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Long-term frequency
stability of 2 parts in 1V
— that’s good!

\

Lock-in range of 1%,
makes synchronization
simplicity itself!

What is it?

It’s the TF 2171 clip-on Digital Synchronizer—

the first in a range of ancillary equipment

designed to increase the usefulness of the

TF 2015 — the signal generator that has a new

performance/value standard. Together

they give you:

¥ long-term frequency stability of 2 parts in 107,

% a simple method of frequency setting to an
accuracy of 2 parts in 10" in 100Hz steps by means
of 7 direct-reading decade dials.

% no false locking points and no spurious output
signals.

And there’s no need for
a frequency counter-the
decade dials indicate
directly the synchronized
Sfrequency in 100Hz steps
to an accuracy of 2 parts
in 107 better and better!
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You could call it
Automatic Electronic
Precision Tuning.
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Digital control of output
frequency (after
synchronization) over 1%
range without retuning
signal generator - better
still.

Best of all it’s less than
half the cost of a frequency
synthesizer.

Pt W
\ /LA ) /
> | And no false locking

ol « ¥ points or Spurious signals
/ to worry about.

S

% all this is added to the TF 2015’s exceptional
performance: accurate 1 .V output over entire
frequency range; attenuator accuracy of 4 1dB to
100MHz and + 2dB to 520MHz, spurious radiation
low enough to permit measurement at 0.1V level;
10-520MHz frequency coverage. Directly
calibrated fm and am facilities.

Add up these advantages, halve the cost of a

synthesizer and you have the combined TF 2015 and

TF 2171. If you are working with narrow band

equipment-this combination has been designed for

you. Ask us now for full descriptive literature.

Marconi Instruments Ltd.,

Longacres, St. Albans,

Herts, AL4 OJN, England.

Telephone: St. Albans 59292. Telex: 23350
A GEC-Marconi Electronics Company.
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LAP 55

widest ranges of tubes for radar: magnetrons,
hydrogen thyratrons, pulse modulator tubes, Microwave engineers at Chelmsford.

al

OURS ARE THE LONG
DISTANCE TUBES.

60% of marine radars in the world rely klystrons, duplexer devices, cathode ray tubes.

on EEV and M-OV tubes. Because ours are the

In fact, whatever marine radar tube you

‘long distance’ tubes which are made to last and want — we make it. To the highest quality

last —even in the most arduous and varying
environments.

standards, and with a swift technical back-up
and replacement service. Write for a complete

EEV and M-OV offer one of the world’s list of EEV and M-OV tubes for marine radar.

Or if you have a specific problem, telephone our

EEV AND M-OV KNOW HOW.

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford.

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London.

sscE
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One

The Dymar 1711 is a VHF/UHF Milli-
voltmeter with a number of clever, and
extremely useful, differences.

Take the compact, lightweight RF probe.
This houses two high speed rectifying
diodes in a full-wave circuit. The result-
ing low level DC voltage is amplified in a
low noise chopper-stabilized DC ampli-
fier. The rectifying characteristic of
these diodes is such that below approxi-

mately 3omV they follow a square law.
The result? True rms response.

Then there are the special linearising
circuits used on each of the eight voltage

Wireless World, March 1974

the many secrets of
the Dymar1711
isright here.

Inthe probe.

ranges provided. These ensure com-
pletely linear readings between one-third
fsd and full scale.

And, as you would expect from Dymar,
the instrument is fully portable and
provided with a comprehensive range of
accessories.

Take a look at this brief spec.

Frequency range: | 50kHz to850MHz
Voltage range: 1mV fsd to 3V
Minimum reading: | 3oouV

RMS response: True below 3o0mV

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

E the name in radiotelephones

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

WW—014 FOR FURTHER DETAILS
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ANDERS MERANS METER

REGAL RANGE

B New 100° arc high quality meters at
low prices.

B Rugged taut band construction
-—— pivot and jewel available to order

B Sensitivities to 10 uA
B Very competitively priced for
OEM quantities

W Modern styled meters in matt black
plastic cases with flattened arc
giving long scale.

ANDERS

TWO MODELS
R55 2.5in {63.5mm) Scale length
R65 3.2in (81.3mm} Scale length

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.

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.

f"..

#H0ERS
0

Modeis KE1 and KE2
Miniature Edgewise
Meters. Nominal scale
lengths 1.2 and 27,
Availabie in sensitivities

Vulcan Moving Iron. 4
models, 1-5”, 1-8”, 2.7,
377 scales. Voltmeters,
ammeters and motor
starting meters.

e

Kestrel Clear Front. 7
models, 1:3"—5-25"
scales. DC moving coil,
-AC moving colil rectified,
AC moving iron.

Send for fully illustrated catalogue.

Profile 350 edgewise
4-3” scale.

DC moving coil and AC
moving coil rectified.
Horizontal or vertical
mounting.

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

moving coil rectified.

Stafford Long Scale 240°
6 models, 3-5"—11-5”
scales. DC moving coil,
AC moving coil rectified,
AC moving iron. Also 98
scale.

from 50 microamps
Moving Coil.

Lancaster Long Scale
240° 2 models, 4", 5-5”
scales. DC moving caoil
and AC moving coil
rectified.

nnnfns Elemnnlﬁ ummn 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 buiit electrical and electronic equipment to customers requirements.
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Electronic valves (a comprehensive range)
semi-conductors (a wide variety)
integrated circuits...and now a comprehensive
range of Hybrid Microcircuits.Pricesonrequest.

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 f5e2_12s0e manx
technical specifications and prices: Teonex Limited, T E O N EX AVAILABLE ONLY

2a Westbourne Grove Mews, London W11 2RY, | FOR EXPORT
England. Cables: Tosuply London W11. Telex : 262256

WW-—006 FOR FURTHER DETAILS
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Write the Specification

ne L

your perfectiron

\ | ~ and compareitwithan Anfex
74

MODEL X25 Soldering Iron 220-240
or 100-120 Volts. The leakage current
of the NEW X25 is only a few micro-
amps and cannot harm the most
delicate equipment even when soldered
live”". Tested at 1500v. A.C. This 25
watt iron with its truly remarkable
heat-capacity will easily “‘out-solder”
any conventionally made 40 and 60
watt soldering irons, due to its
unique construction advantages.
Fitted long-life iron-coated bit 1/8".
2 other bits available 3/32" and 3/16"".
Totally enclosed element,ceramic and
steel shaft. Bits do not ""freeze’” and
can easily be removed. PRICE £2-05
(rec. retail) P & P10p .Suitable for
production work and as a general
purpose iron.

MODEL CCN W
- 220 volts or 240 volts. The 15 watt miniature
model CCN also has negligible leakage. Test voltage 4000v.

A C. Totally enclosed element in ceramic shaft. Fitted long-

life iron-coated bit 3/32"". 4 other bits available 1/8", 3/16"
1/4'" and 3/64"" including Heat Shield, PRICE £2-48 (rec.
retail) P & P10p.

MODEL C Miniature 15 watt soldering iron fitted 3/32"
b iron-coated bit. Many other bits available from 3/64", to
CENTRE 3/16"". Voltages 240, 220, 110, 50 or 24. PRICE £2-05 (rec.
IR retail) P & P10p.

MODEL G 18 watt miniature iron, fitted
with long-life iron-coated bit 3/32"". Voltage
240, 220 or 110. PRICE £2:26 (rec. retail)
P&P10p. 5

MODEL MLX KIT

Battery operated 12v.

25 watt iron fitted with

15’ lead and 2 heavy clips

for connection to car battery.
Packed in strong plastic wallet
and with booklet "How to
Solder"’.

PRICE £2:54 (rec. retail)

P& P 12p.

> igiaind S

M\ n
MODEL SK.2 KIT (aymkrfer) P aering ki
Contains 15 watt miniature = [t
iron fitted with 3/16"" bit, 2
spare bits 5/32" and 3/32"
heat sink, solder, and

ST3 Stand — This stand is made from
high grade insulation material with a ////)) @
., <.
N

“"How 10 Solder” booklet chromium plated strong stee! spring. It : _2)) -
: is suitable for all models and replacesall NG )“
5 4

PRICE £3-25 (rec. retail) = .

P& P 10p. japvrentr ] v 4 previous stands. The two sponges at 4
i s the side which are easily 8

. replaceable, serve to keep

MODEL SK.1 KIT the soldering bits clean,

Contains 15 watt miniature iron Spare bits can be

® [fitted with 3/18" bit, 2 spare accommodated as shown

| bits 5/32" and 3/32", heat on the illustration.

'sink, solder, stand and PRICE: £1-00 (rec.
""How to Solder”’ retail) P & P 10p.
booklet.

PRICE £3-48 {rec. retail)

k | P&P12p. ALL PRICES include VAT at 10% j
T N S I S N . . "y " X N __N N N ___§B_ !
1| enclose cheque/P.0./Cash ‘
[:] Please send the following: (GiroNo.2581000) .~
I From radio or electrical dealers, NAME I
| car accessory shops or in case of I
difficulty direct from: ADDRESS
1 - ANTEX LTD. FREEPOST 1
Please send the PLYMOUTH PL1 18R
ww3

‘ ANTEX colour catalogue (no stamp required) Tel 0752 67377. ’
- aes SaSE SmEE GESE SENS IS SSGD SENE NG IR NS SNERE ISR SIS em——— BB W NN
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SPEED UP

101

OUR SPOT...

optics

rent tubes:

of conventional

... AND SAVE POWER DRAIN,

WEIGHT AND SPAGE.

By introduction of new electron-
: in electrostatic deflec- Characteristics Unit }: g;g? DEE 1333 TH 8000
tion CRT's, THOMSON-CSF has
overcome the timitations of cur- |

considerable in- Useful screen dimensions | mm 180 x130 | 255x190 | 255x190
crease of power drain of elec- Tube length | mm 360 450 450
tromagnetlc tubes for higher Post-acceleration voliage kv 20 20 25
writing speeds, long gun and
very high deflection voltages Deflection sensitivity {min.} V/cm 10 6 10

electrostatic Deflexion linearity (max) Y% 2 1 2
tubes. While providing excellent
! - : k

resolution and brightness, this BEGT ez pAZ 0 il 4
new generation of large screen |} Luminance (1 cd/m 85 3% 85
electrostatic CRT's has specta- Line width mm 04 05 04

cular advantages, due to unigue

(1) At cm/ps and 50 Hz refresh rate

performances: high deflection
sensitivity, bandwidth and wri-
ting speed. short gun. The very
high deflection sensitivity re-
sults in a considerable size and
price reduction of power sup-
plies and deflection amplifiers:
for the same screen size, power
consumption may be reduced
by 100 and volume by 3. These
tubes can be provided with in-
ternal graticule for large screen
oscilloscopy or without grati-
cule for high speed alphanu-
meric or graphic monitors.

A

THOMSON-CSF

THOMSON-CSF ELECTRONIC TUBES LTD / BILTON HOUSE, UXBRIDGE ROAD, EALING / LONDON W5 2TT
TEL. (01) 579 5511 / TELEX : 25 659

France - THOMSON-CSF Groupement Tubes Electroniques / 8, rue Chasseloup-Laubat / 75737 PARIS CEDEX 15/ Tel. 566.70.04
Germany - THOMSON-CSF Elektronenrshren GmbH / Am Leonbardsbrunn 10/ 6 FRANKFURT/MAIN / Tel. 70 20 99
Italy - THOMSON-CSF Tubl Elettronici SRL / Viale degli Ammiragli 71 ROMA 7 Tel. 63 80 143
Japan - THOMSON-CSF JAPAN K.K. / Kyosho Building / 1-9-3 Hirakawa-cho / Chiyoda-ku / TOKYO / T 102 / Tel. 03 264-6341
Sweden - THOMSON-CSF Elektronor AB / Box 27080/ S 10251 STOCKHOLM 27 / Tel. 08/22 58 t5
U.S.A. - THOMSON-CSF Electron Tubes, Inc. / 50 Rockefelier Plaza / NEW YORK, N.Y. 10020 / Tel. (212) 489.0400

1945
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The FREE Heathkit Instrumentation Catalogue
describes the latest Heathkit solid-state oscilloscopes, 120
MHz frequency counter with 8 digit readout, 31 digit
multi meter for measuring AC and DC voltage, current
and resistance with automatic switching for DC polarity,
Portable FET VOM with 53 ranges on 4 scales, FET/

HEATHKIT
Electronics

Catalogue

There’s something for everyone
in the latest FREE Heathkit
catalogue

Ask
about our
low-deposit

terms

transistor tester, plus many, many more Heathkit test
instruments—all designed for easy assembly and kit-form
savings. Send today for your FREE Heathkit catalogue,
the world’s largest selection of electronic kits—test,
marine, amateur radio, b/w television, stereo hi-fi, auto-
motive, home appliances. educational and more.

FREE mease send me the FREE Heathkit catalogue

Heathkit Catalogue

G
offers something for everyone. F"’l.’
Send for your copy today. >

VISIT THE HEATHKIT CENTRES

I Name

¢ \ : Address

LONDON
233 Tottenham Court Road.

GLOUCESTER {(Factory & Showroom)

I Heath (Gloucester) Limited
I Department WW/ 3/74
Gloucester GL2 6EE

Bristol Road, Gloucester. -

Schiumberger
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SM 2001 Digital Frequency Response D] 1 Y
Analyser {Transfer Function Analyser)

Four decade digita! display in
Cartesian, Polar or Log Polar form,
from 0.00001 Hz to 1 kHz. Measure- b 'y e

ments in ratio or absolute terms. 8 U 5 et 0 o 0 0 t O p o 0 I
Remote programming for A.T.E. i - : il

applications standard. Harmonic
analysis capability, Suitcase format -
easily portable. Fully floating and
isolated input and output. Very high
harmonic and noise rejection. Resolu-
tion to 0.1°. BCD output of all
information standard.

'q--;—-—_—.—‘.———““

E FREQUENCY RESPONSE ANALYSER
I SM2001

SM 2003 Frequency Extension Unit
T : g Extends the frequency range of

; :/ SM 2001 up to 1 MHz. Also extends
. — the harmonic measurement capability
w- B w = ~~ ; ﬂ

and reference synchronisation cap-
T — ]

i nug. oo gy, %

ability of the SM 2001/2 up to1 MHz.
n Fully isolated input and output to
. the high frequency system under test.

SM 2004 Modulator Demodulator Unit
Provides for utilisation of SM 2001
with systems having modulated carrier
input and/or output. Carrier fre-
quency 50 Hz to 10 kHz. Modulation
frequency O to 1kHz. Fully floating
and isolated inputs and outputs.

SM 2002 Reference Synchronizer almost any amplitude. Permits the use to the measurement of the phase

An internal fitment for the SM 2001  of SM 2001 on systems with mech- relationships between outputs of any
F.R.A. to enable synchronisation anical or hydraulic inputs. Extends two transducers or other sources.
from external signals. Will synchron-  the use of SM 2001 to closed loop

ise from virtually any wave form of testing or part system testing and also



SM 272 Transfer Function Analyser

0.01Hz to 10kHz. Accuracy * 1%
{D version). Optional analogue or
digital read out. Much better than
40dB noise rejection. Dynamic
range greater than 25 x FSD. Sine,
triangular and square outputs. DC
offset capability. Cartesian or
switchable cartesian/polar display
(P version). 10 millivolts sensitivity.
Fully isolated input and output.
Independent R / Q expanders for
small angle accuracy. Very low cost.

Available Soon

SM 2007 Plotter Interface

This unit provides: for coupling the
SM 2001 freguency response analyser
directly into any standard XY
recorder. The resultant plots can be
of Bode or Nyquist type. Three out-

puts are provided, 1. Log frequency,

SM 2008 Computer Interface

A complete package of software and
hardware to enable computer control
of SM 2001 for any system or fre-
quency change.

2. A co-ordinate or aniplitude.
SM 2006 Two channel converter 3. jB. co-ordinate or phase angle. A

fbﬁ:f:%estsggvgosresglraztg%%nnels from dynamic range control and automatic
p p pen-lift are further features.

any system or vibrating structure and
computes the phase and amplitude
relationship between them. Enables
both channels to go into correlated
input with high noise rejection.

[ST= SE Labs(EMI)Ltd

"‘WW—005 FOR FURTHER DETAILS

North Feltham Trading Estate, Feltham, Middiesex. Telephone: 01-890-1166 Telex 23995

Northern Sales Office, Bessell Lane, Stapleford, Nottingham. Telephone: Sandiacre 3255
Scottish Office, 18, Sycamore Drive, Hamilton, Lanarkshire. Telephone: Hamilton 28674

EmI A member of the EMI Group of Companies
International leaders in Electronics, Records and Entertainment
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‘ DSt11

Miniature paging unit

BY AKG THE LEADING SUPPLIERS OF THE FAMOUS MICROPHONES CONSISTENTLY USED IN OUR
T.V. BROADCASTING AND SOUND RECORDING STUDIOS.

This highly successful miniature
paging unit has many possibilities.
The DST11 paging unit incorporates
a high quality directional microphone
mounted on a solid base fitted with
one or three push button switches
and indicator light.

Can be wired for remote control
operating to work in conjunction
with a relay.

W 182/ Campden Hill Road
L

London W8 7AS. 01229 SBQEJ
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2t S of research...

.. on accessories for dictating machines, tape recorders,
tele-communications and electrosacoustic equipment, etc.

. %ﬁwwm%m%aﬁwﬁwwkmv
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DANAVOX (GT. BRITAIN) LTD.
Da ' l avox Electro-Acoustic Components and Hearing Aids
) ““BROADLANDS” BAGSHOT ROAD,
INTERNATIONAL SUNNINGHILL, ASCOT, BERKS.

TEL: 0990 23732/6: TELEX 847584
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music in the home

When we listen we become engrossed in actual and the imagined. They produce
the music and, with good equipment, we listening fatigue. a condition detrimental
can often obtain the samesatisfactionthat  to the true objective. These distortions
we would enjoy in the concer: hall. Of have little to do with the popular

course, there are differences between the  conceptions of HI-FI or LO-FI sound; on
real and the reproduced. Many of these the other hand they have much to do

we recognise as such; we come to terms with good or bad engineering.

with them and they do not intrude. Send postcard for illustrated leafiet to

More serious perhaps are the distortions  Dept.(WW) Acoustical Manufacturing Co.
which we da not consciously notice but Ltd., Huntingdon PE18 7DB. Telephone
which are nevertheless continuously (0480) 52561.

producing a contradiction between the

QUAD

will not be participating in the forthcoming Sonex Exhibition
and regret any inconvenience to our customers.
QUAD is a Registered Trade Mark.

WW—012 FOR FURTHER DETAILS
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C SERIES

& L= KEF ELECTRONICS LIMITED  KEF offer you an excellent choice of loudspeaker systems whatever
TOVIL MAIDSTONE ME15 6QP Tel 0622 57258  your requirements. The larger speaker systems such as the Concerto
Registered in England No 702392  are capable of reproducing more extreme bass and handle higher
amplifier power. The difference in sound between the largest and the
smallest speaker system is subtle —the high guality and detailed
engineering is evident throughout.

KEF believe that restricted space need not necessarily restrict

performance — visit your KEF dealer and hear what we mean.
Full details of the Coda?, Cantor?, Chorate3, Cadenza* and

Concerto5 will be sent on request.

Wireless World, March 1974
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Mullard Crossens:
making millions of

At Crossens, near Southport, Mullard

, produce magnetic components in
/ quantity. Every year the plant converts
f_ ' nearly 5,000 tonnes of raw materials
into many different products: about one
third of the total output is exported.
Approximately one half of the products
are supplied to the British TV industry
and comprise scan coil yoke rings,
LOPT cores, loudspeaker magnets and
other components: today, most British
sets employ Mullard magnetic
components.

Crossens, believed to be the largest
single plant of its kind in Europe,
employs some 750 people. Their skills
in this specialist technology have
developed out of more than 30 years'
experience in the development and
production of Magnadur, Ferroxcube,
Ticonal and other Mullard brands which
are household names to set designers.

M89
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magnetic components for TV

And their ability to mass-produce the
40 million components required by
industry every year, to the highest
standards of performance and
reliability, helps British setmakers to
produce the finest TV sets in the world.

Mullard //\

/3 3 ) N

als
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VORTEXION
= BASS + 5 WAY-50/70w

N
o ‘, T T%___ .- S “,‘ . .

50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s

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

£96.80 100 WATT ALL SILICON AMPLIFIER
£139.15 THE 100 WATT MIXER AMPLIFIER
£42.35 20/30 WATT MIXER AMPLIFIER
£123.42 CP 50 AMPLIFIER '

£163-35 200 WATT AMPLIFIER

(VAT extra)

B ez amon F.E.T. MIXERS AND PPMs

Vortexion Lid

TEL:01-542.2814 and 01-542 6242-3-4. TELEGRAMS'VORTEXION' LONDON SW19
257-263 THE BROADWAY - WIMBLEDON - SW19 1SF
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Testmatic
answers testing problems

Edith Parker easily handles ali the Testmatic work in a sub-assembly department of 32 people.
When a board leaves that department, it’s faultless.

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

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

Mr.S. P. Robinson, a Director of Ansafone

states: “An obvious benefit of the Testmatic is that |

it helps us educate people working on assembly.
If they get faulty boards back at once, they feel
that much more involved and more responsible.
In fact, we don’t even see the Testmatic as a tool
of the Test Department but as a tool of the
Production Department”

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

| Wayne Kerr

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

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

I_The Wayne Kerr Testmatic TM30 tests circuit boards, cableforms,.—‘

and sub-assemblies. Capable of 30 separate DC measurements, |
I which it does in seconds. For complete information, post this
coupon—or call Bognor Regis (02433) 25811.

l Yourname. —

Company Name.

Address.

Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex PO22 9RL.
| Telex 86120 Cables: Waynkerr Bognor.
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Already seven sizes of Mazda monochrome to performance.

tubes have received BSI approval for implosion So we’d like to ask you a question. Because
protection to BS 417 (1972) Clause 18. the answer could make quite a difference to
Rimguard construction always has given Mazda your business —and your fqture.

the edge. Now the new labels indicating BSI The question is:

certification are additional evidence that ARE YOUR REPLACEMENT TUBES AS SAFE
Mazda gives top priority to safety as well as ASMAZDA!

Mollison Avenue, Brimsdown, THORN

fihoraiRadioivalvesianaimubesLimited Enfield, Middlesex, EN3 7NS. Tel: 01-804 120
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JointheDigi

Digital Computer
Logic and
Electronics

C PGane MA (Cantab)

A Self-instructional Course % W Uneen BA (Cantab)

Basi
BOOk 1 cgr?”:guter

logic

Book 2 Loges

elements

DeS|gn|ng CerUItS
BOOk to carry out
logical functlons

Book h Flipflops

reglsters

al9

3l Revolution

Teach yourself the
latest techniques of
digital electronics

Computers and calculators are only the beginning of the
digital revolution in electronics. Telephones, wristwatches,
TV, automobile instrumentation — these will be just some of
the application areas in the next few years.

Are you prepared to cope with these developments?

This course of four volumes — each 113" X 85" — guides
you step-by-step with hundreds of diagrams and questions
through number systems, Boolean algebra, truth tables, de
Morgan’'s theorem, flipflops, registers, counters and adders.
All from first principles. The only initial ability assumed is
simple arithmetic

At the end of the course you will have broadened your horizons,
career prospects and your fundamental understanding of the
changing world around you.

£2.95 Acomplete programmed learning course in 4 volumes

Dlgltal Computerlter,

Logic and
Electronics

£2.95

£ Selt-nstructonal Cowse.
Book 1
9
including VAT, packing &
surface post anywhere in the world.
Fayment may be made in foreign currencies.
Quantity discounts are available on request.

Guarantee

If you are not entirely satisfied with Digital Computer
Logic and Electronics you may return it to us and your
money will be refunded in full, no guestions asked.

Designer This course is written to meet your
Manager needs in coming to grips with the
Enthusiast theory and practice of digital logic and
Scientist electronics, The programmed instruction
Engineer system ensures a high level of retention
Student of everything you learn.

i To: Cambridge Learning Enterprises, 49 Main Street, :
' Hartford, Huntingdon. !
! Please send me. . ... set(s) of Digital Computer :
: Logic and Electronics at £2,95 for which | enclose 1
1 cheque/PO/money order value . .. ............ i
| |
1 1
1 Name 1
i |
: Address 1
| i
I 1
1 1
i ]
1 '
1 |
: 1
beccce———— e ———— T J
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Introducing the new Martin
Minidan & Microdan Speakers from Acos

The Microdan gives over 25 Watts from an enclosure which measures only 62" x 6'."" x 6

and the Mimidan gives 30 Watts from an enclosure measuring only 6 %" x 6%." x 11'%""
Thanks to the Martin construction technique which gives an extremely rigid cabinet, these

high outputs are available from 5* full range units which produce a very forward sound of high

ambience and true fidelity. Their high quality performance combined with compact size

make them ideally suited for siting even on the smallest bookshelf to give maximum flexibility

from Hi Fi or quadraphonic installations regardless of space.

k Complete the coupon for details of your nearest dealer

Please send me your new Martin Speakers Leaflet
giving details of the Minidan and Microdan.

‘e

Acos for Sound Enjoyment

COSMOCORD ...

Cosmocord Ltd., Eleanor Cross Road, Waltham Cross, Hertfordshire. EN8 7NX
Telephone: Waltham Cross 27331 Telex: 24294

WW—020 FOR FURTHER DETAILS
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an excellent
hand

OF SOLID STATE RELAY INTERFACES

To ensure the maximum flexibility in meeting todays Interface requirements Fairy Electronics have
added to their range of Solid State Polarised Relays a series of Interface Boards retaining the same
inherent reliability and long life. Within the series a Universal Board is available allowing the customer
the choice of each side stable, one side stable or centre stable, and double or single current working.

FEATURES

F:o) Isolationto BPO @® 3to 100voltsinputsingle
requirements or double current working

) 6to 100 volts output single @® Noadditional power supplies

or double current working

TYPICAL APPLICATIONS

TTL logic to BPO tariff J lines — Signalsto CCITT recommendation
V24 to BPO tariff J lines

Single current Telegraph
Machines to BPO tariff J lines — TTLlogic or V24 signals to teleprinters

in meeting Interface requirements for widely diverse applications Fairey Electronics have built up
experience and expertise which is almost unique in this field. Hardly an Interface remains a stranger
and all can be solyed.

For further details of our Boards and plug in Relays write to:

Farey Electronics «——

POTTINGTON INDUSTRIAL ESTATE
BARNSTAPLE
N. DEVON. Tel. Barnstaple 5911 Telex 46337

WWw—021 FOR FURTHER DETAILS



a22 Wireless World, March 1974

Handful of relay know-how!

We are one of the largest manufacturers of
Miniature Plug-in Relays in Europe.

Varley miniature plug-in relays including the If you have a relay requirement or problem
Miniaturised Bi-stable polarised relay type VPR contact Varley Technicians now, or send the
and Post Office approved relay type 23 are o coupon for the Varley catalogue.
used and approved by most leading electr- B e e o &,
onic manufacturers throughout the world. Cambrid Ol}‘{"-er é’ell CO};‘;"% L§d; .

s ambridge Row, Burrage ., Woolwich,
The reasons : PERFORMANCE, RELIABILITY, PRICE. . smsg - s 1522 rer - aone
Varley go to great lengths to ensure a
consistently high standard of performance and

i - X Name = -
reliability in the manufacture of their range of
relays. Ultrasonic cleaning is used throughout Company .
manufacture. Each relay is checked under Address —

dynamic conditions for contact performance
and timing.

Py y— Ta—— |

L L R Y P L T P
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Litesold Standard Models

A wide range of robust, lightweight soldering instruments of broadly conventional design. but
incorporating many special features, These highest quality, well balanced tools reflect nearly

20 years’ continuous development, and are widely used in industry throughout the world.
Ranging in size from the tiny 10w. iron to the powerful 60w. model they cover the whole field of
light hand soldering. All models have been selected by the Council of industrial Design for
inclusion in the Design index.

LITESOLD soldering tools are backed by a fast and inexpensive repair service. although servicing
by users is extremely simple, using standard spares.

Additional Safety Options

LITESOLD standard mains voltage models are optionally available with internai

neon indicators, visible from any angle through the special transiucent handles

and showing when the iron is on, at an extra cost of £0.32 {list).

Heat-resistant silicon-rubber sheathed leads are also available at £0.35

extra (list). These options apply to 100 to 240v. models only.

~

Unbreakable, one piece moulded nylon ‘ ‘
handie. Cool, tcomfortably styled.
non-inflammable, dirt and
chemical resistant.

Tough, rustie3s wire binding protects the
element, ensures even heat distribution. and
reduces heat transfer towards the handle.
Special oxydised finish to eliminate
temperature drop in use.

Properly located, detachable
suspension hook.

Unigue design of LITESOLD elements gives high
degree of thermal controt and long life. Every
element wound to a master resistor, and flash
tested to 1000v. a.c.. insulated with mica

and fibreglass.

Tough stainless steel bit holder and
element spindle eliminate corrosion and
f§ concentrate heat in the bit.

Push-in bits are simple and cheap to replace. They are
! located deep inside the element unit for good thermal
£ coupling and heat capacity and are retained by a simple
4 ‘______—/ spring collet. Bits are available in three tip sizes for each
model and are supplied in high grade copper and

long-life types.

ETC/! Electronically ADAMIN Suction De-soldering Power Controlled Soldering CONQUEROR
Temperature Controlled Ultra Miniature Irons Attachment {fits ETC/I System Type PC/| Lightweight Iron and
System 15w. and 18w. and CONQUEROR} spring stand

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

LIGHT SOLDERING DEVELOPMENTS LTD

97-99 Gloucester Road, Croydon, Surrey Tel: 01-689 0574/6

WW-—023 FOR FURTHER DETAILS
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'lechnics introduce
the true sound of music

No doubt your first question is, “Who on Earth are Technics?”

A good question.

Well, quite simply, we're stable-mates of National Panasonic.

In fact, we're the new hi-fi division of the largest manufacturer of
electronics in Japan, Matsushita Electric.

Our sole aim in life is to find that elusive quantity: pure, unadulterated
sound.

By and large, turntables, cassette decks, speakers, tuners and amps
conspire against it.

What they usually offer is a medley of mechanical noises,rumble,
wow and flutter.

We, on the other hand, have managed to minimise them.

Because of the enormous resources of our parent company, we were
able to spend the necessary time and money developing equipment as free
from audio blemish as possible.

As an example of our handiwork, just consider the specifications
opposite for our SL110 direct-drive deck. Besides boasting a pretty impres-
sive set of figures, it is, in our biased opinion, one of the handsomest
decks around.

Mind you,at £154.95 (inc. VAT) it ought to be.

The choice of arm”has been left to you, so that you can achieve that
final ‘nth’of sound.

[ J
Even if it is of Julie Andrews. TeChnlCS

NATIONAL PANASONIC (UK) LTD. 107/109 WHITBY RD. SLOUGH, BUCKS. TEL. SLOUGH 34522

*We would recommend the SME 3009 Series 1



Type:
Turntable:

Turntabl= speeds:
Motor:

Power supply:
Epe=d changemethod:
Yariable pitch control:

Wow and flutter:
Rumble:

Build-up time:
Dimensions:

(W > H X D)

Weight:
Plarer base:

WW—024 FOR FURTHER DETAILS

SPECIFICATIONS
Direct driva player system

Aduminiur die-cast; 35cm

(" 3°%¢) diamreter 320 kg-cm?
(709.5Ib- ‘s iner-ial moment,
2kg (4.4 1b) weight

33%and 45ro.m.

20 poles (-etor)— 5 poles (stator)
ultra low speed electronically
commutatec motar

AT 110.1200220.240V 50 or 60 Hz.
Eectronic sbange

IndividuaBzcjustment by variable
resistor, =5% adjustment range

Less than (3% WRMS

Better thanm—55 dB (DIN A),
—~70 dB(DIN B)

Within % rotation at 33% r.p.m.
2C%6" X 744 X 15'45

{510 X 195 390 nm)

28.71b (13 kg) witk dust cover

Aluminiumd e-cast with audio
insulated legs
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TWO WAY STRETCH 4y Ghessoll

DIAL-A-SPAN PROVIDES THE BREAKTHROUGH IN
THREE-CHANNEL PEN RECORDER FLEXIBILITY

" fhm@l ‘_Sﬁééex
{&xa‘nm

'-'a"'\ m‘
S
" "\*\'h'-_

o \'\\‘

AT T
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| 3009 + SL110

This elegant direct drive unit with
electronically commutated d.c. motor
has only one rotating part.

The virtual elimination of
mechanical vibration within the deck
realises the full potential of arm and
cartridge.

We have prepared an information
sheet No. 12 detailing its use with
our Series || Improved precision
pick-up arms and a copy will be sent
to you on request.

I =
The best pick-up arm in the world

Write to SME Limited
Steyning - Sussex - England
Telephone: Steyning (0903) 814321

LTD/S24
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ULTRON

ULTRON

Whatever your language is, we understand that you
ask for quality. Our SQ-Series of Radio and Tzlevision
tubes gives you safety at no extra cost.

Since 1955 we offer a complete line of both European
and American type receiving and industrial tubes for
woridwide export.

Our new price list WRS-16 is just off the press. Write
us please, it's worthiitl

WW—027 FOR FURTHER DETAILS
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ULTRON

Electronic GmbH
Schillerstr. 40
8 Miinchen 15

Phone 555321 o Telex 0522456
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High quality specialised componen

Inductors — variable — fixed

M%’?ﬁf%- y

and special.

a29

from
X/ E FJOHNSON COMPANY

Airspace capacitors.

A wide range of miniature
machined plate air variable
capacitors offering extreme
accuracy and high

reliability.
ﬁ Ceramic insulators.

Through panel type.

/4

_ Trimmer capacitors.
Miniature and sub-miniature
ceramic and tefton trimmer
capacitors.

Exclusive agent and distributor for United Kingdom. Europe also covered:
by existing chain of Vero Agents. ¥

Vero Electronics Limited
Industrial Estate, Chandler’s Ford,
Eastleigh, Hants. SO5 3ZR

Tel: Chandler’'s Ford 2952
Telex: 47551

WW-—028 FOR FURTHER DETAILS
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Codl lighting for hot parties.

Velvet dim to full brightness ata ; Economical tool
touch of the finger. Off/on and . As the light is progressively
infinitely variable. ‘ dimmed, so the current consumption
drops - think of it as an electric tap.

