us. And we'll

r ing ®©

; Goldring Ltd.
play over all the benefits to you. 10 Bayford Street, Hackney, London E8 3SE.
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TheTT21.
Cost per what?

4

380 400 4
4V CYCLES

d Before you
ree listen to us,
fnf ["cv M "‘[ listen to a few

| 58 u“ Ll L [ ns communication

transmitters.

Because the chances & '
used as standards in many industries are they’ll have our
@ Accurate to +0.3% or +0.1% as FRAHM Resonant Reed
specified Frequency Meters are available TTZI already ﬁtted'

in plastic and hermetically Because it’s the best beam

@ Not sensitive to voltage or temperature sealed cases to British and

changes, within wide limits U.S. Government approved tetrode you can buy. Best in its
@ Unaffected by waveform errors, load, ~ specification. Ranges
power factor or phase shift 10-1700 Hz. Lierature on class. Best for the money.
. i these meters and Frahm : : 0 0
@ Operational on A.C., pulsating or Resonant Reed Tachometers So, if you require a communication
Eheopted B-C.and superimposed  auailable on request. transmitter tube at the lowest possible cost per what,
circurts Manufacture and Distribution s
@ Need only low input power of Electrical Measuring sorry, watt, here’s the address to find out more.

Instruments and Electronic

@ Compact and self-contained Equipment. The largest stocks
® Rugged and dependable in the U.K. for off-the-shelf delivery. T'l]eM—O\]alve CO.I_I’d
IIIIIIERS ElE['Rnnl[s llmnEI'l ‘Y s Hammersmith, London W6 7PE Tel: 01-603 3431

Telex: 23435 Cables: Thermionic London

48/56 Bayham Place, Bayham Street, A member of The GEC Electronic Tube Co. Ltd., a management company which
Anders means meters London NW1. Tel: 01-387 9092 unites the activities of The M-O Valve Go. L1d., and English Electric Valve Co. Ltd.
WW-—032 FOR FURTHER DETAILS WW-—033 FOR FURTHER DETAILS
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ELECTRONORGTECHNICA (USSR)

METAL FILM

RESISTORS
| = |
I | {

Reliable general purpose metal film resistors +5%
1 & w £3.50, 3w £3.60, 1w £3.80 per 1000 (one
value) 1, 3+ & Lw carbon film resistors +5% £2.30
per 1,000

AVAILABLE FROM

Z & | AERO SERVICES LTD.
44A, WESTBOURNE GROVE,

Tel: 727/5641 LONDON, W2 58P Telex: 261306

Also Available: ELECTROLYTIC CAPACITORS
CERAMIC CAPACITORS
CARBON SKELETON PRE-SETS

WW-—034 FOR FURTHER DETAILS

teaching logicall
b ade“ g logically

CLTO0030
only £27

SLT0040
only £28

<7

B 1 Dol

These two new, compact and low-cost logic tutors are just what
you need for courses on Computer Appreciation and Logic.

The Combinational Logic Tutor CLTOO30 has a selection of AND,
OR. NAND and NOR logic gates and the Sequential Logic Tutor
SLT0040 has JK Flip-flops and NAND gates. Both units are supplied
complete with instruction books, batteries and solderless patch leads.

For further information, please telephone 061-928 8063 or write to

LIMROSE ELECTRONICS LIMITED,

8-10 KINGSWAY,
ALTRINCHAM, CHESHIRE,
- ENGLAND, WA14 1PJ.

WW—035 FOR FURTHER DETAILS
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NEW
Linstead

WIDE RANGE
SIGNAL GENERATOR

NO OTHER QUALITY INSTRUMENT
GIVES ALL THIS

10Hz to1MHz

+2% +1Hz

Sine and
square waves

3watts in>ohms

FOR

£32

FULLY TRANSISTORISED
lrrs7ead

means agood deal

in electronics

Linstead Electronics, Roslyn Works, Roslyn Road,’
London N15 3B Telephone: 01-802 5144

WW—036 FOR FURTHER DETAILS
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Aenalite

Withthe

Mastatic

{

{

System you
wouldn't know
you were ina
ifficult

reception area

The *Mastatic’ whip-type
vertical rod aerial is made to be
ffixed high above electrical
interference.

When it’s used with the
“Antistatic’ system it returns
|superb performance in difticult
Ireception areas.

The ‘Antistatic’ (AM) has a
frequency range covering all
popular broadcast and short
wave bands. It consists of a
weatherproofed aerial
'transformer connected by 60 1.
lof screened downlead to a
compadct receiver transformer.

_Product No. 80

|

(= & \/ |For full information please

7 \contact your local Aerialite
| - o — . i . - d .
<(\\\:’Q‘\‘E_‘*=L:~L" |\ Distribution Depot or write io:

The*Mastatic’ (AM)
comesin three
configurations:

Product No. 79
3scctions. Total
height 18 ft.
Complete with
chimney lashing Kit.
Product No. 79a
3sections. Total
height 18 f1.
Complete with wall
mounting brackets.
Product No. 79b
2sections. Total
height 12 ft.
Complete with 2in.
mast attachment

| brackets.

Y

Aeridlite Aerials Ltd

[Radnor Park Trading Estate, West Heath, Congleton,

Cheshire CW124PX. Telephone: Congleton 3892/8
Telegrams: Aerialheat, Congleton. Telex: 669640.

]
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NoMbrex

MODEL 40
WIDE RANGE AUDIO GENERATOR
PRICE £24.75

4 RANGES, 10 Hz-100 KHz.

SINE AND SQUARE WAVE QUTPUT.
DUAL CALIBRATED ATTENUATOR.
STABILIZED OUTPUT LEVEL 1 V.

* % %+ %

Trade and Export enquiries welcome
Send for full technical leaflets
Post and Packing 35p per unit

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

WW—038 FOR FURTHER DETAILS

put the

President

] ‘President’ moving
coil panel instruments.
Two presentations —
AZ and BZ. Three
sizes — scale lengths

2.21in., 2.8 in,3.8in.
Also moving iron and
rectifier movements.

Contact your
Ferranti Field Sales
Engineer or Instrument

w Sales, Ferranti Limited,
Moston,

Manchester, M 10 OBE
Tel: 061-681 2071
Telex: 667857

FERRANTI
FI314a @]
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Daily09.30 1130

concerned pnmari\y with equtpmem
all forward-\ook'\ng managemem
staff and specialist puyers.

ts of electronic

e London Electronic Component Show 18

for the professiona\ market, itis an essential occasion for

executives, engineer'\ng, research, developmem and design
New materials and wnproved design techniques are pushing the limi

Becauseé th

ponent design, the precis'\on and quahity of
related electronic ins(rumemation and produc(ion equipmem have undergone major
i i ine new developments on all

improvemems. providing the ! e
Yhe industry in passive and astive devices, in thick and thin film technology. in pr\nted
circuitry, in op(o-e\ec(ron‘\cs and other signiﬁcam technigues cs 731 8n invatuable

guide 10 future trends.
Comp\e(e\y m(ernanona\, occupying Olympia
'mema(ional e\ectron'\cs industry.
deration. Orgamsed

Sponsored by the Radio and Electronic Component Manufacturers' Fe
l by industrial gxhibitions Ltd.
For descriptive muh'\—\ingual eaflets and or parties have been arranged py the show's
\ season tickets for the show. complete an official travel agent. in addition, 8 spema\
return the coupon elow. hotel reservanon service I8 available.
Please tick the appropria(e pox for

‘s twO largest halls, the 1973 show offers @

_—_—

Please send me. .- jeaflets
\ and. . oo season tickets. further information.
gpecial package deal travel arrangemems,

individuals package deal _

{ all charges for

on and return to: »
nt Show. \ndusma\ Exhibitions Lid.

WC1A 1PB.

\ fully inclusive O

Ccomplete this coup
\ London Electronic Compone
Oxford Street, ondon,

Commonwea\th House.
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risks

outof
soldering

ADCOLA PRODUCTS LIMITED

GAUDEN ROAD LONDON SW4 6LH
TELEPHONE 01-622-0291/3

S-30 SIENJWTTHISNT ONTH3010! (
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Getting valvesis getting tricky.

Ever spent hours trying to get a valve, only to includes obsolete types and 84 pages of equivalents,

find that putting it in circuit makes no difference? and could save a fortune in wasted time. The
Everybody has. manual is also available separately at just £5.25
With VCM 163 you can check exactly which (U.K. Trade).

valves are OK and which aren’t. And spend time So write or telephone for more details of VCM 163

getting only the valves that
really need replacing.
As valve testers go
and let’s face it, most of them
have — Avo VCM 163 is a very
sophisticated instrument. It
even has a NATO stock oy IEEGE s | T
number. e |l == .
And what’s more 4
there’s a new Avo Valve Data
Manual (19th edition) free
with each VCM 163. It

now. Send us a cheque for £5.25,
and we’ll send you a 19th
edition Valve Data Manual too.
Trust Avo to look after you.
Avo Ltd., Dover, Kent.
Telephone: Dover 2626.

Sobe sure you get the right valve.Withan
AvoVCM 163 valve tester. 1

Thorn Measurement Control and Automation Division. THORN

WW—041 FOR FURTHER DETAILS
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Digitize that Fluid Input

McLennan Engineering are pioneering in the field
of digitized liquid delivery. The equipment
illustrated is suitable for medical, veterinary,
chemical and general laboratory applications.

DIGITAL SYRINGE TYPE DS110

Fluid pulse 1:0 or 10 micro litres

Number of pulses presettable from 1-50,000
Pulse rate 400Hz—1Hz or ‘01 Hz in the case of
frequency divider model

Digital ‘fluid delivered’ display monitors output at
all times

External B.C.D. signals can programme the
number of pulses

Remote multiple syringe facility

High reliability. Drive designed around Impex
stepper motor system.

OTHER ITEMS MANUFACTURED BY
McLENNAN ENGINEERING INCLUDE:
Digital and analogue servo systems

Peristatic pumps

Process and machine tool control equipment
Custom-built gearheads and actuator mechanisms
Precision potentiometer drives.

If you have a problem in any of the above fields we
shall be pleased to discuss your special
requirements. Please get in touch — it costs
nothing to talk.

-

L ~

e
=

| 23900 Gk

S y i

-

McLennan Engineering Ltd./
CONTROL SYSTEMS AND COMPONENTS \ @
Kings Road Crowthorne Berkshire IV
Telephone: Crowthorne 5757/8. S
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PARIS

Monday 2nd to Saturday
7th April inclusive 1973
Parc des Expositions. Porte de Versaifles'

Daily frém-g'am to 7 pm
The w,.orld%”s most important,
event in electronics

Organised by $.D.S.A. (Société pour la Diffusioh
des Sciences et des Arts) ;)

For further information, please contaét ;
FRENCH. TRADE EXHIBITIONS, ‘
196 Sloane Street, London - SW1.Tel.01.235.3234/5.

222~ international
nic components
exhibition L

For further details, please NAME _ =) - W
fill in coupon and return 2
it to: FRENCH TRADE s
EXHIBITIONS, AU 2
z 196, Sloane Street, 5’
2  London - SW1 ADDRESS - -~ . &
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BULGIN
Can Ottfer You

Jacks and Plugs
Of Infinite Variety

TO BS.666 ORIGINAL
SPECIFICATION DESIGN

__ SIMPLE YET
) W SECURE CONTACTS

6mm CONTINENTAL
SIZE AVAILABLE T0BS. 1M1

PHENOLIC BODY 4-88mm CABLE

ENTRY HOLE

We began making Jacks

and Jack Plugs in 1929
and since that date have
steadily enlarged our range
which now includes a variety
of designs covering all popular
applications.

Choice of 50 Types

Many millions have been
supplied to customers

all over the worid and have

given every satisfaction.

The majority of models are

made to BS.666 specifi-
cation and every component
part is checked for compliance
to this standard before assem-

bly. A range of miniature
List No. P538 W\ models are also listed.
{Chrome) N
List No. P539 .
iGeld) Designs are varied; and in-
clude two pole models,
which can be connected to

*'/rr\ﬁ List No. P535 twin or co-axial cable and
LY 7~ (Chrome) three pole models. Finishes
@ (L(';tkr;‘)"' P536 vary, covering black bakelite,
. ° frosted aluminium and both

List No. J2 . chrome or gilt plating.
I' i BS.666 del
List No. J36 Ratmgs for models

are 50V. max., 0.1V min.,
5A max.. 50W. max., Max.,
test voitage 250 pole-to-pole
or pole-to-earth.

CUSTOMERS CAN ALWAYS RELY ON
"THE HOUSE OF BULGIN' FOR SERVIGE, QUICK DESPATCH
AND GUARANTEED. SUPPLIES FOR YEARS TO COME

TECHNICAL LITERATURE AVAILABLE ON REQUEST. QUOTE WW/1/73

F5ll A.F.BULGIN & CO LTD

ELECTRONIC COMPONENT MANUFACTURERS
BYE-PASS ROAD BARKING - ESSEX
OF CRITICS TEL.: 01-594 5588 (12 lines) TELEX 897255

Also Miniature
range of above
available

WW-—043 FOR FURTHER DETAILS

Wireless World, March 1973

Eddystone
solid-state
broadcast

The latest variant in a well-established family
of compact, solid-state, high performance
receivers, covering long, medium and short-
waves (5650kHz to 22MHz and 150kHz to
350kHz).

Self contained battery pack for portable use.
Accessory units for 12/24V DC and standard
AC supplies.

Nlustrated brochure obtainable from:

Eddystone Radio Limited

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

A member of Marconi Communication Systems Limited

LTD/ED86

WW—044 FOR FURTHER DETAILS
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IMO. PRECISION

ONTROLS I-'l'

313 EDGWARE ROAD, LONDON W2 3BR.

telephone: 01 723 2231 Cab

@ telephone: 01

le: Omrontrols London.
723 2231 telex 28514

TIMERS
SWITCHES
TRANSFORMERS
VOLTAGE CONTROLS

FOR IMMEDIATE DELIVERY
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VARIABLE TRANSFORMERS

FAMOUS ‘“'SLIDUP” &
*SLIDTRANS"" MODELS
1amp £7.00C. &P.37p

2.5amp £8.05 57p

5 amp £11.75 67p
10 amp £22.50 75p
12 amp £23,60 75p

20 amp £49.00
“*OFF THE SHELF"’ delivery of all types.
*Fully shrouded. *Bench Mounting.
*Panel Mounting. *Low Price.
*Input 240VAC. Output: 0-260VAC.

PANEL MOUNTING *'SYS"
SYNCHRONOUS TIMER

OMRON brand Syn-
chronous Motor driven
timer with  single
instantaneous  and
two timed change-
over contacts.
MINIMUM guaran-
teed electrical
and mechanical
10,000,000  opera-
tions.

*Stocked in 110VAC 240VAC up to twenty eight
hours time range: 1% repeat accuracy.

£14.90 “‘one off”” £10 in quantity.

95p)

ELECTRONIC PLUG-IN SWITCH
FOR LIQUID LEVEL & ICE
BANK CONTROLS "“61FGP’’
Electronic switch senses a
change in resistance using
Stainless Steel probe assem-
bles or other conductive
probes.

Proven use in sewage. water,
beer. milk ice in vending,
effluent, boilers and other industries.

£5.85 for “"one off'" £3.50 in quantity.

STAINLESS STEEL PROBE
ASSEMBLY “PS31”

Length 1 metre, for use on differential and alarm
control of conductive liquids with “'61FGP"* (ilius-
trated above).

£1.60 “"one off”” £1 in quantity.

all its competitors.

WORLD’'S SMALLEST SYNCHRONOUS
MOTOR PLUG-IN TIMER STPNH

AT LAST! - 1% REPEAT ACCURACY IN A
MINIATURE PLUG-IN TIMER UP TO 2B8HRS.

Only OMRON could provide a timer of such unrivalled superiority over
. anywhere in the world.

The STPNH is a synchronous motor driven timer with automatic reset
function. Both instantaneous and time limit contacts are fittad and the
timer is mounted on an international 8 pin octal base.

Time ranges start 0.6 secs and finish D-28hrs with operating voltage
at 110VAC or 240VAC.

Up to 72 mins £7.90 “‘one off'* and £4 in quantity. Long time ranges around £8.

ELECTRONIC RECYCLING
TIMER FOR CONTINUOUS
ON/OFF OPERATION "TDA"

Etectronic twin timer for con-
tinous recycling operations.
On/Off time control, 0-6secs
with 2% repeat accuracy
setting 0-6sec with transfer
switch X10.