Betg light glow makes switch easy 300 watt capacity, straight
to find in the dark and consumes no replacement for standard light
current. e switch.
f i Complete kit of parts £2.80 or
' made up £2.

ﬂ@'m!
| ) ’

Hot Ignition ior colo momings.

The Jermyn capacitor discharge
ignition system.
instant starting in all weathers.
Even with a near flat battery, the unit \
will produce afull sized spark. \
Just one of the many advantages
of an electronic ignition system, the ‘
others are: — %
High energy spark even at

maximum revs. I

Smoother running.

Less strain on battery and starter.

Lower petrol consumption.

Long plug life with infrequent
adjustment (typically 20,000 miles,
gapped at .050").

No contact breaker arcing giving
long life and less adjustment
{typically 20,000 - 25,000 miles)

STATE + or — earth
when ordering.

a8

Complete set 6f parts to build it Reprints of
yourself for only £7.75, as described Save 55p the two part feature are available at
in Practical Wireless and fully 25p.
approved by the author. BUY bOTh for £1000
}' """"" R e e e e R e e e e e e o e
To Jermyn Industries, 125 Vestry Estate, Sevenoaks. Kent. All Prices Exclusive of VAT.
Please despatch return of post light dimmer kit lightdimmer
Ignition Kits .+ or — earth . £10 pair, Enclose cheque or postal order.

BLOCK CAPITALS JERMY

]
]
]
[}
]
[]
]
VNAME = N s Ny sl o n R e ikt -
! ADDRESS. I

i

]

]

L

e L L L T
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The many faces of

reveal the biggest current range
of oscilloscope tubes in Europe.

Whenever it’s a matter of designing or making
an oscilloscope, remember one essential fact
Brimar have a complete range of tubes for
operation up to 7¢/100MHz bandwidrh. Many
with ex-stock delivery.

The tact is: the current Brimar range of tubes
is the largest in Europe — with as many as
twenty-five different versions to choose from.

Brimar are continually revising and updating
their range to meet the demands ol the market.
The latest additions are the D1o-230 and
Dio-240 (4" compact flat faced tubes) and the
Di6-100 (XY plotter)

The quality of Brimar tubes is unquestionably
good. Improve your scope — telephone or write
for full or abridged data and prices o1-804 1201

TYPES TO ASK FOR:

D3-130 Di3-51 Di4-172
D7-200 Di3-471 Di14-180
D7—2c;| D13-600 DI4--200 7
Dio-210 D1 3-601 Dl4-2u":
Dio-230 Di13-610 D16-100
Dio-240 Dl4—l5; SE4D
Di13-30 Di14-170 SEg/2A
Di13-33 Dig-171 SEgF
Di13-47

THORN RADIO VALVES & TUBES LTD.
R I M Mollison Avenue,
Brimsdown, Enfield,
Middlesex EN3 7NS THORAN
WW-—030 FOR FURTHER DETAILS
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_ Discon
gives you the
slimmest possible
chance of failure.

When you use Jackson 'Discon’ Trimmers
you're using the slimmest trimmers on the
market. With a maximum thickness of only
2.8mm, capacitance ranges up to 40pF, a
Discon miniature ceramic dielectric trimmer
capacitor is space saving, with a high
capacitance per unit of volume.

With Jackson you know you're using tried
and tested components that will give perfect
reliability over a long life. And you can have
components custom made to suit your
individual requirements.

With skilled personnel and modern
equipment backed by 45 years of technical
know-how, we are your guarantee of a
reliable product.

1 Y/

Catalogue No. 10,000

Write for fully illustrated catalogu

JACKSON BROTHERS
= (LONDON) LIMITED

KINGSWAY, WADDON, CROYDON CR9 4DG.
/, TEL: 01-681 2754/7. TELEX: 946849,

y U.S. OFFICE: M. SWEDGAL

258 BROADWAY, NEW YORK, N.Y. 10007.

JB7
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Celastion-Lcudspeaker Engineering
advances the state of the art to a
new plateau.

Ditton 66

Studio Monitor

oo

L LML S e B N i
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% 1.} Celestion’s new super
- tweeter. 2.) New design
. ‘pressure’ mid-range unit.
3 3.) Ultra Linear 12~ Bass
| drive unit. 4) AB.R.
| ensures controlled bass

3[ down to 16Hz.

' 5.} Precision crossover for
== SR L ;i perfect system integration.

A na2w Loucsoeaker of advanced desiga suitable for studio
use and for FForr 2 installations of the hignest quality.

UBTS: HF 2000 (dome ‘pressure’ type MF 500 (Mid-range
Dame *preszure’ type) Ultra linear 12" bass driver and 12”
ABR. The crowsover has resulted from considerable re-
searcy and crowover points are at 500 Hz and 5000 Hz 80
Wa:ts Maximurs, 4-8 ohm. This monitor loudspeaker system
has; zn exceptionally wide and flat frequency response.
Very low ordar harmonic and inter-megdulation distortion.
Pracis2 respons2 to transients. Beautifally maintained polar
respcnse ensur2s absence of unwanted directional effects
and provides a Mighly satisfactory stereo image throughout
th2 listeningarea. Mazched pairs. Ly

SIZE 45 < |53 x (]} Matural Teak or Walndt Cabinet

Loudspeakers for the Perfectionist

ROLA CELESTION LTD.

DITTON WORKS, FOXHALL ROAD, IPSWIGH, SUFFOLK IP3 8JP

WW—032 FOR FURTHER DETAILS
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POWER SUPPLY
TYPE €130
8-20V Wah-1A

The 6130 variable d.c. power unit provides laboratories
and test rooms with a new compact supply at an
exceptionally low price. Among its many features are
separate output and mains switching and individual
voltage and current meter.

Price in Great Britain. £ 29

Output Voltage 0—30V continuously adjustable
Output Current  0—1 A with four current limit
settings of 30mA, 100mA,300mA.
1A Meter f.s.d. switched
100mA or 1A
Input Voltage 220—-250V 50—60Hz with
tappings for 230, 240V
Output Two insulated screw terminals
Connections (incorporating 4mm plug
sockets) spaced 25mm {1.0"') apart
Dimensions 190mm x 158mm x 152mm
7%" x 6%"” x 6"

HATFIELD

forward thinking in electronics

HATFIELD INSTRUMENTS LIMITED
Burrington Way, Plymouth PLS 3LZ, Devon.
Tel. Plymouth {07562) 772773/4

Grams: Sigjen, Plymouth. Telex: 45592
South-East Asia: for prompt service and deliveries. contact:
Hatfield Instruments (N2Z) Lid., P.O. Box 561, Napier, New Zealand

WW-—033 FOR FURTHER DETAILS
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BULGIN
New Multi Range

Collet Knobs

and Accessories

CAPS
Four styles
available which
snap fit to knob
tops.

KNOBS

Four different types
available in five sizes.

A

; s ]
;ﬁ‘-' N 2. / AccEssORIES

\& — Q} Pointers, Dials, Stators, Nut covers,
< g ©

all snap fitting to the knobs.

A new and versatile range of twenty collet fixing control knobs, together with
various snap on accessories illustrated below, manufactured in Switzerland to
our rigorous standards and only available from the House of Bulgin.

There are four basic styles: Circular Knob, Circular Knob with line, Wing Knob
and Wing Knob with line. They are available from stock in tight grey and black
as standard, with dark grey and red versions to special order. Each knob style is
available 10, 15, 21, 28 and 36mm diameter with collets accepting %"’ ¢ shafts
as standard. Other shaft sizes to special order.

TYPRPICAL EXAMPLES OF THE KNOBS &
A SELECTION OF THEIR ACCESSORIES.

Knobs Caps
4
\ ¢
|
Circular type with Wing type with or Flat type, Flat with Peaked cap
or without without indi ilabi indi line. type.
indicatorline, line. plain or with

curved arfow.

Nut Covers

L=

Stator

Pointers & Dials
- e 6N
w e

D =
@S

Pointer, also Transparent dials avaitsbie With fine or broad indicator Plain or with
arrow dials. with or without legending. band. indicator line,
for10and

15mm sizes.

BULBS FROM BULGIN

Srop PRESS ' A NEW ISSUE OF QUR
@ ILLUSTRATED PRICE LIST

IS NOW AVAILABLE

TECHNICAL LITERATURE AVAILABLE ON REQUEST. UUUTE:WW/6/74.

= A. E BULGIN & CO. LTD.

ELECTRONIC COMPONENT MAMNUFACTURERS

BYE-PASS ROAD BARKING ESSEX iG11 DAZ
TEL:01 594 5588 (12 lines) PBX. TELEX: 897255
WW—034 FOR FURTHER DETAILS
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declon
POLYESTER
SPEAKER FRONTS

*Declon speaker front material is a fully
reticulated flexible polyester foam.

* Acoustically transparent over all audible
frequencies.
DIAMOND PATTERN "%’ Thickness Black or Brown

24" x 16" £2.97 each inc. VAT
36’ x 18" £4.75 each inc. VAT
36" x 24" £5.61 each inc. VAT

*Attractive designs and colours.
*Washable. *Easily cut to size.

FLUTED PATTERN %" Thickness Black or Brown
12" x 18" £1.90 each inc. VAT

24" x 16’ £2.78 each inc. VAT

36" x 18" £4.56 each inc. VAT

36'' x 24’ £5.42 each inc. VAT

Obtainable from sole UK Distributors

AMTRON UK LTD., 4 & 7 Castle St. Hastings, Sx.
Telephone: HASTINGS 2875

Wireless World, March 1974
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The
Great Sound
of Vitavox

Nothing succeeds like success.

You met the new Vitavox power range last year. Its
success was instantaneous, and has been growing
ever since.

Good — but not good enough for us. We have
been, and are, continuously improving our units.
We want to give you the best value and perform-
ance — so now we offer you, improved on 1973,
the latest . , .

@ S3 Pressure Unit

® AK 156 Loudspeaker
@® H.F. Horn

® Dividing Network

The matchless range
~-now better than ever. ..

Giving You...

Sensitivity

I Efficiency b

Craftsmanship

VITAVOX

Limited
Westmoreland Road,

London NW3 9RJ
Telephone: 01-204 4234

Name - Tt T
Company e SRR .
Address @ — .~ - .
V2
d
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7 Amplivox Minilite.
Untouched by human ear.

New Minilite weighs a mere 50g.Yet it combines maximum
operating efficiency with absolute wearer comfort.

With Minilite, Amplivox have avoided the problems of the old

fashioned earpluginsertsthrough ingenious useofan adjustable \

earpiece. An acoustic tubewith sibilant filter replacesthe heavier
and more familiar boom microphone. Pressure pads are out too, ‘

— instead there is a non-metallic headband with
i | . °  special bars that give stability without
i ‘\\ ) uncomfortable pressure.
Specified for Eurocontrol, Minilite is being widely used in air traffic
control, aviation and communications control as
well as other branches of industry. Minilite is,
undoubtedly,the headset ofthe seventies. It's just
one of the wide range of high-quality specialist
products for civil and military use from Amplivox.
No-one else offers so much for so little.
To find out more about the Amplivox range of
communications products— write today
stating your application requirements to:
Racal — Amplivox Communications Limited
Beresford Avenue, Wemtley, Middx., England.
Tel: 01-902 8991. Cables: Amplivox Wembley.

Telex: 922101

¥

7 5% /
7/ SE ¥ /
V4 ,\’:@(\b Ze & af'/ / yd
’b(‘bz"% & f é‘& &057 /
The Electronics Group // R & /
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with
the

JAMES SCOTT

DU/ TREL
TUCEQUINS

]
"
i

<l

/ = il

The James Scott range of Microwave equipment
now offers industrial users a greater choice of
alternative systems in robust, industrial, cast
aluminium housings, for a wide variety of
applications.

The range is made up of standard sub-assemblies
which can be permutated to suit Individual
application requirments.

Some Suggested Applications for these Units
Level controllers; Proximity alarms; Small object
counters; Process control systems; Positioning
systems; Door opening systems; Safety barriers;
Presence/detectors; Train control systems; Vibration
sensing systems; Intruder alarms; Road vehicle
systems.

if any of the above are your problems orif you have
a particular problem for which we could adapt a
system please write or telephone for further
information and technical literature to.

B ScoTT

(Electronic Engineering)Ltd

‘ CARNTYNE INDUSTRIAL ESTATE
: GLASGOW G32 6AB
Tel:041-778 4206

WW—037 FOR FURTHER DETAILS
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Linstead

Laboratory
Instruments

WIDE RANGE MILLIVOLTMETER

High impedance millivohmeter with 20 scales
total measurement range 60 micro-amp a.c. to
400 volts d.c. 10-megoIm input with overioad
protection and frequency range of 500 kHz.

£38.80

WIDE BAND SIGNAL GENERATOR

Sine-square wave wide band high power signal generator.
10 Hz-1 MHz. 0-6 volts r.m.s. 2 watts into 5 ohms in-
corporating short circuit protection

NUFFIELD SPECIFICATION 181 £32-80

LrriTEad

the best for less

BRITISH MADE BY LINSTEAD
Linstead Electronics, Roslyn Works, Roslyn Road,
London N15 5JB. Telephone: 01-802 5144
Ireland, Lennox Laboratory Supplies Ltd., 3/4 South Leinster Street,
PO Box 212A, Dublin 2.
Denmark, Scantysik, 13-15 Hjorringgade, DK 2100, Copenhagen.

S d EMIS ka A/B, Tri 17, Fack, 171 19 Soina 1.
Norway, EMI Norsk A/S, Postbaks 42 Korsvoll, Oslo 8.
Malaysia, Laboratory Equipment Sdn. Bhd., P.0. Box 60, Batu Pahat.
Benelux, A.S.E. Ltd., ional eet 38, B-2000 Antwerp.

WW—038 FOR FURTHER DETAILS
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HS 77

The high-speed Revox {15/7] ips) is firmly established as
standard equipment in the majority of London theatres, local
radio stations, National broadcasting companies and recording
studios. Available in a wide range of configurations

including the full, half or quarter track models.

Immediate delivery.

Options:

Sel sync £20 Varispeed £15

Scotch 207 UK's
LOWEST PRICES

VHS 77 Sole Supplier

WIDE BANDWIDTH. 40 Hz-40 KHz of particular interest to

research establishments. TAPE DUPLICATION. The equalisation

characteristics 17.5 and 35 pSec are such that 3 1:1, 2:1

or4:1 speed ratio will produce a copy tape of the same recording

characteristic as the master. HIGH TAPE VELOCITY of 30 ips

(76 cms) is invaluable for the analysis of data ard transient

information. Also 15 ips. TAPE ECHO 50 milli s=conds or 100

milli seconds. Immediate delivery. Finance available.

NOTE NEW ADDRESS-

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

WW—039 FOR FURTHER DETAILS

From Goldring.

New support forthe belief that what goes into
a record ought to come out of it.

The Theory is perfectly simple.

A good cartridge should take from a record all the
subtle shades of original sound that are stored there,
and re-create them for your enjoyment.

The Practice is a little more difficult.

Now Goldring bring the ideal closer with the new
820 series.

A brand new family of cartridges that builds on the
advances already achieved by the Goldring 800 series.
Providing cartridges that are not only capable of making
the most of all that good recording can offer now, but
have the capacity to keep pace with new developments
in the art of quality recordings.

The 820 series retains the true transparency of
sound and the true transduction techniques of
earlier designs.

The B20 - one of
the modelsin

the new range. L
Performance E
characteristics: -
Sensitivity @

5 cm/sec-1Khz:5mV.
Seperation @

1 Khz:20d8.
Recommended playing wt.
2 gremmes.

Stylus point radius: -0006” 154,
Frequency range: 20hz-20Khz.

It brings advances in every aspect of design.

The small low-mass diamond point which is
mounted on a new type of specially polished lightweight
aluminium tube, combined with the new visco-elastic
material used for the pivot pad, makes for greater
tracking ability.

Aspecial ‘tie wire’ minimises fore and aft sty!us
movement, reducing non-linear distortion to a minimum.

The total effect is a cartridge that, other equipment
being equal, can narrow almost to vanishing point the
difference between the original recording and the sound
that comes out of your speakers. i

There are three models in the range. The 820 with
spherical stylus. The 820E and 820 Super E, both with
bi-radial styli. Write for details and full specifications.

And satisfy yourself that ‘what goes in comes out’.

The new 820 series
The experts cartridge by Goldring @

Goldring Limited, 10 Bayford Street, Hackney, London E8 3SE. Tet: 01-9851152
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A SELECTION FROM OUR COMPREHENSIVE CATALOGUE
ALL ITEMS ARE BRAND NEW AND FULLY GUARANTEED TEST METER
AALIS Bp BF180 35 MFC3020 £2.12 VA1D66s 15p 2N4441 109 i i 1 1 i1
e Kot SRR s MrCa2 B YALDGg o muy ay This qompact, robu_st M_eter cqntalns a transistorized .ampllfler
AC128 20p ::;g: ::p MIES20 85p W005 250 2N48T1 ap enabling a very high input impedance to be achieved (at
Aize R W wgws o0 W B owes ] e [CERUZBEIC 6fime [T Vol
ACIZBACS st pezsy T MJE30SS 66p W4 1 25245 45 DC & AC Ranges £27.50 each
151 200 0 MJ480 97 w08 3% 2N5452{MPF103) 43p Further details on re —
ACIS2 25p BFX13 25p MJ481 £1.25 wos a1p 2N5458{MPF104) 49p —_— 5 guest ask for leaflet 06-351.
:g:: 20p gzgg ;gv MJagt £1.35 107 129 2NE459(MPF105) 46p
20p P MJB02 £4.12 X108 11p 2N5758 £1.20
ACY20 20p BFX85 34p MJBO2/MJ4502 £B.56 ZTX300 13p 2N5777 45p LOGIC CHECKER . s .
:3;; 1:]» :Fégg §:" MJ300 £180 mau2 18p N6027(D13T1)  45p The fast effective way of checking Digital DIL IC’s.
p p MJ1009 £150 ZTX303 15p INB4 £130 iD- i i
o o G S ) £150 ot s e =2 Checks DIL gates. flip-flops, counters shift registers, decoders,
:g:;e 60p :zglll gv MEM309K £190 X314 1tp 3N14D 32p etc., etc.
1 a4p p MPF102 T X320 30p IN152 92p i i i i i
AD162 44p BFY52 20p MPF103{2N5457) 49p Z1X330 18p 7417108 asp C||p_on IOQIC pIates_ clar_lfy ?Ircu't st_ate.
AD161/182 88p BFY53 17 MPFIO&(2NS458) 48p TTX500 14p 741/80IL 34p No interference with circuit, Input impedance responds to one
AF106 32p BFYSD £120 MPF105/2N5458)  46p X501 15p 123/105 £192 TTL load.
AFT14 1 BP101 £1.40 NKTDO33 98p 7TX502 18p 7231401 £1.02 | Risnl p
:m: 27y arezs il NKTZUL 25 ITX503 17 7471401t asp nstant display by LED’s.
25p _ NKT212 25p ZTX504 45p 748/1400L 39p i
AT 25p BR100 200 NKT213 250 TRoTE i e e Power supply automatically s.elhected, el -
AF118 e BRY39 45p NKT218 460 1N3754 200 30156 £2.00 Full instructions supplied with each device at 5.85 each
AF124 250 BSX19 18p NKT217 50p 1N4001 4p 7400 24p
i 2 s 1% NKT218 259 1N4002 4 7401 2, | INTEGRATED CIRCUIT TEST CLIP
Af1 24p 20p NKT223 2 1N4003 5p 7402 2 ! . . h . .
AF139 40 BSY27 205 NKT271 18 184008 T 2403 240 Indispensable aid to the engineer working with DIL IC’s. For
:ﬁ‘zg: ;2: ggggA 17;: mg;g ;g: mggg ;: ;:g; ggv use with both 14 & 16 lead packages. Clips on to device
AF279 5 BTYI9/400R  £180 NKT278A 12 184007 3 7408 3,,: under test. Can be used as a revoval tool. Accidental short-
e 2 BT108 £120 NKT281 29 4148 4 7408 300 ing of IC leads is eliminated & Capacitance effects at HF
P BY100 20p NKT351 75p 1N5400 14p 7410 24p | bt
AsY28 229 Y127 22p NKTa01 78p 1N54D4 18p 7813 36 are negligibte. £1.95 each
:i:gg 32;} BZ[V;gBCSV:’ 0 NXT402 83p 1N5408 25p 7420 24p
P oV P NKT403 Ttp 1544 4 7425 36p
86103 20p BZX61C7V5 to C30V 28p NKT404 86p 15920 7 7430 24p INTEGRAT,ED C|RCUIT_ PINS_ .
88104 3 :gs:;[l::e\? 0 NKT405 87p 15940 8 7440 299 The lowest priced IC mounting available. Pin Sockets come
p 93012V 70p NKT408 69p 2N404 23p 7442 £1.39 i i i i i
eI T PRy o Ao e e 2 s A in a reel, just drill your board at required centres, drop in
gg;g;/aam 32» gﬁmmv o ;gn NMC469 86p 2N67 17 7444 £1.74 pins and solder, break off frame holders — your DIL mount-
P NMC505 £3.00 2NB98 304 7445 £2.47 1 1
8C108/8C178 32 €£A3005 £135 NTGD1D 40p INT08 10: 7446 £174 m_g 1s complete!! i
:g:ggmcm ;:v mg}; a l‘lgn OAIOINTGOIO}  40p 27064 12p 7447 £150 Pin Sockets 1,000 pieces £7.00
i 1. 0A47 8p 2N708 18 7450 24p H H
BeToas Yo St e Wi o 1108 50: L 2 Pin Sockets 100 pieces £1.00
BC117 15p CA3018 12 0A90 8 IN914 20p 7453 24p
B w LTE [ [ 0491 5p M1 s 7454 24p TRANSDUCERS — ULTRASONIC
P 3 0A95 51 N 7480 24 - .
Beh e e 1% G o Hon gg: S s A new type of 40 kHz Ultrasonic Transducers designed to
:g:;g }g: Eﬁggg gg; ge;gz 4;.: N1131 25 ;:;g ggn transmit and receive a 40 kHz signal. Supplied with trans-
- 2N1132 24 P B - . B .
8C158 12p CA3044 £1.28 0c28 18 2N1302 0 7474 55p mitter/receiver circuits of a new design.
:g:is;/m ;:v g:gg:g uﬁn 29 19 2N1303 7o 7475 54p SOLD ONLY IN PAIRS
" 8 0c35 66 2N1304 24 7478 54p i
BC148/158 3p CA3052 £182 0038 89p 2N1305 u: 7480 80p Type No. 83181 NEW LOW PRICE £4.95 per pair
Pk ey Ol g Gl g, o ek
P 0C42 a0p 2N1307 30 7483 £158 o R
Y e S &5 gz e diey 34: b & CA3123E Superhet System with RF Amp. IF Amp, Mixer,
8C189 p CAI089E 198 o045 2 2N1308 3 7490 Bp 0SC, g.c. Detector and Voitage Regulator. Ideal
8C168¢C 129 CA30900 423 0c71 200 IN1559(CA1/401C) 71 14318 £154 i e
BC177 20p CA3123E £180 podd 200 N el oTh ) for car radio applications. £1.80
o I [t Al g T gl s ey el ~
9 20p ] 0c76 25p 281893 54y 7494 £138
- o e b ot m o e W s« | SEVEN WATT AUDIO AMP. I.C.
BE:gL 13;. Egtgr:s:z tL;G oc81 200 NITTEN b4 7438 £1.78 TBA810S £1.68
8 13p 4011AE 5p 0c810 20p 22219 38, 74100 £1.87 i i i i i
oics s CTIOTIAE Bl 2 o 22N = LA R Featuring thermal protection. Ideal for car radio applications.
AC178 20p CDAD13AE £ acsd 25p 282388 170 14121 51p
AC153/176K 52p C04015AE £292 0c139 250 2N2389 Y 74141 £1.20 PACKAGED CIRCUITS
AC1ETK 11 CD40174AE €292 0c170 25p 2N2389A V7p 74150 £402 o
ACT88K 23 COADIBAE  £292 oc171 309 IN2484 2 174151 £132 The complete range.of Newmarket modules currently being
AC1B7/188K 40y CD4020AE £325 aceTIM a2 2N2648 a5p 74153 £1.62 featured in magazine articles. See catalogue for details.
S gy mmi pm el g, gen fe el e
1] g ORPEOD 50p 2N2903A 49p 74155 £186
gglg:L :;n Eg:gg::: f4.;§ 0RPS1 50p 2N2905 855 74156 £1.86 ANTEX SOLDERING EQUIPMENT
0 » ORPES 50p 2N2905A 754 74190 £2.18 H i
BC212 16p CR1/051C 54p PM7A2 £185 2N2824 m: 74181 £218 X25/240v 25W_ N _£1'85 SK2/24OV 16w kit £2.95
Blél:t It g:;/a/g;c“ : ;;n PM7AB £250 2N2925 200 14192 £209 MLX 12v 25w kit, essential for car tool kit, £2.30
3 P 3 1. PNTO 10p IN2926 10 74193 £209
86238/308 0p  CASYAOAF €153 T L o i 209 X50TC 240v 50w temperature controlled £5.95
BC257 11p cz6 170 PN107 Bp IN3OS4 85p 74197 £180
BC258 10p D10 (NTEDID) 40p PNID8 Bp 2N3055 65p 40250 86p
BC259 12p HPS0B2 34p PN109 8 2N3228 £1.10 40309 40p
!;ggl 123 isazzal PLEs PNIBIS(N3BIGl  20p W33914 29 40310 80p SPECIALISE IN EDUCATIONAL
10p -3 i SL103A 50p 2N3525 £104 40311 42p —
BCY30 25p HT8681-33 £2.90 SL403A (Rectifier)  80p 2N3702 14p 40312 82p AND GOVE.RNMENT ORDERS see catah)gue for
8CY31 48p HT34133 €102 SL803A 80p 3703 12 40320 a2 further details.
B8CY3Z 50p IR2160 95p st2 200 IN3T04 120 40360 58p [ -
BCY33 20p IRC20 48p TAA283 £1.12 2N3705 12p 40381 45p
R ggn mszaa 250 144293 9p 2N3708 12p 40382 45p
B TAA3TD £1.25 IN3TOT 12p 40408 52p
3333 :gv mgg@; Sgg TAA320 75p 283708 12 40407 40p SE RVICE PLUS P
P TAABSY 45p 2N3709 12p 40408 54p 0 5
BEYIT 284 MC1307P £165 TAG100 £197 N3710 t2p Vesabo ol 10% DISCOUNT OVER £4. NO POSTAGE P
:CD\;Z ;;o n::g;or £295 TADI10 £197 2N37 19 120 40810 82 AND PACKING. TOP-QUALITY PRODUCTS 5 ¢
p 0P a0p TBABI0S £168 2N3773 £250 40430 £1.13
BO131 40p ME1352P £200 TILti2 £200 IN3819 28p 404884 44p ALWAYS BY RETURN. ¢
80132 a0p MC1486L £4.20 TL209 35p 2N3820 80p 40511 £192 COMPREHENSIVE CATALOGUE. ’
:g;g;/l:ﬂ :l]ln MC1488L £288 TIP314A 60p 2N3823F 20p 40575 £1.54 P
» MC4024P £220 TIP32A 0p 2N3825 300 40576 £1.48 A i i .
BFI1S 2% MCA044P £220 TIP4IA 45p N3866 o0 40800 708 important Notice All prices are exclusive ’ -
:E:::; ;gp MFC40008 85p TIPAZA £100 IN3904 285 40801 700 of V.A.T. Please add 10% V.A.T. to the ¢’ 5%
o' B el il S Rl e el e e o 2 S
BF177 259 MFC8010 £138 VAI039 15p IN40B0 130 20889 £100 deducting any discount which may PRETN . K -
BF178 3ip MFC8040 £1.24 VAT040 15p 2N4061 13p 40673 56p be due. VAT No. 246-0626—72. ot 1 & 5
2N4062 13p 40739 £1.50 ¢ . . .
DEPT. WW3 7 COPTFOLD ROAD
BRENTWOOD
Essex CM14 4BN
re P i |-
’
¢ & > v$( A +
P ’ D
l e, & &
) 5
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this is Ofari

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

Highest attainable in cassette performance.

Foolproof operation for non-skilled personnel.

Eight times copy speed.

Complete relay-solenoid operation.

Automatic cycle through Record-Rewind-Stop.

Absolute consistency in manufacture through large volume
production.

Cassette to cassette version also available.

/

D 2
=
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o L o
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Otari MX7000 3-SPEED — 332/7%/15 ips or 7%/15/30 ips. Electronic

Master Recorder. speed change. Cast aluminium deck — 1” thick. Sel-sync.

From £879 Cannon inputs, optional balanced or unbalanced. Balanced

excl. VAT line outputs. Built-in tone oscillator — 700 Hz or 10
kHz. Vu meter reads input, output or bias current. Equali-
sation and bias controls on front panel. Headphone out-
put. F.E.T.S. all inputs. 2 or 4 channel.

LAY ¥
o o K
(RN

Scotch 207
Sole U.K. Distributors: UK’s LOWEST PRICE

NOTE NEW ADDRESS-
Industrial Tape Applications
R} 5 Pratt Street,London NW1 OAE. Tel: 01-485 6162 Telex: 21879
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Now the EC958/7
High grade professional receiver

@ Latest development of
the 958 Series

@ Fully tuned frontend

@ High stability

@ Digital readout to 1Hz

@ ISB version available

@ Integral unit for FSK

(optional)
® Fixed —mobile —
or maritime
10kHz to 30MHz World-wide distribution
INustrated brochure from:
Eddystone Radio Limited
Alvechurch Road, Birmingham B31 3PP Tel~021-475 2231 Telex 337081
A member of Marconi Communication Systems Ltd LTD/ED109
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THE MINITEST
IS PREFERRED

The SEI MINITEST has made a remarkable impact in the
pocket-sized multi-range meter market, by making itself

a firm favourite with discerning people in the industry.
Let's look into the reasons why.

First,the appearance. Diminutive, neat, wipe-clean
plastic cover with pressed steel case.

Controls are simple and easy to use.

Second, the range. The Minitest

measures a.c. and d.c. voltages d.c.

current and resistance over 20 ranges -
1o a sensitivity of 20,000 and 2,000
ohms per volt d.c. and a.c. respectively.
Third, high voltage probes. These

OVERSEAS
AGENTS
REQUIRED

Established British Company has developed
a new approach to Spectrum Analysis
enabling them to offer a high grade reliable
instrument at a fraction of the normal
price.

The Spectrum Analyser is a self contained
module useable with any general purpose
oscilloscope. Any signal from 10 mhz to
850 mhz can be displayed and any multiple
of signals up to 400 mhz width can be seen
at any one time.

Resolution is better than 25 khz and the
price is less than £100 (one hundred
pounds sterling)/f.0.b. Importers already sell-
ing to schools, Universities, and companies
involved in the R.F. field who are interested
in receiving further information should write
to

Box No. 3541

extend the range to 25 or 30kV d.c.

Little wonder the Minitest is preferred!
SALFORD ELECTRICAL
INSTRUMENTS LTD

Peel Works, Barton Lane, Eccles,

Manchester M30 OHL. W ,
Telephone: 061-789 5081 Telex: 667711 i ‘ f
A member company of GEC Electrical PR

Components Ltd

SEC

‘minitest

P ee®® |
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low cost memory card
is easy to interface....

RSS 3000 CARD

Rondom Access
256 Words

12 Bits or less

! Microsec cycle
TTL Compatible
Expandoble

Easy interfacing
LOW COST

£67 .50 one off
plus VAT

Limiose's low cast Random Access Memory Card Type RSS 3000 uses ‘stotic' memory
chips and is very easy to interfoce with any equipment. All inputs and outouts are
TTL compatible and no clock or timing considerations ore necessary when reading o1
writing into the memory .

The RSS 3000 features o complete memory system on a single printed circuit boord
and measures 63 Inch x 73 Inch with 6 43-w0y edge connector terminotion . Al

avoilable is o Memory Address Regist for expansion up to 4076 words, ond o
power supply card suitable for driving up to four RSS 3000 cords at o time.

Fully decoded address lines, Tri-stote output, simple osynchronous control lines and
low cost mokes this system ideal for use os a buffer store in smoll computers etc.

limrose electronics Itd.

8-10 KINGSWAY, ALTRINCHAM, CHESHIRE, WA14 IPJ Tel. 061 928 B063
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Milliamps to Amps,
Motorola leads with power devices.

Whatever your application
and whatever your field,
Motorola has the perfect
power device for the job.

Automotive

Motorola leads with thyristors and
transistors for high efficiency, high
voltage ignition,and transistors for seat
belt interlock systems.

Motorola improves reliability with
transistorised voitage regulators and
power rectifier bridges for alternators.

Computers

Motorola Ieads with low cost
Darlington transistors, permitting CMOS
and MOS to interface with large current
devices —from milliamps to amps.

Motorola thyristors and triacs are in
service'in perioherals all over the world.

Consumer

Motorola leads with silicon, plastic and
metal can transistors, and thyristors for
TV convergence, deflection and power
supply stages.And Motorola’s NPN and
PNP Dariingtan transistors are ideal for
today’s audio amplifiers.

\¥
¥
i
'
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(@ ]

Industrial

Motorola leads with a unique range of
Beam-Fired thyristors for very high
power DC to AC inverters.

Our high voltage power transistors
and thyristors give smaller, more efficient
switching power supplies.

And we're still very much committed
to Germanium—the most economic
solution for low voltage/high current
applications.

Silicon or Germanium transistors—
and there are 6 types of device
construction available in olastic or metal
packages —and monolithic Darlingtons
mean that there’s a reliable Motorola
power device for every application.

MOTOROLA
Semiconductors

Motorola Semiconductors Ltd., York House,
Empire Way, Wembley, Middlesex. Telephone:
01-902 8836.

European manufacturing fadilities at Toulouse
and East Kilbride.

Distributors: Celdis Ltd., Reading.

East Kilbride;

GDS (Sales) Ltd., Slough, Dublin;

Jermyn, Sevenoaks; Lock Distribution,
Oldham; Semicomps Ltd., Wembley.

Paris Components Show
Motorola: Aisle-E, Stand 82.
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: pluginto ,
I Black Arrow !

! some great

connections...

When you want action in electronic components, plug
into a newcomer: Black Arrow Electronics—the new name
for Wirelect of Bristol.

Still a member of Edward Electronic Holdings Co.

Still operating from Bristol. Still the same experienced
team.

Only now the service is Nationwide.

This is a newcomer with great connections. Over 20
major manufacturers to call on, and still more in the
pipeline. A big new warehouse, holding stock currently
valued at £250,000—and growing. The ability through a
policy which is based on action, not words, to take your
order and turn it round faster than ever before.

Why not see how an electronic component supplier
should operate. Pick up the phone and plug into

Black Arrow.

A new name. A great service!

Our manufacturing connections:
AEL Semiconductors Lid.  Belling & Lee Ltd.

Avo Ltd. Edgecoumbe Peebles Lid.
A.F. Bulgin & Co. Ltd. English Electric valve Co. Ltd.
Electrolube Ltd.

Hollingworth Terminals Ltd.
The M.O. Valve Co. Lid.
Mullard Ltd.

R.C.A. (Values) Ltd.

Rendar Instruments Lid.
Taylor Electrical

Evershed & Vignoles Ltd.
]. Lucas (Electrical) Lid.
Mallory Batteries Ltd.
Multicore Solders Ltd.
Shackman Instruments

Lid. Instruments Lid.

Vitality Bulbs Ltd. Thorn A.EL Radio
Weller Electric Lid. Valves & Tubes Ltd.
Antex Ltd. 20th Century Electronics.

We can connect you with:

Circuit protection Crimp terminals Domestic valves CR.T's
1.C's Indicators Lamps Meters L.E.D's displays Passive
components Plugs and sockets Soldering irons Switches
Timers Tools and Kits Contact cleaning solvents
Connectors Cores Instruments Industrial valves Knobs
Mercury cells and batteries Lubricants and greases
Metrohms Oscilloscope cameras Semiconductors Solder
Safeblocs Tesl equipment Terminals

4UEEEEEEN)

. ;) black arrow electronics

&
¥
[l

. Tel

St. Thomas Street, Bristol BS1 6]W.

Or ring Bradley Davies {0272} 209313

We like dealing with people who have good connections—
especially when the turnround of order is as fast as you say!

PLEASE SEND the new Black Arrow Electronics O
D .

200-page catalogue

PLEASE ASK the Black Arrow Engineer to "phone
BLE! .

and make an appoiniment

Entirely without obligation

Name

Company
Address
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“"Ampex and
HAT?.."

The

JAMES SCOTT

Alisnment Units
for DR.and EM.
Multi- Channel
Tape Recorders.

= _——x =

Thm:b‘
Unit Type FMU/1 illustrated was designed at

the Royal Radar Establishment, Malvern, to suit

Ampex Recorders working on the IRIG intermediate

band specification (using ES 100 Electronics) e.g. Model
Numbers FR 1200, FR 1260, FR 1300, FR 1800L, FB 400, PR 500

If you have a sophisticated Ampex Recorder—
Align it to the Manufacturers specification
using our Alignment Units for D.R. & F.M.
Systems.

Speedy and inexpensive

For Further information and Technical Literature
Write or telephone.

JAMES

SCOTT

) (Electronic Engineering) Ltd

CARNTYNE INDUSTRIAL ESTATE
GLASGOW G32 6AB
Tel:041-778 4206
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AUDIX ATTHE  Heupmeise,
WORLD'S BUSIEST 7SincR

INTERNATIONAL  S57ToMOPRATING |
E AIRPORT INTERCONTINENTAL

TERMINAL 3
=% B ot HEATHROW AIRPORT

) u||ulmunummunnullmlq Do

- Anotherexamoleof thel ™
¥omplete syste m design and
T anufacturing service offered
2% Audix of Stansted.

The Acoustically matched
800 watt audio system
includes automatic noise
sensing announcement level
adjustment devices, multi
access and routing facilities,
8 emergency back-up power

' supply and a range of

IM loudspeakers including the
unique Super Cardioid Golf

s

= v
Photo 3y perfiission of Bri- sh Airports Authorty,

. MANUFACTURERS OF AUDIX LIMITED - STANSTED - ESSEX CM24 8HS
al I I X SOUND SYSTEMS AND . TELEPFHONE : BISHCP'S STORTFORD 813132
ELECTRONICS (4 lines) (STD 0279)
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Youcould
design yourself a
reputation around
this M-OV tube.

e [t’s the best beam
tetrode you can buy.
o Offers lowest %
possible cost per watt.
e Communications
transmitters all over the
world depend — and goon
depending - on the famous
M-OVTT21.

e Characteristics: Frequency
30-60 MHz, Output Power 174W,
Anode Dissipation 37.5W,

Anode Voltage 1250V.

EEV AND M-0V KNOW HOW.

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE.. E
Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London. 56. .

WW-—053 FOR FURTHER DETAILS

Line Matching Transformers
from Standard to Super Fidelity

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

The Super Fidelity |_
Series, with a
frequency response of
10Hz to 80kHz - 0-5dB,
gives the widest possible
bandw:dth for high accuracy

The Miniature and cally shlelded, giving very high
Standard ranges provide hum rejection ratios
excelient bandwidth for Prices start from £2-29
most purposes, 30Hz (recommended retail price)and
I} 22|§Hz for the 1-0dB | all types are usually available
points. from stock

Except for the very Comptete technical
smallest in the range, all Information is given in
Gardners Line Matching brochure GT.56 'Audio
Transformers are fully magneti- Frequency Transformers
which we'll be glad to send on

instrumentation and recording request
applications. 200, |
Then there's the Wide and el L
Extra Wide-band ranges. Out- so——Jie -
standing performers with a > e a, So accurate «s the balancing of the

frequency range 30Hz windings on some of thesa

20kHz or more ~ for the 0-5dB
points. Used a lot by broad-
casting and recording
companies throughou! the
world

transtormers thal. when used .as
Dpairs in a hybrid cucut {as
iltystrated) we can guaraniee a
rejecton of better than 5508 over
the frequency range 30Me 1o 10kHz
anag normat rejection of up to

7508 may be expected.

(Gardners)

Specialists in Electronic Transformers and Modular Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited. Christchurch. Hampshire. BH23 3PN
Te! Christchurch 2284 (STD 0201 § 2284) Telex. 41276 GARDNERS XCH

WW—052 FOR FURTHER DETAILS

Wireless World, March 1974

The new Rank
WOW & FLUTTER
Meler
Type 1742

fOw AND FLLSTTER METER TYPE 1742

Fully transistorised
for high reliability

Versatile
Meetsin every respect all current specifications
for measurement of Wow, Flutter and Drift
on Optical and Magnetic sound recording/reproduction
equipment using film, tape or disc

High accuracy
with crystal controlled oscillator

Simple to use
accepts widerange of input signals with
no manual tuning or adjustment

Two models available:
Type 1742 'A’ BS 4847: 1972 DIN 45507
CCIR 409-2 Specifications

Type 1742 'B' BS 1988: 1953 Rank Kalee

Specifications
For further information please address your enquiry to
Mrs B. Nodwell
Rank Film Equipment, PO Box 70
Great West Road, Brentford
Middlesex TW8 9HR
Tel: 01-568 9222 Telex 24408' Cables Rankaudio Brentford

%S RANK FILM EQUIPMENT

WW-—094 FOR FURTHER DETAILS
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THIS COULD BE
THE RIGHT
SOLDERING
BIT FOR YOUR
PRODUCTION

study the possibhilities in /
ADCOLA'S NEW CATALOGUE! //

///// BN N /////////////////////////// I //////

y p 100 |

. ! Shapes BEES

1 100 -

123

//% /i Long life (iron plated) and : a"a\.l

/ copper solderlng bit, catalogued

/ by Adcola, giving you the most comprehensive
’ range of British-made soldering bits yet!

’/// Face sizesfrom 53" to 3" Shank sizes 3" to 3"

0
o, s o ////////// I O Y o gy,
i e Z

7 ,/,, -m/ Packagmg %//
i that //
//

pleases
\

Styrene packed soldering bits
for easy identification //
Package prevents damage to bits /
Perforated for ease of dlspensatlon //
/////,/////// Y ATy YN
ADGOLA PRODUCTS LIMITED, ADGOLA HOUSE,
GAUDEN ROAD, CLAPHAM, SW4 6LH

DEPT.WWSSOLDERING BIT SALES.
Please send me your latest soldering bit catalogue

I NAME: . I

ADDRESS:

WW—054 FOR FURTHER DETAILS

ad5s

forampllflers mixers
tape recorders

Checks .. . frequency response
signal/noise ratio
distortion
cross-talk
wow & flutter
drift
erasure
sensitivity
output power
gam

.In one compact unit

Auxiliary Unit provides extra
facilities for Studio testing

Send for leaf et RTS2
Ferrograph Company Limited Auriema House 442 Bath Road

Cippenham Slough Buckinghamshire SL1 6BB
Telephone: Burnham (062 86)62511 Telex: 847297

FERROGRA PH

A member of the Wilmot Breeden group
WW—055 FOR FURTHER DETAILS
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RESEARCH COMMUNICATIONS

THI BMOKLRE MATCH RESEARCH COMMUNICATIONS

PHASE LOCK LOOP

SATELLITE RECEIVER FREQUENCY CONVERTER

PHASE LOCK LOOP RECEIVERS RF AMPLIFIERS

Type 1101 Satellite Band. 136-138 MHz. Type 1014 LOW NOISE FRT RF PREAMPLIFIERS
1.5 dB. Noise Factor. High system gain. Automatic search and lock facility tunes receiver to Frequency: As specified in the range 1 to 250 MHz.
satellite transmission in range without manual adjustment and enables several satellites to Bandwidth: As specified from 1% to 20% of centre freguency.
contribute to picture print-out without'. operator involvement over an extended period. Single Noise Factor: 1.5dB. @ 150 MHz.
channel or manual operation may aiso be selected. The unit is designed and rated for continuous Gain: 30dB. @ 100 MMHz. Adjustable . ... .. BA. - ool 4 . . wha W IEEQ
duty monitoring service. The output drives facsimile picture equipment directly . .. ... .. £280 Type 1015 LOW NOISE RF/IF AMPLIFIERS
Type 1202 . Telemetry. 102 MHz. . Frequency: As specified in the range 1 to 150 MHz.
AM. FM. mulitiplex FM. pulse. Automatic signal tracking and locking .. ... ... ....... £280 Bandwidth: As specified from 1% to 40% of centre frequency.
Type 1203 Telemetry: 412 MHz. ... ... moamsm: qu -« cpe g ungmpms = omn: £350 Noise Factor: ~ 1.5 dB. @ MMz.
Type 1302 Communications. Single or multi-channel. AM. FM. mulnplex Gaint 60 dB MHz. Adjustable — 60 dB. . .. ... .. . £80
FM. FSK. RTTY. SSB. CW. Up t0 250 MHz. . .. ... ... ........ €270 ain [ @MHzEA st ablef 60 . L
Type 1303 250-470 MMz s R AN meli ) T il | Lt Sy £350 Type 1021 TUNEABLE STRIPLINE PREAMPLIFIERS
Type 1401 Radiometer. Type 1451 Imerferometer 81.5 MHz. 1515 MHz. . ... ... £260 Frequency: 359 MHz. to 2 GHz. Continuous varicap tuning.
Type 1402 Radiometer. Type 1452 Interferometer. 408 MHz. .. .. .... ... .. .. £340 Bandwidth: Adjustable.
Receiver size: 1101, 1202, 1302, 1401, 1451: 43" x 3}” x 13" Noise Factor: 1.1 dB. @ 350 MHz. 2dB. @ 1 GHz. 3 dB. @ 2 GHz:
1203, 1303, 1452, 1402: 61" x 43" x 2}". Aluminium diecast case. Impedance:  Adjustable.
Gain: 15dB. @ 500 MHz. 10dB. @ 1 GRz. ........ .. . 19X
FREQUENCY CONVERTERS Types 1014, 1015. 1021. »
Tyoe 1051 Input frequency as specified in the range 1 to 250 MHz. . .. ... .. .... £80 Size: 33" x 13" x 1}". Aluminium diecast case.
Type 1061 Input frequency as specified in the range 200 to 700 MHz. . . . . .. .. .. £120 c°"."55'°'5: BNC. N, UHF. or as specified.
Size: 44" x 24" x 11”. Aluminium diecast case. ' Weight: 40z
V.AT. applicable at the current rate excepting export orders. SPECIAL EMERGENCY SERVICE. An emergency service is now available for very rapid delivery of standard and

Hustrated brochure available on request special equipment. For further information telephone Mr. P. H. Strudwick, Faversham 2064.

RESEARCH COMIMUNICATIONS
PEEL HOUSE, PORTERS LANE, OSPRINGE, FAVERSHAM, KENT. ME13 ODR Telephone: Faversham 2064

WW—056 FOR FURTHER DETAILS

DC/AC SINEWAVE TRANSVERTORS

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

TYPE D12/400S

Input

Type Volts Output Price

C12/308 |12 115/230v  30W sine wave £32.45
C12/60S |12 115/230v . 60W sine wave £43.60
D12/120S8| 12 115/230v 120W sine wave £57.00
D12/200S5| 12 115/230v 200W sine wave £81.80
£12/400S1 12 115/230v 400W sine wave | £197.00
D24/500S | 24 115/230v 500W sine wave | £197.00

All prices +10% VAT. All 50Hz +1Hz. Also available 60Hz +}Hz
at same price.

PR 0 F E SS' 0 NAI_ R E c 0 R D E RS For operating frequency and wave form sensitive equipment such

as sound tape recorders, video tape recorders, professional film

for broadcasting and studio use. cameras, sensitive instruments, etc.
Our range includes console, transportable and rack Other models available for inputs of 24, 50, 110 and 220 volts
mounting machines. DC. Square waveform output also available, generally from stock.

Mono-stereo 1", 4 track 1", 4 track 1" slow speed radio Send for informative brochure.

station loggers all to IBA requirements. VALRAD | o LIM ITED
BIAS ELECTRONICS LTD. BROWELLS LANE, FELTHAM, MIDDLESEX
572 Kingston Road, London SW20 : TW13 7EN, ENGLAND

TEL: 01-890 4242/4837

WW-—057 FOR FURTHER DETAILS WW—058 FOR FURTHER DETAILS
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NEW VAT INCLUSIVE PRICES

AUDIO I.CS

Audio 1.C. Leaflet No. 12 {Circuit data etc)
FREE with I.C.'s 10p separately.

MC1303L £1.89
Dual Pre-amp
MC1339P £1.29

Low noise Dual Pre-amp Single

MFC4000A or 8 49p
250mW

TAA300
1 Watt into 80, 9v rail

LM380
2 Watt

£1.79

SL414°
3 Watt NEW pin for pin
replacement for SL403D

TBAB00

§ Watt into 356
BHA0002 £395
18 Watt

NE540L
35 Watt driver
T099 Can

MC1310
Inductorless, phase-locked loop

multiplex stereo decoder, supplied with
FREE leaftet No 11 {available separately 10p}
MC1312 £6.49
The I.C. CBS SQ Quadraphonic decoder
Available, only with all components inc.
veroboard & detailed leaflet. Price is all
inclusive.

“*see SL414 above. Also available, heatsink
for SL414 or SL415 15p. Suitable stereo
P/C Board 69p. SL416 (5 Watt Amp}
ZN414 with free leaflet No 11

£3.05

£2.29
£1.32

DIGITAL CLOCK
P NS

MM5314

12 or 24 hour. 4 or6 digit
50 or 60H2 operation
leading zero supression
single voltage supply
similar to DIGITRONIC in
PW. March 1973.

74 Series TTL
INTERNATIONALLY
KNOWN BRANDS
Ist, GRADE DEVICES AT NEW

Linears

8pin DIP

INDUCTORS

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

Denco {Clacton) Ltdl Maxi-Q Coils

Transistor Range

Series 1T to &T inclusive
Biue: Yellow: Red & White
All 44p each

Dual Purpose Range
Series 1 to 7 inclusive
Blue: Yellow; Red & White
All 44p each

1 to 6 Green 48p each

Ferrite Rod Aerials Medium & Long Wave
for 300pf & 500pt tuning (state which)
87p each

R.F. Choke Range 0.TuH to 19mH
For full detaits ask for leaflet No. 6
p & p 5p.

LP 1186

Q\

THE TELAN === EA1000

Varactor diode tuned F:M.
Tuning heart £4.15 as
described in P.E. May 1973
LP1185 matching 1.F strip
£4.85

VAT INVOICES ON REQUEST

20 + 20 Wart Integrated
stereo amplifier Kit superb
state-of-the-art  design by
engineers of Texas Instru-
ments

£31.35 + p & p 49p

3 \Watt amplifier module
Price including handbox
and FREE HEATSINK
{Quantity Discounts)
Our Price £2.49

ROCK BOTTDM PRICES
POWER PACK,/CONVERTER
SN7400 17p  SN7473 40p Switchad 3, 6, 7} or 9 Voits
SN7401 17p  SN7474 a0p Up to 400ms Dutput
SN7402 18p SN7475 50p T
SN7404 17p  SN7476 a4p 709 b ha"‘s"“' °e 5. Transistor &
SN7408 20p  SN7490 esp | 710 el Zener Stabilisar
SN7410 370  SN7492 740 | 711 fr:‘l‘l,“"":,‘:u’:“ P Circuit
SN7413 30p SN7493 74p i
SN7420 17p  SN74100  £1.82 41 Jocketladoptel > h Maing Lsad
SN7430 17p  SN74121 77 etallcase {Ovec 41)
SN7441 ¥4p SN74141  £1.10 748 42p A%p 3 /
aN7442 74p  SN74192  £215 CA3046 90  MVRSV(LO05)  £1.65
SN7447  £1.01 CA3075 £165  MVRI2VL036)  £1.65 -~
CA3082 £1.65 MVRISV (L037}  £1.65 3§ "~ g. Powes Dutput
Cheapest Opto yet Lot e Ness s | b ol -‘x;."\ Travsnar
2 I NE 560 8 £4.92 f. Neon
G‘ﬂ" LEDs M301 £1.05  NE561B £4.92 Switch \ndicater
LM307N 860 NES562B £4.92 ¢ Voltage d.Rubber @ On/Off
! LM308K £1.45  NE565 £2.80 Sefector Feet Switch
LED2. 0425” 26p |  (M303K £269  NE566 2715
LED 3. 075" 17p LM3300 7 NESE7 £2.80 Dur Price £3.99 + p & p 20p
m:agg a: 634028 £3.08 unstabilised version of above £2.99.
s 3 8 SL440 £2.89 Other Eliminators (unstabilised)*
257 69
'[Eg Lo | weam £1.00  TAAZ63 9% 6 Vaits @ up to 50mA £165
: MC1352 £190  TaA293 9% 3Volts @ up to 50mA £1.85
- . MC1357 £1.59 TAA3T0 £1.37 9 Volts (miniature} @ up to 56mA £209
(Ll Vat Inclusive Prices. MC1358 £1.69  TAA320 9% 5+ 6@ up to 50mA £2.75
MC14566 £1.75  TAA350 £254 3+ 9@ upto 50mA £275
MC1458CP1 £242  TAA370 £5.15 7} Volts for cassette Players (Small} f2.20
PRICE BARRIER SLASNED| v €565  TAAS50 81p 3:4};6:74:9:12 Volts up to §A £a75
mEMgeg £1.49 TAAG70 £1.65 Fully stabilised car battery Converter® giving switched
60304 £4.95 outputs of 6; 74 or B £5.49
l[u LITRONIX » & p on all models 20p
+DL707
READOUTS SERIES I.C. SOCKETS
. MM5E316 — alarm clock £16.50
1" high also Liquid Crystal 4 digit display inc.
characters available socket— AN4 132 14.38
14pin Di 3 TBA810S {7 Watt) £1.70 -
Ref LED 1 Ref LED 1A Dual 555 (2558) £1.32 Oual in iine . d 216 246
Mullard LP1400 Multiplex 8pin 134p  28pin 304p  14pin 154p
Decoder Module £4.96 :gv{" :;31' igogn ::3;: 16pin 174p
pin ] pin
£7-99 + 20p VAT - £2-19 24pin 263p

COPPERCLAD

04" 015" 0.15" P&P
24 %3} 24p  18p 12p —
24x5" 83 23 13
33x34" 265 23p -
335" 30p 30p 20p —
17x24" 82p 63p 45p 10p
17x3¢" £1.10 86p 60p 10p
17x5" — 90p 10p
Dip Breadboard 4.15" x 6.15" f1.15
Spot Face Cutter 44p
Pin insertion Tool {State 0.1” or 0.15"} 55p

Terminal Pins {PKS50)—State Size

3: decade

A1005S A1018 A1005MS.
F.M. tuner chassis. fully F.M. Tuner. similar to  Multipiex Stereo Decoder
transistorised. 9 Volit A10055 but in oiled fully built & aligned to

positive earth operation
Our Price £6.35

a47

OVERSEAS CUSTOMERS DEDUCT

ONE ELEVENTH

stabilised

TYPE C804 TYPE O
5pf 81p 365pf 80p
10pf 61p 365 + 365pf 96p
15pf 61p TYPE 00
20pf 64p 20B + 176pf
25pf 61p with screen &
50pf 66p trimmers 99p
60pf 79p Dilecon
75pf 79p 100pf S5p
100pf 75p 300pf S5p

20p

A State-of-the-Art Digital Voltmeter I.C. for only £7-79

walnut  case,
silver fascia etc
Our Price £12.99

Dept. 5.
56, Fortis Green Road, London, N10 3HN

Tuning Gangs

'y

500pf 55p

Price includes
data booklet
{10p separately)

black & match A1005S

Our Price £5.95

UNLESS SHOWN OTHERWISE P&P ON UK
ORDERS 1S10p. OVERSEAS ORDERS AT COST

WW—059 FOR FURTHER DETAILS
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Check in one direc
move with Brandenburg’s
new HV meter

We thought it was about time somebody supplied direct reading
meters for high voltage. $0 we've produced three—one for up to
5kV, one for 15kV and one for 30kV to complement our range of
HV power supplies.
The meters are operated by two 3V internal batteries (800 hours
life) linked with a built-in checking facility. Positive or negative
ground is available, selected by a front panel switch. And. as
with all Brandenburg products, there is a 12 months uncondi-
tional guarantee.

B Accuracy of 1% fsd over voltage range of 8-30kV d.c.

B Less than 1A drawn at 30kV d.c.

B 4.5in (114 mm) scale mirror-backed meter.

B Temperature range 5-35°C.

B Dimensions only 7 x 8 x 5}in high (200 x 145 x 178 mm).

B Recorder output.

Yet another Brandenburg piece in the
high voltage game

brandenburg
STABILISED HIGH VOLTAGE

Brandenburg Limited, 939 London Road, Thornton Heath, Surrey.
CR4 6JE, England. Tel: 01-689 0441 Telex: 946149

Agents or distributors in most principal countries. P6437
WW-—060 FOR FURTHER DETAILS
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\AAAAAAAAAAAAAAAAAAAAAAAAAL
These Strippers Give
YouThe Lot! & &

h w
Speedex Wire Strippers P u
give you everything you
need for fast, efficient
wire stripping. The range
includes standard, semi-
automatic and fully

automatic models and
seven different size
cutting heads for all
wire gauges from No.
8 to 30. They are also
available as kits in
tough plastic boxes
complete with blades.
Write now for illus-
trated literature.

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

WW—061 FOR FURTHER DETAILS

HEPWORTH ELECTRONICS

A DIVISION OF B. HEPWORTH & CO. LTD.

Bank Buildings, Kidderminster.

PRESENT
ELECTRONIC AC-DC
DEVELOPMENT PRECISION
CORPORATION CALIBRATORS

i
@y
A 3
2 5
D
!

axsa

DC miili Volt Calibrator MV105

THIS IS ONLY ONE UNIT FROM THE E.D.C. RANGE
OF MANUAL OR PROGRAMMABLE VOLTAGE
STANDARDS.

Tel: 0562 2212 or 3 for Data and Price

WW—062 FOR FURTHER DETAILS
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Five days that can change your future

We're rather good at changing the
future. After every L.E.A. exhibition, the
world’s never quite the same again!

Because the l.E.A. exhibitionis the
world’s unique show window for the
latest technical developments in process
control instrumentation, automatictest
equipment, electronic components,
process control, production equipment,
scientificinstrumentation, computer
hardware and data handling equipment.

And because each |.E.A. exhibition
actsasa “think tank’’ for engineers from
all over the world, who examine, compare
and discuss the developments since the
last exhibition.

The exhibition itself continues to
escalate. Since its foundation in 1957 it has
more than tripled insize. In 1972 it
attracted over 700 companies from 22
countries, and 4,824 visitors from 69
overseas countries.

I.E.A.'74 isaspecial landmark - the
first to be held since the setting up of the
enlarged EEC.

Olympia, London

Olympia has good busand under-
ground connections with London’s West

End, and is close to the West London Air
Terminal. There isa multi-storey car park
adjacent to the exhibition hall. Overseas

r e I 1 1 [ 1 1 )]

To Industrial & Trade Fairs Limited,
Commonwealth House, |-19 New Oxford I
Street, London WCIA {PB, England.
Telephone: 01-2429011. Telex:262567.
Cables: Indatfa London WCI.

1. Please send me further detailsand..
complimentary ticketsfor IEA’74 ]
2. Please send me details of the
Conference []

3. Please send me details of the special
travel [ ] hotelaccommodation []

and package deal [facilities offered by
the official {EA travelagent.
[N FY 1 - N S

Company ... S
Address .

visitors will be provided with special
amenities and facilities — information
centres, lounges, interpretersand help
with travel and accommodation.

Travel

To make your visit trouble-freeand
enjoyable, our official travel agents, Louis
Duforest, will take care of your travel to
London, hotel accommodation; and
excursions. These can be booked
individually or asa *“package”.

For full details of this comprehensive
service, just fill in the coupon.

Interational Instruments
Electronics Automation
Exhibition

13th-17th May 1974 Olympia,
London.Open daily [0.00-18.00
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transformers

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

A wide range of transformers TRANSFORMER s "'

manufactured in production E‘Q/[')T':RL:\’;‘\J‘XEREQE
quantities to customers TURRET LUG CONNECTIONS
individual requirements

Prompt Prototype
Service available

—
MICROPHONE L TRANSFORMER WITH
TRANSFORMER IN TWO HOLE CLAMP AND
MUMETAL CAN ’ SOLDER TAG CONNECTIONS
Drake Transformers Limited
Telephone: Kennel Lane,
\ Billericay 51155 Billericay, Essex.
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Z & | AERO SERVICES LTD.

THE MANAGEMENT ANNOUNCES WITH REGRET THAT DUE TO RISING COSTS AND STAFF SHORTAGES
OUR MAIL ORDER SERVICE WILL HAVE TO BE CURTAILED. NO MAIL ORDERS WILL BE ACCEPTED
BELOW £5.00 PLUS VAT, I.E. £5.50 VAT PAID. OUR EQUIPMENT WILL STILL BE AVAILABLE TO
PERSONAL CALLERS ONLY AT OUR RETAIL BRANCH, 85 TOTTENHAM COURT ROAD AND TRADE
COUNTER, 44A WESTBOURNE GROVE, W2, WHERE THE ABOVE LIMIT WILL NOT APPLY, MINIMUM
ORDER CHARGE FOR ACCOUNT CUSTOMERS IS £10.00.

AC/DC TAUT SUSPENSION MULTIMETERS — MADE IN USSR

(R

L

U4323; 22 ranges AC/DC
Volts, DC Amps only. Sensitivity
20.000 o.p.v. Built-in AF/IF
oscillator, giving signal at 1KHz
and 465KHz. Accuracy 5%

£7.00

U4341; 27-range
multimeter, with

U435; 30-ranges. AC/DC voltage U4324; 32 ranges, U437; 15-ranges AC/
AC/DC  Volts and and current cov- AC/DC  Volts  and DC Voits, DC Amps only.
Amps.  Sensitivity erage plus transis- Amps Sensitivity Sensitivity 10,000/
u4312; 39-ranges AC/DC Volts 20,000 / 2,000 tor  tester giving 20.000/4.000 o.p.v. 5.000 o.p.v. Accuracy
and Amps Sensitivity 667 o.p.v. 0.p.v. Accuracy current gain Accuracy 2.5/4% 2.5/4% £4.95
Accuracy 1/1.5% £9.75 2.5/4% £8.75 measurements £8.00
U4313; 31.ranges AC/DC Voits from 10 1o 350.
and Amps. Sensitivity 20.000 Sensitivity 16.700/
0.p.v./2,000 o.p.v. Accuracy 3,300 o.p.v. Accur-
1.5/2.5% £10.50 acv 2.5/4% £10.50

OUR NEW 1973/1974 CATALOGUE OF VALVES, SEMICONDUCTORS, PASSIVE COMPONENTS AND TEST EQUIPMENT IS NOW REAOY. PLEASE SEND
£0.15 FOR YOUR COPY. EXPORT PRICE LIST AVAILABLE TO BONA FIDE FOREIGN CUSTOMERS.

Head Office:
44a WESTBOURNE GROVE, LONDON, W.2 WE WANT TO BUY:
ZZE|Z§:7ZF’AG€;{)2{30NDON i, Mimddptor prnes logieng SPECIAL PURPOSE VALVES. PLEASE OFFER US

: O O YOUR SURPLUS STOCK. MUST BE UNUSED.
Retail branch (personal callers only)
85 TOTTENHAM COURT RD.,

LONDON W.2. Tel: 580 8403 ) TELEX 261306

WW-—064 FOR FURTHER DETAILS
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Audio Connectors

Complete range of Switcharaft audio connectors far all
studio and ancillary equipments.

Versatile— 3, 1, 5 or-6pole; wide variety of matching plugs recep
tacles; readily interchangeable with other leading makes.
Streamlined — simple positive snap-in connection;

cable clamping and latch lock.

Safe- sell polavisation: captive insert screw provides risid assembly
and electrical continuity:-firm and constant ground congict between
mating conneetor shells through the use of an exclusive Cround
Ferminal and. Contactors

Low Cost-Ex-stack-Quantity Discounts

Woite nows for free deseriptive literature.
Sole. U.K. Agent tor Switcheraft QG Gomnectors

EW.0.BAUCH LIMITED

oliadd Street, Barelatm Wood, Hees, WHE TR/ Fele 01453

WW—065 FOR FURTHER DETAILS

nombrex

MODEL 41
R.F.SIGNAL GENERATOR
Price £35.00.

150 KHz — 220 MHz on fundamentais. PLUS 10% FORV.AT.

8 clear scates — Total fength 130mm.
Spin-Wheel Slow Motion Drive 11 — 1 ratio.
Overall Accuracy — 21 %.
Modulation, Variable depth and frequency.
tnternal Crystal Oscillator providing calibration checks threcughout all
ranges. &
Mechanica! scale adjustment for accurate alignment against internal
1MHz crystal oscillator.
Powered by 9V Battery.
Trade and Export enquiries welcome.
Send for full technical feaflets.
Post and Packing 35p. extra.

LR R R S R

*

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

WW—066 FOR FURTHER DETAILS
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P.C.60REL

— not with the

DEGON-
DAL

A unique drafting aid for the
electronics engineer enabfing
him to prepare in minutes a
perfect PCB.

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

The circuit is ready to use.

1
- [ &

NO MESS— NO MASKING
A perfect circuit every time!

The Decon-Dalo 33 PC marker is now available in France, Ger-
many, ltaly, Switzerland, Austria and all Scandinavian countries.
Send for details of local supplier. \

|
1
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|

Please send me further details on the 33PC:

Name ...

AAAUESS oo e s e

............ —

Post to: DECON LABORATORIES LTD.

FREEPOST
PORTSLADE,BRIGHTON,ENGLANDI
(No Stamp Needed) Phone 0273 414371 |

— . —— —— — —— e —— — e e

WW—067 FOR FURTHER DETAILS



a52 Wireless World, March 1974

ARE YOU LOOKING FOR
COMMUNICATION ANTENNAS

HY-Q ANTENNAS LIMITED, a newly formed company with technical staff having 10 years experience
in the development of radio telephone ship to shora, satellite tracking, telemetry and broadcasting

antenna, together with a well equipped laboratory are now offering Professional Communication
Antennas.

At this time we are able to offer VHF and UHF Yagis, Centre Fed Dipoles covering low and high
bands and are rapidly developing further new ranges. Stocks are being maintained and in
instances where your orders cannot be supplied from stock, we guarantee delivery within 7 days.
We would greatly welcome your enquiries and details of specifications and prices may be obtained
by telephoning in the absence of our printed catalogue.

HY-Q ANTENNAS LIMITED,
Pondwood Close, Moulton Park Industrial Estate, Northampton.
Tel: Northampton 48129 Cable Address: Hikeant, Northampton, England
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"BIG BOOST
FORTHE GARDNERS
RANGE

50Hz 300VA Square Wave Inverters

1‘1.

iy

1||u|m||||mm|m: |
: =

if it's produced by Gardners it must Gardners inverters are designed to =
be something special. and it is! drive any mains operated equipment =
Now available, models 107A and B are which is not-unduly sensitive to the =
precision built inverters providing difference between sine and square =
240 volts a.c. from 12 and 24 volt waveforms. Incandescent lamps. TV sets, E
battery systems. electric drills are typical of a
Both models offer unusually high wide field ot possible applications .
oputput ratings enabling the user to Both the 107A and B models are rated
operate many conventional loads such at 300VA (300W UPF) and will
as lighting and small power tools in accommodate reasonable short term
situations where main power supplies overloads. Price £67 plus VAT.
are not available. Brochure GT 28 gladly sent on request.

Specialists in Electronic Transformers and Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited Christchurch Hampshire BH23 3PN
Telephone 02-015 2284 TELEX 41276 GARDNERS XCH.

WW—069 FOR FURTHER DETAILS
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The AvoB150universal mearing bridgeisno Iongr your best buy.

)

Il

The new battery operated Avo B150 Mk2 measuring
bridge has all the features that made the B150 the finest
you could buy, plus greater sensitivity. And an easier to
use, better designed panel.

You still get the positive error-free digital readout. Still
the same compactness. Still the same high standard of
Avo engineering,

But the newly increased internal sensitivity makes
possible the full range of d.c. resistance measurement
using only the internal 9v battery supply.

You can also measure a wide range of inductance,
capacitance and resistance at a frequency of 1kHz using
the internal oscillator, or at other frequencies with an
external source.