PNEUMATIC OMRON TIMER UP
TO 200 SECS DELAY—""ATS"

. Easily adjustable from delay on
Q - o energise to delay on de-energise.
The OMRON ATS works on an
-air damped principle and can be
adjusted between 0.200 secs
with screwdriver adjustment, A
precision smap action switch
providles a 6A contact and
minimum 1,000,000 ops life.
“"One off”” £8.10. In guantity|
£5 for 110V/240VAC types.

Dual veitage 110/240VAC £28.60

but dewn te £18 each in quantity.| -

PFQ3 SUBMINIA-[1SAT4  SUBMINIA-
TURE PUSHBUTTON{TURE TOGGLE MIC-
SWITCH. ROSWITCH.
*’Push to
make'’ switch
% with  black
¢ button 3 amps
BN @ 20vAc
; 15p each per
1000.

PANEL MOUNTING “"NSY"
SYNCHRONOUS TIMER

**New Square Dial™
The OMRON timer type NSY
features the modern "DIN”
type square fixed dial. This
attractive package has two
time limit changeover con-
tacts.
Stock ranga 110/240 VAC up to 28 hrs £12.50
“‘one off’" to £8 in guantity

OMRON MICROSWITCHES

LOW COST PANEL MOUNTING
MINIATURE TIMER—'"STPYMH""

Plug-in for  panel
mounting. Synchronous
Motor driven with auto-
reset facility. Instant

timer

*Interchangeable with all British
& Centinental Manufacturers

*Approvals from: CSA; MIL; UL; SEVC; SAA;
DEMKO ETC

VIC WITH AMP TERMINALS
Single Pole Changeover 15amp
switch 0.F. 400gm R.F. 114gm

and time limit contacts
rated at 5A. This timer
has fixed and moving
pointers.

£8.40 “‘one off’”” £5 in
quantity.

HIGH ACCURACY SOLID STATE .

PLUG-IN TIMER—"'TDS""

Genuine 1% repeat accusacy
with solid timing.

Life 50 million operations
minimum. instantaneous &
time limit contacts.

Full time scales 0-1sec;

0-2sec, 0-5sec. 0-10sec;
0-30sec; 0-60sec:
0-180sec.

Dual Voltage 110/240VAC £18.50 to £13 each.

EXCLUSIVE SOCKETS FOR
OMRON TIMERS & FLOATLESS
SWITCHES

Screw tarminals, with
clips to hold the timer
or switch firmly in
place where mounted.
Type 8PF for STPNH, TDS, DTS
Type 8PFl for 61FGP & TDA.

75p “one off”" and 50p each in quantity.

M.D.0. 4mm. £19 per 100; £150
per 100; £700 per 5000.
VV-15-1AWITH SOLDER TERMS.
Single Pole Changeover 15amp
Switch 0.F. 230gm. R.F. 50gm.
M.D. Tmm. £19 per 100; £150 per
1000; £650 per 5000.

SIA SUBMINIATURE SWITCH
Cheaper than all its competitors.
Single pole changeover S5amp switch
0.F. 200gm. R.F. 40gm. M.D. 0.1mm.
£23 per 100; £180 per 1000;
£850 per 5000.

SIAL WITH LEAF SPRING
Subminiature S5amp  microswitch
of 56-180gm R.F. 14gm M.F.
0.8mm. £27 per 100; £220 peJ

1000; £1000 per 5000.

SIAL 2 WITH ROLLERACTUATO
Subminiature Samp microswitch.
0.F. 56-180gms R.F. 14gms. M.D.|
0.8mm. £33 per 100; £270 per,
1000; £1250 per 5000.

CCR-5 LOW TORQUE SWITCH
Low cost microswitch for coinf
operated or air vane applications.
0.T. 10gm. R.T. 13gm. M.D. 15°.
£31 per 100; £190 per 1000
£900 per 5000.

VAQ4 PUSHBUTTON MICRO-

Full range available with 15amp switching capacity.
Approved by CSA Authorities & guaranteed for
twelve months.

Interchangeable with other British and Continental
manufacturers typical price is around £3.50 for
the coil spring type.

SOLID STATE VOLTAGE
CONTROLS 5AMP & 10AMP
MODELS

Full solid state
control over AC
voltages.

Input of 230VAC
variable on output
to 25-230VAC.
Miniatyre and
lightweight  with
finned aluminium
housing these units
can truly replace
wirewound trans-
formers.

VPOSC {SAMP) £9.90 ""one off'" £6 in quantity.
VPIOC (10AMP) £16.90 “‘one off'" £10 in quantity.

PHOTOELECTRIC SWITCHES

Reflactive “slot”  type
photoelectric  switches. Wil
sense any material passing the

and

VOLTAGE STABILISER

Famous 1.M.0. Constant
Voltage Stabiliser still
only £12.50 each.
FEATURES:

*200 watt rating

*Input 240VAC +-20%

+ Output 240VAC4-1%.

light beam up to 3mm and
provide an output signal of
02AMPS at 240VAC. Reflective
distance up to 25mm on reflec-

!vﬂuuﬂnz(nz!g\fzé tive surfaces, far longer with
SUPPLY. external light.

PRIOOR {Reflective) £7.50 ‘‘one off’* £4 in quantity.
PRIOOC {slot) £7.50 ‘"one off’" £4 in quantity.

AT LAST OMRON FRONT
CONNECTION SOCKETS—
NOW SUPPLIED FROM STOCK

These new miniature sockets
with screw terminal connec-
tions are only available
through I.M.0. or authorised
stockists. Moulding is UL
approved and OMRON "“know
how'’ brings all the advanced
features of a modern product.
PF083 (8 pin) 44p each 1000
lots.

PF113 (11 pin) 58p each 1000
lots.

OMRON PROXIMITY SWITCHES
SWITCHING OF 240VAC or 24VDC

Solid state Proximity Switch
opening without a separate
power supply unit. Works off
240VAC or 24VDC, senses
ferrous and non ferrous metals
up to 5mm from the head.
TL-2-GPA (DC) £9.50 each.

YL-2-GPA (AC) £25,70 "‘one off”* £18 in quantity.

TECHNICAL LITERATURE

Full literature is available on all the products
illustrated here. Please telephone our sales office
on 01-723 2231.

ALL THE PRODUCTS ILLUSTRATED HERE ARE ALSO AVAILABLE
FROM THE FOLLOWING 1.M.0. FRANCHISED DISTRIBUTORS.

BIRMINGHAM Aston Electrical Ltd tel: 021 327 4064
BLACKBURN Wilson Automation Ltd tel : 0254 59921

BRISTOL Techniservices Ltd tel: 0272 30701
LEICESTER B.P.X. Ltd tel: 0533 64281

LEEDS Scattergood & Johnson Ltd tel: 0532 30203

LONDON (STH.) D.T.V. Group Ltd tel: 01 670 6166
NEWCASTLE Gledson & Co Ltd tel: 0632 860955
SHEFFIELD John Riley & Son Ltd tel: 0742 49851

SLOUGH Blore Barton Ltd tel : Burnham (Bucks) 5524

SWITCH.
- 15amp Microswitch with push-
‘é,_ button actuator low operating
5 force and buttons in -various

colours. £49 per 100; £360 pel
1000; £1750 per 5000.

1.M.0. TERMS OF TRADING

CASH WITH ORDER UNLESS A NETT MONTHLY ACCOUNT HAS
BEEN ESTABLISHED. TELEPHONE: 01

WW-—-045 FOR FURTHER DETAILS

WwWALamericantadiohistory.com
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ENCAPSULATED POWER SUPPLIES

DUAL POWER SUPPLIES

DPS—25 4 15V @ 25mA general purpose, low cost
DPS—100 + 15V @ 100mA general purpose
DPS—150 4+ 15V @ 150mA general purpose
APS—30 4+ 15V @ 30mA precision p.s.u.

DC—DC CONVERTER
3W5—30 4+ 15V @ 100mA + 5volt supply

SINGLE POWER SUPPLY
SPS—1.5 1.5V @ 10mA dry cell elimination

BRITISH MADE

The Ancom range of power supplies covers a wide range of requirements offering a choice of inputs, 115
volts ac, 240V ac, 40-60V ac, 25-40V dc, & plus 5 volts dc, with regulation between 0.01% and 1%
depending upon the module selected.
Typical parameters are; inputs 240V ac, outputs + 15 volts dc at 25mA to 150mA

5V dc regulation 0.01%

25-40V dc stability .003% 1°C

ancom Devonshire Street, Cheltenham, Glos. GL50 3LT England.

WW—046 FOR FURTHER DETAILS

VARIABLE AUTOTRANSFORMER LATR-2M* SIX-DECADE 0.01 CLASS RESISTANCE BOX TYPE P327*

6 decades of 0.1-1-10-100-
1000-10,000 steps. All de-
cades and their respective wipers

¢

) . are brought out to separate
‘ terminals.

) ' All-metal  construction,  fully

Input: 120, 220 and 250V.
Output: 0-260V.
Max. load 2 Amps.

screened.

Capacity: 0,3A for 0.1 and 102
decades; 0.1A for 10 decade,
0.03A for 100 decade; 0.01A
for 1000 decadeand0.003Afor
10.000 decade.

Bench mountedfullyshrouded. 9’
)

£6.55

£65.00

SIXDECADE 0.02 CLASS ACCURACY"

RESISTANCE BOXTYPE P327
SUB-STANDARD MULTI-RANGE *
AC/DC VOLTMETER

Mirror scale 175mm long 3 _geegdesn bl ir - (92100-
Kni ) i 1000-10,000 0.
nife edge pointer. )

48 ranges from 75mV to 750V and Four terminals enable the box
from 300 A to 7.5A. to pe used also as a potential
Accuracy 0.5% DC; 1% AC. divider.

Transistorized relay protects move- Rated power 0.25W per step
ment and circuits. with full accuracy or 1.00W
Push button range selection. per step with reduced

£49 accuracy.

PLEASE WRITE FOR FULL TEST EQUIPMENT CATALOGUE viceinusse

Z & | AERO SERVICES LTD.

44A WESTBOURNE GRPVE, LONDON W.2

Tel: 727-5641 Telex 261306

WW—047 FOR FURTHER DETAILS
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Cheap power supplies can be expensive
— but there's always an exception to the
rule. Here's ours.

These new miniature d.c. power supplies
are well engineered and compact. They're
suitable for either bench use or for in-
corporating into original equipment and
they feature good regulation, low ripple
and full protection.

Send for the teaflet (better still, try a unit)
and we think you'll agree—they are ex-
cellent units and surprisingly inexpensive.

Instant miniature power from .—

O

FARNELL INSTRUMENTS LTD - SANDBECK WAY -

An exception to the rule

Units available

PRICE
GROUP 1 UNITS : Dimensions (mm) 35H x 64W x 128D. Wt 0.51kg  0-9 units
- OUTPUT -
Model Adjust range (Vd.c.) Current rating (mA) at T. amb.
min. max. 30°C 40°C 60°C

6/500P 4—6 500 500 250 £13
12/250P 6—12 250 250 125 £12
24/125P 12— 24 125 125 62.5 £12
15/15/100P 12-17 0 12-17 100 100 50 £13.50
GROUP 2 UNITS: Dimensions (mm) 40H x 64W x 131.5D Wt. 0.51kg.

6/1P 4—6 1000 750 250 £15
12/500P 6—12 500 500 250 £14
24/250P 12— 24 250 250 125 £14
15/15/200P 12-17 01217 200 200 100 £16

Farnell

POWER SUPPLIES DIVISION

WETHERBY - YORKSHIRE LS22 4DH TELEPHONE 0937-3541 - TELEX 557294
LONDON OFFICE: TELEPHONE 01-802 5359

WW-—048 FOR FURTHER DETAILS

WWAA-americanradiohistorn.com

a35


www.americanradiohistory.com

A36 Wireless World, March 1973

STUDIO QUALITY MIXER FOR FIELD USE. ..

— as used for professional broadcasting and recordirig

= . TYPE TM61 MIXER»
Bt - 0 All silicon six-way mixer.
0 + 12 dBm output on mains or 12V battery.
0O Adjustable for 302mic, 200Q2mic, or 6000
lines.
0O Sensitivity —85dBm to +20dBm.
0 VU meter (PPM available).
00 Muting switch on each channel.
O Bass and treble cut on each channel.
0O Master gain control.

* O XLR type input connectors.

This studio quality mixer is also available fitted
with an internal 12V battery and with a wooden
carrying case, giving you an easily portable mixer
of true studio quality for use in general field work.

CTH also manufacture a range of modular mixing
units, consoles, distribution amplifiers, studio disc
player units, speaker amplifiers, cable drums and
many other items of studio equipment. Send for
details and price list now.

ELECTRONICS

Industrial Estate, Somersham Road, St. Ives, Huntingdonshire, PE17 4LE Telephone: St. lves 64388 {0480 64388)

WW—049 FOR FURTHER DETAILS

I STEREO IC DECODER

Iq ] HIGH PERFORMANCE PHASE LOCKED LOOP
(as in "W.W." July ‘'72)

MOTOROLA MC1310P EX STOCK DELIVERY

USED THROUGHOUT  THE WORLD. SANWA'S

EXPERIENCE OF 30 YEARS ENSURES ACCURACY , SPECIFICATION o
RELIABILITY. VERSATILITY. UNSURPASSED TESTER Separation : 40dB 50Hz-15kHz. Distortion: 0:3%
PERFORMANCE COMES WITH EVERY SANWA 1/P level: 560mV rms O/P level: 485mV tms per channel.
6 Months' Guarantee Excellent Repair Service Input impedance : 50kS2. Power requirements: 8-12V at 16mA.
Model P-2-8B £5.77 Model AT-45 £18.64 Will drive up to 75mA stereo ‘on’ lamp or LED.
Model JP-5D £6.93 Model 380-CE £18.92 KIT COMPRISES FIBREGLASS PCB ONLY
Model 360-YTR £9.79 Model N-101 £22.00 {Printed and tinned), Resistors, |,C., Capacitors, £3_50
Model U-50DX £9.90 Model 460-ED £25.74 Preset Potm. & Instructions. post free.
Model A-303TRD £13.03 Model EM-700 £50.56 ! LIGHT EMITTING DIODE (Red) ONLY
MODEL Model K-30THD £14.90 Model R 1000CB  £65.17 Suitable as stereo ‘on’ indicator. For above 35
U-50DX Model F-80TRD £16.22 with panel mounting clip and instructions P plus pop.
Cases extrz. available for most meters, but not soid separately. MC1310P only £2-77 plus P.-pP. Gp
Please write for ilustrated leaflet of these and other specialised Sanwa meters
= = ° SPECIAL OFFER
OLE: IMPORTERS i IN4001 50V 1A RECT DIODES. Full Specification Devices. ONLY 5p each.
l 7' . l l 709" DIL 14 PIN OP AMPS. Full Specification Devices ONLY 34p each.
A e e < D PO . R = BURTON ROAD, EGGINTON, DERBY, DE6 6GY
WW—050 FOR FURTHER DETAILS WW—051 FOR FURTHER DETAILS

JES AUDIO INSTRUMENTATION

Illustrated the Si453 Audio Oscillator
SPECIAL FEATURES:

* very low distortion content—Iless than .05%

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

* sqguare wave output of fast rise time

£40.00
also available
Si451 Millivoltmeter Si452 Distortion Measuring Unit
* 20 ranges also with variable control permitting easy * low cost distortion measurement down to .01% with
reading of relative frequency response comprehensive facilities including L.F. cut switch. etc
£35.00 £30.00

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

WW—052 FOR FURTHER DETAILS
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The FX-107, FX-207,FX-307 are a
powerful and fiexible family of high
performance monolithic signalling devices
based on 3-Tone Sequential Code signalling
techniques. Constructed using MOS/LS1
technology. the devices perform all frequency
discrimination, tone generation and code
timing functions on-chip, using simple
external CR networks.

The family members are FX-107, asingle
code Transceiver with Transponder
capability ; FX-207, a multi-code Transmitter
with logic controlled selection of any one-
from eight codes ; and FX-307. a multi-code
Receiver which decodes 8 different input
codes and provides an appropriate binary
coded output.

Each code consists of three tones, each of
different consecutive frequency and sentin a
pre-determined sequence (Group Code).

Transmitter devices generate the
programmed Group Code on receipt of alogic
instruction : Receivers decode Group Codes
applied to their signal input and operate
integral output switches when the
programmed code/s are received.

These excitifig new devices may be used
separately, or in any required combination, to
yield high performance/low cost solutionsin
application areas involving selective
signalling between one or more points.-using a
common transmission line. Virtually any
number of outstations may be connected to ; ;
the common line and a variety of instructions FX-107 FX-207 FX-307

signalled to each one selectively. 3-TONE CODE 3 -TONE 3 -TONE

P.C.B. Evaluation Boards for FX-107. TRANSCEIVER MULTI-CODE MULTI-CODE

FX-207 and FX-307 are available. (RX/TX) TRANSMITTER (TX) RECEIVER (RX)
ex-stock

MULTI-STATION SELECTIVE CALL WITH ANSWER BACK s example shows how

simply the ‘07 famuy

MASTER SUB-STATDN 1 solves a typical complex

-CODE TX CALL CODES b signalling problem. The

. REPLY CODES Master transmits switching
instructions over a

SELECT e .
ADDRESS COMMON LINE -» common line to selected
‘N’ outstations, which
(BINARY RX/TX ~ TO 'N o
CODE) ¥ STATIONS transpond on receipt of
their address code.
<> Transponded replies are
MULTI-CODE R LOCAL decoded at the Master for
——————— S display or verification
| ITCH urposes. Qutstations ma
| STATION FUNCTION Ll ki
| REPLIED also signal the Master
AUTO ‘ independently. or
| DISPLAY REPLY LOCALLY CONDITIONED transpond giving coded
| = REPLY status data.
OVERSEAS AGENTS: BENELUX AUSTRIA JAPAN H H
Heynen N.V.. Datentechnik, Cornes & Co. Ltd., Frequency IS our bUSIness
FRANCE Pastbus 10. Wr. Neustadter Strabe 7. Marden House,
31’";?"'5‘5; - Steendaterstraat 56. A-2490 Ebebfurth. Austria.  CPD Box 329.
ue beorge-oand, 6940 6 . Netherl J 0 ) .
91-Palaisean, e A CONSUMER
Paris. France. A
International Semiconductor mnﬁpgﬁgmbolagex Naxab lai?QEDLM Ltd e R MICROCIRCUITS LTD.
Corporation. Bjornsonsgatan 243 21, Tchernihovsky St., ROy SIS i RS Rickstones Road, Witham, Essex
20 Rue Gambetta. $-161 56 Bromma. Sweden.  P.0.B. 4770 Bl Heh . J '
82.- Boulogoe, Paris. : Telaviv. Victoria 3125, Telephone: Witham 3833/5
rance. SWITZERLAND Israel " Telex: 99382 (R |
! . C eaction
GERMANY Egli Fischer & Co. Ltd. Hamashbir Electronics. MEXICO ( )
Ginsbury Electronic GMBH,  Gotthardstr 6. 76, Giborei. Industrias Electronicas Ese.  Applications from Agents in other countries will be considered.
8012 Ottabrunn, Claridenhof, Israel St.. S.deR.L..
Aharnstr 10. 8022 Zurich, Tel-Aviv, Amado Nerve 156,
Munich, Germany. Switzerland. Israel. Mexico 4, 0.F.

WW—053 FOR FURTHER DETAILS
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mportant
eWs for every
I-fland audio
equipment
manufacturer
In Britain.

D

NOW VOouU can cut your
production costs without
compromising quality.

Ask Mackarl.

Before you put your name on a stereo to UK OEMs. Through Mackarl’s new London

system, radiogram or other audio equipment, office, you can discuss your requirements with
you must know that both the quality and the European technical and marketing people with
price are right. Mackarl can help. decades of high-level experience in British

With three Far East factories in volume consumer electronics. Mackarl can provide you
production, and a fourth rapidly nearing with bits and pieces, or complete ready-to-sell
completion, Mackarl is already able to deliver units with your own label, or almost anything
20 different tuners, printed-circuit assemblies, in between. '

amplifiers, cartridge players and other chassis
Ask Miss Sharpe at Mackarl, today.
MACKARL ELECTRONICS (LONDON) LTD
94.98 Petty France, London SW1H 9EA
Telephone: 01-222 2527

WW—054 FOR FURTHER DETAILS
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from Goodmans
for constructors

Din 20 Kit

20 watt, high fidelity loudspeaker kit contains all parts
necessary to complete the system, except timber and
other material for the cabinet itself, with detailed,
illustrated instructions. =
Specification: 20 Watts DIN,
4 ohms impedance, 8 ins
bass unit, dome HF [
radiator, crossover
frequency 4,000 Hz.

Dome HF Radiator with
integral crossover.

Capable of high frequency
sound reproduction with
negligible distortion in systems
rated up to 30 Watts DIN,

this ‘state of the art’ drive unit
has an integral crossover
which cuts frequencies below
3kHz at a rate of 12dB/Octave.

Audiom 100

12 inch high fidelity bass
loudspeaker.

For use as a bass unitin
two-way systems, the
sensitivity and high frequency
roll-off of the Audiom 100 has
been tailored to match the
Axent 100.

Goodmans

Sound reasoning.

THORN A member of the Thorn Group

[ e

lease send Free leaflets on Constructors Equipment
Name ..
I Address

G-ooc-Iméns Loudspeakers Ltd..,
| Downley Road, Havant, Hampshire PO9 2NL

WwWwl
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What is TELEFI?

Telefi brings you for the first time real Hi-Fi results from your existing
625 line television.

T.V. Studios transmit superb quality but skimping in the sound
section of the recevier means low-fi sound.

Celestion Telefi changes all this — simply coupled to most T.V.
receivers — the first T.V. music you hear through Telefi will convince
you the dramatic improvement is what you have been waiting for.

Telefi a remarkable innovation exclusive to Celestion for use in

Wireless World, March 1973

conjunction with Hi-Fi and Audio systems for providing high quality
television sound reproduction. No direct connection to the T.V. is
required, the coupling being effected by an inductive pick-up.

Telefi is complete in a handsome natural teak veneered case 71" x
537 x 2" approx.

"The Telefiis a very worth white device and will give greater overall
enjoyment than the T.V. manufacturers normally provide.” John Gilbert
‘The Gramophone’,

ROLA CELESTION LTD.

I o Also send for details of the complete range of Celestion Loudspeakers
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP
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CLANSMAN
AUDIO EQUIPMENT BY
S G BROWN

COMMUNICATIONS

Test set

Respirator
microphone

Clansman Headset
for radio manpacks

Single Transducer
Headgear Assembly

Introducing the range of CLANSMAN headsets,
microphones and ancillary audio equipment.
Headset for radio manpacks-Respirator microphone-:
Single sided headset-Clansman Audio Equipment

Test Set BBEEE

Send for literature to. —
The Electronics Group

S G BROWN COMMUNICATIONS LTD.
King George’s Avenue Watford Hertfordshire England

Telephone: Watford 23301 Telex: 23412 Telegrams: Radiolink Watford,

Stereo radio from
your existing tuner.

A complete set of parts
from Jermynto build a stereo
decoder modulethat will con-
vertyour existing monotuner
for stereo reception whilst
maintaining a high standard
.of reproduction.

The distortion is very low
(typically 0.3% at 560 mV
RMS composite input signal)
with40dB channel separa-
tion.

The stereo switching is

LAUTION ax voLTS : 16vde
LAMP CURRENT. 75ma

oo
o—G=2—0
et | [ 1y

°8 2 -automaticand there is a light
< = emitting diode which acts as
~ a stereo beacon.
ey The kit requires no coil
[ —

and there are no alignment
problems.
Fitting. The module requires a 10-16 volt power supply which can
normally be tapped off the existing tuner. The signal input is taken
off before the de-emphasis circuit which in practice means discon-
necting one, or at the most, two capacitors. Any radio engineer will be
able to spot these capacitors, but if you're really stuck send the cir-
cuit with a SAE to us and one of our engineers will indicate the output
point.(Thisis the full extent of ourinvolvement, no hardware please).
Of course, if you have a modern mono tuner with a muitiplex out-
put our module simply plugsin.
The outputs go via a screened twin cable to the tuner inputs of
your stereo amplifier.
And the cost? £4.90 for the Kit'with 100% tested integrated circuit.
Alsoiavailablelassembled and aligned, checked and ready for use
at £6.90 (includes 12 month guarantee)..Beat that!
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To Jermyn Industries

| 78 Vestry Estate

| Sevenoaks Name
nient Address

Block Capitals Please |
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ANDERS MEANS M TERS...

KESTREL RANGE

B Modern styling, with clearfront plastic
case.

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

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

B Available in all ranges, moving coil
and moving iron.

B Competitive prices.

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

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

. angeRy

Oxford Long Scale 240°.
2 models, 5-5”, 8” scales.
DC moving coil and AC

moving coil rectified.

Solicontroller Moving Coil
Relay. DC moving coil
and AC moving coil
rectified. 1 or 2 adjustable
alarm controls.

Vulcan Moving lron. 4
models, 1-5", 1-8", 27",
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

Lancaster Long Scale

Stafford Long Scale 240

Profile 350 edgewise

Regal Range 100°

flattened arc. 2 models 4-3" scale.

2.5” and 3.2" scales.
Taut band. DC moving
coil and AC moving coil Horizontal or vertical
rectified. mounting.

Send for fully illustrated catalogue.

DC moving coil and AC
moving coil rectified.

6 models, 3-5"—11:5"
scales. DC moving coil,
AC moving coil rectified,
AC moving iron. Also 98
scale.

240 . 2 models, 47, 55"
scales. DC moving coil
and AC moving coil
rectified.

nnnﬁns EIE[““““[S llml‘E“ 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

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

(formerly Crown International)

MODELI.M.A

ABRIDGED TECHNICAL DETAILS
I.M. Range -— 0.1. 0.3, 1, 3, 10. 30. 100% full scale on separate |.M. meter.
Range of tracking-—45dB in 5dB ( + 1%)increments
Input Impedance — 100K max. and 45K min depending on setting of
input level control
Necessary HF input 17mV min
Outputs — 10K impedance for scope A and scope B showing HF
envelope and demodulated IM signai
Controls include switching to aliow meter input and output conttols
to remain set when testing. using the master attenuator
Size 187 x 7" high x 74" (standard rack mounting)

Wireless World, March 1973

INTERMODULATION
DISTORTION ANALYSER

Amcron Model IMA intermodulation Distortion Analyser is a
ruggedly engineered dual-meter instrument providing facilities
for measuring to exceptional degrees of precision covering both
L.F. and H.F. audio ranges (10-150 Hz and 2.5KHz to 20KHz).
Tests over a wide range of varying amplitudes can be made
quickly and accurately. FET circuitry assures measurements
approaching a typical residual of 0.005% and within 5% of full
scale. Many original features are incorporated in this instrument
whereby generator interaction is eliminated, as are
microphonics through the use of FET controlled AGC. Provision
is made for connecting external oscillators over both LF and HF
(audio) ranges. The use of dual meters allows one minute
calibration and IM reading for highest efficiency in lab or on
production line. Leatlet available on request.

MACINNES LABORATORIES LTD. STONHAM STOWMARKET. IP14 5LB

Telephone Stonham (044 971) 486.
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When a panel
meter has to
stand out in a
crowd-specify
Taylor Edgewise.

L e
B [T l 1 'A" RS

,\Z
-

g # -8
’j _Lnlhh i -!-I.
k)

Introducing the model 330witha2%in.scale
length and the slimmest body size in the
Edgewise series to enable closer stacking. The
latest in a range of three Edgewise panel
meters that have been designed to combat the
problem of increasingly crowded instrument
panels. Housed in transparent acrylic mould-
Ings, they provide shadowless readings and
offer outstanding reliability. Find out more.
Write for a data sheet now.

Toylor-

Thorn Measurement Control and Automation Division.

Taylor Efectrical Instruments Ltd.,
Archcliffe Road, Dover, Kent.

Telephone: Dover2634 Telex: 96283

THORN
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KONTAKT “Cold Spray 75"

For rapid and effective fault location

Non-toxic, non-inflamable, Cold Spray 75
is a chemically inert coolant capable of
producing temperatures of down to — 42
centigrade. It can also be used to prevent
heat damage during soldering processes,
for the rapid freezing of small articles for
biological and technical purposes and the

prompt location of hairline cracks and
other faults in temperature dependent
components.

Other Kontakt products:

Kontakt 60 and Kontakt 61 for retay contact cleaning,
Piastic Spray 70. transparent protective lacquer.
Insutating Spray 72.

Kontakt WL. Spray Wash.

Antistatic Spray 100. Antistatic agent for plastics.
Politur 80. Polish and cleaner.

Fluid101. Dehydrating Fluid.

. Western-Garmany I

Details from UK distributors.

SPECIAL PRODUCTS DISTRIBUTORS LTD;

81 Piccadilly. London, W. 1 Tel:01-629 9556
WW—063 FOR FURTHER DETAILS
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DON’T HAVE TO LIVE NEAR
DIXONS TECHNICAL
TO BE NEAR DIXONS TECHNICAL.

Dixons Technical have the widest range of audio visual equipment in Britain.

The trouble is, many people believe that London isn’t Britain. And Cixons Technical is in
London.

While you. perhaps, are in Bath. or Newcastle. or Aberdeen. Hundreds of miles away
Why should you travel all that way for audio visual equipment?

Dixons Technical say you don’t have to travel all that way They'li make the equipment
travel to you

Whether it 1s a simple single unit. or a sophisticated, comprehensive £50,000 closed-
circuit television system, Dixons Technical will getittoyouin Bath, or Newcastle, or Aberdeen
Or anywhere

Where necessary, they'll get you the technical experts to install the 2quipment, and show
you how best to use it

Dixons Technical may be in the big city. but their prices aren’t Equipment is of the highest
possible quality (all famous brand names); and is sold at the lowest possible price. Hire
purchase terms are more than fair And should you prefer to rent, the longer you rent, the more
economic it becomes

Dixons Technical is no further away than your postbox Send us thz coupon

| | |
To: Dixons Technical Ltd., 3 Soho Square, London, W.1 l
)'d like to know maore about a) your audio visual equipment. b) your renting facilites. and c) how

l quickly you can get equipment to me. Please send me full detalls by return of post l
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HART ELECTRONICS

In keeping with our policy of offering kits of parts for advanced audio pro-
jects to a standard which will please the constructor who is professionally
engagedin the electronic industry and who is therefore used to the advanced
standards of quality and designs used therein, we have pleasure in giving
brief details of our latest projects.

The Bailey Pre-Amp., was published in 1966 and we have been supplying
kits of parts for it since then. We have therefore an urparalleled length
of experience on which to draw when adapting this unit to take advantage
of new components which have become available to make our kit the best
that has ever been offered. The new kitis easier to assemble, as there is little
wiring, the controls, switches and input sockets are all mounted on the
clearly marked fibreglass P.C.B.’s. The new kitis more versatile because it is
split into two stereo units. The tone control unit with volume, Bass, Treble,
Balance and Filter can be used on its own for 260mV flat inputs and will
give an output up to 2V to drive most power amps. The front end unit has
the input switch selecting Mag: PU, Cer: PU, Mic. Radio and Tape head
inputs. Output 250mV.

The new kit performs better because the Tone contro!l incorporates the
Quilter Bootstrap circuit to give lower distortion at all control settings.
The front end has the Burrows mod, for ceramic pickups and higher rumble
cut-off with facilities to adjust the Tone balance and level to suit different
makes of transducer. Switches have click suppression circuitry for ultimate
refinement of operation.

Full details are in our lists.

Our kits for the Stuart tape recorder have been built by Mr. Stuartandreceived
his enthusiastic approval. This unit is an easy way to convert that ageing
recorder with a good deck up to modern top flight standards. We stock
heads for 2 or 4 track stereo and also for cassettes.

Reprints of the first and second articles are 16p each, post free.
For free list, please send foolscap (9 x 47') s.ae.
ALL U.X. ORDERS ARE POST FREE. OVERSEAS AT COST.

PENYLAN MILL, MORDA, OSWESTRY, SALOP

Personal callers are always welcome. but please note we are closed all day
Saturday

ww—065 FOR FURTHER DETAILS
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ORTHEB

The B.1.LE.T. guide to success
should be read by every ambitious engineer.
Do you want promotion, a better job, higher
pay ? “New Opportunities” shows you how to
get them through a low-costB.I.E.T home study
course . There are no books to buy and you can
pay-as-you-learn.
Send for this helpful 76 page FREE book now.
No obligation and nobody will call on you. It
could be the best thing you ever did.

EEEEERCUT OUT THIS COUPONEE M

CHOOSEA NEW FUTURENOW!