You can take it that there’s no better bridge around.

So why look? Contact your nearest Avo distributor for
further information. —

Avo Limited, Archcliffe Road, AR

Dover, Kent, England. . A
| Tel: Dover(0304) 202620, M
THORN  Thorn Measurement Control and Automation Division
WW—071 FOR FURTHER DETAILS

SCOP 4025

| The precision scope for
the demanding engineer

* DC-25MHz,
full screen

* Measuring
accuracy 3%

* Signal delay on
both channels ‘

* Trig level and
polarity from ‘
one simple control

* Wide timebase
range 200 ns/cm
to 200 ms/cm

*  Sensitivity
10mV/cm to
50 V/cm

* High brightness
PDA tube

* Lightweight \
portability |

3% accuracy — which
| just about summates
this new 25MHz
dual-trace instrument

| from Scopex.
| A professional scope
| by any standards
’ yet at £185in a

price bracket far
below its design
specification.

Write now, or telephone:

Scopex Instruments

Limited,

Pixmore industrial Estate,

Pixmore Avenue,

Letchworth, Herts.

Tel: Letchworth 72771
(STD 04626)

WW-—072 FOR FURTHER DETAILS DDL 4747
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STRUMVIECH

OVERSEAS AGENCIES

W. Germany Kurt Fritzel

6702, Bad Durkheims®
Sonnenwendstrasse 41
Pergus AB,

P.O. Box755 181 07
Lidingo 7.

Megex.

8048 Zurich.

Beker Telecommunication
Industrie bv,

P.O.Box 75,

Zeist.

Vereduc Comminex,

2. Rue Hoseph—Riviere,
92400 Courbevoie.
Cario Prinz,

P.O. Box 176,

CH 6904,

Lugano.

Hans Holtman,
Sobakken 2 1,
Charlottenlund.

Alberto Maria Bravo & Filhos,
Praca De Londres 3, 3 D,
Lisbon 1.

International Communication

Sweden

Switzerfand

Netherlands

France

I‘-"’V

Denmark

Portugal

Sirerva Leone

Consultants {Sierra Leone) Ltd.,

4, Percival Street, .
Freetown.

Vichien Pathana Ltd.,
428 /1, Siphya Road.
Bangkok.

Thaland

South Africa
P.O. Box 25601
Denver TVL,
Bessemer & Wriggle Road,
Johannesburg.
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Texas Instruments have
found a better way...

...to find a pin outline

A brand new card index that takes the mental
gymnastics out of 1.C. layouts and trouble
shooting.

The Texas Instruments Pin Configuration
Guide will sit tidily on your desk. It contains
44 tab-indexed cards in a flip-top box. At
your fingertips — over 250 devices covering
series 74N and the popular 72 and 75N
devices.

For the first time a set of pin configurations
which show the package from the bottom as
well as the top.

Atregular intervals new cards will be produced
to update and extend the system.

Texas Instruments — always looking for a
better way.

TEXAS INSTRUMENTS
MS21 Manton Lane Bedford

Please send me. . . . . . .. Pin Configuration |
Guides at £1.50 each (including 30p P & P) ]
Total Cheque enclosed for £. . . . .. 3 ]

|
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ELECTRONIC OVERLOAD PROTECTION &)

In fact the meter you need for general laboratory bench or
field use can be found in our range of Multimeters.

All are competitively priced and include unique technical
features.

Deliveries are currently exstock,

For full details send for our new brochure.

cCOSVIOCORD

Cosmocord Ltd., Eleanor Cross Road, Waltham Cross, Hertfordshire.
Telephone: Waltham Cross 27331

WW—075 FOR FURTHER DETAILS

TWO NEW Maxi-Super HT 1810 and
Do ¥ i

SIPPERS

Designed for use when working
or re-working P.C. Boards. Per-
mits removal of molten solder
from Multi-leg components, en-
abling easy extraction. The sol-
der is 'sipped’ through the noz-
zle, and automatically ejected
whentheinstrument is next used.
A Swiss precision instrument
manufactured to a high degree
of accuracy.
The anti-corrosive outside casing
has a knurled finish for more
positive grip, and encases plated
internal parts.
The Maxi-Super has been design-
ed with a 3.5 kg. spring action
recoilless plunger, whilst the
Maxi-Mini with its conveniently
shaped operating button, has a
2.5 kg. spring action plunger,
protected by a channel guard.
Both models have been designed
] 1 with an easy-to-replace ‘dupont’
} | 4 teflon screw-in nozzle.

n B 2 N ® N N N _B N
PLEASE FORWARD PLEASE SUPPLY PLEASE SUPPLY

— without obligation Maxi-Super HT Maxi-Mini HT
further details. 1810 at £6.60 1800 at £4.95 l

WLONGS LTDR

Longs Ltd.
Hanworth Lane
Trading Estate
Chertsey Surrey
KT169LZ.

| enclose chequevalue £
I NAME S POSITION - l
I COMPANY._ - - I
I ADDRESS —a S I

. SIGNED___
u’rices include VAT Reg. England 6849(“
X X K X K FE B N N B |
WW—076 FOR FURTHER DETAILS

NAME ..

BLOCK CAPITALS PLEASE )
ADDRESS ...

ass

The B.I.E. 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-cost B.LET 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.

SEEWEAECUT OUT THIS COUPONEEME

CHOOSEA NEW FUTURENOW!

Tick or state subject of interest. Post to address below.

MECHANICAL Work Study [] CONSTRUCTIONAL
A.M.S.E. (Mech) [] Works A.M.S.E. (Civil)
C&GEng. Crafts.[] Management [] Architecture

} OF ENGINEERING

!
BIET| DEPT. swwia ALDERMASTON COURT, READING RG7 4PF

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

([;)ix;sGelFEaggcaﬁon () DRAUGHTSMAN- g:::)deirr:tgry&minery
inst. Eng. & Tech. [] SHIP Civil&Municipal Eng.
Inst. Motor Ind A.M.LE.D. Constructional Eng.
Maintenance Eng.[] Electrical . Construction
Mechanical Eng. (] Draughtsmanship(] Surveyors Institute

h Gen. ) i R
Sheet Metal Work [] Draughtsmanshipl] %t;lal?tchllEF;‘ngg

pelding Jig & Tool Design

A 3 Hydraulics
Et:g::)cm'i;b Technical Drawing L |nst. of Builders
AM.S.E.(Elec) [] RADIC & TELE- Inst. Clerk of Works
C&GElec. Eng. [] COMMUNICATIONS '"stHV.Vohrks&s
C &GElec. Inst. [J C&G Radio/TV/ Pa‘ntilg vglay upers.
C&GElec. Tech. [ Electronics- (] ' 2 "MME L ratin
ComputerElec. [ C &G Telecomm. Structural Engra ng
ElectronicEng. [ Technicians [J Surveying a

'Electrical Eng. Prac. Radio & Elec.

(N

Instalt. & Wiring [ (with kit) (J

i GENERAL
MANAGEMENT g Radio AmateEu)(r:m — Agricultural Eng.
PRODUCTION Radio Servicing & _ council of Eng. Inst.
Computer Prog. [] Repairs (] General Education

Electronic Data
Processing

Estimating

Foremanship

Transistor Course [] Pract. SlideRule
TV Main & Serv. E Pure & A”""eﬁna.

[ AUTO & AERO

ep
&

OOoDo 0000 000 0 000000 00o00o

Retrigeration

Inst, Cost & Man.. _ AeroEng. [ Rubber Technology
Accountants [] A.M.ILM.1. ] Sales Engineers
Inst. Marketing | A.E.C.Cert. ) University Ent.
!\’aanagTementM [ Autusngineering 8
otor Trade Man. [ Auto Repair
Network Planning _| C &G AutoEng.  [J l G.C.E. 58‘0’' &*‘ A’
Personnel Man. Garage LEVEL SUBJECTS

Production Eng. [

Quality Control  [] MAA/IMI Diploma []
Salesmanship ] Motor Vehicle
Storekeeping 0 Mechanics []

Coaching for many major exams inctuding C & G

SEND FOR
YOUR FREE
BOOK NOW!
BRITISH INSTITUTE

Management |

Over 10,000
Group Passes

TECHNOLOGY

L
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HIGH POWER DC-COUPLED AMPLIFIER

UP TO 500 WATTS RMS FROM ONE CHANNEL
DC-COUPLED THROUGHOUT
OPERATES INTO LOADS AS LOW AS 1 OHM

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

%* 3 YEAR WARRANTY ON PARTS AND LABOUR

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz. The abillity of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world’s leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration
of this fine equipment please let us know.

* * %

BC oo

Power Bandwidth DC-20kHz @ 150 watts + 1db, —Odo. Slewing Rate 8 volts per microsecond

Power at clip point {1 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity

Phase Response +0, —15 DC to 20kHz, 1 watt 8Q Input sensitivity 1.75 V for 150 watts into 8Q
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short. mismatch & open cct. protection
Damping Factor Greater than 200 DC t0 1kHz at 80 Power supply 120-256V, 50-400Hz

Hum & Noise (20-20kHz) At least 110db below 150 watts Dimensions 19" Rackmount, 7" High, 93" Deep
Other models in the range: D60 — 60 watts per channel D150 — 150 watts per channel

MACINNES HDUSE, CARLTON PARK INDUSTRIAL ESTATE.

MACINNES LABORATORIES LTD SAXMUNDHAM, SUFFOLK IP17 2NL

TEL: (0728) 2262 2615
WW—077 FOR FURTHER DETAILS

sanuid
MULTI TESTERS

USED THROUGHOUT THE WORLO. SANWA'S EXPERIENCE OF 30 YEARS ENSURES

J ES AUDIO INSTRUMENTATION

lllustrated the Si 451
Millivoltmeter — pk-pk
or RMS calibration with

ACCURACY. REUABILITY. - VERSATILITY. UNSURPASSED TESTER PERFORMANCE
COMES WITH EVERY SANWA

B Months' Guarantee Excellent Repair Service -
MODEL P28 €976 MODEL ATad (2152 variable control for rela-
MGOEL JPSD £1158  MODEL 380CE £29.12 .
MUDELBGgV‘Qi £15.28 MDDEH‘&UI gl.gl tive measurements. 40
MOGEL US0D: £1560  MODEL 460ED 5.83 .
MODEL A303TRD €175 MODEL EMB00 €810 calibrated ranges £40.00
MODEL K30 THD £2401  MODEL R1000CB £1527
MOOEL FBDTRD £2528 THESE PRICES ARE SUBJECT T AN .
ADDITIONAL CHARGE OF 10% FOR VAT. Sid452 ..., £35.00 Si453 . X .£45.00
Cases extra, availsble for most meters. but not sold separately. I . . . L Al R~ .
Please write for illustrated leaflet of these and other specialised Sanwa meters Distortion Measurlng Unit. Low distortion Oscillator.

SOLE IMPORTERS IN UK. 15 Hz — 20 KHz —.01% Sine — Square — RIAA
QUALITY ELECTRONICS LTD. J.E.SUGDEN & CO,, LTD. Tel, Cleckheaton (08762 2501

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KT1 1LP l CARR STREET, CLECKHEATON, BD19 5LA
Tel:01-546 4585

‘ WW-—079 FOR FURTHER DETAILS

CONTRACTORS TO H.M. GOVT. P.O. APPROVED

| B OF ELECTRICAL
B e onsl RS Sl

Industrial and Precision Grade

TO SOLVE YOUR INSTRUMENT PROBLEMS
CONTACT

STOCKISTS

ALSO SUPPLIERS OF GEC

LEDON INSTRUMENTS LTD. plalg

76-78 DEPTFORD HIGH STREET, « GLADSTONE WORKS, GLADSTONE ROAD,
LONOON, SEB. TEL: 01-692 2689 1 FOLKESTONE, KENT. TEL: (STD) 0303 57555

MODEL 8 MK. V

WW-—080 FOR FURTHER DETAILS
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What the
eye can't see,
you can.

EMI-Sony Low-Light Television has all the advantages
of conventional cctv systems. It is, however, up to 5C0 times

ideal for low-light applications.
Compact, lightweight,
designed for hand-held or fixed
operation. Full details or
demonstration on request.

MTV1

LOW-LIGHT TELEVISION

more sensitive, making it -

EMI ELECTRONICS LTD., Feltham Laboratories, Victoria Road,
Feltham, Middlesex. Telephone: 01-830 3600 Ext. 307

WW—081 FOR FURTHER DETAILS

Nhethe” your needs
-un to cne hundred
aigh stebility
TCXO's, or one
:housard monglithic
=rystal ilters, or you
ust want ten
thousard crystals in
2 hurry at the right
orice, by-Q ¢
Electronics are as
close a3 your telex
ar telephone.

You name it.
We've got it!

and lots
and lots of
others,too.

P.0O. Box 256
Franks-on
Victoria, 3199
LOSIELES

Phone: 783 9611
Telex: 31630
Cables HYQUE

Melbourne

We've built a
reputation for being
up front. When
quality, price and
delivery are being
considered, you
don't have to accept
eight week delays
when you've
thousands.of dcliars
worth of equipment
just waiting for
crystais

Call Hy-Q for
faster delivery!'

P.0O. Box 29,

Pasir Panjang
Singapore, &

Phone 636477
Cables: HYQUESING
Telex: RS21427

Hy-Q

Electronics

WWw-—032 FOR FURTHER DETAILS
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OCL|I manufactire an exteasive range of

Infrared Filters covering the entire 1.0 to 30
micron spectral region.

Filters in these segions presen: an excellent
solution to filterirg out Figh-temperature radi-
ation without aprreciably limiting the signal
from the source being observed. Moreover, they
have proven carakility over ‘wide operating
temperatures.

OCLI I. R. Filters are made to 2xact Customer
specifications or a rang2 can be supplied from
stock.

Typical fields penefitting from OCLI I.R.
Filters include:
GAS ANALYSERS/DETECTION SYSTEMS
INFRARED PASSIVE THERMAL IMAGING
SYSTEMS
FIRE DETECTIO®
POLLUTION DETECTION
OPTICAL PROXEVITY FUSES
INFRARED SPEZTROSCOPY
INFRARED PHC~OGRAPHY
SPACE RECONRMISSANCE

Write for the new OCL/ catalegue and price
Jist of stock I.R. Eilters.

OC Ll OPTICAL COATINGS LTD.

Hiller ¢ Industrial Estate,
Dunfermline, Fife KY11 bJE.
Tel. Inverkeithing 3631

(STD (38-34 3631).

C-190D |

WW-—083 FOR FURTHER DETAILS
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ENGINEERS

AUDIO ’
LEVELS ----- |

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

PPMs f

Do you want promotion, a_ better job,
higher pay? "'"New Opportunities’ shows
you how to get them through a low-cost

The B.LLE.T. gutde to success should be
read by every ambitious engineer.
Send for this helpful 76 page FREE book

now. No obligation and nobody will call
on you. It could be the best thing you

SINGLE | Books'to Sy ‘ana wou can pay-as-vou: o o
_ | B NN I CUT OUT THIS COUPON Il I IS B
’ CHOOSE A BRAND NEW FUTURE HERE!

Tick or state subject of interest. Post to the address below.

| [
I C. & G. L.I. Radio I
BIET—Technatron Electrical m} TV Servicing Cert. [
Practical Radio & Post Master General
I Electronics {Technatron) OO 1st & 2nd class Certs. [ I
Electronic Engineering 0O C. &G. Electrical
Television Maintenance & Servicing O Engineering Practise [
General Radio & TV Engineering O C. & G. L.I. Installations
Radio Servicing, Maintenance and Wiring O
I and Repairs [1 General Electrical Engineering a I
City & Guilds Radio, Society of Engineers
‘ I TV Electronics Mechanics [t (Electrical Eng) O
Radio Amateurs O Electrical Installations and Wiring O I
Practical TV O C. &G. Electrical
I Colour Television =) Technicians {(Primary} O l
Computer Electronics 0 C.&G. Telecommunications @]
‘ I ToB.LLE.T. BWW 01 Aldermaston Court, Reading RG7 4PF ok [Bww o, I
I NAME (Block Capitals Please) I
ADDRESS
I Other subjects Age I
Accredited by the Council for the Accredutation of Correspondence Colleges,

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

resonant
reed
FREQUENGY [,3/::%

used as standards in many industries

@ Accurate to +0.3% or +0.1% FRAHM Resonant Reed
as specified Frequency Meters are available

@ Not sensitive to voltage or in plastic and hermetically

temperature changes, within sealed cases to British-and
ot ke U.S. Government approved

specification. Ranges
@ Unaffected by waveform errors, 10-1700 Hz. Literature on
load, power factor or phase shift

these meters and Frahm
@ Operational on A.C., pulsating or Resonant Reed Tachometers
interrupted D.C.. and super-

available on request.
imposed circuits

Manufacture and Distribution
7 of Electrical Measuring
| @ Need only low input povlver Instruments and Electronic
| @ Compact and self-contained Equipment. The largest stocks
@ Rugged and dependable in the U.K. for off-the-shelf delivery.
\ ANDERSELECTRONICS LIMITED
48/56 Bayham Place, Bayham Street,
Anders means meters London NW1. Tel: 01-387 9092
WW—085 FOR FURTHER DETAILS

to all BBC
Specifications

ELECTRICAL INSTRUMENTS

CHILTERN WORKS
HIGH WYCOMBE

BUCKS

LTD

HIGH WYCOMBE 3093t/4

WW-—084 FOR FURTHER DETAILS
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NEW PRODUCT ELECTRONIC MAINS TIMER
240/115 VOLT CASED AUTO A reliable unit
TRANSFORMERS ideal for timing
Smart Plastic coa- Bathroom [ Toilet L2 &\' SAFETY ISOLATING
ted steel cases Ventilators, Stair- y % Prim. '20/240\) Sec 120/240V. Centre Tap with screen.
with 3 core Power e | Cloakroom - VA PRICE P.&P.
Lead, Fused, 15 ay | (WATTS) No. Cused Open
Volt Akm‘erlcatn Lighting etc ” s 3&30 ga
outiet socket up to f - i
500 Watts. Over 500 Gives up t°f 30 100 150 - 360 52
Watts, cable entry. . mins. delay before 200 151 920 6 30 52
5 Beae, - T 5
plus 38p Post, [ Delay: 1-30 mins. adjustable. e 2 tos iz o0
nlus 67p Post, Max Load: 400 VA or 1000 Watts | 1000 156 28-22 24-97 £1-20
o 85 Post. . fesistive: 5000 LS A 4 =
2000 Watt £23-50 Ivory Case: 3iin.x3iin. x2in. CASED VERSION in plastic coated steel case
plus £1-50 Post. Fittings Instruclions included. g'?:! zowev}:ad IPlease's]zl?te 11:.\: or zagv 5%\5(\;;:: 30 VOLTS
; ted £2-02. (No fuse). iaar LB ritish or American outiet sockets up to .
20 Wait version uncoate (No ) Trade Price: £5-80. Post 20p. Ower 500V A Cable Entry. R AR Y250V
CASED AUTO TRANSFORMERS L“IN”;IVU'RES& EQUIPMENT SECONDARY 12, 15. 20, 24,
240 Voit Mains to 115 Volts, smart steel cased rimary wi creen AMPS TYPE PRICE P. & P.
units 'coaled in 5“\)Iu%hA'""=' fitted with bt)ower o 10 sSec ; sxlﬁLlAs':cPS TYPE PR|CE P. & P £ @
lead, fuse and 115 Volt American type socket up B 05 12 144 22
to 500VA, abava S00VA cible entry. POWER UNIT Type P6200 30 200 — "2 1z %o 1 79 2:00 38
VA Wans) PRICE POST el i T 1ooo 234 L 2 2:90 a8
20 520 38p Supplylng 6 or 9 Volt DC at otoTe 3 00 2 e 3 20 3-60 @
1000 .. 5::‘975‘? gé?‘ In moulded case forming a 2 pin 0:9' 6’9 330 _330 235 130 122 ; ? ;;g gg
£27-40 £1-50 | 5 A malns plug. S Wt ok 500/ 1o00! 2t e o 6 17 630 52
20VA Version uncoaled R0 fuse'— 2 metre output lead with 4-way R -8-9 1 08 10 8 8 818 67
240 30p | muitiplug giving 21 and 25 15:0-15 =5 Ag e 340 ::'2 10 10 89 10:00 67
mm sockets and 3:5 mm plugs. g{) 3_20 2 2?’0 23? ‘:"g }g
POWER UNIT Type P1076 Price £2:25. Post 10p. LD N ) ety H2 191 50 VOLTS
Ontputlswitctedis KT RS PIC) 0-4520 0-15-20 500 500 205 270 38 | PRIMARY 200/240V.
9 and 12 Volts at 500 mA D.C. 0-20 020 300 300 214 160 22 | SECONDARY 19, 25, 33, 40,
Operates from 240 V mains, 0-20 il 3500 p— 1116 300 30 50V.
suitable for Radios, Tape Re- 20-12-0- — 700 — AMPS TYPE PRICE P.& P,
corders, Record Players etc. (7 12-20 - (D.C.) — 221 141 30 0 102 1-92 30
Slzel xS 014 cT 0-15:20  0-15-20 1000 1000 206 380 38 1 103 280 38
Price £3-95, Post 25p R 0-15-27  0-15-27 500 500 203 2:80 38 2 104 3-80 42
FIER MAINS KEYNECTO 0-15-27  0-15-27 1000 1000 204 295 38 3 i05 525 59
BRIDGE RECTI S : 12 and 24 VOL 4 106 680 52
The safe, quick, connector anA Tv PRIMARY 200-249 Vom 6 107 10-00 67
i MPS 8 18 12:90 97
for electrical appllances, o 24V, o £ e 8 D o
y 13 Amp rating, fused 0-30 015 243 122 22
will connect a 05 025 111 122 2 | 60 VOLTS
ONE AMP TWO AMP number of appli- ; 0"? 21,‘;’ }:;z gg PRIMARY 200/240V.
SoVolts 25p|IS0Nolts 3P | ances quickl 4 2 8 2:50 33 | SECONDARY 24, 30, 4, 48,
100 Volts 25p 100 Volts 40p q y 1 38| sov. '
200 Volts 28p 200 Volts «sp | and safely to g A 13‘; oy 2 | AMPS TYPE PRICE P.&P.
600 Volts S0p | WUOAVlTS 500 | the mains, Ideal for testing, de- | g 5 7 a2 22 | 9F 124 ijez o
FOUR AMP SIX AMP monstrating, window displays, etc., 1'2 g 1}9] zn giz’ 2 127 25 ©
100 Volts sSp 50 Volts esp | Warning Light, interlocked to pre- 2 10 115 o550 S 3 125 650 52
200 Volts S9p 100 Volts 70p vent connecting when live, 30 15 187 1250 97 4 123 l.SO 67
oo vene S avens 322 | Trade Price: £2:95. Post 25p. o 2 2 160 goo | g0 Ba %
olts Sp olts . g
60 30 226 . 2050 £110 13 121 }‘22 oo
122 : 1
A.S.P. LTD. BYRE HOUSE No. 2 UNIT, [ PLEASE ADD 10% FOR V.AT. | 2 116 £

SIMMONDS ROAD, WINCHEAP CANTERBURY KENT TEL CANTERBURY (0227) 52436

WW-—086 FOR FURTHER DETAILS

small size

performance

The New FP-71U TV Camera from Shibaden

Shibaden’s new FP-71U TV Camera brings high quality results
within the reach of every CCTV user. It is extremely compact-
measuring less than 4" x 57 x 12" — yet the %" separate mesh
vidicon ensures pictures of exceptionally high resolution,

(500 TV lines at centre). The lightweight body makes it
superbly mobile, total weight is only 3.3 Kg, and the detach-
able 3~ electronic viewfinder allows for extreme ease of
focusing and composition, so it is the ideal camera for use
both in the studio and on location.

The FP-71U features white clip circuitry to eliminate the
saturation noise that occurs during recording and playback
with a video tape recorder. Provision is made for external
synchronisation where more than two cameras are used.

The FP-71U is equipped with an automatic light sensitivity
control which takes over to control the light sensitivity in the
range from 35 to 100,000 lux. (3.5 to 10,000 fc). This,
together with the special C mount which gives free selection
of lenses — wide angle telephoto and zoom help to ensure
perfect results every time the FP-71U is in action.

HITACHKI SHIBADEN

(U.K) LIMITED

BROADCAST & CCTV EQUIPMENT MANUFACTURERS
Lodge House - Lodge Road -Hendon -London
NW4 4DQ. Telephone: 01-203 4242/6

If you would like to see a live demonstration or prefer to
receive our technical data sheet, please contact Shibaden’s
Technical Service Department at 01-203 4242 or write to:

ﬁ SNIRADES ;

WW-—087 FOR FURTHER DETAILS
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New one for all’
Transistor/FET
Tester for only £86*

RCA introduces the WT-524A, a new ‘“‘one for all” tester for
solid-state devices. With it, you can measure AC'beta—up to
5.000—of any bipolar transistor, and Gm—up to 100,000 umhos
—of any field-effect transistor (FET). And you'll do it with an

accuracy of +3%/ It also checks diodes, SCRs and triacs—and

can do the job in-circuit-or out.

The large. easy-to-read 63" mirrored scale meter of the new
WT-524A features special scales for ¢, lcgo. Ipss. lego. and Ip

currents. Each tester also includes two universal socket adapters
and three colour-coded test leads.

Try the new WT-524A for yourself. You'll appreciate its quality,

accuracy and ruggedness. To buy: order from any Authorised
RCA Distributor or from:

*Excluding V.A.T.

Limited
Electronic
Components

Sunbury-on-Thames
Middiesex
Phone: Sunbury-on-Thames 85511

WW—088 FOR FURTHER DETAILS

Just releasedin complete
electronic kit form...

THE FORGESIONE400
a highquality
colour television receiver.

A really up-to-the-minute kit
with all these plus features . . . .

9 integrated circuits Thick film resistor units

Ready-built and
aligned |F module

Glass epoxy printed
circuit panels
High quality components Fully isolated power supply

Each module kit
available separately

Plugs and sockets for
easy panel removal

Full technical

& LT supply regulators
construction manual

*less cabinet which can be manufactured yourself
from normai DIY sources,

Send for further details of the Forgestone 400. . .
the quality kit for the constructor of today.

Forgestone Components

Ketteringham, Wymondham, Norfolk
Telephone: Norwich 810453 (STD 0603}
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- Transducer and Recorder

amplifiers and sys’rems_{

MINI - DRIVE
r"' woin
’f
y

\r'u '—A' 3 i

reliable high performance & practical controls

individually powered modules—mains or dc
option single cases and up to 17 modules

in standard 19" crates small size—low weight

—realistic prices.

=V LD E—

Fvide Electronic Laboratories Limited

6/16 Oakham Court, Preston PR1 3XP
\_ Telephone : PRESTON 567560

)
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METER PROBLEMS?

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

Fuli Information from:

HARRIS ELECTRONICS (London)

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

. - WW—091 FOR FURTHER DETAILS
ROGERS
AUDIO TEST
EQUIPMENT

A comprehensive. versatile range of
test equipment primarily designed for
the measurement of high quality audio
equipment, but with additional
applications in the electronics industry
in general. The equipment is of
particular interest to the professional
audio engineer, recording studios.
broadcasting authorities and
educational establishments.

DM344A Distortion Factor Meter. Designed to make accurate and rapid measure-
ments of total harmonic distortion generated within high quality audio amplifiers,
recording and transmission equipment. Selling Price: Chassis — £132.50.c/w.
Case — £140.00 + VAT.

§324 Low Distortion Oscillator. Generates a pure sine wave and has been designed
as a general purpose low distortion signal source. The primary application, used in
conjunction with the DM344A, is the measurement of total harmonic distortion.
Seliing Price: Chassis — £56.50.c/w. Case — £62.50 + VAT.

AM324 AF Millivoltmeter. Designed for voltage measurements in the audio and low
RF ranges and. principally for measuring low level signals in high impedance circuits.
Selling Price: Chassis — £64.00.c/w. Case — £70.00 + VAT.

Model ‘A’ Noise Generator. A portable
® | battery operated unit designed for carrying
out listening tests on loudspeakers. ‘Pink’
or ‘White’ noise can be selected and output
can be continuous or burst. Output is con
tinuously variable. Selling Price: £32.50
+ VAT.

Pty

Full Colour Literature describing the complate range may be had on request

ROGERS DEVELOPMENTS (Electronics) LIMITED
4/14 Barmeston Road, London SE6 3BN, England
Telephone: 01-698 7424/4340
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1'and 2" VideoTape
from
Dixons Technical.

Atvery
non-technical prices.

Our 1’ Taperange. Recommended Price Dixons Price

. c— — — ——— —— —— —— —— — N — — -1

I
|
|
|
!I
|
|
|

(Exc. VAT)
SCOTCH 12400 ft £10 40 £8.50
SCOTCH 1" 3000t £16.82 £13.50
BASF 1" 2400 ft £10.75 £8.50
SHIBADEN 1" 2400t £10.80 £9.10
DIXTEC CCTV 1" 2400 ft £5.50

Now 1°'tape at less

than halfprice!

Average recommended Dixons price
price (Exc. VAT)

1075fton8 " x1"

NAB Metal Spool £15.00 £7.00
1500 fton8 ' x1"

NAB Metal Spool £19.50 £7.50
2150fton8"'x1"

NAB Metal Spool £20.75 £9.50
3000fton93" x1"”

NAB Metal Spool £26.50 £9.50

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

Please send me reels of Tape.

Size Dixons Price .
TOTAL PRICE:

.Length I
| enclose a cheque made payable to Dixons |

Technical Limited.

NAME

ADDRESS .

Dixo
Technical Lt
OF SOHO SQUARE -

WWANT/3 - .

S~
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NEW STANDARD CASES from OLSON

NEW SERVICE FROM STOCK — DESPATCHED BY RETURN OF POST

Cases made from
20swg. zinc coated
m/s. Front & rear
panels 16swg. alum-
inium. Cases finished
in Olive green ham-
mertone with front
panels in light straw
shade 384. All cases
fitted with ventilated
rear panels and a

very attractive
HY P FRONT PAN DIM. PR
TYPE | WIDTH HEIG DEPTH ICE LEG EXTRA chrome plated re-
21 61" 41 LN 6"x4" £2.95 70p tractable leg can be
22 8" 51" 51" 8"x5" £3.30 70p fitted as an optional
extra.
23 103" 61" 61" 10"x6" £3.95 75p
24 123" 13" 73" 27 f4.30 75p
Our Trade Counter is open for personal callers from 9 a.m. to 5.30 p.m. Monday-Friday POSTAGE EXTRA + 10% VAT.

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

EXPERIENCE

Suited to feld, workshop and laboratory use, the including VAT

SUPER 2000 is a high sensitivity portabie mulu-
e meter wath a Grade 1 movement, clear and simple
1o read mirror scale and tough simple-to-use case

HIGH IMPEDANCE MULTIMETER T

@ HIGH SENSITIVITY 50k(2/V d.c. 10k{}/ac.

® WIDE RANGES 0.15V up to 1.5kV d.c. 2.5V up to 1.5kV ac, 20pA up 0 5.0A
de. 250uA 1o 2.5A ac. Resistance up to 10OM(). Power  20dB vp ta + 69dB.

@ ACCURACY + 25% ac and d.c.
Complete with case. leads and instructions.

LB CHINAGLIA i s
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TPA SERIES-D

integrated circuit
poum amplifier

TPA 50 - D Saecification

Power Qutput 102 watts rms into 4 ohms

65 watts rms into 15 ohms

*3.1dB 20Hz to 20KHz into
15 ohms. -1dB at 150KH 2z

Less than 0-04% at all levels up to
50 watts rms into 15 ohms

OcBm

-100dB

Rise time 2L seconds

Price £59 plus V.AT.

100V Line (C.T.) and balanced inputs available.
For full technical information contact:

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7
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Freq Response

Total harmonic
distortion

Input sensitivity
Noise

a63

DAVENPORT

FULLRANGE
ne¥

LINE SOURCE
PUBLIC ADDRESS
SPEAKERS

LAYOUT OF
SPEAKER UNITS

LAYOUT OF
SPEAKER UNITS

Twelve 8' " x 5 elliptical
and one 12’ twin cone

Eight 8" x 5" elliptical
and one 10"’ twin cone

CABINET HEIGHT 66" CABINET HEIGHT 48"

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

S. B. DAVENPORT LTD.

ELLES RD., FARNBOROUGH, HAMPSHIRE, ENGLAND
TELEPHONE FARNBOROUGH (HANTS) 514551
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PARKER

sweeT METALFOLDING MACHINES

N

Forms channels and angles

A can be flattened to give safe
& edge. Depth of fold accord-
ing to height of bench.
One year’s guarantee.

Money back if not sdtisfied.
BENCH MODEL

36" X 18 gauge capacity
24" X 16 gauge capacity

Send for details:
A. B. PARKER

FOLDING MACHINE WORKS,
UPPER GEORGE STREET,
HECKMONDWIKE, YORKS.

Telephone 40 3997

. . £490.00 carr. free
£33.00 carr. free

Also the well-known vice model of

36" X 18 gauge capacity .. £21.00 carr. free
24” X 18 gauge capacity . . £15.00 carr. free
18" X 16 gauge capacity . . £15.00 carr. free

Add 10% VAT to total price of maching

down to 45 degrees which,

QUARTZ
GRYSTALS N B L

~HST! &

KEE GATWICK HOUSE, HORLEY, SURREY, ENGLAND

Tel: Horley (02934) 5353 -

Telex: 87116 {Aerocon Horley) + Cables: Aergcon Telex Horiey
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EYONE INSTRAUMENTE 3 HODOISOON - HERTS - ENGLANO
PERIOD OELAYA) WIOTH(A) DELATS WOTHE
F [} NORW, ourruT I 9 o ;e
L 3

: o 1 ac..,. i]
O R

»i0v NLE! GEWERATOR

ouTRT @

FErET
I@ o w

Ly pulse generators

Dual Channel 5MHz 10ns & 20MHz 5ns,
10V outputs, graduated verniers.