Tick or state subject of interest. Post to address below. e
MECHANICAL Work Study [J CONSTRUCTIONAL
A.M.S.E.(Mech) [] Works A.M.S.E. (Civil) O
ggggnbg Crff!s.% Management (J srchitecture 0O

abrication | uilding J
Diesel Eng. ] g:ﬁ,UGHTSMAN Carpentry & Joinery {]
Inst. Eng. & Tech. (] Civil&Municipal Eng.[J
Inst. Motor Ind. A.M.LE.D. [J Constructional Eng. (J
Maintenance Eng.[] Electrical . Construction
Mechanical Eng. [ Draughtsmanship(] Surveyors institute [J
Sheet Metal Work [] Gen. . Council Eng. 0
Welding Draughtsmanship(] Health Eng. 0
ELECTRICAL®  J8&TooiDesien L Heat & Vent. 0
ELECTRONIC Technical Drawing (] Hydraulics O
AMS.E. (Elec.) [ RADIO & TELE- Inst. of Buitders Il
C&Ghiec Eng. [] COMMUNICATIONS NSt Glerkol Works L]
C&GElec. Inst. [ C&G Radio/TV/ Highway Supers. (]
C&GElec. Tech. [J Electronics [J painting & .
Computer Elec. [J C& G Teiecomm. Decorating (]
ElectronicEng. [ Technicians (1 gyuctural Eng g g
ElectricalEng. () Prac. Radio & Elec. Surveying . )
Install. & Wiring [ . (with kit) [J
MANAGEMENT & Radio Amateurs GENERAL
PRODUCTION Exam. [ Agricultural Eng.

0 Radio Servicing & _ Council of Eng. Inst.
. Repairs [ ] General Education
Transistor Course [] Pract. Slide Rule

Computer Prog.
Electronic Data

Processing f k
Estimatingh I\\lllr(:': is:: pme&ADp“euMath
oremanship @] i i
inst. Cost & Man. Aero Eng. Refiigeration

Rubber Technology
Sales Engineers
University Ent.

G.C.E 580' &' A’
LEVEL SUBJECTS

Over 10,000
Group Passes

Accountants [] A.M.LM.L
Inst. Marketing [ ] A.E.C. Cert.
Management [ Auto Engineering
Motor Trade Man. (] Auto Repair
Network Planning | C &G Auto Eng.
PersonnelMan. [ ] Garage
Production Eng. (]
Quality Contral [ MAA/IMI Diploma [
Salesmanghip  [] Motor Vehicle
Storekeeping [} Mechanics (]
Coaching for many major exams, including ONC, C & G, etc.

SEND FOR
YOUR FREE
BOOK NOW!
BRITISH INSTITUTE

00000 Oooo

-----------------Hﬂ

ooooCo O

OF ENGINEERING
&/ TECHNOLOGY
BIET| DEPT. swwo2ALDERMASTON COURY, READING RG7 4PF
QL |swwo2
NAME .. e e
BLOCK CAPITALS PLEASE o
ADDRESS ... _

OTHER SUBJECTS .. . I—— . AGE. ..
l Accredited by the Council for the Accreditation of Correspondence Colleges.

55 1 I N N N S N N I ¢ N A
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How to make the
digitronic solid-
state digital clock
using just 30 bits

Fullinstructions in this months ~_issue
for versions with either four or six figures

And many other constructional features,
including directions for making an electronic
maze that will keep everyone amused

for hours. PRACTIC AL

6“x 5" transfer sheet
of labels for
audio equipment

Easy to apply and ideal for an
impressively professional finish

All in the March issue
on sale Feb 2 - price 20p

WIRELESS

The CCS2gives you
acool 250 watts.

24 WOODHILL,
HARLOW, ESSEX

(No callers please)

TRANNIES

(Formerly C. R. Hadley Electronics).
Telephone
Harlow (02796) 37739

ALIO3 49 [

:g:za uE BCI107 a: PRICED LINEAR K S

6 s5p | BCloB 8 | 709 TO99 28p 723c TO99 75
ADISH perpr | BCI0S g | IGCONT Sap Tmebun ee Our CCS2 beam tetrode
Sl BEEL B| MDD Tieeenol | s especially easy
AF117 12 BC212L 8p 748c TO99  42p to design into

BC2i4L 8 8 3 .
P co-axial circuits.
TRANSISTORS That’s

LOWEST PRICES /" because we’ve
o Ring f(:; bulk 1e-nquiries. ¢ designed a

44 p | TIP3IA 58 2 S
OCis  13p | TIPZA  e9p TTL BARGAINS special beryllia
OC7i 12p 40636 55p CeramiC ﬂan e
Sex Job | INBEG 1% | 7400 12p  AND LOTS MORE. : g
0C29 36p | 2N30s5  a9p | 2401 12P qeoourprice tise. which separates the
o€<35 28p | 2N3702 | 740 12p : oo W
&3 %5 | INJ03 1B | 7475 45p Also heatsink from any active

R 7450 60p Super New Cosmos.
7492 62p part of the envelope.

SLIDE SWITCHES The alternative version,

BARGAIN PACKS

the CCS|1, has an anode block,

Plastic BCI09 | IN4001-2.3 SPST 100 (g welll the face of which is bolted directly to
Sy 10-99 3: DPDT 12p ' the heatsink.
5p each 100 plus 3p Q .
- 3 So, if you find air blowers an embarrass-
V] ked b Minit . .
fully tested. | 7 segmenc mdi. MINIATURE ment to your design, get the facts on these conduction
2N2926G cator Type 3015F
. kO NEON cooled beam tetrodes.
}J“markedd but Pack of 25 LAMPS
ully tested. i
2N3055 IN4l48 t09mA. 230v. or IlOv. The M—O leve CO.LTd
-9 25p each So0p 5p each. A Hammersmith, I.ondon W6 7PE Tel: 01-603 3431
10 plus 22p each 10 plus, 4p. ® & Telex: 23435 Cables: Thermionic London
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A member of The GEC Electronic Tube Co. Ltd., a management company which
unites the activities of The M-O Valve Co. Ltd., and English Electric Valve Co. Ltd.
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STOCKISTS

MULTIMINOR MX. 1V

REPAIR SERVICE
7-14 DAYS
We specialise in repair,
calibration and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request,

MODEL 8 MK. III

Suppliers of Elliott, Cambridge and Pye instruments

LEDON INSTRUMENTS LTD

76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
Tel.: 01-692 2689

G.P.0. APPROVED CONTRACTOR TO H.M. GOVT.

a45

METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London)

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

AUDIO
FLUTTERMETER

Model 3] 1967
Mk.111972

* Range:1%t00.01%rms
% Linearor Weighted response
* C.R.O.output

 Built-in Oscillator
Sydney House, 35 Villiers Road, Watford WD1 4AL

Tel: 38757
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take good care of
your contacts with

HEGTROLUBE

REGO

[] Contact Lubricants
[] Contact Cleaning Strips
["] Preclene

Also Silicone Grease, Freezer,
Printed Circuit Lacquer

Electrolube Ltd. Slough, Bucks, England.
Tel ah (STD 0753) 25574
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TURN TO HATFIELD
ROTARY
ATTENUATORS

Hatfield compact 708 Series low-cost Rotary
Attenuators for use up to 100MHz. Available in 50
or 75Qversions with individ ual units having steps of

0.1dB, 1.0 dB, or 10 dB. Power rating 0.5 watt.

Break before make operation as standdrd. Make

before break provided to order for uninterrupted
signal path. Send for full details

HATFIELD

forward thinking
Jin electronics

HATFIELD INSTRUMENTS LIMITED

Burrington Way. Plymouth PL5 3LZ Devon.

Tel. Plyraouth.(0752) 727734 Grams: Sigjen, Plymouth: Telox?45592,
South-East Asta -for-prempt service gngy deliveries. contact.

Hattield Insfruments (N2} Lid . P.O" Box 56} - Napge, New Zedland’
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4a1EB MODULAR SYSTEM

A
AN
N

X

o

Comprising pre amplifier with
3 position switch to give:
(1) Flat response

(2) Roll off at 75 Hz
(3) Roll off at 150 Hz

The C451EB is for use with the
CK9 gun attachment or the CK8

miniature gun attachment and (4 THE VERSATILE AND
various other cardioid and omni o Hz
o INEXPENSIVE C451

I I J :’ H2

Z::;':on:ec:;:l;?th the special SYSTEM IS ONE OF THE
. MOST WIDELY USED IN
AKG cradle on Fisher & Mole
booms; and as a hand mike with OUR BROADCASTING AND
a pop shield. : TELEVISION INDUSTRY.
Nr (S8

FOR FULL INFORMATION CONTACT:

AKG EQUIPVIENT LTD.
182/4 Campden Hill Road

Kensington London W8 7AS
Telephone 0O1-229 3695.
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Pliers

TOTAL CAPABILITY
IN SOLDERING

New CONQUEROR Lightweight
Iron & Spring Stand.

ETC/1 Electronically Temperature
Controlled System

LITESOLD High ADAMIN
Quality Soldering Ultra Miniature
irons, 10w to 60w. Irons, 8w to 24w.

D.I.L L.C
De—SH(;Iggrmg / Suction
De-Soldering
‘t@ﬁm attachment.
w g

De-Soldering Braid

Soldering Aids Cutters

Tweezers

Send TODAY for CATALOGUE with full details of this and other equipment.

LIGHT SOLDERING DEVELOPMENTS LTD.

28 Sydenham Road, Croydon CR9 2LL
Tel:- 01-688 8589 & 4559
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a new
PLUG-IN

test and
measurement

Low-cost, space-saving modules you can mix and
interface for specific applications. Any single unit
and its compact, single-hole mainframe offers good
value. For only a few pounds more, the three-hole main-
frame gives you extra room to grow, and extra flexibility.
Here’s an example of what you can do: Combine a ramp
generator, function generator, and universal counter in
in the 3-hole mainframe. Using the intracompartment
interface you can use the ramp generator to sweep the
function generator, and monitor the output with the
counter. Complete cost of this system is only £722-20
(Duty Paid).

The TM 500 has these plug-in functions available:
550-MHz digital counter
100-MHz digital counter
100-MHz universal counter
20-V single- or dual-tracking power supplies

Wireless World, March 1973

i

Need a compact 3-function system for your
bench?
The TM 503 power module accepts any 3 plug-ins, i.e.,
digital multimeter, function generator, ramp generator,
yet only occupies 6 by 8.7 by 15.3 inches on your
bench.

Need a rack installation?

Mount one or two TM 503s in a rack, and get 3 or 6
functions in only 5% inches of rack height. Compatible
large-screen monitors available.

Need mobility?

The TM 601 accepts any single plug-in module for
maximum carrying ease. The 203-3 Scope-Mobile®
powers any 3 plug-ins, stores up to 4 more, and
supports a scope or other instrument on its tilting
platform.

NEED MORE INFORMATION?
SEND TODAY FOR FULL DETAILS —

10-us ramp generator
50-MHz pulse generator
1-MHz RC Oscillator
Digital multimeter

1-MHz function generator
e

DOL2926

TEKTRONIX®
=r

TEKTRONIX UK LTD.
BEAVERTON HOUSE, P.O. BOX 69.
HARPENDEN, HERTS.

1 TEL: HARPENDEN 61251 TELEX 25559

WW—076 FOR FURTHER DETAILS
www americanradiohistorv com


www.americanradiohistory.com

Wireless World, March 1973

Sixty-third year of publication

Thick-film circuits (see p.121)

symbolized on the front cover which
shows a microcircuit based on a DuPont

composition.

are

In our next issue
(publication date March 19)

Digital multimeter project. The series continues
with an article describing in detail the circuit
operation of the instrument. All circuit diagrams
are included.

Magnetic tape survey demonstrates compat-
ibility between different makes of tape, enabling
recorder users to change brands without loss
of quality and without having to try the tapes
in their machines.

ibpa

(nremnational Business
Press Assocy

I.P.C. Electrical-Electronic Press Lid
Managing Director: George Fowkes
Administration Director: George H. Mansell
Publisher: Gordon Henderson

© LP.C. Business Press Ltd, 1973

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

March 1973

Wireless World

Electronics, Television, Radio, Audio

Volume 79 Number 1449
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129
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A90 APPOINTMENTS VACANT
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Every Akai productcarriesa 1 year guarantee on all parts
and labour. If a part fails we’ll replace it free of charge.
That’s a promise.

PROMISE 2

Akai Glass and Crystal Ferrite Heads are guaranteed
wear-free for life. If a GX head shows any signs of wear
after normal use we’ll replace it free of charge. We'll
also be very surprised.

PROMISESZ

(we haven’t made this one before.}

Akai now offer a 5 year guarantee on all motors in all
their products. And if you have any idea what a motor
costs, you'll know that's a guarantee worth having. All
you have to do is pay for any labour costs involved - but
if the motor fails in normal use during the first five years
of'its life, the new one’s on us, absolutely free.

PROMISEZ

If you send off the coupon, we promise we'll send
you a copy of the Akai range leaflet. It will tell you
all about all the Akai cassette, cartridge and reel-
to-reel equjpment available. We guarantee you'll
be impressed.

Akai, Rank Audio Products, P.O. Box 70, Great
West Road, Brentford, Middlesex TW8 9HR.
Please send me the Akai range leaflet.
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and is distributed and serviced in the UK exclusively by
_! RankAudio Products.
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WW—077 FOR FURTHER DETAILS
WWW_americanradiohistorv com

Wireless World,. March 1973

ROMISES, PROMISES

When Akai make them, they keep them


www.americanradiohistory.com

Wireless World, March 1973

Editor:
H. W. BARNARD

Technical Editor:
T. E. IVALL. M.LER.E.

Assistant Editors:

G. B. SHORTER, B.Sc.
W. E. ANDERTON, B.Sc.
B. LANE

Drawing Office:
L. DARRAH.

Production:
D. R. BRAY

Advertisements:

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

G. J. STICHBURY

Phone 01-261 8037

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

Wireless World

The transistor and the future

During the week of February 12-16 the LE.E. (in collaboration with the LER.E)
has marked the 25th anniversary of the discovery of the transistor by a series of
lectures. It included one by Dr. Walter Shockley who, with his two colleagues
Drs. Bardeen and Brattain, jointly invented the device which has had such a
profound effect on electronics technology and indeed on the everyday life of us all.
The lecture was noteworthy for various reasons; never before has a lecturer in the
hallowed walls of the Institution’s lecture theatre entertained his hearers with one
or two conjuring tricks during his talk and rarely has such documented detail of
the day-to-day experiments which led up to the production of a particular device
been presented. It was a memorable occasion but one felt that had it not been for
the personal anecdotes it had all been said many times before.

Dr. Shockley, who is now professor of engineering science at Stanford University
and executive consultant to Bell Telephone Laboratories, Murray Hill, where he
carried out his early research work on the transistor, rightly dealt with the early
history and left the present and the future to be covered by other speakers in the
series of lectures. However, during a pre-lecture interview he was asked if he would
speculate on the likelihood of a further major reduction in the size of transistors.
To which he replied that he foresaw an increase in compactness by a factor of
10°. He stated, in answer to a question, that the transistor’s most significant contri-
bution to his own life was his portable tape-recorder (Japanese, incidentally), which
certainly appeared to be his vade-mecum.

The impact of the transistor on current technology is well known and it was,
therefore, those papers among the commemoration series which looked into the
future which were of particular interest.

As Professor W. E. J. Farvis, of Edinburgh University, said in his lecture “The
influence of the transistor in our society and economy” the transistor has enabled
us to effect circuit functions and operations in computing or control too complex
to have been contemplated even a decade ago. It has also brought an increasing
use of digital methods for achieving system functions and perhaps of even greater
significance the building in of redundancy in equipment.

Germanium and silicon were the semiconductors from which the first and second
generation of transistors came, but who can foretell what lies ahead with use of other
materials as yet untried. Dr. Farvis pointed to the newer areas of opto-electronics
and acousto-electronics adding “the scope of ingenuity in exploiting the electronic
and physical properties of materials for the service of man seems boundless”.

At the discussion meeting on “What next in semiconductors?” emphasis was
laid upon materials and the various methods of processing them. R. A. Hilbourne
(Mullard, Southampton) posed the question *“where is ls.i. leading us?”. In the
course of his contribution, having pointed out that the majority of Ls.i. circuits which
have replaced non-electronics equipment have been designed by the i.c. maker,
he askad “will the conventional electronic equipment makers wish to retain, n
house, their circuit system design?”. This brings us back to the question asked so
many times before as to the role of the circuit designer of the future. Will he be,
in fact, a systems engineer using Ls.i. circuit blocks?

—_WaALamericanradiohistons com.
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Digital Multimeter

1. Introduction and design criteria

by D. E. O’N. Waddington, m.I.E RE.

ay

The 3!-digit electronic multimeter described in this and succeeding articles con-
tains provisions for the measurement of voltage (alternating or direct, with polarity
and a.c. indication), resistance, capacitance, frequency, period and time. The design
has been kept as simple as possible and is so arranged that the constructor can build
the complete instrument or include only the facilities he needs. Nevertheless, it must
be pointed out that a large number of connections must be made and that the project
is not suitable as a first exercise in construction.

A few years ago, a project such as building
a digital multimeter would have been un-
thinkable for the home constructor, on the
grounds of both cost and complexity. How-
ever, these objections have been reduced if
not completely overcome by the availability
of reasonably priced intcgrated circuits,
which provide major building blocks and
simplify the physical task of wiring the
instrument.

The main problems to be resolved before
this design could be started were what
features to include and which of the many
available techniques to use. In order to do
this, it was necessary to examine desirable
measuring capability, accuracy and display.

Desirable measuring capability

The difficulty here is not what to put in but
what to leave out! The best plan is to list
the measurements and then to delete those
which are neither practical nor essential.
Possible measurements are (a) voltage-
alternating and direct, (b) current—alter-
nating and direct, (c) resistance, (d) capacit-
ance, (e) inductance, (f) frequency, (g)
period, and (h) time.

For most users, voltage mecasurement is
of prime importance and justifies its place
at the top of the list. Given a sensitive high
impedance voltmeter, it is relatively simple
to measure current by the use of suitable
shunt resistors. However, current measure-
ments frequently require that both the input
terminals should be isolated from ground.
For d.c. measurement this does not impose
insuperable difficulties but, unless battery
operation or sophisticated design tech-
niques are employed, the isolation as far as
alternating currents are concerned is likely
to be very poor. For this reason, regretfully,
current measurement was not provided.
Passive components are not “‘naturals” for
digital methods of measurement but, as a
high input impedance voltmeter is available,
it is easy 1o measure resistance with the aid
of a constant-current source. Capacitance
can also be measured relatively easily by

measuring the time required for the vol-
tage across a capacitor, fed from a current
source, to reach a predetermined value.
Inductance is not so easy to measure and,
as it is so seldom required, it was not con-
sidered essential.

Digital measuring instruments were orig-
inally developed for the measurement of
frequency and time, so that it would be a
pity to leave these out of a design of this
sort, although their omission would/ not
impair the performance of the voltmeter
section. Having a particular interest in time
measurement, 1 decided to include the
counter/timer features in this instrument.

Accuracy, display

These are treated together as, for most
people, “digital displays™ is synonymous
with “accurate displays”. This is not neces-
sarily true. Digital displays can give better
resolution than their analogue counterparts
but the accuracy of the measurement is
limited by both the accuracy of the tech-
nigues used and the accuracy of the stan-
dards within the instrument. Furthermore,
it is all too easy to specify an accuracy which
is very much greater than is necessary simply
because it can be obtained. A typical
example of this is the operator who mea-
sures the gain of an audio amplifier at a
frequency of 1000Hz+0.1Hz simply be-
cause he has a frequency counter with a ten
second gate!

Having these points in mind and adding
to them the limitations of the home labora-
tory, | decided on a frequency, period and
time measuring accuracy of the order of |
part in 10°, which can be obtained using a
readily-available crystal, with no necessity
for temperature control, as the frequency
standard. Accurate voltage measurement is
far more difficult so that it is likely that the
accuracy achieved will lie between 5 parts in
10° and | part in 102, With this sort of
accuracy, the question of the display can be
settled fairly easily. The use of a display
with three significant digits will give a reso-
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lution of 0.1% of full scale. While this is
sufficient for most purposes, in practice it is
uncomfortable because there will be no over
lap between successive decade ranges. Thus
I decided to include a fourth digit which is
either one or zero, adding very little to the
complexity. A display of this type is com-
monly known as a 34 digit display, and does
not prevent the full accuracy of the fre-
quency counter from being realized as the
count period can be switched to display
whatever significant figures are required.
For example, with an input frequency of
1,256,345Hz, a count period of one second
will give a display of 0345, while a count
period of | millisecond will give a display of
1256. The ambiguity caused by the overlap
i.e., the ““zero” in 0345 and the “six” in the
1256 can be resolved by switching to an
intermediate count pertod.

A further decision needed was on the type
of presentation to use. Many digital coun-
ters use a display method which permits the
figures to “‘roll” between successive read-
ings. This is very tiring to use so 1 decided
on a “non-blinking” display which uses a
memory to store the answer between suc-
cessive readings. This adds marginally to the
cost but it gives a bonus in that it permits
the use of the “dual ramp” technique for
voltage measurement.

Having decided what features to include
the next stage was to choose the configura-
tions for the various measurements. In order
to do this several building blocks are needed.
These are:

1. Counter/display. This consists of the 31
decade counter, memory, decoder and the
display devices. It has three inputs: count,
transfer and reset. It also gives an output
from the counter section to control the
analogue measuring funcjions.

2. Control logic. This section includes the
gating and pulse generating circuits neces-
sary to route the inputs to the counter and
to control the counter functions.

3. Master clock. This consists of a crystal
oscillator and a frequency divider chain to
provide the main timing for all the measure-
ments.

4. Input wave shaper. This circuit is used,
during frequency and period measurement,
to convert the input signal into a form suit-
able for connecting to logic circuitry.
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5. Timer control. This unit is used to start
and stop the counter for time measurement.

6. Voltmeter. This unit consists of the high
input impedance stage, the rectifier and the
dual-ramp voltage-to-time converter used
for voltage and resistance measurement.

7. Resistance and capacitance unit. This
contains the current source used for resist-
ance and capacitance measurement and the
circuitry necessary to obtain a capacitance-
to-time conversion.

This selection of sections is convenient as
it is very easy to vary the function of the
instrument by selecting the appropriate
modules. For example, if only a frequency
counter is wanted, Blocks |, 2, 3 and 4 are
the only ones which need be built. However,
if a voltmeter only is required, it is a simple
matter to choose the appropriate blocks.

Specification

The performance which can be achieved
with this instrument will, of necessity, de-
pend upon the accuracy of the components
used rather than the techniques employed.
The following specification should be re-
garded as a target for the performance.

Direct voltage:
Input resistance 11.1MQ

Range 199.9mV te 199.9V in 4
ranges.

Accuracy +0.19% fsd. +0.2% of
reading.

Automatic polarity indication.
Alternating voltage:
Input impedance 10MQ in parallel with

25 pF.

Ranges Asd.v.

Measurement Average, calibrated
r.m.s.

Accuracy +0.19% f.s.d. £0.5% of
reading.

Frequency range S0Hz— 10kHz
10Hz—50kHz+ 5%,
Automatic indication that the inputisa.v.
Resistance:

Range 1.999kQ) to 1.999MQ in
4 ranges.
Accuracy +0.1% fs.d. £0.5% of
reading.
Capacitance:
Range 1999 pF to 1.999 uF in
4 ranges.
Accuracy +0.1% fs.d. +0.5% of
reading.
Counter/Timer:
Frequency range 0 to SMHz
Period/Time
interval 20 pus minimum.
Accuracy Frequency +1 part in

10°+1 count.

Period +1% +1 count.
Time interval +1 part
in 10°+1 count.
Frequency/period
10mV to 10V.

Time interval d.t.l. in-
put.

Input level

Impedunce
frequency/period. 100kQ in parallel with
10 pF.

Gate times 10 us to 1 second.

Fig. 1. Frequency measuring system.
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Frequency measurement

The signal whose frequency is to be mea-
sured is applied to the input of the wave
shaping module in Fig. 1. This either ampli-
fies and/or limits the input signal, depending
on its amplitude, and then converts it into a
rectangular wave form (A) having a peak-
to-peak amplitude of 5V.

2wyl americanradiohistans. com.

The master clock frequency (B) has a
period equal to the desired count duration.
For example, if the count duration is to be
10 milliseconds, a frequency of 100Hz will
be selected. In order to open the count gate
for the correct time, this clock frequency is
divided by two (C) before it is applicd to the
count gate and also to the control pulse
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circuit which generates the “‘store” (E) and
“reset”’ (F) commands.

Assuming that the counter has been set
to zero, the sequence of operation is as
follows. The count gate is enabled for one
clock period by the output of the divide-by-
two. This connects the shaped input wave-
form to the input of the counter so that it
counts the number of cycles during one
clock period. At the end of this period, the
negative going edge of the timing signal (C)
causes the pulse generator to generate two
successive pulses. The first of these (E)
commands the counter unit to “‘store” and
display the state of the count section. The
second (F) “‘resets” the count section to zero
ready for the next cycle of operation. This
process will then restart when the timing
signal (C) goes positive once more. Thus the
unit counts and updates the display on
alternate clock periods and, with a constant
input frequency, produces a steady reading.

Period measurement

The major difference between period and
frequency measurement is that the roles of
the clock generator and input wave-shaper
are reversed as in Fig. 2. Instead of counting
the number of input cycles during one clock
period, the number of clock pulses during
one input cycle is counted. As with fre-
quency measurement, the input waveform
is “‘squared up” (A) by the input wave
shaper. It is then divided by two (B) and fed
to the count gate and to the control pulse
generator. The output from the clock
generator is also fed to this gate so that,
when it is enabled by the input, clock pulses
(C) are fed to the counter. The “store”,
“display” and “reset” functions are the
same as for frequency measurement. This
period measurement facility has its main
application at low frequencies where the
normal counter would be very inaccurate.
For example a frequency of 5Hz measured
using a one second count period could
only be measured to an accuracy of +1
cycle or +20%. By measuring period
(200 ms), however, the accuracy could be
very much improved. In practice the accur-
acy could be better than 0.1%, provided that
there was no noise present on the waveform
to be measured. The main disadvantage of
period measurement is that the result is the
reciprocal of the required answer.

Time interval measurement

The only difference between the period and
time measuring functions is that, whereas
period is measured continuously on a cyclic
basis, time is measured as the interval
between two separately applied impulses,
as shown by Fig. 3. To prevent the time in-
formation from being upset by contact
bounce or other spurious inputs, the timer
control circuit is arranged to work ona “‘one
shot” basis so that it needs priming before
each measurement.

Voltage measurement

The method of voltage measurement to be
adopted occasioned considerable thought.
Potentiometric methods were examined and
rejected on several counts. They are not
really compatible with frequency counters,
for in addition to a reference voltage they

Fig. 3. Time interval measuring system.
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require an accurate resistor chain together
with accurate switches. In addition, unless a
suitable low pass filter is included in series
with the input, potentiometric methods tend
to be noisy and to give erratic readings in
the presence of S50Hz interference. For these
reasons, an integrating method was selected.
Both voltage-to-frequency and voltage-to-
time conversion methods were examined
and finally 1 decided to adopt the well-
known ““dual ramp” voltmeter principle.!
This method has the advantage that the
accuracy of the basic range theoretically
depends only on the accuracy of the refer-
ence voltage. Actually this is not strictly true
in practice as several other design points
affect the accuracy.? However, for a meter
of this type, the reference accuracy is the
major factor. The system works as follows:

WWW americanradiohistorv com

At the beginning of the measurement
cycle the capacitor C in Fig. 4 is fully dis-
charged. The input to the integrator is con-
nected to the unknown voltage so that the
capacitor C begins to charge at a rate deter-
mined by this voltage and the resistor R.
The charging is continued until the counter
has counted 2000 (that is, for 20 milli-
seconds). At the end of this period, the
voltage, V,, across this capacitor will be

H I/in71l

RC), Vadt or V.= RC
The input to the integrator is then switched
to the reference voltage V. so that the
capacitor discharges at a rate determined by
the reference voltage and the resistor R. As
this voltage is larger than the voltage to be
measured, the charge on the capacitor de-
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creases more rapidly than it built up and at
a time 7, it will be zero.

1 (e
e 0=V,—— | Vd
RC |,

. Vg, VT, VT,
- *""RC T RC RC
thus
V.‘nT1 = I/rufTZ
7,
Vin = T, Vier-

The zero voltage condition is sensed by
the comparator which causes the control
logic to switch the input of the integrator to
zero volts thus preventing any further
change in the charge on the capacitor. At
the same time, the control logic commands
the counter to store the count. As has been
shown above, the time displayed gives a
direct measure of the input voltage in terms
of the reference voltage. Thus, the reference
voltage can be chosen to give a suitable
basic range for the voltmeter. For example,
with a reference voltage of 2 volts, the basic
range will be 2 volts although it will only be
possible to display 1.999 volts. The counter
continues counting until it reaches the all
zero state, when the measurement cycle is
repeated. An incidental advantage of this
method of measurement is that the choice
of a measuring period of 20 milliseconds
gives good rejection of S0Hz interference
(see Fig. 5).

Resistance measurement

The methods of measurement used in con-
ventional moving coil multimeters are of
no use here as the scale shape which results
is non-linear and thus very inconvenient for
digital display. Instead the method, shown
in Fig. 6, is to pass a known current through
the unknown resistor and to measure the
voltage drop across it. In theory this method
is ideal and 1 have no doubt that Georg
Simon Ohm would approve. However, it
does present some practical difficulties. Low
resistances would need very high currents to
develop sufficient voltage. It is difficult to
establish the low currents necessary for high
resistance measurement and high resistance
measurements are necessarily made in-
accurate by shunt resistance paths. Luckily,
the majority of resistances to be measured
in most electronics work lie in the range
from 100 ohms to 100kQ. This is the best
range for this method of measurement and
adequate accuracies can be obtained easily.

Capacitance measurement

Conventionally, capacitance is measured by
bridge methods. While it is possible to
arrange an auto-balance bridge system so
that it can give an output suitable for apply-
ing to a digital readout, the circuits are likely
to be complicated. An approach which, at
first sight, appeared hopeful was the use of
resonance techniques. Unfortunately they
normally give an output frequency which is
proportional to the reciprocal of the square
root of the capacitance. This is a non-linear
function and not easily applicable to a
simple digital meter. In view of these diffi-

culties I decided to exploit the relationship:
Q=CV =1t
it
Co=1—
or %
C = t (i and V constant).

This suggests that it is possible to measure
capacitance in terms of the time required for
the voltage drop across the capacitor,
charged from a constant current source, to

20ms

Fig. 5. Integrator output when measuring a
direct voltage with a superimposed S0H:
signal. The area *“A” cancels the area *“B”
so that the interfering signal is effectively
rejected, This rejection also occurs at the
other frequencies which have an integral
number of cycles in 20 milliseconds.

[OO00

digital volteter

Fig. 6. Resistance measuring system.

Fig. 7. Capacitance measuring system.
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reach a predetermined level. The method of
implementing this technique is illustrated
in Fig. 7.

At the beginning of the measurement
cycle, the capacitor under test is completely
discharged. The shorting switch across the
capacitor is then opened allowing the
current from the constant current source to
flow into the capacitor. This, in turn, causes
the voltage across the capacitor to rise
linearly with time. The comparator detects
when the voltage across the capacitor equals
the reference voltage and causes the control
logic to send a “‘store” command to the
counter thus displaying the time taken and,
hence, the capacitance value. At the halfway
point during the cycle, the switch is closed
once more so that the capacitor is discharged
ready for the next measurement cycle.

This method of measurement has two
main shortcomings, both of which produce
similar effects. Firstly, it cannot resolve the
effects of leakage resistance. As leakage
generally occurs in electrolytic capacitors,
this method is not really suitable for
measuring them. Accordingly the top range
has been limited to 1.999 pF. Secondly, very
low currents, or very short periods are
needed when measuring low values of
capacitance. As a result, the lowest range
was chosen to be 1999 picofarads giving a
possibility of resolving one picofarad.

In the next section of this article, 1 will
describe the circuits used to perform the
measurements which [ have discussed above.
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News of the Month

Electronic telephone
exchanges for U.K.

The first equipment of Britain’s initial [8
large electronic telephone exchanges is
now being installed at the Rectory
Exchange, Sutton Coldfield, Warwick-
shire. This follows the Post Office’s
decision that, in the modernization of the
telephone network now proceeding, large

electronic exchanges should be used
alongside modern crossbar (electro-
mechanical) equipment already being

supplied to replace the old Strowger
step-by-step equipment. The electronic
exchange chosen is the TXE4 — an
electronically controlled reed relay switch-
ing system — which has been developed
by Standard Telephones and Cables for
the Post Office as the design authority. By
means of this, exchanges with initial
capacities of 2000 lines can be extended in
stages to a maximum of 40,000 lines.
S.T.C. is now working on a £15 million
contract to develop and supply 18 TXE4
exchanges, but later it is expected that
other companies will also be brought in as
manufacturers. Altogether the Post Office
will spend about £100 million over a
seven-year period on the introduction of
this type of exchange.