Single/double pulsers PRF to 50MHz,
risetimes from 2ns, outputs to 50V.

the pulse source...
LYONS INSTRUMENTS

Lyons Instruments Limited
Hoddesdon, Herts. EN11 9DX Tel: 67161
A Claude Lyons Company
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o -
TRANSISTORS Mhes s 1 3%, s | DIODES | THYRISTORS AND TRIACS IN

BF194 015 | OcI7I 0-30 Type Price
Type Price Type Price BF!95 0-15 R20088 2-05 AALI9 0-09 ISOLATED PLASTIC ENCAPSULATlON
ACI07 0-35 | BCIS9 015 | BFI9 015 | R2010B  2-10 AAL29 0-20
ACII7 024 scneg g-:§ BF197 017 | TIs43 0-30 AAZI3 0-30 TRIACS WITH TRIGGER
ACI26 0-25 | BCIlé . BFI98 020 | 2N706 0-12 BAI00 0-15
ACI27 025 | BCI69 043 | BF200 035 | 2N706A 0I5 BAI02 0-25 1.6A VEL :,‘?g‘,,’ %‘?‘;X ‘Log‘.,’ 630"
ACI28 025 | BCI7TO 05 | BF222 108 | 2N9l6 020 | BAIIO4  0-30 A 029 ovas oize g2
ACIS4 020 { BCI7) 015 | BF240 020 | 2N918 042 | BAIIS 012 6A 044 %S0 o' i
ACIT76 025 | BCI72 0-14 | BF24| 020 | 2NI1305  0-21 BAI45 0-17 BA 0.49 0.54 %ol |'|°
ACI87 025 | BCI76 0-16 | BF256 0-45 | 2N2646  0-53 BAI48 017 10A 0.5% 0.61 1.02 I B
ACI93K 030 | BCI77 020 | BF257 0-49 | 2N2904 022 BAIS4 0-13 16A 0.90 0.95 0 I';Z
ACII94K 032 sc:n o-gg BF258 066 | 2N2904A  0-26 BAISS 016 ’ R4S
ADI40 050 | BCI79 0 BF259 0-93 | 2N2905  0-23 BAISS 0-15
ADI42 052 | BCI86 025 | BF263 070 | 2N2926G 013 BAIS7 0-25 TRIACS WITHOUT TRIGGER
AD|49 050 | BCl87 025 | BF337 035 | 2N2926Y 012 BAXI3 0-06 100V 200V 400V 600V
ADI6| 038 | BC28! 028 | BFT43 0-55 | 2N3053  0-29 BBIOSB  0-45 1.6A 024 026 0.31 0-35
ADI62 0-38 | BC262 026 | BFX29 0-30 | 2N3054  0-5§ BBIOSG  0-3§ 4A 0.37 043 0.73 0-94
AF114 0-25 | BC263 0-25 | BFX30 035 | 2N3055  0-60 BRI00 0-50 6A 0.42 0.48 0-80 0-98
AFI15 025 | BC300 0-58 | BFX84 025 | 2N3706  o0-10 BYI00 0-15 8A 0-46 0.51 0-88 1-12
AFI16 025 | BC303 0-60 | BFX85 026 | 2N3%04  0-16 BY126 0-16 10A 0.52 0.58 0.97 127
AF| 17 020 | BC308 0-62 | BFX88 0-24 | 2N3%05  0-18 BYI27 0-17 16A 0.87 0-88 1-32 1-75
AFHg g-go sc§o9 g;g ar\;so o-zg 2N3906  0-15 BYI33 0-23
AF -35 | BC360 BFYSI 02 2N4036  0-52 BY |40 1-40
AF147 035 | BDIIS 065 | BFYS52 023 | 2N4289 020 BYI64 0-55 THYRISTORS
AFI78 0-ss | BDI23 098 | BFY90 0-70 | 2N4291 018 BYI76 1-00 50V 100V 200V 400V 600V
AF 180 0-50 | BDI24 080 | BPX25 1-65 | 2N4292 020 QA47 0-07 1-6A 0-20 0-23 0-25 0-35 0-45
AF239 0-40 | BDI3I 0-45 | BPX29 1-60 | 2NS5294 0-35 OA8I 0-10 4A 026 0-30 0-38 0-60 075
AL100 i-i0 | BDI32 0-50 | BPXS52 175 | 2N5294 035 OA%0 0-08 6A 029 0-33 0-42 0-68 0-80
QL:%; “g gg:gz g :60 a;wsw g-;oo 2N5296  0-37 OA9| 0-07 |gﬁ g-g: g-i: g-;‘: g-a ?-zg

C - : BSYS54 . IN9 |4 0-07 2 : : 2 .
BCI08 0-12 leag 0-;3 BTI06 0-99 IN916 010 16A 0-45 0-53 0-66 1-05 125
BCI09 013 | BDI3 0 BUIO05/02 195 IN4001 0-05
BCI!3 013 BDI39 [R11 gu|oa/ 3128 IN4002 0-06 PLEASE INCLUDE 10% FOR V.A.T. (U.K. ONLY)
BCl 14 0-20 | BDI40 062 | BUI2E 1-93 IN4003 0-07 P. & P. (UK ONLY) £0-07 PER ORDER
B P pern ociiire e T (OVERSEAS AIR MAIL) £070 PER ORDER
BCII7 0-20 BFIIS 0-20 BU207 3-00 IN4148 0-05 Please send S.A.E. for new lists.
BCI25 0-22 BFI2I 0-25 BU208 3-15 5
sc:ge 0-20 BFIg g;: MIE340  0-68 THIS MONTH’S SPECIAL OFFERS
2] 0- FI 70 065 i
gg|34 0;3 SFIU 0-30 nngZO 0-85 ZENER DlODES Miniature mains _transformers: primary 24pV, secondary 12-0-0-12V at
BCI35 0-15 BFIS58 0-25 MJE2955 1-20 (400mW) (I WATT) 150mA. Dimensions: Width 46.mm. Height 38mm. Depth 32mm.
BCI36 0-20 BFI159 0-27 MJE3055 0-74 12p each i8p each Mounting hole spacing S4mm. £1-0S.
BCI37 0-20 | BFI60 022 | MPFIO2  0-40 3.0V—33V 3-3V—100V PAL Chroma Delay Line Type DLIE £1-65.
Y Y
BCI38 020 | BFI6I 045 | OC28 0-65 STANDARD STANDARD
BC142 0-30 | BFI63 045 | cC29 0-70 VALUES VALUES .
B i Pl a2 e O EAST CORNWALL
BC 147 013 | BFI73 OC44 0-15
Bcleg o | BRI 030 | OC4s o1s | MINIATURE
BC149 014 | B OC70 015
BCI52 025 | BFI79 033 | ocri 0-15 BRIDGE RECTIFIERS
BCIS3 0-20 | BFI80 0-35 | oc7n2 0-15 v 2A 4A 6A
BCI54 0-18 gFlgl g ﬁ 8Cg? 0-25 50V 0-36 0.45 0.52
BCI57 015 Fig3 Cl 0-25 100V 0-42 0.49 0.58
BCIS8 013 | BFigs 026 | OCBID 030 | 200v 044 0.54 oes | P.O. BOX 4, SALTASH, CORNWALL
400V 0-50 0-60 0-75

% BRITISH MADE
% EX-STOCK DELIVERY

% SIX DECADES

% SCALE FACTOR & REF LEVEL
(adjustable)

% 1nA to TmA OPERATING RANGE (std)
* TRUE LOGARITHMIC FUNCTION

% SCALE FACTOR SLOPE 1v per DECADE
% REF. LEVEL O Volts OUT for 1pA IN
% ACCURACY + 0.25 db

% BUILT IN AMPLIFIER

% ANTI-LOG MODULE AVAILABLE

ancom It

devonshire street
cheltenham, glos.

“ar ke cwmu L‘,-
( eyl
o — i |

1
§ UAF CRONE-HATCH GENERATOR

'=&« & o

CHECKMATE PROFESSIONAL
TEST PATTERN GENERATOR

The unique test card edge enables the completely accurate picture alignment
of colour and monochrome receivers without the need of a broadcast test
pattern. The crystal derived patterns and waveforms make extensive use of
digital i.c. logic. The stable and reliable 625 line high resolution patterns are
crosshatch dot and white field. Full 2:1 interlace with complete synchronising
and blanking waveforms. Continuous tuning over all channels in each band.
B.N.C. video outputs into 75 chms available for CCTV use on all models.
Compact—8 X 3 X 6ins. Light weight—34lbs.

Mode!l CCH-1 UHF Bands IV & V £69-00
Model CCH-V VHF Band 1 £70.00
Model CCH-V2 VHF Band Il £70.00
Model CCH-V3 VHF Band lil £70-00

U.K. customers add VAT. Overseas customers CIF quotations on request.
Send for further information from the sole agents:

MANOR ENGINEERING
The School House, Crookham Common,
Newbury RG15 8EJ, England.
Telephone: Headley 487
Telegrams: MANORENG, NEWBURY.
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Signal source, type 1. Premsmnfrequency reference
Dsborne source (W.W. Jan '73), de luxe version
Kit for construction of an Qsborne-based signal source
Full range of items for Quadrophony {full lists sent with all goods supplied)

CBS-SQ Matrix Decoder using MC1312P {see W.W. Nov 1973) kit (3-hr. to build)

Fits any set—full instructions supplied
Stereo Decoder, as:above, but in kit form {about 60 mins to buitd) per pair

Easy-to-build Kits for above Loudspeakers, per pair

Advanced off-air frequency reference. Phase-locked, with Signal Monitor. A Jab standard
VTP YT £66-00 + VAT £6-60

CBS-SO Decoder as above, built and tested production board, uses MC1310P iri holder, inc. LED
Advanced phase-lock-loop Stereo Decoder on board, regulator provision, typically 40dB separation.
................... £6-95 + VAT £0-69

...... £42-00 + £2-00 carr. + VAT£4-40
...... £35-560 + £2:00 carr. + VAT £3-75

Superb 20W 8Q lnudspeakers as used for “P.E. Rondo”, built in white or teak ..

RAPID REPLY ORDER

Please print clearly ard detach
coupon along the dotted line

.. £85-00 + VAT £8-50

........... £85-00 + VAT £8-50 ( S EE 3
8.5 v £66-00 + VAT £6:60

................. £3800 + VAT£3-80 | D/LOSS. .....£38-00 + VAT £3-80
................... £30-00 + VAT£3-00 | 0SS.K .. £30-00 + VAT £3-00
................... £8-00 + VATE£0-80 § SQ-DEC.K. .....£8-00 + VAT £0-80

~.....£1100 + VAT£1-10 | SQ-DEC.B&T. .£11-00 + VAT £1-10
PLL-DEC.B&T. .£6-95 + VAT£069
PLL-DEC.K. ....£5-95 + VAT £0-59
PR/LS/teak/white £44-00 + VAT £4-40
2K/LS/teak/white £37-50 + VAT £3-75

£5-95 + VAT £0-59

Goldring G101/2 Turntable Chassis, less cartridge ............................... £22-90 + £1-00carr. + VAT£2-39 § G101/2 ... ... £23-90 + VAT £2-39
Deutsche-Elac STS 144/17 Cartridge, ideal high-quality, low-priced unit for Matrixquad .. ..... ... .. £6-90 + VAT £0-69 § STS144/17 .. .£6-90 + VAT£0-69
Instrument Cases, attractively featured with black Vinyl-covered steel top and sides, aluminium front

and back panels. Exclusive! CaseA ......... £1-45 + VAT 14p
Case A 87X 5" X2" nom. £1-45 + VAT 14p.CaseB 11" X 6" X 3" nom. £1-95 + VAT 19p.Case C9” %5"” X 23" £1-70 § CaseB .......... £1-95 + VAT 19p
+ VAT 17p. CaseC .. ....... £1-70 + VAT ¥7p
Handy little Aluminium Boxes, with lids and screws: Box 1—53" X 23" X 11" =42p. Box 2—4" X 4" X 13" =42p.
Box 3—4” X 23" X 11" =42p. Box 4—51" X 4" X 11" =4Tp. an 5— 4" 23" X 2" =42p. Box6—3" X 2" X 1" -34p. | BoxNo. .......... Qty...........
Box 7— 7”)(5" x2" =66p. Box 8—8”x6”x3”—84p Box 9—6” X4"X2"—54p BA bolts, nuts, washers: 0,2,4,6, § BoxNo. ............ Qty...........
8,10 BA.20p Pkt. of 1[] All prices + VAT. BAPkt. ..... BA. Qty...........

DESIGNERS ... FOUR-CHANNEL SOUND SPECIALISTS.

P.O. BAX 18

Telephone :

A FULL TECHNICAL AND AFTER-SALES-SERVICE IS PROVIDED. ALL UNMARKED PRICES POST FREE. AS MANUFACTURERS
AND DISTRIBUTORS WE WELCOME TRADE AND EXPORT ENQUIRIES. COMMUNICATIONS CONSULTANTS ..

Studio tlectronics

g |CM 18 B6SH ESSEX -

Hariow (std02793) 25457

Money enclosed £
by-cheque/P.0./M.0./bank draft.

PLEASE LET US KNOW AFTER 7 DAYS IF
YOUR ORDER IS NOT ACKNOWLEDGED.

INSTRUMENT

NAME

| ADDRESS

HARLOW [
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Reg. Office:

139-141 Havant Road,
Drayton, Portsmouth, Hants.
PO6 2AA.

afdec

Full member of AFDEC — the industry’s association
of franchised electronic component distributors.

NOW — you can get the same service and range of
products normally available to industrial ¢ustomers.
Brand new devices from the industry leaders in
component manufacture — large stocks on our shelves.
Our prices include VAT at the current rate — and
catriage on all goods is free.

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

Please send your catalogue — free!

Phoenix Electronics (Portsmouth) Ltd.

PROFESSIONAL QUALITY SOLDERING
FOR EVERYONE!
We are official distributors for

Adcola and Weller soldering equipment.
Weller ‘Marksman’ mains pencils:

SP 25D 25Wiron ................ £2.00
SP 25DK lron kit, boxed, with
tips, solder, etc. ...... £2.55

Adcola ‘Invader’ mains pencils:
L 646 23W iron

Weller ‘Expert’ soldering guns:
8200D ‘Instant’ dual-heat gun,
mains voltage ..£5.40
8200DPK Soldering gun kit, with
gun, spare tips, spanner,
brush, solder, etc. in a

smart carrying case ..£6.50
Adcola solder and braid:
60/40 Solder, BS 441, resin-
cored, 22 s.w.g., 30 ft.
APPIOX. v i £0.12
Type AB Desoldering braid ...... £0.80

We also carry extended ranges of soldering and
desoldering equipment. spares. tips. etc. For the
real professional, ask for our industrial ranges of
temperature-controlled irons, low-voltage equip-
ment. etc.
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S ACTIVE FILTER CROSSOVER

Y e
FOR YOUR TOP FLIGHT SPEAKER SYSTEM

0

AS FEATURED IN WIRELESS WORLD Dec 1973

An essential and critical component in a high quality speaker system is the crossover unit conventionally comprising
of a series of passive networks which unfortunately, through introducing reactive impedances between the amplifier
and the speakers, result in the loss of the advantage of high amplifier damping factor and renders the speakers prone
to overshoots and resonances. An elegant solution to this problem, described by D. C. Read in Wireless World,
involves the use of a series of active filters splitting the output of the pre-amplifier into three channels, of closely
defined bandwidth, each of which is fed to the appropriate speaker by its own power amplifier. A design for a suitable
20 Watt amplifier, based on a proven Texas circuit, was also described by Mr. Read. The printed circuit boards for
this has been designed such that three amplifiers may be stacked and mounted together on a common heat sink to
achieve a conveniently compact module.

ACTIVE FILTER
Pack
1 Fibreglass PCB (accomo-
dates all filters for one
channel) 1056
2 Set of pre-sets, solid
tantalum capacitors, 2%
metal oxide resistors, 2%
polystyrene capacitors 4-20
3 Set of semiconductors 2-65
2 off each pack required for stereo
system

SUITABLE ALSO FOR FEEDING
ANY OF OUR HIGH POWER
DESIGNS

READ/TEXAS 20w
amp.
Pack
1 Fibreglass PCB -70
2 Set of resistors, capacitors
pre-sets (not including
O/P coupling capacitors) 1-10
3 Setofsemiconductors 2-40
6 off each pack required for stereo
system
4 Special heat sink assembly
for set of three amplifiers -85
5 Set of 3 O/P cougling
capacitors 1-00
2 off packs 4, 5 required for stereo
system

POWER SUPPLY

FOR 20W/CHANNEL STEREO
SYSTEM

Pack

1 Fibreglass PCB 50

2 Set of rectifiers, zener
diode, capacitors, fuses,
fuse holders 2-60

3 Torodial transformer 4-95

ENQUIRIES WELCOME
For quality sets of speakers

PRE-RELEASE OFFER!

UNTIL APRIL 22nd
(Orders received after April 22nd subject to
10% VAT)

WE PAY YOUR VAT

Applies to goods advertised on this page only

POWERTRAN

AVAILABLE FROM APRIL 23rd 1974. ORDERS DESPATCHED IN STRICT ROTATION FROM THAT DATE SEE FOLLOWING PAGE
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f you want the
phone Dover 20262

Get in touch today for further
detailed specification. Just
telephone the number above or
write to the address below.

(Sullivan)

That’s the 'phone number of
Sullivan, manufacturers of the
original Cambndge workshop pot
that’s designed for the testing and
calibration of thermocouples and
associated indicators and
controliers.

it's completely portable. And now,
fitted with the 3334 solid state dc
detector, its rugged construction
coupled with its ability to maintain
its accuracy, makes it a must for
either workshop or laboratory. And
it weighs just 6.12 kg. You'll find
the price Is really competitive too.

H. W. Sullivan Limited, Dover, Kent.
Tel: Dover (STD 0304) 202620
Telex: 96283

Thorn Measurement Control
mwom and Automation Division.
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Pack

DESIGNER
APPROVED KIT

e,

Gy Hod >

Fibre glass printed circuit board for
power amp.

Set of resistors. capacitors, pre-sets for
power amp.

Set of semiconductors for power amp.
(highest voltage version).

Pair of 2 drilled, finned heat sinks.

Fibre glass printed circuit board for
pre-amp.

Set of low noise resistors. capacitors,
pre-sets for pre-amp.

Set of low noise, high gain semicon-
ductors for pre-amp.

Toroidal T20 + 2

Developed from the famous Practical Wireless TEXAN.

* 75 WATTS PER CHANNEL
% BANDWIDTH (3dB) 3HZ-40KHZ

Full circuit description in handbook

Price
£0.75
£1.50

£5.50
£0.80

£1.10
£2.70
£2.10

Pack

8 Set of potentiometers {including mains

9
10

12

switch).

Set of 4 push button switches. rotary
mode switch.

Toroidal transformer complete with
magnetic screen/housing primary:
0-117-234 V. secondaries: 33-0-3
24-0-24 V.

Fibre glass printed circuit board for
power supply.

Set of resistors, capacitors, secondary
‘fuses, semiconductors for power
supply.

* WITH TOROIDAL TRANSFORMER
* 20 WATTS PER CHANNEL

with full kits

TEAK CASE and HANDBOOK

KIT PRICE only £2 8-25 POST FREE (U.K.)

3V

Hi Fi News Linsley-Hood 75W Amplifier

% DISTORTION LESS THAN 0.01%
% UNCONDITIONAL STABILITY

FRE

TEAK CASE

with full kits

KIT PRICE oniy

£56-6 0 POST FREE (U.K.)

Price  Pack Price
13  Set of miscellaneous parts including DIN
£1.55 skts. mains input skt, fuse holder,
interconnecting cable, control knobs £3.25
£3.10 14 Set of metalwork parts including silk
screen printed fascia panel and all
brackets. fixing parts. etc. £6.30
15 Handbook. £0.30
£8.15 16 Teak cabinet. £7.35
2 each of packs 1-7 inclusive are required
£0.55 for complete stereo system.
3a Set of semiconductors for Power Amp.
(30W version}. £3.40
£3.50 3b Set of semiconductors for Power Amp.
{50W version). £5.30
COMPONENT PACKS FOR
W.W. AMPLIFIER DESIGNS
30W BAILEY
Pk. 1 F/Glass PCB £0.65
Pk. 2 Resistors. capacitors, pots £1.75
Pk. 3 Semiconductor set £4.70
30W BLOMLEY
Pk. 1 F/Glass PCB £0.70
Pk. 2 Resistors. capacitors, pots £2.15
Pk. 3 Semiconductor set £5.60
20W LINSLEY-HOOD
Pk. 1 F/Glass PCB £0.70
Pk. 2 Resistors, capacitors, pots £2.40
Pk. 3 Semiconductor set £3.35
60V REGULATED POWER SUPPLY
Pk. 1 F/Glass PCB £0.65
Pk. 2 Resistors, capacitors, pots £1.40
Pk. 3 Semiconductor set £3.10
BAILEY-BURROWS PRE-AMP
Pk. 1 F/Glass PCB £1.60
Pk. 2 Resistors, capacitors. pre-sets, transistors £4.95
Pk. 3R Rotary potentiometer set £1.60

For further details on the above and other designs including
100W amplifier and Stuart Tape Recorder write for FREE
LIST.

METALWORK SYSTEM FOR
WIRELESS WORLD AMPLIFIERS

Designed to house Bailey. Blomley or Linsley-Hood Class
AB amplifiers with simple or regulated power supplies and

Batley Burrows pre-amp. Options of standard or hum
reducing toroidal mains transformer. Also rotary contro!
version. Details in price list.

For FREE LIST write NOW!

Pack Price Pack Price
1. Set of all low noise resistors £0.80 7 Set ot all semiconductors £8.25
2 Setof all small capacitors £1.50 8 Special Toroidal Transformer £4.95
3 Set of 4 power supply capacitors £1.40 9 Fibre Gtass P.C. Panel £2.50
4  Set of miscellaneous parts 10 Complete chassis work, hardware

including DIN sockets. fuses, and brackets £4.20

fuse holders, control knobs etc. £1.90 11  Preformed cable/leads £0.40
5 Set of slide and pushbutton switches  £0.90 12 Handbook £0.25
6 Set of potentiometers and selector 13 Teak Cabinet £2.75

switch £1.45

SEMICONDUCTORS

2N699 0.25 2N4058 0.12 BC214L 014 MPSA66 0.40 TIP33A 1.00
2N1613 020 2N4062 [R]] BCY72 013 MPSUO5  0.60 TIP34A 1.50
2ZN1711 025 2N4302 0.60 BD529 0.85 MPSU55 0.70 TIPA1A 0.74
2N2926G 0.10 2N5087 042 BD530 0.85 SN72721P 0.58 TIP42A 0.90
2N3053 0.15 2N5210 054 BDY56 1.60 SN72748P 058 TIP3055 0.60
2N3055 045 2N5457 045 BF257 0.40 TIP28A 0.50 IBO8T20 0.50
2N3442 120 2N5458 045 BF259 047 TIP30A 0.60 IBAOK20  1.40
2N3702 on 2N5830 0.30 BFR39 0.25 TIP28C 071 INS14 0.07
2N3703 0.10 40361 0.40 BFR79 0.25 TIP30C 0.78 INS16 0.07
2N3704 0.10 40362 045 BFY50 0.20 TIP31A 0.60 1S920 0.10
2N3705 0.10 BC107 0.10 BFY51 0.20 TIP32A 0.70 5B05 1.20
2N3706 0.09 BC108 0.10 BFY52 0.20
2N3707 010 BC109 010 MJ481 1.20 U.K. ORDERS — Post free {mail order only}
2N3708 007 BC125 0.15 MJ491 130 i special packin
2N37°g 009 RC128 018 a0 b OVERSEAS — Postage at cost + 50p special packing
2N371 0.09 BC182K 0.10 MPSAO5  0.30 0,
2N3711 0.09 BC212K 012 MPSA12 0.55 V'A'T' Please add 1 o /0
2N3819 023 BC182L 0.10 MPSAT4 035
N3soa 017 sCigal  on wmesass o3 to all U.K. orders
2N3906 0.20 BC212L 0.12 MPSAE5 035

Dept. W-02
POWERTRAN ELECTRONICS

PORTWAY INDUSTRIAL ESTATE
ANDOVER, HANTS SP10 3NN
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Still the lowest cost Storage Oscilloscope in the world,
the DM64

When Teleguipment first prodiced the
DM 64 1n 1972 -hey vertured tnat. 212%36"
it was probatly the lowest cost dua  tr=ce
storage oscilloseope in the world
Now a year anc colntl2ss users later.
it can still be -a-ed &s th2 lowest-cost
storage ‘scope n th2 world
In keeping w=ith “eleduipment's trac tion

for offering hugt perormance zt a sens dle
price. this insirument features storaze
time of up to 2re hcur. = bandwidtt cf
10MHz at 10m+«//div sznsitivity.
X-Y operation ky switcting vertical
amplifiers, and 3 timebase range of 2 3=¢/dw

100ns/div n 23 calibrated positions:

*Exclusive of VAT
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{3 Bistable storage or
convertional displays

3 Up to 250cm/ms writing speed
(3 Single-shot storage

(O X-Y and inwert facilities

0 8 x10cem display

[0 Small-size, lightweight

Virite or contact us now forfull cetails and
to arrange & demonstration so that you may
sze for yourself the true value of the DM 64

Taktronix U K. Lte.,

Eeaverton House, P.O. Box 69,

tarpenden, Hesta

Talephone: Haraanden 61261 Telez: 25559
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traces on a three-pen recorder made
by Chessell Ltd. Thumb-wheel selectors
provide 450 sensitivities and 1999
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EEV LEDDICONS.
THE

ACCURATE COLOUR TUBES.

The EEV Leddicon is the advanced
tube that is accurately made with high
purity materials. The benefits of EEV’s
attention to accuracy are exceptional
ease and speed of line up, tube consist-
ency and dependability.

Accurate registration, geometry.
Perfect colour registration can be
achieved in seconds on a good camera -
automatic, semi-automatic or manual.
Precise grey scales, the toughest test
of a camera tube, are easy with the
Leddicon. Geometry, t00, 1s precise:
a clear picture every time.

Insert to image in seconds.

A good image gets around.
Leddicons are in use with most
major colour networks-BBC, IBA,
CBS, ABC, ABC Australia, NZBC, SRG
Switzerland, ORTF France, Polish TV,
OREF - Austria, Czechoslovakia TV etc.
The tube has a good image. And so
doesEEV service. Leddicons are avail-
able from EEV agents in all markets.

Every station needs EEV
Leddicon accuracy. For information and
data contact your EEV agent or EEV at
Chelmsford, England.

o
s

Quick accurate pictures with the accurate tube -
EEV’s Leddicon.

Photoconductive camera tubes with high sensitivity lead oxide
target, for high definition pick-up in monochrome and colour
broadcast cameras. Features of these tubes include very short lag,
low dark current and unity gamma.

Type Application Construction
P8000 Monochrome 30mm diameter,
P8000B Blue channel integral mesh
P8000G Green channel

P8000L Luminance channel

P8000OR Red channel

P8001 Monochrome 30mm diameter,
P8001B Blue channel separate mesh
P8001G Green channel

P8001L Luminance channel

P8001R Red channel

30mm diameter,

P8003 Red channel separate mesh with
extended red response

P8005 Monochrome 30mm diameter,

P8005B Blue channel separate mesh with

P8005G Green channel light bias

P8005L Luminance channel

P8005R Red channel

P8008 Monochrome 30mm.diameter

P8021 Monochrome Mechanically

P8021B Biue channel interchangeable with

P8021G Green channel 1-inch separate

P8021L Luminance channel mesh vidicons

P8021R Red channel

EEV AND M-OV KNOW HOW.

LAP 52 ENGLISH ELECTRIC VALVE CO LTD.Chelmsford, Essex, England CM12QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. 980

WW—110 FOR FURTHER DETAILS




Wireless World, March 1974

Editor:
TOM IVALL, MLER.E.

Deputy Editor:
PHILIP DARRINGTON

Technical Editor:
GEOFFREY SHORTER, B.Sc.

Assistant Editors:

BILL ANDERTON, B.Sc.
BASIL LANE

Drawing Office:
LEONARD H. DARRAH

Production:
D.R. BRAY

Advertisements:

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

KEITH NEWTON
Phone 01-261 8515

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

wireless
world

Social Responsibility in Communications

“Men themselves make their history but in a given environment which conditions
them” wrote Friedrich Engels in the 19th century. In the present century the “given
environment” is increasingly being shaped by technologists. Electronics and
communications engineers in particular are changing that part of the environment
which most strongly conditions the humanity of man — the available means for using
symbols and messages. The invention of printing led to one cultural revolution.
Telecommunications, broadcasting and audio-visual records are resulting in a new
cultural revolution, according to a recent book “Communications Technology and
Social Policy”*. If this is so, electronics and communications people bear an immense
responsibility — in providing the means for influencing man’s most central notions of
his own existence, values, priorities and relationships. Are they in fact conscious of
this responsibility?

The book draws attention to the variety of ways in which broadcasting, among
other forms of communication, is being extended and modified, not merely by the
provision of more channels but by cable distribution, satellite transmitters and cassette
and disc records. One paper argues that this proliferation of communication “outlets”
will lead to the “deprofessionalization” of broadcasting organizations — a process
comparable with what has been occurring for some time in the church. “There will be
little room for the professional elitism that thrived in the situation when the
broadcaster not only could presume he knew what was best for the public but was
also encouraged to do so by those interested in keeping control over popular culture”
say the authors Gurevitch and Elliott. In another paper Dennis Gabor (the inventor of
holography) suggests that the increase of programme choice will probably produce a
cleavage in the public: “The educated will choose more and more cultural features, the
culturally deprived even more pornography and violence. The technologist could no
more than enlarge the choice”. Throughout the book the communications engineer
appears as a shadowy figure apparently with no will of his own, a mere instrument by
which technological change manifests itself.

Of course the technologist can shelter behind the consideration that his job is only
to provide the means of communication, not to control the uses to which they are put.
From a blinkered point of view this is true. From a wider point of view, if the
technologist makes a living (or perhaps a profit) from co-operating in providing and
developing the means of communication, either through public corporations or
through the commercial system, he is in partnership with the users and therefore has a
social responsibility whether he likes it or not. So far, unlike some scientists (viz. the
British Society for Social Responsibility in Science) he has not been very vocal about
this involvement. We invite him to have his say through this journal.

* An international collection of 36 papers by technologists, social scientists, educators, communications experts and
the like, published by John Wiley & Sons Ltd., Chichester, Sussex, price £9.00.
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Project is a new venture for Wireless World and originated with our belief that the future of
electronics lies with the young, \and secondly from the knowledge that the journal has been
used on innumerable occasions, by schools, colleges, universities and industrial training
centres, to provide tutorial material unobtainable elsewhere.

These columns will contain news, information, projects and product information specifically
relating to educational electronics and electronics in education. Much will be of interest to the
young and the beginner and is intended to be so, but more importantly it will be written with all
the authority and experience of Wireless World behind it.

Finally Project is intended as a point of contact between industry and educationists with an
electronics interest. We would welcome news, articles, reports and letters for possible use

in the journal.

Future Project features will include a report on Link, the scheme which puts voluntary
industrial advisers in touch with schools; university radio and television stations; an article
describing the radio astronomy project at the Gypsy Hill College at Kingston-upon-Thames
and some fascinating new experimental projects for readers to undertake.

The Value of School Projects

by E. R. Laithwaite, D.Sc., Ph.D., F.LLE.E., F.I.E.E.E.

Professor of Heavy Electrical Engineering, Imperial College, London

While the rate of increase of technical
and scientific knowledge continues itself to
increase with time, the Physics syllabus of
an Examining Board stays remarkably
stable. I know that many parents are
surprised to find that the “A” level Physics
paper contains questions on the same
topics that were contained in the syllabus
when they themselves took the
examination, perhaps 25 years ago. Some
solid-state electronics will probably have
been added, and a dusting of particle
physics, just to prevent the Board from
appearing decadent, but in the main the
same method of teaching is pursued and
the pupils, one fears, are subjected to the
same set of so-called “experiments”, in
which the result is never in doubt before
the first reading is taken.

I have discovered the basic reasons for
this conservative outlook, partly by being
Chairman of the Advisory Committee for
Physics for one of the Examining Boards
for several years, and partly by being a
member of the Schools Sciénce and
Technology Committee. One of the
activities of that Committee was to.set out
on a fact-finding exercise to discover why
school science and electronics teaching
was not keeping pace with the demands. of
a modern technological society.

At first, I thought that the Advisory
Committees of Examining Boards had a

free hand to change the syllabus which
was entirely in their care, I was told
fairly quickly that certain changes in
syllabus which I proposed “would never
get past the Schools Council”. I deduced
that the Schools Council was an overlord
to all the Boards, which was why the
standards of “O” level or “A” level exams
were much the same whatever the Board.

Not a bit of it! Every Examining Board,
I discovered through the S.S.T.C., was a
private company and therefore a law unto
itself. Like other commercial enterprises,
the one thing every Board feared was
losing customers, and the easiest way to
lose customers was to change the syllabus
— why? — because the average, grossly
undgrpaid school teacher had long ago
lost enthusiasm for his subject and could
not be bothered to learn new material. No,
I am being unfair, even to the average
teacher. If only a minority of lazy science
teachers existed, they would be the ones
who would write angry letters to the
Board threatening to change to another
Board if the syllabus were changed. This
undoubtedly was cause number one.

The second cause too, I soon
unearthed. I was very quickly told that I
could not introduce new material (such as
the magnetic circuit concept) which
involved a new approach to an old topic
“for”, I was told, “there- are no readily

available, cheap text books which the
teacher can use.” I had to agree that this
was a strong argument. I reported my
findings to the S.S.T.C. who promptly sent
for a sample of publishers who, when asked
if they would welcome the opportunity to
publish books containing new science
teaching methods, gave us a unanimous
“no”, for the simple reason that “there
was no syllabus which demanded it, so the:
book would not sell”. — Stalemate!

The third reason came to light when I
wanted my committee to delete permanent
magnetism, as being too difficult for
school children. The chief examiner
hesitated to doubt my wisdom in this but
told me gently that if we deleted the
magnetometer, in particular, “there would
be nothing to set for the practical exam”.
His counsel was wise, as I found out all
too soon. Set a practical question which
requires a rubber band and out of perhaps
400 schools will come questions as to
what its dimensions should be, its
maximum tension, and “where can we buy
them?” (or in dire cases with what can we
buy them?). But magnetometers present
no problem —— all schools have
magnetometers!