The TXE4 is not fully electronic, in that
the essential connections between the
speech wire pairs of subscribers are made
by reed relays arranged in a matrix
switching system. The operation of these
relays, however, is automatically
controlled by electronic, solid-state,
computer-like equipment working under
programme control. Consider the analogy
of a human switchboard operator using
eyes, brain and hands in a manual
exchange. The hands of the operator
making connections are equivalent to the
reed relay switching apparatus; the eyes of

One electronics unit of the TXE4 telephone exchange removed from its rack for inspection.

“control units”

the operator looking at indicators are
equivalent to electronic scanning and
storage equipment examining the state of
the incoming lines to see whether calls are
being made on them; while the brain of the
operator is equivalent to electronic
which identify calling
subscribers, determine the connections
required, select suitable routes through the
network and finally operate the reed
relays.

Programme control for the “brain” part
— an ordered sequence of instructions
which must be followed to set up each
connection — is provided physically by a
permanent wired programme. This
consists of energizing wires running in
various paths through an array of small
ferrite cores carrying sensing windings.
Each wire is energized in turn by having a
current pulse passed through it, and this
causes a particular combination of the
cores to be magnetized — forming an
instruction. Whichever pattern of cores is
magnetized (the instruction) is read out by
means of the sensing windings. In later
electronic exchanges this wired pro-
gramme wi!l be replaced by an alterable
stored programme as used in digital
computers.

Bipolar i.c. “Process III”
production

Plessey bipolar “Process III” for silicon
integrated circuits is now in large scale
production at the main Plessey
Semiconductors plant at Cheney Manor,
Swindon. The line of development taken
has been thickness reduction of the
epitaxial‘ layer and of the subsequent
diffusions, to obtain the best possible
performance and improved packing
density, even though the complexity of the

\\

In the case of failure a unit may be removed and replaced with no interruption of

subscriber service.
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process increases. Using Process III, the
epitaxial layer is only four microns thick,
while the emitter-base and base-collector
junctions are, respectively, about + and
% micron deep. This has resulted in tran-
sistors with /7 greater than 2GHz, the sort
of performance normally associated with
discrete microwave transistors. In previous
bipolar processes, the limits of both
packing density and performance have
been set by the depth of the diffusions. In
the new Plessey process the limits are set
by the process of photoengraving, i.e. by
the wavelength of light used. Future
improvements in packing density and
performance will depend on developments
such as the replacement of light in
engraving by another agent. e.g. electrons,
and by the replacement of diffusion for
isolation by an improved technique.
Reduction of the surface geometry will
bring the necessity to reduce the junction
depths and this may involve the applica-
tion of ion implantation.

Initial application of the process has
been for a range of counter and divider
circuits which can operate at up to
1.2GHz input. The divider range includes
programmable dividers and b.c.d. output
devices. Linear circuits have been
produced including a 300V /u s slew rate
operational amplifier and a squaring
circuit which has a 0-200MHz operating
bandwidth.

Microcircuit telephone

coin mechanism

Long-distance calls from public telephone
boxes could be made with much greater
ease using an electronic coin operated
mechanism developed by Associated
Automation in collaboration with General
Instrument Microelectronics. Key to the
mechanism is a single m.o.s. microcircuit
chip onto which has been packed all the
logic, computing and signalling functions
for the instrument. The logic unit, which
has been designed and manufactured by
General Instrument Microelectronics,
calculates the charge as the call progresses
and automatically debits this sum from a
pre-charged coin store. On completion of
the call unused coins are automatically
refunded. By this method of operation,
frantic meter feeding which can occur on
long-distance or high-tariff calls is thus
eliminated. Instead, a user can empty his
pocket of any small change and insert the
money into a single coin slot before
dialling.The mechanism accepts coins of
three specified denominations. These are
mechanically sorted into storage chutes
and unsuitable coins are automatically
ejected.

Once the coins have entered the storage
chutes the progress of the call is controlled
entirely by the 24-pin m.o.s. Ls.i.
microcircuit. This chip marshals over 16
input signals and controls the call through
eight output pins. It has over 600 logic
gates in three major logic blocks, a three
register memory, an arithmetic unit, and a
control logic circuit block which also
incorporates a tone generator together
with its associated timing circuitry.
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Each chute is controlled by solenoid
operated pins so that money held in store
can be taken coin by coin. On entering the
storage chute, coins roll over a
microswitch, producing a signal which is
routed to the equivalent storage register on
the chip. An arithmetic unit then translates
the numbers held in the three storage
registers into a total credit amount. To
accommodate different currencies the ratio
between the three specified denomindtions
can be altered and the tariff rate adjusted.
In the U.K., for example, the Series 7000
could be set to accept Ip, Sp and 10p
coins and the coin ratio of 1:5:10 selected
from the eight available.

Time control for
recorded speech

“Varispeech” is a machine, marketed by
F.W.0O. Bauch Ltd, which can produce
time compression or expansion of
recorded speech without the frequency
distortion which occurs if the recording
and play-back speeds of normal tape
recorders are altered. The operating
principle is to convert the voice signal,
which is recorded in analogue form on a
cassette, to a digital equivalent. This signal
is then converted to a second digital
format with or without time compression
or expansion. Re-conversion to analogue
form restores the origind speech without
loss of intelligibility or speaker
identification. The recording medium is a
standard audio tape cassette operating at
17 i.p.s. and playback speed is variable
from % to 24 times the original.

Visual image
processing robot

A team of researchers at the University of
Nottingham has developed a robot
intended to carry out assembly functions
in manufacturing industries. Following
up the news item on a Hitachi image
processing robot (December 1972), British
development in this field is not lacking at
all. Referring to the accompanying
photograph, parts are presented on a
back-illuminated platform (A) which is
capable of being scanned by a vidicon
system (B) through an aperture in the
gripper turret (C). There are three linear
axes X, Y and Z operated by stepping
motors at speeds of up to 4000 steps per
second. Two rotational axes are also
operated by stepping motors, one of these
being associated with the angular position
of the image as presented to the TV
camera. The actuator is mechanically
coupled to three gripping mechanisms
mounted on the turret which will assume
the same angular mechanical displacement
as the image, so that the device can sense
the random orientation of any image
placed on the viewing platform.

The image of the part to be handled is
transmitted through the viewing station in
the turret to the television camera tube.
The video signal from the camera is then
processed by a Honeywell DDPS516
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Visual image processing robot which has been developed at Nottingham University. Refer to
the text for explanation of symbols and operation.

computer, which is programmed to the
shape and angular disposition of the image
in numerical form. The machine can be
“taught” to recognize any basic shape by
allowing it to view the part and then
initiating a learning procedure. Thereafter,
if a part is recognized, the machine is
programmed to select the appropriate
gripper and move towards the part which
has been selected for manipulation to any
pre-determined angular and linear
position.

The Nottingham University develop-
ment team will exhibit this machine at a
conference on Industrial Robot Technol-
ogy organized by the Universities of
Nottingham and Birmingham and to be
held at the University of Nottingham in
the Department of Production Engineering
and Production Management on 27th to
29th March.

Arabian telecommunications

A telecommunication complex, which will
include a satellite earth station, is to be
installed by Cable and Wireless Ltd in the
United Arab Emirates in the Arabian
Gulf. The earth station, which will be the
tenth to be owned and operated by Cable
and Wireless and its associates, will be
built in Dubai, close to the border with
Abu Dhabi. Cable and Wireless engineers
will be responsible for the design, overall
project contro! and acceptance testing of
the installation. They will also operate and
maintain it when it is in service. As well as
the earth station, there will also be a
modern international telephone switching
centre and an automatic telex service is to
be provided. The new earth station in
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Dubai, which is due to be completed by
the end of next year, will provide all forms
of international telecommunication,
including telephony, telegraph, telex, and
facsimile transmission. High-speed data
transmission facilities will also be available
for the international interconnection of
computer systems.

“Molniya” satellite launched

Another Molniya communication satellite
has been launched in the Soviet Union. It
is to be used in a long-range telegraphic
radio communications system and for
broadcasting Soviet Central Television
programmes to points of the “Orbita”
network in the Far North, Siberia, the Far
East and Central Asia. The satellite was
put into an elliptical orbit with a perigee of
470km in the southern hemisphere and an
apogee of 39,200km in the northern
hemisphere. Its period of revolution is
11h 43 min, and the orbital inclination is
65 degrees. Apart from apparatus for
transmitting television programmes and
long-range multi-channel radio communi-
cations, the satellite is also carrying
instruments of a control and measurement
complex and systems of orientation and
orbit correction.

Distance measuring
equipment errors

A circular letter from the Civil Aviation
Authority states that on infrequent
occasions reports have been received from
pilots that they have experienced faulty
D.M.E. operation. These reports have
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been received only from aircraft flying at
low altitudes, generally below 1,000ft, and
at ranges of less than 20 miles from the
D.M.E. beacon. The fault has taken the
form of the indicated range being too high,

or a failure to “lock-on” to the
beacon. It seems possible that the
reported errors may be caused by

multi-path reflections due to surrounding
terrain, but only in combination with
certain aircraft attitudes and altitudes and,
possibly, with some types of airborne
equipment.

Physics Exhibition

The 57th annual Physics Exhibition will
this year be held at Earls Court, which
should make access easier for potential
visitors who were discouraged by the trek
out to Alexandra Palace in previous years.
The exhibition will be open from 9-13th
April, from 10.00 to 18.00 each day
except on the 13th when it will close at
17.00. Tickets of admission to the Physics
Exhibition will also secure admission to
Labex International, which is being held
simultaneously on the ground floor of
Earls Court. Further information about
the Physics Exhibition is available from
The Exhibitions Officer, The Institute of
Physics, 47 Belgrave Square, London
SW1 8QX.

Philip Berkeley Award

The British Kinematograph Sound and
Television Society is proposing to make an
annual award to mark the memory of a
late vice-president, Philip R. Berkeley (see
obituary notice, February issue, p.90).
This award will be known as the “Philip
Berkeley Award” and will be given for the
most outstanding technical contribution
in the field of television production in the
United Kingdom. Final details will be
announced in the BKS&T Journal
published in March.

Briefly

New ‘speaker

Rumour has it that Quad are working on
a new loudspeaker.

Last valves

The last of Eddystone Radio’s valve re-
ceivers is being phased out of production
in favour of a solid-state range of general
purpose receivers.

Science fiction factory

This is an example of the state of the art
in computer written science fiction epics,
the author being a giant computer in
Cleveland, Ohio. “The fury of the motors
rocked the hill. The moon stared coldly
down. Jackie Lukar spoke as the ’copter
started. Matches; torches; all were needed.
‘Switch on the disintegrator!” Vilma ex-
postulated. Then screamed Oriath the
immortal patriarch: ‘Let there today be
war within these planets’”. Brian Aldiss
need not worry for a little while.

Wireless World, March 1973

Surround-sound Circuits

Build your own matrix circuits using 1i.cs

by Geoffrey Shorter

Whichever proposal is adopted for all-
round sound recording and reproduction,
if indeed any one system is, it is a fact
that in the UK. the SQ system is the
one for which most records are presently
available. And there are many people who
are anxious to try them out, some of
whom, with limited resources, may not
wish to buy commercial SQ decoders
for fear that the SQ system may not be
standardized and with the consequence
that a different decoder would be required.

Two circuits are given to enable con-
structors to build SQ decoders. one using
all discrete components and the other
including integrated circuits. If you wish
to try out a simple matrix circuit for get-
ting a surround-sound effect from stereo
records a simple set-up is possible using a
Toshiba integrated circuit. No doubt
further i.cs will become available for other
systems. One, made by Texas Instruments
for Electro-Voice, is compatible with SQ
and claimed to be compatible with discs
encoded to other systems, but is still not
made available outside the U.S.A.

The basis of the SQ system has been
covered before in these pages but a resumé
is not out of place. Sounds from a pair-
wise mixed four-channel master tape are
coded into the left and right channels of a
stereo disc according to

L=Lg—0.707/Lg+0.707Rp

R=Rp—0.707L g+ 0.707jRp
where j indicates a phase difference of 90°
between channels. These two signals are
basically the inputs to the front speakers
in playback and the two rear signals are
derived from jO.707L—0.707R for the
left back speaker and 0.707L—;0.707R
for the right back speaker.

These equations give rise to unique
crosstalk properties (shown on page 56
February 1972 issue of W.W. for the four
corners), with the feature of little or no
crosstalk between the two front “channels”
but with the particular penalty of infinite
crosstalk for centre front and centre
back positions with a “straight” SQ
decoder. This makes localization of a
centre front sound imprecise. (The simple
diagrams of page 56 do not convey how
accurately sounds are localized at the
corners or other points around the
compass.)

The essence of an SQ decoder is shown
in the block diagram of Fig. 1. As the
j operator shown in the above equations
indicates a relative phase difference of
90%, O pihyback ‘the ¢oded Yeft and tight
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Fig.1. Basic decoder scheme for use
with SQ records.

channels are first passed through networks
in which phase is an approximately linear
function of frequency over most of the
audio band. These same signals also pass
through similar networks which give a
linear phase-frequency response, but
shifted in phase by 90°.

With such a decoder a sound intended
to appear at centre front produces equal
outputs from all four speakers. And
although the rear sounds are in anti-
phase, they are going to interfere with
centre front localization. To alleviate
this situation, a certain amount of blend-
ing is arranged in some SQ decoders
between the two front outputs and the
two rear outputs. This has the effect of
cancelling some of the antiphase com-
ponents of the signals, thus reducing the
outputs from the rear speakers in the
case of a centre front sound. The most
common amounts of blend are 10%
between front outputs and 40% between
rear outputs. In such a decoder the gain
of the back channels is reduced by 1dB,
giving a total front to back crosstalk of
7dB. Front “channel” crosstalk is in-
creased to 20dB and back channel cross-
talk increased to 8dB.

A circuit of a 10-40 blend decoder is
shown in Fig. 2, which follows the
scheme of Fig. 1. The 90° phase dif-
ference provided by these networks is
accurate to within +10° from 100Hz to

10kHz. The 68 and 47kQ resistors
provide the relative gain of 0.7 between

front and back. signal paths, and two
transistors in the second stages of the
phase difference networks provide inver-
sion. (This circuit is used in many com-
mercial SQ decoder units. Better phase

‘difference networks are provided in some

decoders, like the Lasky’s Audiotronics
decoder which gives a deviation of +10%
over 20Hz to 18kHz.)

In constructing the circuit of Fig. 2,
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resistor values should be }-watt, 5%-
tolerance types, and the eight capacitors
in the phase-shift networks should be
10% tolerance. Recommended transistors
are 2N3393, except for the output tran-
sistors which should be 2N 3390. (Both
types are made by G-E and Siemens.
Motorola have similar devices: MPS 3393
and MPS 6521 respectively.) Input imped-
ance is 20k £, output impedance 1.8k 2
and nominal input level 500mV r.m.s., the
circuit having unity gain. To convert to
a high input impedance the upper and
lower bias resistors can be changed to
3 and 1.8M Q respectively, using 2N5308
(G-E) input transistors.

Integrated circuits are now available
from Motorola for this circuit at £1.65.
Components need to be added, as indica-
ted in Fig 3, and these should be within
5% tolerance to give a + 8.5% deviation
from the 90° norm between 100Hz and
10kHz. With a 20V supply rail (maxi-
mum 30V) consumption is 16mA. For a
nominal input of 500mV distortion is
0.1%, clipping occurring at 2V. Input
impedance is 3M Q. The blend resistors,
shown in broken lines, should be 47k Q
between the two front outputs and 7.5k Q
between the two rear outputs for the
10-40 blend.

Another way of reducing unwanted
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outputs from speakers is the gain control
circuit given on page 597 of the
December 1972 issue of W.W. Here a
discrete component circuit was shown that
provides automatic blend and consequent
cancellation of antiphase components in
the rear signals when a source appears
at front centre. When L-+R>L—R
some cancellation will occur and this also
applies in the front “channels” when
L+R<L—R. Whether this additional
complexity is justified depends largely on
the programme material. It is very effec-
tive for single sources, but multiple sources
will defeat the circuit, suppress secondary
sources, or cause odd time-varying effects.

+25V
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2u5
B )i
5?9'\“" " 270k + 3
t{o
2usS
2u5
47k 24k
= AA A
75k +
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L L L
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Fig.2. Circuit of SQ decoder used on some inexpensive decod’e{ls in whfcl% Jront outputs are blended by 10% and, hack by 40%.
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Fig.3. Integrated circuit for SQ decoder. Add resistors of 47kS2 for front pair and
7.5k for rear pair of outputs for ‘10-40’ blend.
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It you wish to try it out chips will be
shortly available from Motorola for this
and a circuit is shown in Fig. 4, which
feeds directly from Fig. 3 with the omis-
sion of the two blend resistors. The
MC1314 includes the voltage-controlled
amplifiers and the MC1315 provides the
control voltages. As well as improving
centre sounds at front the MCI1315
includes circuitry to detect and attenuate
unwanted outputs for corner signals.

Components in this circuit should be
5% tolerance in the phase shift networks
(around pins 1, 4, 5, 9, 10, 13 on
MC1312) and 10% otherwise, excepting
electrolytic capacitors. The 5k volume
control should have a semi-log law, and
the balance controls, which give a 12dB
constant-power  variation, should be
linear. Front and rear balance controls
can be “ganged” by connecting pins 1
and 15 on MCI1314 and omitting one
potentiometer.

If you want to omit volume and balance
controls, connect pin 8 of MC1314 to a
potential divider giving +6V, and leave
pins 1, 7 and 15 open-circuit.

The automatic action can be varied
with the linear 10k 2 “dimension” control,
which CBS recommend setting at 50%,
giving a front-to-back crosstalk of 15dB
typically. Signal handling capability of
the circuit is reduced at maximum setting
unless Voc=30V on the MC1314.

Surround-sound from

stereo records

The other readily available i.c. is the
Toshiba TA7117P. Phase difference
circuits are not a part of this ic., so the
chip contains merely differential ampli-
fiers, matrix circuit and output amplifiers.
as indicated in Fig. 5. This chip is fine
for getting surround-sound from ordinary
stereo records. The two inputs are added
and subtracted in varying proportions
depending on choice of external resistors.
The two added signals, L+ aR and R+
bL, feed two front amplifiers and speakers
and the two subtracted signals, L —CR
and R—dL, feed the two rear amplifiers

7

matrix

| |+

Fig.5. Scheme of Toshiba matrix i.c.
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+15V

Fig.6. Circuit for getting surround-sound from ordinary records and certain coded records.

and speakers. With such an arrange-
ment the amount of front and rear cross-
talk can be experimentally varied, keeping
a=b and c=d. With a=5b=0 and
c=d=:=1, this gives the equivalent of the
simple speaker matrix (obtained with only
two power amplifiers by connecting the
two rear speakers in antiphase and across
the “live” terminals of the two amplifiers,
used frequently to enhance the ambience
of stereo programmes).

This is not entirely satisfactory, one
effect being an increase in apparent width
of the stereophonic field. Considering a
left-only signal, for instance, sound will
emerge from the left front, the left back
and right back (in antiphase) speakers,
tending to pull the image round anticlock-
wise from left front. This is counteracted
by blending the two front outputs (and in
the interests of symmetry the back two).
A good starting point is by choosing
a=b=c=d=0414, experimenting by
varying a=b and c=d. The circuit of
Fig. 6 has resistor values chosen accord-
ing to this value. The 18k § resistors
can be altered to a value of 7.3 divided
by the crosstalk fraction required for the
front speakers and 7.3 multiplied by the
crosstalk fraction required for the rear
speakers.

The circuit might give acceptable
results for certain coded recordings like
the early American Dynaco and Electro-
Voice-encoded discs and some Japanese
records. Coded QS/RM/Pye records should
give acceptable results, but with all records
there will be no precise back images and
any sounds intended to come from the
back speakers will be shifted round toward
the nearest front speaker.

With the Toshiba i.c. current consump-
tion is typically 16mA at 15V or 10mA
at 8V. Input impedance is 3M  With an
input of 100mV r.m.s. harmonic distortion
is 0.1% (rising to 0.3% for 300mV and
1% at 1V). Price is £1.67* from Eric Elec-
tronics Ltd, South Denes, Great Yar-
mouth, Norfolk.

The Toshiba i.c. should give better
results for the Pye QS/RM records than
an SQ decoder. An SQ record played
through the Toshiba i.c. would not repro-
duce intended sound directions from the
rear speakers.

Quadraphonic  two-channel records
available in the U.K. total about 100 with
around 70 SQ discs from CBS, 15 from
EMI and 12 QS/RM discs from Pye.
(Total for U.S.A. and Japan is at least 500.)

*Prior to any revaluation of the Yen.

Communications of the future

The core of a system which, when fully
implemented, will transmit 300,000
telephone conversations or 200 colour
television signals simultaneously through a
50mm diameter waveguide “pipe”, is now
in operation at the Great Baddow
Research Laboratories of GEC-Marconi
Electronics.

The demand for U.K. communications
capacity is rising at a rate of well over
10% each year, not only as a result of the
increased use of telephone and telex
services, but also because of the rapidly

increasing traffic in -computer-derived
data. The new circular waveguide offers
the basis of a practical solution to the
problem of high capacity communications
for the future. It is capable of transmitting
signals throughout the frequency band
from about 32 to 110GHz. For the field
trials, transmitter and receiver equipment
is being installed to provide several
complete channels, each of 500Mbit/s
capacity and operating below 50GHz, to
carry either simulated or genuine pulse
code modulation communication traffic.
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Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

LONDON
Feb. 26-Mar. 2
Seminex
(Evan Steadman and Partners, 4 Lyewood Common,
Withyham, Hartfield, Sussex)

Bloomsbury Centre

Mar. 13-15 Savoy Place
Satellite Systems for Mobile Communications and
Surveillance

(1.LE.E., Savoy Place, London WC2R 0BL)

Mar. 13-15
Sound 73
(Assoc. of Public Address Engineers, 6 Conduit St,
London WIR 9TG)

Bloomsbury Centre Hotel

Mar. 22 & 23
Man Made Memories

Royal Garden Hotel

(Mrs. Rosemary Willson, Mercury House, Waterloo
Road, London SEI)

Mar. 27-29
Ultrasonics International
(Ultrasonics, 32 High Street. Guildford, Surrey)

Imperial College

Mar. 28-Apr. |

Sonex Audio Exhibition
(Federation of British Audio, 31 Soho Sq., London
WIV 5DG)

Excelsior Hotel

CARDIFF

Mar. 26-30 Sophia Gardens
Aimex 1973 (industrial measurement and control)
(Exhibitions Wales & West Ltd, Holly House,
Rhiwderin, Nr. Newport. Mon.)

OVERSEAS

Mar. 6-10 Basle
Medical Electronics and Bio-engineering
(Sekretariat MEDEX 73, CH-4021 Basel)

Mar. 6-10 Basle
INEL 73 — Industrial Electronics
(Sekretariat INEL 73, CH-4021 Basel)

Mar. 19-23

Avionics Maintenance Conference
(Aeronautical Radio Inc., 2551 Riva Road. Anna-
polis. Maryland 21401, US.A)

San Francisco

Mar. 20-Apr. 5 Peking
British Industrial Technology Exhibition

(Tek Translation & International Print, 11 Uxbridge
Rd, London W12 8LH)

Mar. 27-29 Chicago
International Coil-winding Convention and Exhibition
(Electromation Exhibitions Ltd, Cleveland House,
344a Holdenhurst Road, Bournemouth. England.)

Apr. 2-7 Paris
Audiovisual and Communication Exhibition

Société pour la Diffusion des Sciences et des Arts,
14, rue de Presles, 75740 Paris)

Apr. 2-7 Paris
Electronic Coinponents Exhibition

(Société pour la Diffusion des Sciences et des Arts,
14 rue de Presles, Paris-15eme.)
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Quadraphonic controversy

So far, your excellent letters column
appears to have avoided the great “dis-
crete versus matrix quadraphonics” con-
troversy. I would have thought that after
the two highly informative articles by
Geoffrey Shorter appearing last year on
this subject (Jan. and Feb. 1972),every-
body would appreciate the differences
between the two systems, and nobody
would be in any doubt as to which one
produces genuine four-channel stereo.
Furthermore, those who like myself were
able to visit the London Audio Fair and
compare demonstrations by all the four-
channel equipment manufacturers could
make their own subjective evaluation of the
two svstems. As an electronics engineer,
it seems to me that the discrete 4-channel
approach, as pioneered by JVC Nivico,
is the truly elegant “engineering approach”,
whilst the matrix systems offered by other
manufacturers are very second rate tech-
nical compromises. I am not alone in hold-
ing these opinions as well known quadra-
phonics experts, like Walter Carlos, have
previously pointed out in depth the in-
adequacies of the matrix systems (“Moog
Soundings™, letter to Billboard, Aug. 1972).

Consequently, I was amazed to find,
whilst reading the December 1972 “London
Audio Fair Review”, that under the section
headed ‘“Four-channel progress” not a
mention was made of JVC’s CD-4 equip-
ment range. How can the reviewer justify
a full seven paragraphs describing the
products of no less than ten different
manufacturers of matrix equipment only,
and claim to represent a fair assessment
of progress in the four-channel field?

This would appear to be a somewhat
biased view and could mislead those
entering the world of quadraphonics into
thinking that the matrix is the best solu-
tion when informed and unbiased opinion
most definitely says otherwise.

H. B. Kendler,
London, W.1

Our reporter writes:
The CD-4 four-channel disc system
developed by the Victor Company of
Japan was first reported by W.W. on page
487 of the October 1971 issue. The 1971
Audio Fair review referred readers back to
the October report, no additional
information being available. Developments
were reported in the 1972 Sonex review
and in “Letter from America” (both in
May 1972) and in more detail in the
September issue, page 424.

To reiterate our own words then, “the
technical achievement is remarkable” and

the fact that we have devoted 1200 words
to. CD-4 and much more to matrix
systems should not of course be taken to
imply any comment as to the relative
merits of the two! It is true that the 1972
Audio Fair report did not mention CD-4
but neither did it mention a host of other
products that were not new. (The current
CD-4 package was announced in the 1972
Sonex report.) The National demodulator
in use was new, but there was no
information available and to this day
circuit diagrams have not been supplied
(though we do now have half the circuit!)

Matrix systems for encoding pair-wise
mixed four-channel master tapes onto
two-channel discs have been dealt with in
more detail for various reasons. Mixing
four inputs into two and getting four
outputs back leads to compromises in the
commercial matrix systems, the particular
compromises varying from system to
system. And of course there is the great
attraction of being able to use the existing
stereo broadcasting system, record players
and cheaper decoders. Hence more atten-
tion. '

Then there is the question of whether
four full-bandwidth audio channels are
really needed for surround sound. Discs
can be produced for three or four audio
channels with the carrier channels having
reduced bandwidth, with consequent
improvement in noise and distortion and
generally less stringent requirements in
recording and playback. There is, for
instance, a prototype carrier disc, called
QMX, an augmentation of the
two-channel BMX phasor matrix due to
Duane Cooper and being developed by
Nippon Columbia, that might make the
future of CD-4 less certain.

Why praise horn loudspeakers?

Gilbert Telfer’s letter in the February 1973
issue probably puzzles many readers —
readers who consider themselves to possess
equipment of monitoring quality (having
impeccablé technical credentials), or
possibly those who scorn allusions to
extremely vibrant resounding “reedy
quality” and a “glitter and gloss” effect
as being laughably irrelevant to the field of
modern loudspeaker technology.
However, over the last three years my
experience has been such that I can only
endorse Telfer’s enthusiasm for horn
loading. It can give a series of unique
benefits throughout the audio frequency
range. I suggest that what he calls “motor
slip” may well be responsible for the unreal
bass and mid-range that can still be heard
even from systems employing specially
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designed plastic cones; even though tone-
burst tests show delays and storage in the
cone to be at a very low level. The correc-
tion afforded by even modest horn loading
over a range in which the driver cone
operates as a single piston is such that the
transient response judged subjectively is
markedly enhanced.

I also agree that “electronic crossovers”
— by which I presume Telfer means
standard electrical crossover networks —
are less than ideal. However they can
be very carefully designed, and provided
crossover regions do not lie in the mid-band
region where the human ear is acutely
sensitive to phase changes (so I believe) they
may be a necessary expcdient in producing
a commercial system.

Finally I would like to say that I believe
we may soon see the conventional steady-
state interpretation of audio phenomena —
which gives a very imperfect definition of
perfection — gradually give way to a less
arrogant treatmen’ Then perhaps our
notions of musical realism will for the first
time be properly a~counted for in
engineering terms.

John Greenbank,
Lecson Audio Ltd,
St Ives,

Hunts.

Seeing in the dark

In reply to Mr Whitehead’s letter in the
January issue in which he asks for com-
ments, may I put forward some further
considerations?

Mr Whitehead has correctly pointed out
some of. the changes in performance of the
human eye and brain which occur at low
light levels. As he says, the principal
effects which occur without any conscious
realization on our part are a reduction of
acuity and a gradual change from normal
colour vision to a monochrome or
luminance-only appreciation of the scene.
Both these effects occur subconsciously as
the observer dark-adapts and he is therefore
hardly aware that they are happening.

The situation in television is very dif-
ferent for two basic reasons. First, the
average viewer watches television in a well-
lit room and therefore never dark-adapts;
thus he retains normal acuity and colour
vision regardless of the pictures presented
by the television set. Secondly, the viewer
is not usually interested in the fact that the
scene the television camera is viewing may
be poorly lit. A common case in point is a
football match which may start in full
daylight and end after dark in artificial
lighting which may not be adequate to
permit good pictures to be provided. The
viewer expects to see good pictures in full
detail and colour at all times and should not
be expected to appreciate or allow for any
deterioration in lighting. If he was actually
at the football ground then it would be
quite a different matter.

Under low-light conditions, the broad-
caster may be forced to strike a compromise
in which he partially sacrifices resolution,
colour accuracy and contrast range in order
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to maintain acceptable pictures with
sufficient freedom from noise and camera-
tube lag effects. He avoids doing this,
however, as much as possible, as the
pictures so produced are easily recognized
by the viewer as being below the normal
standard.

J.R. Sanders,

B.B.C. Research Dept.,

Kingswood Warren,

Surrey.

Modular i.c. audio mixer

In their article in the December 1972 issue
(p.564) J. H. Evans and P. Williams have
pointed out that the main objections to
using 741 operational amplifiers in low
level audio circuits are the high noise level
of the 741 compared to that of discrete
transistors, and the cross-over distortion
of the class-B output stage.

In the same issue (Letters p.575) D. R.
S. Hedgeland describes an elegant solution
to the noise problem by adding a discrete
transistor input stage to the 741.

The cross-over distortion can be
eliminated by connecting a resistor, R,
between the 741 output and one of the
power supply rails. Then, for small signal
voltages, the output current is always of
the same sign, only half of the output
stage is conducting, and so the 741 output
stage behaves like a class-A emitter
follower. The current through R should be
considerably larger than the 60uA
quiescent current of the output transistors.

The diagram shows Mr Hedgeland’s
circuit with R added. The 15k resistor
gives an offset current of lpmA which
ensures class-A operation for outputs up
to 2V p-p into a load impedance (including
the feedback network) of greater than 1
k2. For larger signals than this the
percentage cross-over distortion is
probably no longer significant. The low
closed-loop output impedance of the
operational amplifier prevents any power
supply ripple voltage being transferred to
the output by the added resistor.

The diagram also includes two further
modifications to Mr Hedgeland’s circuit.

First, a 1k resistor in series with
the InF frequency compensation capacitor

improves the stability by increasing the
phase margin at frequencies above 160
kHz.

Secondly, the feedback components
have been changed to give frequency
break points of 51, 480 and 2080 Hz
which are closer to the recommended
R.I.A.A. values of 50, 500 and 2120 Hz
than the 34, 365 and 1870 Hz frequencies
given by the original circuit.

M. L. G. Oldfield,
Department of Engineering Science,
University of Oxford.

Loudspeaker parameters

I found the article “Loudspeaker Survey”
by Mr Stanley Kelly in the November
1972 issue very useful. The chart relating
reverberation time, room volume and
acoustic power, at a sound pressure level
of 104 dB, is particularly useful as a design
aid. However, there are several points that
I think merit clarification.

First, the graph in question refers to a
sound pressure level of 104 dB in the
reverberant field, i.e. beyond the critical
distance, given by =

D. = 0.14 \/QSa
where D, is the critical distance in feet,
Q is the directivity factor of the speaker
involved, and Sq is the total absorption,
in sabins, of the room surfaces. Between
D. and the speaker the sound level increases
according to the inverse square law;
+ 6 dB per halving of distance.

In a domestic living room D, is typically
a couple of feet, and so the point is some-
what academic. However, in an audi-
torium D, is usually significant and must be
allowed for in estimating the distribution
of sound.

Second, the graph relating radiation
angle and ratio of wavelength to piston
diameter is only useful for cone loud-
speakers if one knows how the effective
diameter of the cone changes with fre-
quency. It would be most helpful if one
knew this, not only for estimating polar
distribution but for the design of crossover
networks.