The school project is likely to be
afflicted similarly for the same reason as
just outlined, for school apparatus
accounts do not run to buying much new
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apparatus. At universities, of course,
things are better, but the emphasis here is
on theory at its highest level and a few
years ago no less a place than the
Massachusetts Institute of Technology
scrapped its electrical machine laboratory
in the belief that tomorrow’s engineers
could learn all they needed from
Generalized Machine Theory, which was
extremely fashionable at the time. The
only thing wrong with Generalized
Machine Theory and all its kind is that
they represent the ultimate in
“‘organization” of a subject and without, of
course, admitting it, they do so in the
belief that all the knowledge in their
particular subject is now acquired. This
stifles any hopes of fostering curiosity and
imagination among students of all ages.
They become acclimatized to the idea,
among others, that nearly all can be
explained by theory and that if their
experiments, such as they are, disagree
with the theory, they must repeat the
experiments until they get them “right”.

The answer to all this, I am sure, lies
with the interesting project, however
simple, provided it has the necessary air of
mystery to make it exciting. If only we
could convince our students that when
their measurements failed to confirm the
existing theory they may be standing on
the threshold of a new era in science, ail
their laboratory work would take on a new
look. First perhaps we should design
experiments specifically to discredit theory
which has been simplified to make it
palatable. The extension of theory just to
the point of personal ability exists at all
levels of academic achievement. It is still
fashionable in engineering departments of
universities to take a known problem to
which a known solution exists to a
reasonable degree of accuracy, and
re-specify the data in such a way that the
solution is now only possible using the
most up-to-dat¢ computing machine
available, for just as long as the
department can afford. A paper is then
published on the results, on the strength of
which the postgraduate student hopes for
higher honours.

The problem of encouraging inventive-
ness and of teaching the next generation
the facts about science begins at school,
and therefore should be tackled at school.
In sixth form applied mathematics the
“good book” says that the frictional force
between bodies which are in contact, but
moving relative to each other, is uR
where R is the normal reaction between
the bodies and u is the “coefficient of
friction” which is constant. This leads at
once to the idea that if a body is placed on
a horizontal plane which is thereafter tilted
to greater and greater angles, slipping will
occur at a given angle, irrespective of the
mass of the body. This angle is known as
the “angle of friction”, thereby implying
that it is a constant for any given pair of
surfaces.

So cut blocks of metal, the first of
which- has dimensions 2 X 2 X 4in, the
second 1 X 1 X lin, the third ¥ X + X
4in and so on down to perhaps + X 4 X
%in. Place these blocks with one of their

large faces in contact with a flat piece of
glass or plastic sheet and begin to tilt
slowly. According to the theory all should
begin to slide together. In practice, the first
attempts suggest that they are likely to
move off in any old order, but after each
block has been carefully polished and the
glass cleaned with spirit, the blocks will be
found to start off in strict order of size,
largest first. The student is then
encouraged to seek out his own better
theory which will fit more practical
situations than the simpler one. We have
to confess that at school level certainly,
and at higher levels in lesser degree, we
teach physical subjects to just the right
level to make good examination questions!

There are however some encouraging
signs. My own speciality in engineering is
“linear motors”. No sooner had I become
a director of a company which
manufactures these articles than I was
asked to put my mind to the task of
designing a kit of parts to operate with a
linear motor and provide as much scope
for variation of experiment as there is
scope for creating models in Meccano.
What they wanted could be described as an
“electromagnetic construction kit”. This is
happily now available and I hope will
encourage specialists in other subjects to
produce similar apparatus.

But note how the pressure to do this
came from industry and not the teaching
world. Industry knows that only in this
way can it hope to avoid the shock which,
at present, generally occurs when
schooldays (where life is simple and
“correct”) end and industry or commerce
(where life is complex and always
incorrect!) begins. The Schools Science
and Technology Committee was, however,
very conscious of the value of project
work in schools and early in its existence
the Committee took under its wing the
excellent work being carried out at
Loughborough by Geoffrey Harrison and
his colleagues which was initiated

by the Schools Council under the title
“Project Technology”. The S.S.T.C. were
sufficiently impressed by certain facets,
notably the publications distributed to
schools, that when Schools Council
money ran out, they arranged for
continuation of these facets to be financed
through the Standing Conference on
Schools’ Science and Technology — a
body set up specifically as the result of
S.S.T.C. activity. Among the other works
of the S.C.S.S.T. is that of setting up
“local centres” where industry and
schoolteachers may meet, exchange views,
be lectured at, but perhaps most of all,
where surplus raw materials from' local
firms can be distributed to local schools
for the widening of project scope within
school laboratories.

School projects could be described as
“coming face-to-face with Nature” and as
such are a “must” at this time. One word
of caution only would I {Yenture. “Man
shall not live by bread alone” says the
Bible, and school science cannot live by
projects alone. Complementary to the more
formal teaching they must always be and
not a substitute for it, nor an end itself. The
greatest asset of school projects is the way
in which they can creep up on a child and
persuade him to become first a little
curious, then definitely interested and
perhaps finally fanatical about a subject
which, if introduced through the more
usual teaching channels, he would find
entirely unpalatable.

More and more we need women in the
engineering professions and again the
school project can be the start of it. It is
the opinion of most members of S-S.T.C.
that most children really make their
minds about their future careers between
the ages of 10 and 13. It is here that we
must teach girls especially that technology
did more than ‘invent the atom bomb and
is therefore not all bad. It is here perhaps
most of all that the school project must be
geared to make its impact.

~

An educational electronic kit, one of a

series priced from £6 to £26 available from
Electronikits, 408 St. John’s Street, London
E.C.1. WW 390 for further details.
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AnF.E.T. Curve Tracer

by L. G. Cuthbert

Although the junction field effect transistor
is not part of any A level Physics syllabus,
there are several advantages in spending a
short time teaching its basic circuit proper-
ties. In cases where the triode valve is taught
as the main electronic device a study of the
f.e.t. could well follow this as it has many
valve-like properties, yet gives students the
chance of using a modern electronic circuit
element. However, many schools are now
using the bipolar transistor at A level and
here the f.e.t. could well be studied first since
it is a much simpler device to use, thus en-
abling students to grasp basic concepts
without being put off by complications.

To study the characteristics of the circuit
properties of a device it 1s not necessary to
know why or how it works, only what it
does. Therefore, the f.e.t. will be treated asa
“black box™ with three terminals and the
characteristics show the relationships be-
tween the voltages and currents at the
terminals.

The symbol for an n-channel j.f.e.t. (there
is also a p-type where all the polarities are
reversed) is shown (Fig. 1). For normal cir-
cuit operation the voltages applied to the
terminals are:

@ source—connected to earth
® drain—to a positive voltage
® gate—to a negative voltage. This is very
important as the f.e.t. may be destroyed
if the gate is made positive.
The gate acts as a control terminal and con-
trols the amount of current that can flow
between drain and source. As the gate is
made more negative, less current flows until
eventually no current at all will pass from
drain to source. The f.e.t. is a useful device
because a small change in gate voltage can
produce a fairly large voltage change in a
resistor connected to the drain, thus acting
as an amplifier. (Fig. 2)

by Ohm’s law

Vou = VDD—IDRD
changein V,, = AV,,

= RpAl,

amplification is R, AIL/AV
Quantitative information about the effect
of gate voltage on drain current is given by
the transfer and output characteristics.
These are very similar to the pentode valve

curves and in fact the same small signal
equivalent circuits can be used for both f.e.t.

and pentode, although the symbols used
are different.

The f.e.t. is therefore a very simple device
to teach and experiments based on valves
can be easily modified to use an f.e.t., thus
giving the advantage that pupils are not
investigating an obsolete device. In the
current second year Applied Electronics
course at Queen Mary College, circuit con-
cepts are discussed initially with f.e.ts and
then extended to bipolar transistors.

The most useful of the two characteristics
shown in Fig. 3 is the output one and it is
also the more impressive when displayed
on an oscilloscope. Thus, for simplicity, the

drain

gate
source

Fig. 1. The symbol for an n-type j fee.t.

Vpp (+%)

Vo (—Ve)

Fig. 2. The f.e.t. as a common source
amplifier where, by Ohm’s Law, V,,, =
Voo—IpRy, the change in V,,, = AV, =
Ry Al and amplification is given by
RLAIL/AV.

5 A
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[e]
e — |
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e el Vps (V)
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Fig. 3. The characteristics of a j f.e.t.
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project described in these notes will concen-
trate only on displaying the output curves
although it is quite possible to modify the
system to display the transfer characteristic
or, for that matter, the curves for a bipolar
transistor.

The curve tracer as a system

The output characteristic is a plot of drain
current against drain-source voltage for
different (equal increment) values of gate
voltage. Thus the basicsystem for displaying
these curves needs to be as shown in Fig. 4.
However, there are several points that affect
the system and lead to simplification in some
parts and a more complicated design in
others.

1. The drive ramp need not be a linear
function of time since the plot is of current
against voltage. A highly non-linear ramp
does, however, mean that the oscilloscope
beam will take significantly different times
to cover the same distance on the screen,
thus making the brightness of the trace vary.

2. The gate voltage must not be greater
than zero. To avoid inadvertent damage to
the transistor protection should be provided
to prevent V; becoming positive.

3. The maximum drain current of many
f.e.ts is about 10mA which is within the
maximum current capability of a general
purpose integrated circuit operational am-
plifier. This is helpful because the amplifier
suggested is short circuit protected (i.e. its
output can be shorted to earth or the power
supply without damage) and this is a very
useful asset for a project being built by
students. If a discrete component amplifier
were used, separate protection would have
to be provided.

4. In the real world nothing ever happens
instantaneously so that the ramp and stair-
case waveforms have the form shown in
Fig. 5(a). If the gate waveform is triggered
by the falling edge of the ramp waveform it
will be changing during the flyback of the
ramp voltage and may still be changing
during the start of the next cycle and there-
fore not only would the flyback of the oscil-
loscope trace follow a different path but the
start of the next trace could be distorted.
Admittedly the flyback trace will be faint
because it occurs much faster but it still, un-
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fortunately, is visible. This can be improved
by using an “intermediate” triggering wave-
form (Fig. 5(b)) so that the gate voltage is
held constant over the whole of one ramp
and the flyback and then the beam is held at
the origin while the gate voltage is changed.

current

sense

A further benefit is that the origin is bright-
ened, since the trace is kept there for a
relatively long period, thus emphasising its
position.

A block diagram of the complete system,
taking account of these points, is shown in

Y

-
-

oscilloscope

difterence

aemplifier ——".'J X

Fig. 6. The drain current is determined by
measuring the voltage developed across a
small resistor in series with the drain. Since

the drain voltage is measured at the drain
terminal, the small resistor has no effect on
this measurement, but the potential drop
across it will very slightly reduce the voltage
at the drain

Details of the circuit, construction,
setting-up and sources of component supply
will appear in the next issue of Wireless
World.

ramp

mtermedlat.
trigger

x gate voltage N_

(a) (b)

CURRENT SENSE AMPLIFIER

Fig. 4. Basic curve tracer system.

Fig. 5. Elimination of the flyback trace
using an intermediate trigger. The time
scale is exaggerated for clarity.
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News of
the Month

Component shortage —
broken promises

‘Component buyers are being fed too many
delivery promises and not enough facts on
the realities of product availability. This
was the essence of a statement made by
buyers at a recent meeting held by
AFDEC, the distributors’ association.
Although accepting that distributors have
no option other than to accept delivery
information supplied by their principals,
they believe that the situation is sufficiently
serious to merit a far more militant stand
by distributors against principals supplying
either worthless or no information.

A significant factor in the current
shortage situation is the amount of “double
ordering” which has taken place to safe-
guard supplies. Distributors can plan to
meet almost any eventuality, but they
need two basic contributions from buyers.
The first is a firm statement of require-
ments over as long a period as possible.
The second is a reduction in the time
now being taken to settle accounts enabling

distributors to maintain stocks at a high
level.

AFDEC suggested that, if buyers decide
to be honest about their “double ordering”,
distributors can then reasonably increase
demands upon principals without having
to face the problems of suddenly carrying
vast stocks of products for which orders
have suddenly been cancelled.

On a practical point, both buyers and
distributors expressed concern about the
lack of information from manufacturers
on the handling of certain new products.
A prime example is the m.o.s. circuit
which was introduced with very little
warning about the sensitivity of such
devices. It was suggested that suitable
markings on both the packaging and the
devices themselves might overcome some
of the handling difficulties still being
experienced in this area.

Radiopaging market opens
Redifon Telecommunications have received
a licence to manufacture and sell in
the U.K. a pocket radiopager developed
by the Martin Marietta Aerospace Com-
pany of Orlando, Florida. The product
will be marketed under the name “Redi-
page”. The system has a computer located
at a central telephone exchange controlling
a network of unattended transmitters sited
throughout the required area. A caller
wishing to contact the user of the pager
will dial a ten-digit number from any
telephone.

An experimental public system has been
in operation by the Post Office in the
Reading area (see News of the Month,
“Radiopaging by telephone”, Feb. 1973,
p.58) and its success is currently being
evaluated.

The Redipage system is based on high

aper money identifier for blind persons. See news item.
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speed digital transmissions, each trans-
mitter being allocated one time slot out
of a sequence of eight in an eight second
transmission cycle. By this means, degrad-
ation of the service by mutual transmitter
interference is completely eliminated.

Installation of the pagers is expanding
rapidly in the U.S. and Martin Marietta
have recently announced an order for
a central computer controlled system and
an initial 10,000 pagers in New York
City.

Reformation for broadcasting
Siemens has developed a radio receiver
system for the reception of transmissions
made using the independent sideband
(i.s.b.) system!, suggested by the Hamburg
Institute for Radio Engineering. ILs.b.
modulation is a variant of s.s.b.
modulation, offering the same advantages
as the latter in suppression of interference
and reduction of distortion due to fading
and inefficient band utilization, but also
enables a broadcasting station to double
its number of programme channels. The
system allows the transmission of two
independent programmes over the two
sidebands of a carrier. The advantages
of is.b. can thus be used to prevent
the increasing mutual interference between
a.m. broadcasting stations, which is
devaluing their prime advantage of long
range.

Ls.b. modulation is incompatible with
present radio sets on m.w. and l.w. and
Siemens has made two suggestions for an
i.s.b. receiver, the two designs differing only
in the method used for suppressing the
unwanted sideband. The first version
uses phase-compensated carrier regenera-
tion, produces sideband suppression of
40dB and is compatible with d.s.b., s.s.b.
and is.b. modulation. The second version
includes two if. filters with consequent
higher if. selectivity, which means fewer
filters in the a.f. section. The second system

is also fully compatible.

1. Langer, E., “AM Broadcasting System Reform,
a New Chance for European Radio Setmakers”,
Siemens Components Report, Vol. VIII No.5, Nov.
1973, pp.108-111.

Dot-scan television system

A closed-circuit television system using a
pseudo-randomly scanned matrix of dots
to produce the display has been developed
by Mullard Research Laboratories and the
MEL Equipment Co.

The system was developed for the Royal
Aircraft Establishment, who need to
simulate different types of scan in their
examination of new matrix-type and
mechanical systems. It is possible, for
instance, to simulate the effect of a sensor
using an array of infra-red devices, or to
investigate the appearance of multiple-inter-
laced displays. Areas of different resolution
may be displayed on the same scan.

Electrostatic deflection is used in
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camera and display, and the spot is
allowed 262,000 possible positions in a
512 X 512 matrix. A digital pattern
generator controls the spot position, being
applied to camera and display with a delay
to allow for the propagation time of the
video information. Speed of deflection of
the spot is such that it can move between
any two positions in less than 200ns.
Movement of the spot is programmed by
the use of cards and two 49-word digital
stores, which may be controlled by
computer.

Mobile recording for Island

Island Studios have begun the operation
of a 24-track mobile recording unit
in the UK. The 3M company supplied
the recorder, model M79 whose con-
trol panel can be detached and used re-
motely at a distance up to 30ft away
from the console. The mixing desk (30
inputs, 24 outputs) was produced by
Helios Electronics. Complete with kitchen
and fridge, sleeping accommodation, heat-
ing and air conditioning, the 32ft long, 8ft
wide vehicle cost £75,000. Let’s hope
that the present materials shortage in
the recording industry does not damage
the justification of this cost.

Money identifier for the blind

A reliable paper money identifier to aid
blind business persons has been developed
from NASA technology. The device
identifies paper money by its sound
“signature”. As a bank-note passes under
a light source, a photo-transistor measures
changes in the note’s light patterns. These
changes are converted into beeping sounds
by an oscillator. Since each denomination
of paper money has a different pattern,
a different series of tones is given Off.
These differences are easily identified after
about three hours’ practice. NASA
technology which ‘led to development of
the device stems from a technique for
the semi-automatic inspection of microfilm
records first reported in 1969. The
Marchak Engineering and Manufacturing
Co., Austin, Texas, produces the device
commercially. A photograph of the device
is shown opposite.

Static problem eliminated

A static eliminator bar manufactured by
3M United Kingdom is in use at the EMI
record pressing factory. At the plant,
records are produced on injection mould-
ing machines. A hot plastic copy is taken
from the highly-polished metal master
disc, is then partially cooled, trimmed and
ejected for packing into sieeves. Despite
rigorous precautions, a high static charge
was generated as the pressings separated
from the metal master. By fitting the bar
near the rotary trimmer, static charge dust

and dirt particles from the trimming pro-
cess are removed.

The model 201 anti-static bar is a self
powered, compact device, with no moving
parts or wires, that causes localized
ionization of the air, producing a con-
ductive path to drain off any charges on
an adjacent surface. The bars emit nuclear
energy from radioisotopes of polonium
210 which is safely contained in tiny
ceramic beads. The source emits positively
charged alpha particles which ionize the
surrounding air molecules.

Roadside emergency Help Box

A system for roadside emergencies called
the Help Box has been evaluated in the
U.S. which uses a radio transmitter instead
of the more usual landline-connected road-
side telephone. The unit has been developed
by the American District Telegraph
Company of New York.

The stranded motorist cannot speak to
anyone, but several advantages are claimed
for the system. Pulling down a vertical
cover to the horizontal exposes a choice of
four buttons to press—fire, ambulance,
police and car trouble. The appropriate
button is pushed and the lid closed.

Impression of the observation and
comwmunications tower, Toronto, Canada,
which when completed will be 1805ft

high — the tallest self supporting
structure in the world.

Moving the lid generates electromagneti-
cally enough electricity to power the
transmitter for 2.5secs, during which time
the Help Box sends a tone coded message
to a central receiving point. The trans-
mitted signal contains information on the
box location and the service required.

All boxes use the same v.h.f. or uhf.
frequency, the chances of two boxes
transmitting at the same instant being
very small. The central console can
accommodate up to 9,999 box codes.

The system seems ideal for roads
carrying heavy traffic which, unlike motor-
ways which have a landline emergency
call-box service installed when the road
is built, do not have a roadside emergency
service. The ADT non-battery radio
system is claimed to-be vandal proof and
cheaper to install and maintain than line
systems, due mainly to the absence of
cable laying costs. A further application
could be in protecting -residential and
shopping areas against crime.

Enquiries should be sent to the U.K.
division, Electric Protection Services, 26
Old Bailey, London EC4M 7HL.

Cross-channel phone hop —

stage two

The first sod has been cut on the Tolsford
Hill, near Folkestone, site for a new
Post Office radio tower which will greatly
enlarge Britain’s busiest single international
telephone link — a 30-mile microwave
radio “hop” across the English Channel
to France.

The radio mast already standing on
Tolsford Hill has been strengthened to
take more aerials. This is the first step
in a two-stage programme — the second
will be the setting-up of the new tower
— which will enlarge the route’s
call-carrying capacity under major Post
Office plans to keep pace with
rapidly increasing demand for communi-
cations with Europe. It will be ready for
service in 1975, when the old mast will

be taken down. )
This route, from the Tolsford Hill

microwave station to its French
counterpart at Fiennes, near Loos, handles
calls to and from France — people
in Britain make nearly four million calis
there a year — and carries many
international calls routed across France

to other countries, principally Italy,
Switzerland, Spain, Greece and
Yugoslavia.

Britain’s international telecommuni-

cation services are doubling every five
years. Communications with the Continent
account for the biggest slice of the Post
Office’s international telephone traffic.
Of the 25 million oversea calls from
Britain last year, 20 million were to
mainland Europe. By 1975, 77 million
telephone calls a year will be flowing
between Britain and the Continent.

The new tower will be 64m (210 ft)
high, with six galleries, triangular in plan,
spaced at 6m (30 ft) intervals.
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Simple touch-sensitive piano using ready-made keyboard — 1

by G. Cowie, B.Sc.

The instrument described is a simple touch-sensitive electronic piano which is small and portable.
The circuitry is designed on a modular basis using i.cs extensively and is not difficult to construct.
It generates tones by an oscillator-divider system, the tones being keyed by individual touch-
sensitive key circuits. Costing around £70 to build, the design is believed to be the most cost-
effective available, in terms of what it is intended to do, and a commercial instrument with this
touch-sensitive feature would seem to cost at least £300.

This design was built to fill a real need;
if there had been an acceptable instrument
on the market I would have bought it
instead of spending three months and £50
in making one. I was learning to play the
piano and wanted an instrument of my
own for practice. As I live in furnished
flats, moving frequently, a full-sized
upright just was not practicable. The alter-
natives were a “mini” piano or an elec-
tronic piano. I ruled out the first on finding
that second-hand instruments were
surprisingly expensive because of the
demand; moreover they were not portable
enough.

This left electronic pianos. I looked at
several but they cost a lot of money and
I did not like them. The trouble is that
they all have the same artificial keying
action in which pressing the key beyond
a certain point suddenly generates a note
of fixed loudness. On the cheaper instru-

ments the note cannot be held after the
key is released.

I wanted an instrument which behaved
just like a string piano, even if it did not
sound much like one. The prototype is
quite true to my original intentions: if you
play loud the sound comes out loud, if
you play very softly the sound hardly
comes out at all. In playing a chord, one
can make some notes loud and others soft
at the same time. There is a “loud” pedal
which can be used to sustain notes after
the key is released, and the sound dies
away just as in a real piano.

The low notes have long decay time
constants, and the high notes have very
short time constants. The tone is a bit like
that of an electric piano, a harpsichord,
and an electric guitar. Most listeners find
the tone pleasant; it is much less harsh
than that of a real piano. In any case
to imitate a grand piano perfectly would

be very difficult. Most important of all,
the instrument is about the size of a large
suitcase and light enough to be carried
by one person.

The essential feature of the design is
that the volume of sound generated
depends on how fast the key is pushed
down, a feature not then available to my
knowledge on any other electronic piano.
This feature is what makes a pianoforte
what it is, and its importance was im-
pressed on me by a musician friend with
whom I discussed the project. In simple
terms, the effect is to add a new dimension,
that of loudness, to the sound. Although
I made no attempt to vary the tone along
with the volume, the characteristics of the
human ear and of the power amplifier
cause such an effect with my instrument.
I find the instrument sufficiently interesting
to play that I have not found it necessary
to add tone-shaping circuits though this
could be done quite easily. The only extra
is a swell pedal which is useful for increas-
ing the dynamic range. Functionally, the
instrument is much the same as a string
piano, except that there is no “soft” pedal.
Purists may argue that the key action is
not the same as that of a real piano. Strictly
speaking this is so, but the art of playing
the electronic piano is so similar to the
art of playing a real one that there is no
difficulty in changing from one to the other.

To produce an electronic imitation of
a real piano would be an ambitious under-
taking, and potentially an uneconomic one.
If the imitation is to be useful by reason
of its small bulk and competitive cost then
compromises are necessary. The sound
that a piano makes has a complex
harmonic content. This is not an
insuperable difficulty in itself, but the
harmonic content varies according to the
loudness with which the note is struck,
and with time; it is also different for
notes of different pitches. Loudness of
course varies with time, with a fast attack
and slow decay. As if this weren’t enough
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to contend with, most of the notes employ
two or three strings which do not vibrate
in perfect unison.

The keys of a piano have a characteristic
feel when pressed down by the finger: there
is a constant resisting force caused by the
weight of parts on the inner end of the
key, a reactive component caused by the
inertia of the fast-moving hammer, and a
small amount of friction. The harder one
tries to play, the greater the reactive part
of the opposing force becomes. From the
musician’s point of view this characteristic
of the piano is most desirable, as it makes
it easier to exploit the touch-sensitive
loudness which is inherent in the piano.
The faster the key goes down, the faster
the hammer moves, the harder the hammer
hits the strings, the louder the sound. Music
tutors exhort one to think of the key speed
rather than the pressure. Technically this
makes sense as only the final speed of
the hammer matters and it is easier to
accelerate it by a smooth pressure than
by jabbing the key (and the music sounds
better). In this piano design, each key is
linked to its own timing circuit so that
sound output depends on the average
velocity with which a key is pushed down.

Various electronic pianos are on the
market. Those priced competitively with
respect to conventional uprights seem to
adopt similar solutions to the problems out-
lined above. Keyboards are similar to those
used in electronic organs, with the same
touch, and most of the instruments are
not touch-sensitive at all. One infers that
the acoustic waveforms are square waves
treated by low-pass filters, and by high-
pass filters for special effects. All have the
right sort of fast attack, slow decay as
this is very easy to effect for square waves.
Again by inference the frequency genera-
tion is done by oscillators and dividers
as in electronic organs.

Design considerations

After preliminary thought and discussion,
I decided that my electronic piano would
be touch-sensitive, have a sustain pedal,
use square-waves as the working wave-
form, and have twelve master oscillators,
using t.t.l. 7493 integrated-circuit
frequency dividers to generate the lower
pitches. On seeing ready-made organ key-
boards and keyswitches 1 decided to use
these and, as five octaves is a standard
size, that the little-used top and bottom
octaves of the conventional 88-note piano
keyboard could be dispensed with. This
simplifies the work considerably and makes
the finished instrument significantly smaller
and lighter.

The essential features of electronic key
circuit are shown in Fig. 1. The key
position must be determined electrically,
to control an envelope shaper whose output
is used to modulate the amplitude of a
continuous-pitch  waveform. Tone s
determined by the pitch waveform, and
attack and decay are determined by the
envelope. As the piano is to be touch
sensitive then the initial height of the
envelope must be variable.

A number of envelope waveforms are
shown in the Fig. 2. These show a note
played and released, a note played and

9
Table 1. Fundamental frequencies for C-C keyboard
Octave c B A A G G F F E D D c
section
1{osc. req) 2093 1975 1865 1760 1661 1568 1480 1397 1318 12444 1174 1108
2 (1st div.) 1046.4 987.7 923.3 880.0 830.6 783.8 739.8 698.4 659.2 6222 687.2 554.2
3 (2nd div.) 523.2 493.8 466.2 440.0 4153 391.9 369.9 349.2 329.6 311.1 293.6 277.1
4 (3rd div.) 261.6 2469 233.1 220.0 207.6 1960 1850 1746 1648 1556 146.8 138.6
5/(4th div.) 130.8 123.4 116.5 110.0 1038 98.0 925 87.3 824 77.8 734 693
6 (5th div.) 654 61.7 582 550 51.9 49.0 462 436

N.B. For modified C-C keyboard (see text) or an F-F keyboard. range is 43.6Hz to 1397Hz2.

generator

pitch

1 WV

d.c.
blocking
key position; P envelope -
rate l' T shaper /\ modulator  fr———#> _|"'
Fig. 1. Key switching and rate information provides an envelope that modulates signals

Jfrom a pitch generator (c.w. oscillator).

down up rep.
sustain
rep.

Fig. 2.

These envelope waveforms are determined by switches actuated by keys and the

sustain pedal. Diagrams show single and repeated notes with and without sustain action.

sustained, and notes repeated without and
with sustain. Generally, electrical key
contacts are used to signal the states “up”,
“down” and “moving” and this can be
done by a single contact moving between
two busbars. But I found that the simplest
and cheapest system must use more
contacts to simplify the electronics. An
electronic piano must have an electronic
switch to block the pitch signal when it
is not required; in my circuit a diode is
used.

Twelve oscillators generate the twelve
pitches for an octave, and the pitches for
lower octaves are obtained by dividing by
2,4,8, 16 (Table 1).

The oscillators use operational ampli-
fiers instead of LC circuits — it is cheaper
to buy op-amps than to buy special coils.
Also, the op-amp circuit is easier to design
and can be tuned by a cheap pre-set
potentiometer. A detailed discussion of this
type of oscillator is given in Electronic
Engineering, Nov.1971, page 54. Complex
m.o.s. microcircuits are now available
which will produce the twelve top-octave
frequencies when driven by a radio-
frequency master oscillator. Thus all the
key pitches are synchronized with the
master oscillator and the organ or piano
never needs retuning. Such a device would
add zbout £3 to the cost of the project

and a suitable (optional) module will be
described in part 3 of this article.

Regulated supplies of +5 and —5 volts
are provided as a regulated 5-volt supply
was needed in any case for the t.t.l. divider
circuits. The advantages of integrated-
circuit frequency dividers over discrete
dividers in cost, time, space etc are such
as to make them the only choice. About
half of the piano circuitry is inside the
divider i.c. packages.

I devoted much thought to making the
key circuits as simple as possible. As there
are sixty-one key circuits, elimination of
even one component could save hours of
work and pounds of hard cash. Wood was
the obvious choice of material for the case..
The case is styled after my own conception
of how an electronic piano should look,
and has no lid as this wasn’t essential and
would not fit into the design. There is more
room at the rear of the case than is strictly
necessary; this was deliberate in that
making the case too big would cause
nothing like as much trouble as making
it too small.

Circuit Description
Fig. 3 is a schematic diagram of the

complete circuitry which is too complex
to be drawn in full. Under the keyboard
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Fig. 3. Time between S,and S, S; opening as the key is pressed determines Joudness of sound, achieved with the key circuit. Twelve
RC oscillators feed 12 dividers (shown above keyboard in diagram), giving 60 of the 61 tones for modulation by the key circuits. For
a five-octave kevboard 61 tones are actually required, the additional tone (C’) being provided by a 13th divider, as the i.cs will only
divide by a maximum of 16. Outputs from the key circuits are mixed in the amplifier via the output busbar. Three of the busbars

run alongside the keyboard so that three keyswitch leads can be directly soldered to them.

are 61 sets of three normally-closed gold-
plated wire switches, one set being shown.
One pole of each switch is connected to
one of three busbars which run under the
keyboard. The other poles are wired to
a key circuit, which is one of a letter-group
of five as there are five octaves; and there
are twelve letter-groups. There is a sixth
note C for which an extra key circuit
and an extra divider to give <+ 32 provided.

Each letter-group of key circuits is fed
with signals from an oscillator and
frequency divider. The key circuit for one
note is drawn in full to show the inter-
connections.

To each of the 61 keyswitches six
connections are made. Three of these are
common busbars (bias, damper, swifch),
and the other three are bias, damper,
and switch signal lines and all go to
one key circuit, linking the key to the
electronics.

The power supply feeds +35 volts to
the  oscillators, frequency dividers,
summing preamplifier and output amplifier
and, via a resistor, to the collector bus
which feeds all 61 key circuits. It also
feeds an unregulated + 8-volt supply to
the switch bus, and —5 volts to the
oscillators and amplifiers.

The output bus is a virtual earth line

fed from all 61 key circuits. The bias and
damper buses are controlled by the sustain
pedal.

Key circuits

Though the key circuits appear simple
(Fig. 4), each has three sections which
are more or less analagous to parts
of a string piano. Components C,, R,
R, S,, S, form a velocity-measuring
circuit which gives the piano its touch-
sensitive property. The charge in C,,
when the key is depressed, represents
hammer velocity. Transistor Tr, provides
isolation between the input and output
sections of the circuit — the equivalent
in a real piano is a device allowing
the hammer to fall back. Capacitor C,
has a charge representing the vibrational
energy of a string. Components D,
S;, R; form the damper circuit, which
may be disabled to give a sustain action.
Diode D; blocks the pitch signal when
the circuit is on standby and, when
the circuit is active, forms a chopper
and output circuit with R, and R..
The discharge times of capacitors C,
vary to imitate the peculiarity of the
string piano whereby bass notes die away
more slowly than the treble.

Velocity section. Standby 'operation - is
as follows: current flows from the switch
busbar, which is at about +8V, through
S, R,, S, to the bias. busbar at about
+0.7V, so that Tr, is just. cut off.
Capacitor C, is charged to about +0.4
V. When the key is partway depressed,
contacts S, and S; open, and C, discharges
toward +0.7V, with a time constant
of 18ms. (This is a critical time constant
that influenices the playing properties of
the instrument.) When the key is almost
fully depressed, S, opens and the remaining
charge in C; passes through R, into
the base of Tr,, which conducts heavily,
causing a corresponding charge to appear
in C,. If R, were not included in the circuit,
then S, having opened, a capacitance
of C, times the gain of Tr, would be
added to C,; R, ensures that C, always
discharges faster than C,.

When the key is released, S, closes
first, S; closes discharging C,, and S,
closes, recharging C, from the other 60
capacitors in parallel. The resulting current
surge does not damage the contacts as
they will handle up to 2A at low voltages,
and the power factor of the capacitors
is very poor. All the contacts have so
far survived 21 months of use. The
action of the circuit is such that when
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the key is pressed very swiftly, C, loses
potential by only a volt or so, and
a potential of nearly five volts appears
on C,. When the key is pressed very
lightly, C, discharges almost to the bias
voltage, so that a very small charge
is delivered to C,.

Envelope section. Capacitor C,, having
been charged, begins to discharge in pulses
through R, , D, and the 7493 i.c. (Fig 5)
with a time constant 2R, C, A square
chopped signal appears across R, and is
taken out via R,; the amplitude of the
signal being C, voltage minus D, volt drop.
The t.t.l. divider outputs have two trans-
istors in a sort of class B arrangemeht so

source; in the piano circuit this is a
nuisance and is blocked by D, In the
low state it acts as a current sink to
ground. The voltage appliéd to the output
must not exceed SV.

This diode chopper was chosen because

it is the simplest modulating circuit with
a precisely definable output and a low
feed-through of pitch signal in the off
state. The impedance of this section is
low to reduce the effect of D, leakage
and capacitance in its off state. Hence
C, must be relatively large. The impedance
of the velocity section is relatively high
to minimize standing currents, hence a
current amplifier 77, is necessary.
Damper section: When the key is released,
S, closes, discharging C, through R;
and D, The value of R, is made
large enough to avoid a key click. A
sustain action is effected by raising the
potential of the damper bus so that
no current can flow into it through D,,
and so C, discharges through the chopper,
irrespective of the key position. Normally,
R,, D, drain some leakage current from
C,. The sustain allows capacitors C,
in circuits on standby to charge up
slightly via 77, until D, begins to conduct.
To suppress this chorus effect, the bias
busbar potential is reduced.