Third, I am surprised that, with all the
development work and consumer interest
in high fidelity speaker systems, there has
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been so little interest in the use of active
crossover networks and separate power
amplifiers for each speaker. (Altec Lansing
in the United States — who refers to this
as the Biamplifier approach — is the only
manufacturer presently using this|system,
to my knowledge.) =3 |

Several authors, writiﬁg in the Journal
of the Audio Engineering Society, have
pointed out that active crossover networks
improve transient response. One would also
expect — and the subjective results I
obtained on my own system bear this out
that intermodulation distortion would
also be reduced.

Finally, may I make a plea for more
complete data from speaker manufacturers,
particularly with respect to transducer
efficiency? That the power handling
capability of a speaker in an enclosure
is 20 watts is of no use if one has no idea
how much of that energy is converted
into sound.

Peter D. Hiscocks,
Ryerson Polytechnical Institute,
Toronto.

The well-heeled amateur

Pat Hawker’s tirade against those radio
amateurs who like to buy the best radio
equipment they can afford, many after
spending years building their own, in
January’s “World of Amateur Radio”
smacks of sour-grapes, as he writes that
“some of us continue to find much interest
in what are virtually ‘junk box’ stations”.
Let them so continue but dont try to
condemn those who think differently.
Surely this idea of his springs from recent
letters in the Radio Society of Great
Britain’s monthly membership magazine
Radio Communication when new and
vounger (?) members were told how they
should enter and continue this absorbing
hobby, as if they were old-time school-
children. Grandparents, let alone parents,
know only too well how differently the
younger generation view present-day
prices and financial commitments —
generally with disdain — and go their own
sweet way; that is what we amateurs who
like to spend our money on our hobby will
continue to do despite the preachers
against it.

But what also troubles me is that this
may now be the policy of the R.S.G.B.,
remembering that Pat Hawker is one of
the three members of the Editorial Panel
of Radio Communication and that one of
our past presidents, Edward Ingram,
GMB6IZ, told “Peterborough” of the Daily
Telegraph at our Diamond Jubilee Year
Presidential Installation in London that
“the most extravagant” of radio hams
“have equipment costing as much as
£6,000”. Remember also that both Mr
Hawker and Mr Ingram are or were
professional radio engineers, and they
must know only too well what their
employers and their customers have to pay
for commercial services and equipment,
commencing prices that make the prices
quoted against certain amateurs look like
chicken feed.
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I now await with dismay what to me
will be the natural adverse reaction of the
main advertisers in our magazine —
surely a goodly source of income — of the
imported and, very little, U.K.
manufactured equipment now so strongly

decried. )
Maybe my reaction is at fault, but I

also await the reaction of the
Editorial of the rival magazines.

R. F. G. Thurlow,

Wimblington,

Cambs.

Pat Hawker replies:

Come off it Richard, you are tilting at
windmills! Wherever you may have read
a tirade against buying the best equip-
ment you can afford it was not in World
of Amateur Radio or anything else I have
ever written. The item “Hobby for the
well-heeled?” reported the present position
with some examples of prices, stated this
was a matter that aroused strong feelings
(evidently!) and contrasted it with the
position some decades ago. It did not
attack amateurs who buy equipment —
indeed this would be absurd since
amateurs have been doing this to a greater
or lesser extent since the hobby began.

So far as I am concerned if anyone
wants to spend £6000 or £60,000 on a
station — or hire a maintenance team to
keep it in trim — that is his or her own
affair. But it is my affair, in World of
Amateur Radio, to report such trends.

I am puzzled (flattered?) to find myself
somehow credited with representing or
even forming “the policy of the R.S.G.B.”
My influence, if any, on the policy makers
of Doughty Street hardly runs so high!
As to advertisers, I feel they have more
respect for the integrity of technical
journals and journalists than Richard
Thurlow suggests. Certainly over many
years I have never consciously refrained
from reporting matters of fact for fear of
offending them — I hope I never will.

Personally I believe that an element of
home-construction is an important part of
the hobby and should be encouraged —
after all it is one of the best forms of
“self-training” which is included in the
international definition of Amateur Radio.
Similarly 1 do not want youngsters put off
from joining our ranks because of any
feeling that only high-cost equipment
produces worth-while results — do you
Richard?

Audio pre-amplifiers

May I join in the discussion between
Messrs Walker and Linsley Hood on the
subject of distortion in low-noise ampli-
fiers?

Mr Linsley Hood claims that series
feedback can give more distortion than
shunt feedback. He gives results from
some experiments with a 741 operational
amplifier which prove his point — where
741s are concerned. The discussion is
concerned with the behaviour of low-noise

5 24
Fig. 1

pre-amplifiers, and in particular the
case where series feedback is applied to the
emitter of the input transistor. A 741
has four transistors in the signal path
between the two inputs, so the situation
with this is not comparable. One doesn’t
use a 741 if one wants minimum noise,
so experiments with a 741 are hardly
relevant. The subject, in fact, seems to
have become diverted somewhat. How-
ever, Mr Linsley Hood’s results are cer-
tainly a warning to anyone using 74ls
in audio circuits.

Now Mr Linsley Hood has recently
published a design (Hi-Fi News, Novem-
ber 1972) for a very low distortion ampli-
fier and a pre-amplifier to go along with it
(January 1973). The input stage of the
pre-amplifier uses his “Liniac” circuit
with shunt feedback. However, in the
power amplifier (for which he gives the
distortion as < 0.01%) he uses series feed-
back. Surely this is good evidence that
in the normal type of audio circuit with
series feedback the effect he found with
the 741 will be quite insignificant? My
vote, I think, goes to Mr Walker’s pre-
amplifier circuit rather than Mr Linsley
Hood’s.

I would now like to change the sub-
ject to that of the pickup compensation
which one should use. Mr Linsley Hood
has observed (W.W., July 1969, p.310)
that the pickup inductance will produce a
top cut which has to be compensated
somewhere. Compensation may possitly
be provided to a greater or lesser degree
by the manufacturer, but just what the
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user should provide seems to be a bit
hazy. However, the appropriate feedback
network for compensating for the top cut
is shown in Fig.l. 1 have a Shure
V15-11, which is stated to have a resis-
tance of 6302 and an inductance of
720mH. When loaded with the recom-
mended 47k the inductance will pro-
duce a top cut with a break point of
about 10kHz. The network values to
compensate for this are given for two
cases: (A) assuming R.LA.A. character-
istic and (B) giving extended bass down to
25Hz (as per Linsley Hood). I offer these
as a suggestion: I haven’t tried them.
If there is any compensation already pre-
sent, the result will be overcompensation.
An advantage of this network will be
reduction of high frequency loop gain,
which will improve stability, and I observe
that Mr Walker’s circuit includes an extra
resistor in the feedback network for just
this purpose. The values I have given re-
sult in an impedance of 47kQ at 1kHZ.
They may be scaled to give any other
impedance required and rounded off to
convenient preferred values. Series and
shunt arrangements using the network are
shown in Fig.2. In the shunt arrange-
ment, R, is R, plus the parallel combin-
ation of R, and R In the series arrange-
ment it is R, plus R, Stage gains are of
course readily calculated.

J. E. A. Fison,

Harrogate,

Yorks.

Component values
A (RILA.A)) B (extended bass)

|

pickup RL

L1

pickup

R,  240kQ 234k Q
R, 352k 2 727k Q2
R, 7.73k 2 7.64k 2
C; 3.13nF 3.21nF
C, 9.04nF 8.75nF
(a)
SERIES
ARRANGEMENT
Ra
Caz
—
(b)
SHUNT
ARRANGEMENT

Ll -

Fig. 2
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Hybrid Thick-film Circuits

Their deSign, application and manufacture
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by G. Brooke,* Grad1ERE.and W. E. B. Baldwin,** MI.EE., M.1.ER.E.

Thick-film circuits were first produced com-
mercially about eight years ago, at a time
when the range of monolithic integrated
circuits was not so extensive as it is today
and their power handling capabilities were
smaller. Although today, monolithic cir-
cuits have been greatly extended in range
and capabilities, there are many potential
applications where the thick-film technique
is more economic, quicker to produce and
technically better if the circuits are designed
to be compatible with the technology.

Some helpful notes on the criteria for
choosing a circuit fabrication technique are
given in Morton Topfer’s book,' but the
actual technique adopted depends on the
quantities involved. It can be said here that
the thick-film technique incurs very low
tooling costs relative to monolithic circuits
and hence even sample quantities are not
expensive; in quantity the price per unit is
even lower and will generally level off at
about the 2000 mark.

Other positive reasons for choosing thick-
film circuits are:

(a) they can cater for a wide range of C
and R, and higher voltages.

(b) they are able to dissipate high powers
without damaging the performance of the
lower-power parts of the circuit.

(¢) they are particularly suitable for
analogue circuits where the range of mono-
lithic integrated circuits does not match up
to the demands of the great diversity of
applications.

(d) they can be designed to fit exactly the

customer’s circuit without the necessity of
trying to adapt standard circuits to produce
the desired performance.
Conversely, as more designs are made, some
standard circuits will become available in
thick-film form, for example amplifiers and
resistor networks.

All this is not to say that only one tech-
nique should be used for any given circuit
to get the best all-round results. It is essen-
tial to keep an open mind and, if necessary,
combine techniques; hence hybrid thick-
film microelectronics.

General construction

A hybrid thick-film module consists of a
ceramic substrate on which is screen-printed
conductor, resistor and dielectric inks

*Maidenhead Consultants, Maidenhead.
**E.M.I. Electronics Ltd., Hayes.

which, when fired at a very high tempera-
ture, form an almost indestructible elec-
tronic circuit. Various sizes of ceramics are
used up to about 10cm square, but the most
common practical circuits are printed on
standard sizes from lcm to Scm square.
Resistors can easily be adjusted to give the
required value and tolerance and hence the
manufacturing yield can be very high. Even
without trimming, a yield of better than
90%, is achievable for a tolerance of less
than + 159, similar resistors will track
within +2%.

One of the big attractions of thick-film
circuits is in their ease of handling: con-
formal coating or dipping, shown in Fig. I,
often gives sufficient protection for even a
very stringent requirement, while the printed
conductors accept soft solder very easily so
that tinned leads or pins are attached with-
out much difficulty. Figure 2 shows one
such moulded assembly—-one section of a
radio paging device. In special cases more
protection is necessary and then hermeti-
cally-sealed cans are used as in Fig. 3.

Attached to the thick-film circuits will be.

the discrete components, such as transistors,
silicon integrated circuits, high or special
performance capacitors and miniature coils.
These will either be in “‘chip” form or
microminiature protected packages, and
the range of these is continually increasing.
The use of silicon transistors is essential
because of the subsequent processing tem-
peratures.

Hybrid module design

The manufacturing designer of a hybrid
thick-film module will have a wide know-
ledge of the many different technologies that
are used in their construction, covering
electronics, mechanics and chemical pro-
cesses, but the potential customer may be
unaware of the many practical details that
have to be clearly defined before even a
preliminary design can be outlined. There-
fore each of the component parts and
technologies will be described.

The component that forms the basis of
the module is the thick-film circuit. This
consists of a flat slice of high-alumina
ceramic, either 0.6mm or lmm thick, on
which is screen-printed the patterns form-
ing the conductors, resistors and capacitors.
The actual pattern that is applied to the
fire-mesh stainless steel screen has first
been drawn many times full size and then
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Fig. 1. Typical examples of conformal
(dipped) coaiing applied 1o single-line
edge-pin packuges.

=

Fig. 2. A moulded package, in three stages
of construction.

Fig. 3. A thick-film circuit before
encapsulation in a hermetically-sealed can.
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reduced photographically. Each layer of ink
will have its own screen but all have to be
reproduced carefully so that the final
printed patterns will match and register
with one another.

For each screen, a special ink will be
specified: for conductors a palladium silver
ink together with an organic binder can be
used and will give a typical fired resistance
of about 0.03 ohm per square. For a lower
conductor resistance an ink consisting of
gold or gold alloy is available and this gives
a conductor resistance of about 0.005 ohm/
square. There are many other metal com-
binations on the market and their use will
depend on particular circuit requirements.
Solder coating is often used to reduce
conductor resistance.

After the conductor is printed and fired,
the second screen may be a resistor pattern.
Once again a specially-formulated ink is
used that will produce a sheet resistance
from about 10ohms/sq to at least 10
megohms/sq, depending on the particular
composition and firing temperature as in
Table 1. It is from a knowledge of the pre-
cise sheet resistance for a given ink, printer
and firing furnace that the length and width
of the resistor elements can be determined.

Similarly, other inks can be used to pro-
duce dielectrics for capacitors, insulators
for crossovers and protection glazes (Fig. 4).
The range of inks available is now very
extensive but each ink may have a special
characteristic, such as temperature coeffi-
cient, noise factor, stability, etc., The
potential user will be advised by the par-
ticular thick-film manufacturer that he
approaches on the sort of characteristics
that he can be offered. Generally speaking,
each manufacturer adopts one or, at the
most, two ranges of inks: this is because the
cost of stocking say 200g of ink is about
£300 and there may be at least 12 inks
required in each range. Of course, this
would be sufficient to produce at least
20,000 one-inch square circuits. Figure 5
shows a typical resistor test pattern and a
customer can often obtain such a sample
from the manufacturer on which he can
carry out evaluation tests.

After all the layers of inks have been
printed and fired, the next process is usually
the trimming of the resistors. Normally the
resistors will be within +15% of their
designed value despite the very many
variables in the printing and firing processes.
To bring each resistor to a closer tolerance,
a trimming process is carried out which
usually consists of cutting away the width
of the resistor by an abrasive powder,
thereby increasing its value. The process is
now an automatic one and an adjustment to
better than + 179 can easily be made at little
extra cost.

Attached components

To make a complete functional circuit,
other components will be required and
these will have to be attached to the thick-
film circuit. Transistors and, quite often,
capacitors, particularly large values, are
now produced specially for this type of
module construction. Transistors may be in
the micro-package form shown in Fig. 6,
but more manufacturers are now atlaching

counter
electrode

glass frit. / resistor
* / conductor
conductor L4

* thick film capacitor

Fig. 4. The luyout of a resistor, conductors
and capacitor.

TABLE 1
Characteristics of resistor inks.

Resistor element characteristics

Parameter Value
Standard range 0.50 to 50MQ
Tolerance Initially +5%/+15%

dependent on size and
+0.1% by individual
adjustment

Temperature Within the range —100 to
coefficient +330 p.p.m./°C
Stability 0.4% to 2% at 150°C,

2,000 hours test

4W per in? at 25°C
(600mW per cm? at 25°C)
in free air substrate
temperature 165°C
30mW/°C per in?
(5BmW/°C per cm?)
60W/in2 (9W/cm?2)

Substrate dissipation

Derating factor

Resistor dissipation
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Fig. 3. Resistor test puttern.
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Fig. 6. Micro-puckage transistor.

TABLE 2
Typical microminiature devices for hybrid thick-film circuits, packaged as in Fig. 6.
Type no. Construction Technique Maximum Ratings hgg at I, fr

Veso Veso lecan T; Peoe min. max. min.

at 25°C

(V) (V) (mA) (°C) (mW) (mA)  (MHz)
BCW31R 110 220
BCW32R Y1 PE 30 20 50 125 150 200 450 2.0 300
BCW33R 420 800
BCW71R 110 220
BCW72R Y1 PE 50 45 50 125 150 200 450 2.0 300
BFS17R Y1 PE 30 15 25 125 150 25 150 2.0 1200
BFS20R Y1 PE 30 20 25 125 150 40 7.0 250

50 125 150 40 120 10 400

the basic silicon chip directly to the circuit.
The advantage of the former is that a com-
pletely tested transistor can be put on to the
circuit whereas the full test cannot be car-
ried out on a chip transistor until after it has
been bonded and sealed to the circuit. The
range of micro-package transistors is rela-
tively limited at the moment (Table 2) but
more or less any silicon chip transistor,
diode or s.c.r. can be bonded directly to
the circuit.

The attachment of silicon integrated
devices to a thick-film circuit is possible but
a similar problem to that of transistors exists
when it comes to testing. The use of a chip
i.c. means that the complete function of the
1.c. cannot be fully checked prior to attach-
ment and bonding of the wires, and the
resultant yield of good thick-film circuits
will be lower. For many applications it is
usually better to use a standard dual-in-line
package i.c. and mount it alongside the
associated thick-film circuit that contains
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the remainder of the components. For ini-
tial evaluation of a circuit, this is the most
economic way and it would only be neces-
sary to include the device within the
thick-film substrate if space was a critical
factor.

Chip capucitors can be obtained in either
a general purpose characteristic from about
200pF to 100,000pF or as an NPO type from
IpF to about 400pF. A typical set of charac-
teristics from one manufacturer is showr in
Table 3. If printed capacitors are used,
general purpose and NPO type