Resistor R, varies from 1kQ (top
C) to 15kQ (low C) — Table 3 lists
values.

Oscillator circuits
The 12 oscillators use operational ampli-
fiers in .a precision relaxation oscillator
circuit (Fig. 5). The output of the op-amp
switches between' nearly the positive and
negative supply voltages. When the output
has just gone positive, the negative input
voltage starts to change positively as
charges. When it reaches the positive
input voltage, VoR /(R, + R)), the invering
action causes the output to fall negatively,
almost instantaneously. The circuit has
a bridge configuration which almost
eliminates the effect of load and supply
voltage. At the instant of switching a
differential voltage of 2V,R /(R, + R)
exists at the amplifier inputs, which limits
the ratio R,/R, that can be used at
the chosen supply voltage with 709 series
op-amps (but not 741 types). Sources
of drift in the circuit include offset voltage
and bias current changes.

Supplies of +5V, —5V were chosen
to simplify the power supply and buffer
circuits. This has rendered the oscillators

+collector busbar

5
+ switch t:usbur_‘/‘|/A
R4
Cj + 1«8
10p
Rz

ground busbar

bias busbar

output busbar

damper busbar

C=%to C=%°—izo°/.

t = teequency inHz; Cin pF

>
<o t
>

optional ov
tone circuit

Fig. 4. Key circuit (one of 61) acts as envelope shaper and modulates input Sfrom the
dividers to feed amplifier via busbar. The three busbars wired to the three switches run
alongside keyboard switches. Optional tone circuit was used on the bottom twelve keys of
the author’s design to make low tones less harsh.

Table 2. Oscillator resistance values

Pitch  Frequency Nom. tuning R Use
{Hz) (k2) (k2)
c* 1108 36.5 33 + 47
D 1174 34 33 + 47
D* 1244.4 32 30 + 4.7
E 1318 30 27 + 47
F 1397 28 27 + 47
F’ 1480 27 24 + 47
G 1568 25 24 + 3.3
G* 1661 24 22 + 3.3
A 1760 23 22 + 3.3
Al 1865 21 20 + 3.3
B 1975 20 18 + 3.3
c 2093 19 18 + 3.3

more sensitive to ripple and one-sided
supply voltage changes. Frequency
depends on the values of Ry, R,p,
Ryp3 Ry and Cyy,, and is set by Ry,
(Fig. 6). High-stability components are
required.

A buffer circuit R,qs, Try, is incor-
porated as the load of the divider input
and the discharge current from the top-
octave key circuits may be as much
as 6.6mA, which is more than the op-amp
can be guaranteed to drive. The 7493
i.c. divides the oscillator frequency by
16 and has outputs for 2, 4, 8, divisors
also. It changes state for an input tran-
sition from high to low, and has two
reset inputs, one of which must be
grounded for operation as a divider or
counter. The outputs will sink more than
16mA ample for driving the key circuits.
Eleven of the oscillator and divider circuits
are as shown, but for C an overall
divisor of 32 is required and so the
output -+ 16 is wired to the input of another
divider stage whose output then feeds
low C.

oV

halt period = 2C 4Ry Ry

R1+R2
fae 1
4Cy Ry+R1(R1+R2)

Fig. 5. Relaxation oscillator uses bridge
configuration to keep effects of load and
supply voltage changes to a minimum.

Summing preamplifier

The summing circuit is a standard op-amp
arrangement. Capacitor C,, (Fig. 7)
blocks the d.c. component of the outpit,
ie. the C, voltages which would be
summed to about 25V. Resistor R,
is not mounted on the board but at
a suitable point among the key circuits,
thereby using the differential inputs to
minimize pickup of unwanted signals. The
headphone amplifier likewise is a fairly
standard discrete-component op-amp. with
complementary emitter-follower output.
It can be readily altered to drive various
loads.
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Table 3. Decay time constant resistor
values (R, in Fig. 4). (61 resistors needed.)

Octave section

Note 1 2 3 4 5 B

Cc {low C)
/B\, Tk 1.8k 3.3k 5.6k 10k 18k
A

1.2k 2.2k 3.9k 6.8k 12k 18k
(top F) {low F)

1.5k 2.7k 4.7k 8.2k 15k —

Rao2
5k6
MA-
output +5V
busbar C‘;O"
L B
5
o 741
OV-—?{W—T +
401 N
1K sv
. to
line output
jack socket
B
O— B
I Swa
—' optional
. tone circuit
high-pass filters

R203

C2C)‘l aal
15n

R204
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R20s

Traon
BC107

ground

octave
section

5 pitches

Fig. 6. One of 12 RC oscillators which feed the 12 dividers, giving five octave-related tones
Jor each of 12 notes.

Fig. 7. Amplifier accepts inputs from 61 key circuits via output busbar. Discrete-component
amplifier can be omitted if headphone operation is not needed.

Power supply

The power supply unit (this page) provides
regulated voltages of +5V at 600mA
—5V at 50mA, an unregulated +8V
at, 250mA, and a low-voltage a.c. to
light an indicator lamp. The twin full-wave
rectifier arrangement produces two “raw”
d.c. supplies with a minimal voltage loss
across diodes. A simple discrete-
component regulator is used for the
negative line, and an integrated regulator
is used for the positive supply to maximize
reliability. The t.tl. divider circuits may
be ruined if a regulator failure causes
their supply voltage to exceed 7V.
Regulated supplies assist in maintaining
the frequency stability of the oscillators.

Busbar lines

A number of wires feed signals and
power to all -parts of the piano circuitry
(Fig. 3.) These wires are for the +5V
regulated power line, the —5V regulated
line, ground potential, the switch bus
fed via a resistor from the unregulated

+5v
ov
output
Ra12 Ep
82 []
Ra13
8
ov
-5V

f Fig. 8

240V

D301-304

Ciaon
000

+5v

Traoe

Cio2

ST

1,000
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+Vcc

output

alt top views

+input/

output

input

input
+2 =16 0oV +4 =8

output
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input common

5V REGULATOR
(bottom view)

)

output 1

“4 13 1”2

I_Liltl %

input
B

reset

‘L’r;fr =

reset

2N3708

+5V

+ supply, the output bus, the bias bus
and the damper bus.

The bias bus is returned to ground
via a rectifier diode and trimming
potentiometer in parallel, so that the bus
voltage may be finely adjusted. When
the sustain pedal is pressed, thus closing
a remote switch, the bias voltage is
reduced, -cutting off Try,, whose base
is connected to the bias bus. An
emitter-follower Tr,,, is used to control
the damper bus, whose potential is 0.7V
below that of T, collector. Therefore
when the sustain pedal is depressed, the
damper bus potential rises by 5V to
+4.3V.

Keyboard

The keyboard used in the prototype is
a five-octave plastics-keyed C-C electronic
organ keyboard of Italian origin, supplied
by Elvins Electronics. Other keyboards
may be obtained, e.g. from Harmonics Ltd
and from Kimber-Allen, and if these are
used some of the cabinet dimensions
may have to be altered.

For musical reasons it is most
preferable that the keyboard be F-F
with low F at 43Hz. I believe that
such keyboards may now be obtained
to order. With a C-C keyboard, one
has the option of modifying it to F-F
by cutting away the bottom five notes
and re-attaching them at the top of
the keyboard.

Converting the C-C keyboard. Unhook
the springs from the bottom ends and
poke out the pivot wire. Put the keys
aside in order. Cut the frame flush with
low F and cut off the top C mountings
also. Rearrange the C-E portion at the
top of the keyboard with the top C
(now top F) above it, and repair the
saw cuts with sheet metal and self-tapping
screws, being sure to get the key spacing

exactly right. Replace the keys on the
board, threading the pivot wire from
the bottom end. A similar operation can
be performed on the Kimber-Allen
keyboard. If you are at all doubtful
about cutting up the keyboard, it would

be better to order the F-F version. As
the pitch of the mountings varies over
an octave, it is not possible to simply
shunt the keys down the board.
Constructional details will be continued
in a subsequent article.

Power supply (Fig. 8)
Panel fuseholder and 0.5A fuse

250V)

1A (Osmabet)
Bridge rectifier for 30V, 2A
Capacitors —1000 and 500QuF 16V
100 4 F 6V
Resistors — 10 and 10082 , +-watt
Regulator 5V, 600mA (RS Components)
BZY88-C5V6 zener diode
BCY38 transistor
Three-way mains panel socket (Bulgin)
Oscillators and dividers (Fig. 6)'
709 or 741 op-amps (twelve)
2N3708 or BC107 transistors (twelve)
Capacitors — 15nF 5% polystyrene (twelve)
Resistors — 10k, 15k 18k, 30k, 2%
20k, 22k, 24k, 27k, 33k2 , 2%
(two each)
12k2 20% (twelve)
preset pots (pref. w.w.) 3.3k,
4.7kf2 (six each)
7493 i.c. dividers (thirteen)
Preamplifier (Fig. 7)
741 op-amp
Capacitor 5quF 6V
Resistors — 1k, 5.6k02 , 10%
— 10k preset carbon pot
Headphone amplifier (Fig. 7)
2N3708 or BC107 — Tr,q,, Tr,,
0C203 — Tr,,,
2N3703 — Tr,,,
2N3705 — Tr,;s

0OA200 silicon diode
Resistors — 8.2, 33 (1wo), 82, 1002, 10%
+-watt

1k, 2.2k, 5.6k, 10k (two), 10%
10k preset carbon pot

Hluminated push-on, push-off switch (0.5A,

6.3 plus 6.3-V, 1.5-A transformer, or 9-0-9V,

Parts summary

Busbar terminations (Fig. 3)
Resistors — 32, 5W (Rm)

3or 182,5W (R;,,)

1k Rsy5)

22Q variable (R, )
1A silicon diode (Dq,)
2N3703 or 2N3903 (Tr,,,, TR ;)
Key circuits (Fig. 4)
Capacitors — 1QuF 10V (sixty one)

5QuF 6V (sixty one)

Resistors— 1k (R,), 100r 11k (R,),3.3k2 (R;)

1-watt, 5% (sixty one each)

see Table 3 for R, values (sixty

eight needed)

47k82 (R,),-watt 5% (sixty one)
BFY50, BFY51, BFY 52 or 2N697 (sixty one)
0A200 (D,, D,) silicon diode
Hardware
Keyswitches gold-plated type (sixty two) and
keyboard from Elvins Electronics at 8 Putney
Bridge Road, London SW18 1HU. Alternative
keyboards from Harmonics Ltd, PO Box 32,
Chiselhurst, Kent BR7 5RU. Alan Douglas,
4 Lees Barn Road, Radcliffe-on-Trent, Notts.
Veroboard 17 x 5 x 0.1in (three)
Vero pins (200)
Vero track cutter and pin inserter
Edge connector, 16-way 0.1-in pitch (two)
Flex — 10/0.1mm 50 metres p.v.c. ins. (two)

16/0.2mm 5m | p.v.c. ins.
24/0.2mm 3m § assorted colours
Tinned copper wire — 22 s.w.g. 3m
20s.w.g. Im

Jack sockets and plugs
Tagstrip — 6-way (two) and 12-way
Pushbutton switch (to stand 1001b load)
+-in grommets
Cable clamps
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1974 Conferences & Exhibitions

Further details are obtainable from the addresses in parentheses

LONDON

Ma.. 25-27

Coil Winding International *74
(Electromation Exhibitions Ltd, Cleveland House,
344a Holdenhurst Road, Bournemouth, Hants)

Mar. 29-31 Post House Hote!
Sonex '74

(British Audio Promotions Ltd., 31 Soho Sq.,
London W1V 5DG)

May 19-23  Bloomsbury Centre and Hotel Russell
IREDA Radio Show 1974

(Victor Brand Associates, 256 Wimbledon Park
Road, London, SW19)

July 1-5

Precision Electromagnetic Measurements
(The 1974 CPEM Secretariat, c/o The Conference
Dept., LE.E.,, Savoy Place, London WC2R OBL)
July 9-12 Imperial College
1974 URSI Symposium on Electromagnetic Wave
Theory

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

July 12-14 Goldsmith College
The History of Electrical Engineering

(LE.E., Savoy Place, London WC2R OBL)

July 15-19 City University
1974 Frontiers in Education

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

July 23-31 Imperial College
8th International Congress on Acoustics
(International Congress on Acoustics, 47 Belgrave
Square, London SW1X 8QX)
July 23-26

Circuit Theory and Design
(Conference Dept., LE.E., Savoy Place, London
WC2R OBL)

Sept. 23-27 Grosvenor House
International Broadcasting Convention

(International  Broadcasting Convention, LEE.,
Savoy Place, London WC2R OBL)
Sept. 24-26

Minicomputer Forum

(Online, Brunel University, Uxbridge, Middlesex)

Oct. 22-24 Savoy Place
Linear Electric Machines

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

Nov. 26 & 27

Plastics in Telecommunications
(The Plastics Institute, 11 Hobart Place, London

West Centre Hotel

Savoy Place

Savoy Place

Brunel University

Savoy Place

SW1W OHL)
Dec. 3-5 Savoy Place
Power Electronics — Power Semiconductors and

their Applications
(Conference Dept., LE.E., Savoy Place, London
WC2R 0BL)

BRIGHTON

May 7-9 Metropole Convention Centre
Electrical Insulation Conference

(Electrical and Electronic Insulation Association,
8 Leicester St., London WC2H 7BN)

June 4-7 Metropole Convention Centre
Communications *74

(ETV Cybernetics Ltd, 109 Kingsway, London
WC2B 6UP)

Aug. 27-29 University of Sussex
Control of New Forms of Guided Land Transport
(Conference Dept.,, LE.E.,, Savoy Place, London
WC2R 0BL)

Nov. 5-8

Automatic Testing 74
(Network, 84 High Street, Newport Pagnell, Bucks
MK 16 8EG)

COVENTRY

May 14 & 15

Physiological Measurement
(Departments of Electrical Engineering and Bio-
logical Studies, Lanchester Polytechnic, Priory
Street, Coventry CV1 5FB)

Metropole Convention Centre

Lanchester Polytechnic

EDINBURGH
Sept. 10-14
Ferroelectricity
(Dr H. Montgomery, Physics Dept., The University,
Kings Buildings, Mayfield Road, Edinburgh EH9
31Z)

University of Edinburgh

GUILDFORD

Apr.8& 9 University 'of Surrey
Leaky Feeder Radio Communication Systems

(Miss A. J. Perkins, Dept. of Electronic & Electrical
Engineering, University of Surrey, Guildford, Surrey)

HATFIELD

July 15-26 Hatfield Polytechnic
Vacation school on Signal Processing in Modern
Telecommunication Systems

(Divisional Secretary (Electronics), LE.E., Savoy
Place, London WC2R OBL)

LANCASTER

Aug. 1 &2
Microwave Acoustics
(The Institute of Physics, 47 Belgrave Square,
London SW1X 8QX)

University of Lancaster

LIVERPOOL
Apr. 17-19
Negative Ions
(The Institute of Physics, 47 Belgrave Square,
London SW1X 8QX)

University of Liverpool

Sept. 18 &'19 University of Liverpool
Electrostatics:  Fundamentals, Application and
Hazards

(The Institute of Physics, 47 Belgrave Square, Lon-
don SW1X 8QX)

MANCHESTER

Apr. 34

Metal Semiconductor Contacts
(The Institute of Physics, 47 Belgrave Square,
London SW1X 8QX)

UMIST

NOTTINGHAM
Sept. 9-14 University of Nottingham
Magretic R and Related Ph

(Professor E. R. Andrew, Dept. of Physics, The

University, University Park, Nottingham NG7 2RD)

Sept. 16-19 University of Nottingham
European Solid State Device Research Conference
(ESSDERC 1974)

(The Institute of Physics, 47 Belgrave Sq., London
SWIX 8QX)

OXFORD

Apr. 14 University of Oxford
Vacation school on Functional Analysis for
Engineers

(Secretary, Institution of Electrical Engineers, Savoy
Place, London WC2R OBL, quoting the reference
LS/CA)

SOUTHAMPTON
Apr. 8-11

Computer Aided Design
(Conference Dept., LEE., Savoy Place, London
WC2R OBL)
Apr. 8-11
CADEX '74
(Electronic Engineering Association, 8 Leicester
Street, London WC2H 7BN)

University of Southampton

University of Southampton

SWANSEA

Mar. 26-29

Atomic and Molecular Physics
(The Institute of Physics, 47 Belgrave Square, London
SW1X 8QX)

July 8-11

Aviation Electronics
(Sympostum Secretary, SERT, 8-10 Charing Cross
Road, London WC2H OHP)

University College

University College

OVERSEAS (March-May)
Mar. 26-29

AES Convention

(Robert Sorensen, Kinovox, Industrievej 9, 3540
Lynge, Denmark)

Apr. 1-5 Liege
Radio Communication in Mines, Roads and Tunnels
(Institut National des Industries Extractives, Rue de
Chera, B-4000 Liege, Belgium)

Apr. 1-6 Paris
International Electronic Components Exhibition
(S.D.S.A., 14 rue de Presles, 75740 Paris Cedex 15,
France)

Apr. 2-4
Reliability Physics
(J. Vaccaro, Rome Air Development Ctr., RBRP,
Griffiss AFB, N.Y. 13441, US.A.),

Apr. 2-5
Electro-optics
(Mack-Brooks Exhibitions Ltd, 62-64 Victoria
Street, St. Albans, Herts A11 3XT)

Apr. 16-18 New York City
Optical and Acoustical Micro-electronics
(Polytechnic Institute of Brooklyn, Microwave
Research Institute, 333 Jay Street, Brooklyn, New
York 11201, US.A)

Apr. 21-24

Circuits and Systems Theory
(Dr. S. P. Chan, Dept. of Electrical Engineering and
Computer Science, University of Santa Clara, Santa
Clara, California 95053, U.S.A.)

Apr. 21-26

SMPTE Spring Conference
(Society of Motion Picture & Television Engineers,
862 Scarsdale Ave., Scarsdale, N.Y. 10583, U.S.A)

Apr. 22-26
Eurocon *74
G. Gaikhorst, ¢/o F.M.E., Nassaulaan 13, The Hague,
Netherlands.
Apr. 29-May 1
Southeastcon '74
(Claude E. Jones, Mail Point 417, Martin Marietta
Corporation, P. O. Box 5837, Orlando, Florida
32805, US.A)
May 14-17
Intermag
(International Magnetics Conference, Box 82,
Coopersburg, Penna. 18036, U.S.A.)

May 20-23

Subscriber Loops and Services
(Mrs. Jean Higgerty, Bell-Northern Research, P.O.
Box 3511, Station C, Ottawa, Canada K1Y 4H7)
May 20-24 Davos
Biotelemetry

(International Society on Biotelemetry, Swiss Federal
Institutes of Technology, Lausanne EPFL,
Switzerland)

May 21-23

Coil Winding Chicago '74
(Coil Winding International Exhibitions (Norglebe
Ltd), Cleveland House, 344a Holdenhurst Road,
Bournemouth BH8 8BE, Hants, England)

May 29-31 Atlantic City
Frequency Control

(U.S. Army Electronics Technology & Devices Lab.
(Ecom), Fort Monmouth, NJ., US.A)

Copenhagen

Las Vegas

Montreux

San Francisco

Los Angeles

Amsterdam

Orlando

Toronto

Ottawa

Rosemont, Ill.
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Letters to
the Editor

Noise measurement and dB

Discussion in recent issues on the perform-
ance of feedback amplifiers in respect of
distortion and, more especially, of noise has
been most interesting but, to my mind,
rather confusing and inconclusive.

Letters and articles by, among others,
Messrs J. Linsley Hood, H. P. Walker, J.
Stuart, J. Fison and E. F. Taylor indicate
a certain amount of mutual mis-
understanding and a possibly misplaced
reliance upon theoretical predictions based
upon rather abstract mathematical
exercises. As a one-time practising design
engineer, I sometimes feel that if I read
one more self-confident prediction invoking
Boltzmann’s Constant I shall run
screaming.

May I suggest that many readers, myself
emphatically included, would be most
interested and directly assisted in their
work by a lengthy article — or, more
probably, a short series — giving in a
factual way the results of measurement of
noise produced by a variety of circuits
and of individual types of components both
active and passive, and more especially
dealing with the construction and use of
apparatus for noise measurement which
would lie within the capacity of the
individual constructor and technician?

I have met, here and there, a tendency
to regard such measurements as impossible
for anyone not backed by an array of
expensive and complex commercial
equipment and a formidable budget. I
doubt that this is true, and it tends to
restrict practical testing into too few
channels. Further, it leads to unquestioning
acceptance of pronouncements from well-
equipped authorities, when personal tests
could be more rewarding. It has been my
experience over many years that the
engineer who too easily accepts, without
experimental check, the calculated results
of the theoreticians is in serious danger
of knowing for a fact something that just
is not so.

Arising from the foregoing, may I make
a request? Could some of your
contributors refrain from the growing
practice of treating the decibel as an
absolute electrical unit, rather than as the
ratio — well or ill-defined — which it
actually is? For example, a writer dis-
cussing the matching of tuners to amplifiers
derives a simple formula and continues

where X is the signal strength in dB
... ”. There we part company and I retire
from the struggle for comprehension,
murmuring “dB referred to what?”.
Signals, including unwanted ones like noise
and hum, should surely be expressed in
volts, amperes, or fractions thereof; most
of us are probably capable of converting
to dB referred to some other signal or
quantity if that seems helpful.
F. G. Canning,
Portsea,
Australia.

Hi-fi equipment standards

In your November 1973 issue the drafts
for the coming British hi-fi standard have
been compared to the German hi-fi stand-
ard DIN 45500. On this occasion DIN
45500 has been typed “mid-fi”. This cannot
be accepted without response.

Reading and judging the DIN hi-fi
standard without knowledge of the methods
of measurement and their conditions will
lead to erroneous assumptions. DIN 45500
has been worked on and established during
the years 1963 to 1966 and partially
revised in 1972. The original purpose of
the standard was and is to give the con-
sumer (who pays) the means of comparing
and judging what hi-fi. equipment he buys.
This means furnishing the consumer with
data he can use and compare. It does not
mean establishing a standard with levels
as high as can be achieved by the present
state of the art. This has remained
unchanged. The DIN values are absolute
minimum values and must be met, without
any exceptions or tolerances whatsoever,
in all points by all units of hi-fi equipment
of a certain series. Furthermore, if a man-
ufacturer claims better specifications than
DIN for his product, such better specifi-
cations must be measured according to
DIN 45500 and must also be fulfilled by
all units of the series. Consequently in
design always the rule of “worst case con-
dition” applies. The addition of all tol-
erancegs in construction material, e.g.
semiconductors, capacitors, is included in
the definition “worst case condition”. It
must not be overlooked that DIN furnishes
two criteria: minimum requirements and
uniform measuring methods. The latter is
deemed a necessity for making competition
transparent. When designing an amplifier
under application of today’s technology
and consideration of the ‘““worst case con-
dition” with the goal of observing the 1%
t.h.d. limit set forth by DIN, the product
finally manufactured will then display a
t.h.d. of 0.15% or better. It would be highly
unfair to the consumer to make him pay
more money for an amplifier processing
programme material and driving loud-
speakers having, as a rule, a t.h.d.
considerably higher.

The matter is different when looking into
signalto-noise ratio. Everyone having to
do with high fidelity knows that one of the
most unpleasant experiences is the hiss
accompanying a stereo broadcast. Please
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permit me to quote in comparison the
relevant figures as demanded by DIN
45500 and the BSI standards draft for
radio tuners. On first sight the figures for
weighted and unweighted signal-to-noise
ratio appear to be the same. In reality
there are considerable differences, explain-
ed by the following facts: In the BSI
standard the noise levels are related to a
deviation of 22.5 kHz, whereas in DIN
a deviation of 40 kHz is set as a measuring
condition. This makes the British standard
stricter by 5 dB. The BSI provides for
measuring conditions according to IEC
publication 268/3. Up to the present, in
Germany measuring conditions are set
forth in DIN 45405. This standard
demands, for weighted signal-to-noise
ratio, the application of a weighting curve
which raises frequencies around 5000 Hz
up to 8 dB from zero. The measuring
instrument for this purpose must have a
quasi peak-to-peak indication. The peak-
to-peak indication and the weighting
curve according to DIN 45405 result ina
measurement 10 dB lower than if measured
according to IEC 268/1, clause 7.2, 7.3
and 7.5, i.e. this particular DIN condition
of measurement is 10 dB stricter than BSI
(IEC). BSI and DIN provide for a weighted
signal-to-noise ratio of 54 dB. If measuring
methods according to. IEC were applied,
DIN would have to quote 59 dB on account
of the different measuring methods as out-
lined above. A figure of 54 dB obtained by
measurement according to BSI would
directly correspond to a figure of 49 dB
measured according to DIN. The figures
make evident the influence of the different
measuring methods. In contrast to DIN,
the BSI standards draft does not differen-
tiate between mono and stereo operation.
It furnishes only conditions for mono
operation. However, with fin. reception
the problem is not hiss on mono reception
but hiss on stereo reception. This is the
reason why DIN provides for an antenna
level of 3.3 nW for both conditions, whilst
BSI puts down 0.39 nW for mono only.
A possible conclusion would be to propose
for a future IEC standard a figure of 60 dB
for weighted signal-to-noise ratio measured
according to IEC (also BSI) and an un-
weighted signal-to-noise ratio figure
between 46 and 48 dB (IEC/BSI), applying
to mono and stereo reception.

Similar conditions exist with the signal-
to-noise ratio figures for amplifiers. The
BSI draft provides that the total noise
output power shall not exceed lu W.
DIN provides for an unweighted signal-to-
noise ratio of 50 dB related to an output
power of 50 mW per channel, measured
at a position of the gain control which
produces 50 mW output power with the
signal sources 5 mV for low impedance
pickup heads and 500 mV for tuners,
tape-recorders, etc.; inputs (for measure-
ments) being terminated for high impedance
inputs with 47 kQ in parallel with 250 pF
and for magnetic pickups with 2.2 kQ.
Also, this unweighted signal-to-noise ratio
has to be measured with an instrument with
quasi peak-to-peak indication according
to the measuring methods described in DIN
45405. Comparison: BSI indicates 1y W.
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This equals 2 mV applied to a 4-ohm
speaker. This 2 mV amounts to a signal-to-
noise ratio of 47 dB related to a signal of
50 mW, measured according to IEC 268.1,
clause 7.3. The same measurement accord-
ing to DIN results in a figure of 38 dB for
unweighted signal-to-noise ratio, as well
as weighted signal-to-noise ratio. This
means that the DIN method of measure-
ment is so much stricter that a measuring
figure unfavourable by 9 dB shows, com-
pared to BSI, where actually the same
condition exists. Also, here it should be
considered establishing an unweighted
signal-to-noise ratio of 55 to 56 dB.
Measuring conditions; Volume control
adjusted to between the position 50 mW
and the position for rated power, always
produced by an input reference signal for
high impedance inputs of 500 mV and for
magnetic pickup inputs of 5 mV; inputs
(for measurements) being terminated as
described above. All measurements accord-
ing to IEC 268.

Measurements and tests made by
independent and neutral German hi-fi
magazines and test institutes reveal very
often that equipment by well-known man-
ufacturers around the world show testing
results below or just achieving the moderate
respective minimum figures set forth by
DIN 45500.

The British draft for the future IEC
standard shows that it is made by people
knowing their business. It is correct that
in some points the BSI draft sets forth
stricter conditions. It is clear that today
DIN 45500 can be made stricter in some
points without making the product dearer.
Admittedly the designing audio engineer
very likely has to put in some more brain-
work to meet such stricter standards.

The hope is justified that in the near
future the international experts will arrive
at a universal standard for hi-fi equipment,
enabling the consumer (who pays) to judge
a piece of hi-fi equipment from any country
simply by comparing figures meaning the
same. This will certainly promote the cause
of hi-fi.

Heinrich Fischelmayer,

Zirndorf,

W. Germany.

Editor’s note: Mr Fischelmayer is the
chairman of the working group on house-
hold hi-fi audio equipment in the German
Standards Institute (DIN).

Frequency shifter for howl
suppression

The method advocated by M. Hartley
Jones in “Frequency shifter for howl
suppression” (July 1973 issue) is doubtless
effective for speech, but whether it is
acceptable for music is perhaps a
subjective matter. A less obtrusive and less
elaborate method is the use of tunable tone
filter(s) of adjustable bandwidth, many
designs of which are outlined in W.W.
Circards — Series 1; use of the twin-T
filter for a particular application is also
described in “Designing a low-frequency

active notch filter”, N.B. Rowe, Electronic
Engng., April, 1972, Ready-built active
filters are already on the market. In many
halls it is observed that tendency to
howling occurs chiefly at a particular
frequency, so that the availability of even
one such filter may enable gain to be
usefully advanced at other frequencies
without noticeable distortion.

K.J. Young,

Derby.

Using c.m.o.s. devices

I was interested in the recent corres-
pondence on the problems of handling
c.m.o.s. and f.e.t. devices. I wonder what
percentage are damaged beyond repair
before being wired into apparatus.

Recently I was in a component shop
in the Edgware Road, London, area when
I heard mention of “f.e.t.”. I was intrigued
to observe the assistant produce some from
a plastic tray with pins separated (no sign
of a keeper) and lay them on a glass
counter and finally pack them into a
plastic bag!

I couldn’t but wonder whether any of
them survived!

In the light of such an experience, the
idea of using special soldering irons and
conducting benches seems ludicrous. Or
is 1t? Whilst I have had my share of
defunct f.e.t. devices, I am now wondering
whether it was, indeed, my faulit . . .

Ronald G. Young,
Peacehaven,
Sussex.

Model railway control system

Most model locomotives are driven through
a worm drive which is non-reversible.
This prevents the loco from coasting when
the power is removed as at (f) in Fig.1
of P. Cowan’s article in the November
issue. The addition of a large flywheel to
the motor shaft helps to some extent but
it is usually difficult to find room inside the
cramped loco body.

Mr Cowan suggests improving the con-
ventional motor by ‘“sawing out the
armature slot”. If this is done the armature
collapses into small pieces. If he means
sawing out the armature “tunnel” to take
a ringfield magnet then how does he
propose to retain the bearing plates at
either end? My advice is leave well alone!

The Hornby ring-field motor is far too
large to use as a replacement motor and is
also not very reliable. Stalled current
can be as high as 2A with some of these
motors, giving a power dissipation of 12W
for Tryy and Tr,, double the 6W sug-
gested.

Another problem concerns the total
current given in Fig.2. This is just over
3A (with the loco running normally, I
assume). As a scale modeller the rail
section I use is 0.9mm X 1.8mm nickel
silver with a large “groove” down each
side — in fact an exact scale version of
95lb bullhead rail. The cross-sectional
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area of this rail is less than 1.5mm? and
even for copper the quoted working
current is less than 2.5A.

Regarding coaches, where do you put
the electronics? The inside is detailed
with seats and passengers and all the un-
derframe details are there, leaving no room
for a heatsink and transistors. Also, no
self-respecting railway modeller — as
opposed to those who “play trains” —
uses Trix coaches as they are to a differ-
ent scale from the locos.

Finally price! I have about 15 locos
and 35 coaches at present (in varying
stages of construction) and my layout
requires 3 main ocontrollers. The total
cost for the separate units for each item
would be prohibitive if I could find room
in each loco for two pieces of electronic
circuitry, a motor and drive and an ear-
piece without displacing the crew and cab
fittings.

I feel that this system is not a viable
proposition for the serious model en-
thusiast who can achieve the same, if not
better, results for a- much lower cost
by other electronic circuits.

R. A. Ganderton,
Dunstable,
Beds.

One-off printed circuit boards

While developing distributed circuit u.h.f.
amplifiers, I found that necessary modi-
fications could be easily and quickly made
by covering the copper clad board with
Sellotape or Fablon, then cutting round
the required circuit shape with a scalpel
and peeling the areas to be etched.

Using this method, lines as narrow as
250 um are possible, even using boards
with 20 um of copper. The masking is
unaffected by most common etching
solutions and the circuit can be drawn on
the mask using a fine pointed fibre tip
pen.

I wonder why manufacturers do not
produce copper clad board already
masked. It would protect the copper from
dirt and oxidation, which makes etching
more difficult, and provide a surface for
easy and clear marking out of mechanical
as well as electrical details.

The method is of course equally
applicable to conventional circuit boards.
M. R. Yeo,

UWIST,
Cardiff.

Surround-sound with

headphones

While I and a small group of tape
recording friends were pleased to see
Sennheiser’s recordings specially made for
headphone listening brought to the
attention of readers (Nov. issue, p.544) we
feel too much emphasis has been placed
on the dummy head, as though it alone
were the reason for the success of the
recordings. The dummy head may be very
impressive, it may even give a subtle im-
provement, but we find that the biggest
improvement is made by the position of
the microphones.
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To recap on the main objection usually
raised against headphone listening: two
sounds of equal loudness produced from
two separate sources, provided that they
are in phase, will appear as one central
sound. If the two sound sources are a pair
of headphones, the point between the two
is, of course, inside the head. Stereo sound,
recorded so that the main difference in
position of sounds is achieved by the polar
diagram of the microphones feeding a
different level to each channel, will just
swing the sound from side to side inside
the head. This will happen if the recordist
makes the mistake of trying to position
the microphones as nearly as possible in
the same place. Of course, when listening
via loudspeakers, the sound “over there”
is quite acceptable. Surprisingly it is
possible to move the sound outside of the
headphones, without the complication of
a dummy head or the doubtful dependence
on fortuitous interpretation by the
listener. '

The transformation of the headphone
stereo sound requires moving the
microphones from the “crossed heads”
arrangement to, well, “crossed tails” comes
to mind as a suitable expression, so that
the transducer elements in the microphones
are spaced at 150mm or so. To maintain
the “image” the same way round, the
microphone leads must reverse channels.
It is, of course, easier to position the
microphones on their mounting bracket
pointing away from each other, and the
cables, now sprouting from the
microphones near the upright of the stand,
can be led away more tidily than when
the microphone heads are crossed. It is
also interesting to note that, because of
the physical size of microphones, it is not
practical to bring the two transducers into
one place in any case, and this results
in a variety of positions with a common
variation one above the other, and although
it is possible to listen with one’s head over
to one side, it is not possible to maintain
the horizontal polar pattern achieved
by the vertically mounted microphones!

So, by the simple expedient of moving
the microphones, the sound for the
headphone listener has been opened out
at least as much as is done by adding
a derived difference signal rear channel
through several good quality loudspeakers
to straight loudspeaker stereo; and
whereas the sound over such a loudspeaker
system does not properly convey position
(although usually an improvement over
stereo alone) the two channels on the head-
phones give accurate 360 degree
information to the listener. It would seem
that the small but critical time difference,
perceived when listening to live sounds,
in the arrival of sound at each ear, can
in fact be recorded by correctly
positioned  microphones. This time
difference can be included in the loudness
difference  established by the two
microphones and, when presented to each
ear without loudness or time difference
distortion, the spatial effect is very close
to reality. Sounds from the rear appear
to come quite solidly from the rear, even
if they are being heard for the first time,

and it is rather worrying to find that the
spatial effect including the sense of
“behind” is actually increased with S.T.C.
4033A microphones switched to “ribbon”,
even though they can be used as cardioid.
This aspect of the performance does not
at first make sense if one is thinking from
the point of view of simulating the human
ear with the microphones, but of course
David Hafler has shown that ribbon or
“figure of eight” polar diagrams for the
microphones will increase the difference
signal for side emanating sounds, since the
rear of the ribbon is out of phase with
the front. It would seem reasonable to
suggest that the brain can detect a phase
difference between two sounds presented
simultaneously, giving us a preference for
this information when it is available. This
difference signal is not the reason for the
sound moving to the outside of the
headphones, and relatively inexpensive
microphones such as the A.K.G. D19 still
give an excellent result.

The success of recordings made in this
manner seems to indicate that more
attention could be given to the relationship
between the microphone spacing and the
loudspeaker spacing, so that the time
difference that would have been heard
several feet behind the microphones is
preserved by the recording and played
back over the loudspeakers, even though
an anomaly will always exist for sound
coming from behind the microphones for
replay in this manner. This line of thought
can be projected further into an ex-
planation' for the improvement of stereo
with a derived difference rear channel,
based on the fact that loudspeakers spaced
several feet apart cannot reproduce the
sound field of two microphones mounted
fairly close together, even though small
differences in the microphone position are
inaudible. The difference channel, in all its
various guises, has an output which
coincides with some point along the centre
line of the main left and right loudspeakers,
and thus, far from increasing the apparent
sound source, it has in effect reduced the
difference in the sound from the two main
loudspeakers, as perceived by the listener,
until the position they appear to be in is
much more like the position of the two
microphones on one stand. Therefore there
appears to be an important relationship
between the time interval heard by the
listener’s two ears and the instantaneous
phase of the signal. If this can be
understood, it may well be a bigger step
forward than quadraphony.

John C. Tugwell,
Southend,
Essex.

Radiating coaxial cables

We have read with interest your correspon-
dence relating to the use of radiating
coaxial cables in communication systems
(Sept. and Nov. issues 1973).

Mr Avery refers to the attenuation of
“loose braid” (sic) cables in v.h.f. and
u.h.f. systems under conditions of con-
tamination by dirt and moisture. As
manufacturers of radiating cables using
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both types of coupling mechanism, i.e.
holes (apertured tape outer conductors)
and reduced cover (“open”) braids, we
have carried out extensive tests on both
types of cable and have found no evidence
to support the contention that the latter
types are susceptible to the effects of
adverse environmental conditions.

From tests of attenuation carried out
at v.h.f. and u.h.f. we have found that open
braid cables laid on the ground, against
wall surfaces, covered with wet mud, and
immersed in water, exhibit no change in
linear attenuation as compared with cables
suspended in air clear of external objects.
With our apertured tape cable a small in-
crease can be observed at u.h.f. with the
cable immersed in water.

Our experimental evidence is supported
by the satisfactory performance of working
installations, in  particular  systems
operating in NCB mines where braided
radiating coaxial cables have been
extensively used, in some cases under very
adverse conditions.

We are, of course, referring to braided
cables specifically designed for this
service, where the braid design has been
developed to achieve the necessary
balance between radiation and linear
attenuation, an important requirement in
long systems. The open weave cables
referred to by Mr Goddard, presumably
television downlead type cables having
braids with optical cover of the order of
60%, are not designed for these appli-
cations.

J. L. Goldberg and A. J. Willis,
BICC Ltd,
Helsby, Cheshire.

Soldering-iron leakage

To-day soldering iron manufacturers make
quite a big issue about the leakage to earth
of their soldering irons, claiming that this
can damage transistors and similar devices.
This I am sure is perfectly true. What I
would like to know is what is the maximum
permissible leakage at which an iron can
safely be used on transistors. The reason
is that I shall then be able, when I am offered
a soldering iron, to ask the manufacturers
if it measures up to this particular specifi-
cation.

1 think, to-day, any iron that does not
meet this requirement is only suitable for
soldering kettles!

A. Sproxton,

. Home Radio (Components) Ltd,

Mitcham,
Surrey.

Thank you all readers who have written
enquiring about the absence of the
January and February issues (see
announcement on p.30). It’s nice to
know we have been missed!

Editor
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Novel 5-watt class A
amplifier uses three-transistor
feedback circuit

There are seemingly endless ways of mak-
ing a feedback loop using two or three
transistors. One configuration which has
proved valuable is shown on the right.
A fraction R,/(R,+R;) of the output
pd. is compared with the input in the
long-tailed-pair Tr, and Tr, and the result-
ing current I, controls the current source
Tr,. In one application (below) a cheap
voltage stabilizer was produced, in which
the output p.d. is little less than the un-
stabilized p.d. and in which the ripple is
low (usually incompatible requirements).
In another application the circuit was
used to make a 5-W af. amplifier

operating in class A. The usual emitter
resistor (bottom) is now combined with
the choke d.c. resistance in the collector
circuit where it continues to provide d.c.
stability with less nuisance value. The
peculiar arrangement of C, C and R feeding
the loudspeaker keeps the feed capacitors
properly polarized as the output p.d.
swings above and below zero level. A
single capacitor could be used instead if
the loudspeaker were returned to the
negative supply, but power supply ripple
would then find its way into the feedback
loop.

R. H. Pearson

North East London Polytechnic

Deflection coil driver for
slow-scan television

The circuit shown was developed for use
in the line timebase amplifier of a slow-scan
television system operating at 4Hz. The
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most unusual feature is the use of an
emitter follower in the driver stage. This
together with the first transistor was needed
to match the output impedance of the
unijunction oscillator used to provide the
sawtooth waveform: such a circuit gives
a large output voltage at high impedance.
The amplifier drives the deflection coils of
an old 17-in television tube, which have
a resistance of about 5. The diode and
variable resistance provide slight forward
bias for the output pair; the capacitor
applies part of the base input to their
emitters, enabling them to provide some
voltage gain.

M. Hadley

Sutton Coldfield
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Acerial seal of approval
Shown here is the new motif which
is to be used by members of the British
Aerial Standards Council. It will be seen
on packaging and point of sale
material going out to dealers as soon as
existing stocks of packaging material have
passed through the production pipelines.
The B.A.S.C. hopes that its “radiation
pattern” symbol will quickly become a
familiar sight in all places where television
aerials are sold as “. . . the sign of
a good aerial”.

BiA
S|C

BRITISH AERIAL
STANDARDS COUNCIL
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How can the qualities of the new

Gale GS401A be conveyed? Not in words,
certainly. Tc assess this new speaker,
there’s nothing for it but to go along

to a dealer. He will tell you first that

the GS401A carries a seven year guarantee.
Then, when you've admired the handsome
exterior created by Jon Bannenberg in
matt black and chrome, we suggest you
use some test equipment. All you have to
do is take a good pair of ears. This
delicate apparatus will tell you that,

for a speaker only 231 x 13 x 103 inches,
the GS401A combines an unusually high
power handling with breathtaking clarity.
You will alse need a favourite record.
Preferably the one you use to impress
your friends with the guality of your
existing equipment. The cne with
_prominent percussicn and a wide dynamic
range. We have only one serious anxiety.
With the GS401A being the breakthrough
jtis, we worry that you simply won't
believe the evidence of your ears.

At the time of going to press, the

Gale GS401A can be.seen atthe

following franchised dealers only.

timate Diaws a Little C

a7l

oser

Grahams Electrical Lid 86-88 Pentonviile Road London N1
Hampstead Hi-Fidelity €1 Heath Street Hampstead London NW3 6SS
Thomas Heinitz Music inthe Home 35 Moscow Road London W2
Henry's Radic Limited 354 Edgware Road London W2

REW (Audio Visual) Co Centre Point London WC1

Studio 99 81 Fairfax Road London NW6

Audio Systems 23 Soutk Street Dorking Surrey

Audio Impressions Ltd &2 High Street South Dunstable Beds
Complete Audio Systemrs 32 Grove Road Eastbourne Sussex

Hi Fi Corner 1 Haddington Place Edinburgh EH7 4AE

Guildford Hi Fi 270 Upper High Street Guildford Surrey

Audio Systems 28 Queens Parade Queen Street Horsham Sussex
Audio Systems 18 High Street Lewes Sussex

Unilet Products Ltd Compton House 35 High Street New Malden Surrey
KJ Leisuresound Ltd 101 St Albans Road Watford Herts

Gale Electronicds & Design Limited 39 Upper Brook Street London W1Y 1PE
WW—111 FOR FURTHER DETAILS ’
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The Sinclair Cambridge...

no other calculatoris so powerful
and so compact.

Complete kit-£24-95!

(PLUS VAT)

The Cambridge — new from
Sinclair

The Cambridge is a new electronic
calculator from Sinclair, Europe’s
largest calculator manufacturer. it
offers the power to handle complex
calculations, in a compact,

reliable package. No other calculator
can approach the specification below
at anything like the price —and by
building it yourself you can save a
further £5-50 !

Truly pocket-sized
With all its calculating capability, the
Cambridge still measures just

z"x 2" x+&". That means you can carry
the Cambridge wherever you go
without inconvenience — it fits in your
pocket with barely a bulge. Itruns on
U16- type batteries which gives weeks

of life before replacement.

Easy to assemble

All parts are supplied —all you need
provide is a soldering iron and a pair of
cutters. Complete step-by-step
instructions are provided, and our service
department will back you throughout if
you've any queries or problems.

Total cost? Just £27:45!

The Sinclair Cambridge kit is supplied to you
directfrom the manufacturer. Ready
assembled, it costs £32-95 — so you're saving
£5-50 ! Of course we'll be happy to supply you
with one ready-assembled if you prefer—it's
still far and away the best calculator value

on the market.

Features of the Sinclair Cambridge

%k Uniquely handy package.
41" x 2" x 1L”, weight 31 oz.
Smart black and tan styling.
*kStandard keyboard. All you need
for complex calculations.

¥ Keys react with positive click
when pressed.

kClear-last-entry feature.

skAutomatic (‘implied’) constant —
no need for separate operating
button.

*kCommon-sense (‘algebraic’)
logic — enter calculations just
as you write them.

*kCalculates to 8 significantdigits;
fully floating decimal point
positions itself automatically.

*kClear, bright 8-digit display.

kUnwanted zeros are suppressed.

. kDisplay flashes to indicate
overflow.

¥ Operates for weeks
- on four U16-type
batteries.
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A complete kit!

The kit confes to you packaged in a heavy-duty polystyrene container.
It contains all you need to assemble your Sinclair Cambridge.

a73

Assembly time is about 3 hours,

Contents:
1. Coil.
2. Large-scale integrated circuit.
3. Interface chip.
4. Thick-film resistor pack.

5. Case mouldings, with buttons, window and light-up display in

position.
6. Printed circuit board.
7. Keyboard panel.

8. Electronic components pack (diodes, resistors, capacitors,

transistor).
9. Battery clips and on/off switch.
10. Soft wallet.

g\

4'2in long x 2in wide x Yicin deep

This valuable book — free!

If you just use your Sinclair Cambridge for
routine arithmetic — for shopping,
conversions, percentages, accounting,
tallying, and so on —then you’ll get more than
your money’s worth.

Butif you want to get even more out of it,
you can go one step further and learn how to
unlock the full potential of this piece of
electronic technology.

* ([ wsaaers
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e
How ? It's all explained in this unique
booklet, written by a leading calculator
design consultant. Inits fact-packed 32
pages it explains, step by step, how you can
use the Sinclair Cambridge to carry out
complex calculations

— (g |l — ||

Sinclair Radionics Ltd, London Road, St lves, Hunts.
Reg.no: 699483 England VAT Reg.no: 2138170 88

Why only Sinclair can make you this offer

The reason’s simple : only Sinclair — Europe’s largest electronic calculator
manufacturer — have the necessary combination of skills and sczle.

Sinclair Radionics are the makers of the Executive — the smallest electronic
calculator in the world. In spite of being one of the more expensive of the small
calculators, it was a runaway best-seller, The experience gained on the Executive
has enabled us to design and produce the Cambridge at this remarkably low price.
Butthatin itself wouldn't be enough. Sinclair also have a very long experience of
producing and marketing electronic kits. Y_u may have used one, and you've almost
certainly heard of them —the Sinclair Project 60 stereo modules.

It seemed only logical to combine the knowledge of do-it-yoursalf kits with the
knowledge of small calculator technology.

And you benefit !

Take advantage of this money-back, no-risks offer today

The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and
we'll refund your money without question. All parts are tested and checked before
despatch —and we guarantee a correctly-assembled calculator for one year.

Simply fill in the preferential order form below and slip it in the post today.

Price inkitform: £24-95 + £2-50 VAT. (Total: £27-45)
Price fully built: £29-95 + £3-00 VAT. (Total: £32-95)

e e e e e e i e e e e e g

To: Sinclair Radionics Ltd, London Road WW/3/74
St lves, Huntingdonshire, PE17 4HJ l
Please send me Name

DaSinclair Cambridge calculator kit at Address

£24-95 - £2-50 VAT (Totat: £27-45)

a Sinclair Cambridge calculator ready built
at £29-95 ~ £3-00 VAT (Total: £32-95)

*I enclose cheque for £ , made I

out to Sinclair Radionics Ltd, and crossed. I

*Please debit my *Barclaycard/Access —= = B

account. Account number

*Delate as required RINT ,

2 I 1 -7 JF r I T T"71"71T ¥ L2 41 1 F § § F 'K "]
WW-—112 FOR FURTHER DETAILS
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Best. Berst. Berst.

Permit us this momentary bit of self-indulgence, because our intentions are
pure: to assist you in choosing the best pickup cartridge for your hi-fi system,
within the practical limitations of your audio budget. To begin, if you feel
uncomfortable with anything less than state-of-the-art playback perfection,
we heartily recommend the Shure V-15 Type lll, a cartridge of such flawless
performance it is the perfect companion to the finest turntables and tone
arms available today — and those coming tomorrow. At a more moderate
level of performance and price, we suggest the Shure M75ED Type 2, a
superb performer second in trackability only to the Type lll. For optimum
performance with a limited budget, the yeoman Shure M44E is for you. All
in all, these are three great ways to enjoy music with the kind of system
you have decided is best for you.

Shure Electronics Limited

Eccleston Road, Maidstone ME15 6AU | ¢ D
Telephone: Maidstone (0622) 59881 i% SHURE

WW—113 FOR FURTHER DETAILS
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Horn loudspeaker design

Three articles summarizing the development of design theories and
concluded with two systems for construction

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

Cranfield Unit for Precision Engineering

After a period in the infancy of the gramo-
phone when it was universally employed,
the horn loudspeaker has fallen from
popularity, due probably to its relatively
large size, complexity of manufacture and
hence high cost. Although full-range horn
systems are used today only by a small
number of enthusiasts, most experts are
unanimous in acclaiming their virtues as
loudspeaker enclosures, especially their
high degree of realism and ‘‘presence”.
These articles examine briefly the history of
the exponential horn loudspeaker and dis-
cuss the theory of horn-loading and the tech-
nical requirements of a good design. Com-
prehensive data are included for a wide
range of horns, together with outline designs
for a large and a small horn, suitable for
domestic use.

The ideal exponential horn consists of a
straight circular tube whose cross-sectional
area incredses logarithmically along its
length from a small throat (at which is
mounted the loudspeaker) to a large mouth.
Extreme bass notes demand a mouth of very
large area (20 to 30 sq. ft) and a horn at least
20ft in length, whereas extreme treble notes
require a horn with dimensions of only a
few inches. For this reason most wide-range
horn systems will incorporate a number of
separate loudspeakers, each with its in-
dividual horn of appropriate length and
mouth area. To accommodate these horn
combinations within a cabinet of reasonable
size, the bass and middle horns are generally
of square cross-section and are ‘‘folded”
into a complicated pattern. Unfortunately,
the inevitable restrictions and compromises
introduced by these departures from a
straight axis and circular section can cause
serious variations in the frequency response,
and much of the art of horn design is con-
cerned with achieving a product of reason-
able overall size and cost, without sacrificing
any of the astonishing realism which is ob-
tainable from the ideal horn.

The efficiency of a horn system will be
typically between 30 and 509, a figure to be
compared with 2 or 3% for a bass-reflex en-
closure and less than 19 for a totally-
enclosed box.

The principal reasons for the evident lack
of popularity of the horn probably lie in its
dimensions and cost. The overall size of a
bass horn, even when folded into a cabinet
of reasonable shape, will be larger than a
bass-reflex or infinite baffle enclosure of

comparable specification. But although one
reads occasionally of straight horns up to
20ft long, excellent results may be obtained
from horns of more moderate dimensions;
for example a complete horn system may be
folded into an attractive cabinet of volume
only 6 cu. ft, a not unreasonable size for
domestic listening. The cost of horn en-
closures is often considered to be prohibi-
tive, and it is true that there is considerably
more work in constructing a folded horn
than in other enclosures; furthermore, this
is work best performed by craftsmen and
not easily adapted to “production-line”
methods. Nevertheless, the building of a
folded horn is by no means outside the
capability of ‘a competent do-it-yourself
enthusiast, and it is to these individuals that
the practical designs will be directed.
Although the early acoustical gramo-
phones or phonographs employed horns
of one type or another to couple the dia-
phragm to the listening room, and the early
electrical reproducers of the 1920s and *30s
also used horns, thereafter the horn suffered
a setback from which it has never recovered.
Certainly, a few companies market horn
loudspeaker enclosures, and the occasional
articles in the technical press!-? stir up a
passing interest, but unless one resorts to the
masterly academic treatises by Olson® or
Beranek,* or reverts to pre-1940 publica-
tions, there is very little information avail-
able for the enthusiast who wishes to both
design and construct a horn. Recent ex-
perience gained by Telfer and others*:® has
reinforced -the author’s opinion that there
are many audio enthusiasts who would be
interested in constructing a horn enclosure.
After a brief historical survey, these
articles examine the theory behind the
horn-loaded loudspeaker enclosure and
explain the basic points to consider when
designing horns. The various compromises
adopted by different workers are discussed,
especially in the area of folding techniques,
and the effects of these compromises on
audio quality are studied. Finally, outline
designs for two domestic horns are given: a
“no-compromise” horn to suit the most
fastidious (and enthusiastic) listener, and a
“mini-horn” which provides a more limited
performance for those with smaller living
rooms (and bank balances), and which,
while no more obtrusive than most com-
mercial loudspeaker cabinets, will provide
extremely clear and natural reproduction.

Background

It has been known for many thousands of
years that when sound is passed through a
tube with a small throat and a large mouth,
it experiences an apparent amplification,
and from Biblical times man has used rams’
and similar naturally occurring horns both
as musical instruments and as megaphones.
Thomas Edison attached a tin horn to his
primitive phonograph in 1877 to couple the
minute vibrations of the diaphragm to the
air load in the listening area, and to the
majority, the term “gramophone horn”
conjures up an image of the early gramo-
phones or phonographs designed between
about 1890 and 1912, all of which utilised
an external horn.

A variety of expansion contours were em-
ployed for these early horns, mainly straight
conical horns in the earliest machines, but
the later gramophones of this period em-
ployed large flaring horns with either
straight or curved axes depending on the
overall length of the horn and the general
design of the complete equipment. An
analysis of these early horns, carried out in
the light of modern acoustic knowledge,
reveals a lack of understanding at that time
of the operation of the horn as an acoustic
transformer. This is surprising since Lord
Rayleigh had analysed the *“transmission of
acoustic waves in pipes of varying cross-
section” in Articles 265 and 280 of his classic
treatise “Theory of Sound”, published in
1878.7

Lord Rayleigh gave the analysis in
Art.281 for the passage of sound through a
conical pipe, and he also made the interest-
ing statement that ““when the section of a
pipe is variable, the problem of the vibra-
tions of air within it cannot be generally
solved”. For some years after publication,
Lord Rayleigh’s results were purely of
academic interest, but more general in-
terest was aroused about the turn of the
century by the early gramophones, most of
which used external conical horns, as in the
early HMV “dog’ models.

After 1912, a number of manufacturers
introduced internal horns with a degree of
folding to enable cabinets of reasonable size
to be used, and these models held the con-
sumer market during the following 12 years,
on account of their compactness and suit-
ability as pieces of furniture. (Even in those
early days, the enthusiast must have had
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problems in persuading his wife to provide
house-room for a large unfolded external
horn.)

In the early 1920s a number of designers
carried out theoretical analyses based ini-
tially on the work of Lord Rayleigh, but
extending the work to be more applicable
to the full audio range at domestic listening
levels. Among these early analyses must be
mentioned the work in America by A. G.
Webster® in 1920, by C. R. Hanna and
J. Slepian® in 1924 and by P. B. Flanders'®
in 1927. In Britain independent analyses
were carried out by P. Wilson in 1926 writ-
ing in The Gramophone magazine and later
with A, G. Webbin “Modern Gramophones
and Electrical Reproducers”, and also by
P.G. A. H. Voigt!? in 1927.

All of these analyses, except the last, were
based on an exponential contour, and were
derived from a statement in Art.265 of
Rayleigh’s treatise. Webster had worked out
an approximate theory for other types of
horn and had deduced that the exponential
was the optimum contour. All these analyses
made the assumptions that (a) the cross-
section is circular, (b) the axis is straight,
and (c) all wavefronts are plane.

However, while it may be reasonable to
assume plane wavefronts at the throat of the
horn, it is clear that the wavefront at the
mouth will be curved (as if a balloon were
emerging from the horn, being inflated at
the same time). Wilson, who had indepen-
dently derived the analysis of the exponen-
tial horn in 1926 working from Rayleigh’s
treatise, later published a modified form
on the assumption that the wavefront would
assume a spherical shape always cutting the

conical (C)

parabolic (P)

l§ nyperb/oll'c (H)

contour of the horn and its axis at right
angles.

This assumption, that the curvature of the
wavefront would gradually increase from
zero (the initial flat wavefront at the throat),
satisfies also the condition specified by
Hanna and Slepian and later by 1. B.
Crandall!? that the wavefront as it emerges
from the open end will be equivalent to that
provided by a spherical surface, as opposed
to that produced by a flat piston. Voigt,
however, had commenced his analysis on
the assumption that wavefronts within the
horn will be spherical and of the same radius
throughout their progression through the
horn. This assumption leads to a tractrix
curve for the horn contour, and both theor-
etical considerations and very careful listen-
ing tests by the author and others tend to
support the claims of the tractrix as the op-
timum horn contour. The mathematical
basis of the exponential and tractrix curves
is discussed in a later section -of this article.

During the 1920s, 30s and 40s a large num-
ber of experimenters investigated methods
of folding horns into small enclosures for
domestic gramophone reproducers, and the
records of the Patents Office bear witness to
the ingenuity of man at overcoming con-
flicting conditions in the search for perfect
sound reproduction.., These designs for
folded horns enjoyed a greater or lesser
degree of success according to a number of
factors including the performance of the
loudspeaker motor. Nevertheless, it must be
repeated that they were almost invariably of
square or rectangular cross-section, and the
axis was no longer straight and thus any
resemblance between their actual perform-
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Fig. 1. Acoustical resistance and reactance against frequency at the throats of a series of

infinite horns of different contour.
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ance and theoretical considerations was to
some extent coincidental.

The advent of the moving coil loud-
speaker in 1927 and electrical amplification
stimulated further advances in the design of
horns, which, because they now no longer
had to be connected to the acoustical tone-
arm, were freed of many of the earlier
constraints. Many loudspeaker motor units
were designed specifically for horn loading,
and it was not until World War II that in-
terest in the horn lapsed in favour of the bass
reflex, infinite baffle and other types of load-
ing systems which, although they had the
peripheral advantages of smaller physical
size, greater ease of design and manufacture
and hence lower cost, were decidedly in-
ferior in terms of musical realism.

During this time the designs of Voigt in
Britain and of Klipsch!*™1® in America
continued to attract considerable support,
especially the ingenious method evolved by
the latter in adapting a doubly-bifurcated
bass horn design to utilize the acoustic ad-
vantages inherent in corner positioning, a
design which has now become a classic.
Others at this time were experimenting with
horn-loaded loudspeakers, notably J. Enoch
and N. Mordaunt (whose design was sub-
sequently incorporated in the Tannoy
“Autograph” and “GRF” enclosures).
Lowther (using a modern version of Voigt’s
high-flux motor unit) and J. Rogers (whose
horn-loaded mid-frequency ribbon is still
regarded by many as the ultimate in sound
reproduction in this range) and one must
not overlook the contributions of H. J.
Crabbe!® and R. Baldock?? in more recent
times.

However, it must be emphasised that the
multiple reflections, absorptions, reson-
ances and changes of direction inherent in
folded horns, together with the uncertainty
of function of non-circular sections must
inevitably alter the performance of such
horns from that of the straight, circular-
section horn on which the design may have
been based.

Recent years have seen a minor resur-
gence in the popularity of the horn, caused
perhaps by the search for “perfect sound
reproduction”, and there are many who
hope that this trend will continue.

A very readable account of the early
history of the horn loudspeaker has been
given recently by P. and G. L. Wilson.?!

General theoretical principles

The following section deals principally with
the exponential contour, which is the basic
expansion curve used in most high quality
horn loudspeakers, and the tractix, which
has a more complicated formula, but witha
dominant exponential component—indeed
the two curves are virtually identical from
the throat to about midway down the horn.

Determination of flare contour

The theory of the conical horn was originally
worked out by Lord Rayleigh, but the first
serious attempts to establish a practical
working formula for the exponential horn
were not made until 1919 and the years fol-
lowing. The basic formulae for the trans-
mission of sound waves through horns have
been given in modern terms by V. Salmon??
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and others. Beranek® has plotted the
acoustical resistance and reactance against
frequency at the throats of a series of in-
finite horns of different contour with iden-
tical cross-sectional areas at the throat and
at a given point along the axis of the horn,
and the resulting curves are shown in Fig. 1.
For optimum loading of the loudspeaker
motor, it may be shown that the impedance
presented by the throat of the horn should
be entirely resistive and of constant value
throughout the working frequency range,
i.e. the sound transmission should be of
unity “power factor”. Examination of the
curves in Fig. 1 shows that the exponential
and hyperbolic contours satisfy this condi-
tion most closely.

However, a further condition to be satis-
fied is that of minimum distortion at the
throat of the horn, caused by “‘air overload”’.
When a sound wave is propagated in air,
a series of harmonics wil]l be produced,
thereby distorting the waveform. This oc-
curs because if equal positive and negative
changes in pressure are impressed upon a
mass of air, the resulting changes in volume
will not be equal; the volume change due to
an increase in pressure is less than that due
to an equal decrease in pressure. The rapid
expansion and compression of air caused
by the propagation of sound waves takes
place adiabatically, i.e. there is no net trans-
fer of heat, and the pressure and volume are
related by the formula p¥” = constant,
where

p = pressure

V' = volume

y = adiabatic gas constant (approx.
1.4 for air under normal room
conditions)

This curve has been plotted in Fig. 2,
together with a superimposed large sinus-
oidal change in pressure to illustrate the
corresponding distorted change in volume.

If the horn were a long cylindrical pipe,
distortion would increase the further the
wave progressed towards the mouth. How-
ever, in the case of a flaring horn, the ampli-
tude of the pressure wave decreases as the
wave travels away from the throat, so for
minimum distortion the horn should flare
out rapidly to reduce the pressure amplitude
as early as-possible after the sound wave has
left the throat. From this viewpoint it
is apparent that the parabolic and conical
contours will generate the least distortion
due to air overload, and that distortion
will be highest for the hyperbolic horn,
because the sound wave must travel a
further distance before the pressure reduces
significantly.

Further inspection of Fig. 1 shows that
the acoustical resistance of the hyperbolic
horn lies within 10% of its limiting value
over a larger part-of its working frequency
range than that of the exponential horn, and
for that reason the hyperbolic horn provides
rather better loading conditions to the loud-
speaker motor. However, in view of the con-
siderably higher air-overload distortion of
the hyperbolic horn, the exponential or one
of its derivatives is generally chosen as a
satisfactory compromise between the hyper-
bolic andconical contours.

In cases where the advantages of a long
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Fig. 2. Adiabatic pressure/volume
relationship for air.

slow flare rate are required without the at-
tendant high air-overoad distortion, Olson?
has shown that a horn can be made up of a
series of manifold exponential sections,
commencing with a very short stub of high
flare rate at the throat (to minimize distor-
tion) which leads into a longer section of
lower flare rate and thence to the main horn
of very low flare rate. Klipsch has referred
to this technique as the “rubber throat” in
his paper on corner horn design.!* The
mouth acoustical impedance of each ex-
ponential section is designed to match the
throat impedance of the preceding section,
right along the chain. Practically any acous-
tical impedance relationship with frequency
may be obtained by this technique, but the
procedure is complicated, and the addi-
tional effort cannot generally’be justified for
domestic horns.

Determination of mouth area

The acoustical resistance and reactance of
the exponential horn have been plotted on a
normalized scale in Fig. 3, which shows that
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the acoustic impedance is entirely reactive
below a frequency given by

mc
F =

where ¢ = speed of sound; m = flare con-
stant which appears in the basic exponential
horn formula

S, = Spe™

where S, is the area at distance x from
throat; Sy is the area at the throat.

The frequency f;, known as the cut-off
frequency, is the lowest frequency at which
the horn will transmit acoustical power, and
thus the flare constant defines the lower fre-
quency of transmission by a given horn. The
flare constant may be calculated for any
given cut-off frequency, and the horn profile
may then be constructed. The above state-
ment refers strictly only to horns of infinite
length. In horns, as in cylindrical tubes,
wavefronts of sounds whose wavelength is
large compared with the mouth diameter
tend to be reflected back into the htrn
where they interfere with successive wave-
fronts. Just as the loading of the loudspeaker
motor by the throat of the horn must be
largely resistive over the working frequency
range for the smooth efficient transfer of
acoustical energy, so must be the load-
ing presented to the mouth of the horn by
the surrounding air. Beranek has shown?*
that for the radiation impedance of the
mouth to be mainly resistive, the relation-
ship C/2>1 must hold, where C is the cir-
cumference of the mouth of the horn and 4
is the wavelength of the lowest note to be
transmitted. If the mouth of the horn is not
circular, it will behave in a similar way for
equal mouth areas, i.e. if C = 2zr, > Ac is
the limiting condition

2
and 1S 1= nrﬁ>% rm>%
where 1. = cut-off wavelength; r,, = mouth
radius; S,, = mouth area.

Thusa horn of square section may be em-
ployed -provided the mouth area exceeds

2

2
~£_ Hanna and Slepian had examined from
n

T\ :
J)' uo \ / resistance

< o8 1 ‘
x _mc \/
u fe =27 /\
Z o6
[
5 | /
< /
u reactance I
g 04 AN
o] / N
> 4 N
£ o2 ol ‘
%) L~
2 Bs
@

o]

01 o2 05 1-0 20 50 10

fftc

Fig. 3. Acoustical resistance and reactance of;an exponential horn.



22

a different standpoint the behaviour of
wavefronts at the mouth of the horn, and
deduced that reflection was a minimum
when the slope of the profile was 45° (i.e.
included angle of 90°). This will be so
where the mouth circumference equals the
cut-off wavelength of the horn. It also illus-
trates the importance of distinguishing be-
tween the values of flare constant used for
calculating exponential increase in area, and
in plotting the profile of the actual horn.
Fig. 4 (after Olson) illustrates the effect of
foreshortening the horn to a length less than
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Fig. 4. Performance of foreshortened
horns. Reflections at the mouth cause peaks
and troughs in the frequency response near
to cut-off.

the ideal. When the mouth circumference
becomes less than the cut-off wavelength,
reflections at the mouth cause objectionable
peaks and troughs in the frequency response
at frequencies near to cut-off, and if, in a
given design, the mouth dimensions are re-
stricted, it is generally preferable to increase
the cut-off frequency toa value which allows
the correct mouth area to be adopted, rather
than to accept the uneven bass response
illustrated in Fig. 4.

Plane and curved wavefronts

Hitherto, the assumption has been made
that successive wavefronts remain plane
throughout their propagation through the
horn. However, along a straight circular
section horn the wavefront must be normal
to the axis, and also normal to the walls. (If
the wavefront were either approaching or
receding from the walls, energy would be
either absorbed or supplied; alternatively,
the composite wavefront resulting from the
original wavefront and its reflection will it-
self be normal to the walls.) Thus wavefronts
transmitted along a cylindrical tube will be
plane, while wavefronts transmitted down a
conical horn will be spherical. It is therefore
clear that the wavefront emerging from an
exponential horn will possess a degree of
curvature, and that the conventional cal-
culations made on the assumption of the
exponential increase of plane wayefronts
will be in error (in practice, the actual cut-
off frequency will be somewhat altered from
that derived theoretically, and the profile
errors of the horn are not excessive).

The correct approach to the design of a
horn in which the areas of successive wave-
fronts expand according to a true exponen-
tial law is not certain, since any horn profile
chosen will per se determine the contour of
the wavefronts within jt, and in general this
contour will be different to that originally
assumed. Wilson!! decided to assume
spherical wavefronts of increasing curva-
ture from zero (plane wavefronts) at the
throat of the horn, and on this basis he cal-

true exponential
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culated a modified contour which lies just
inside and very close to the true exponential.
Fortuitously, ifa papier maché horn is made
onasolid formerdesigned to a true exponen-
tial contour, the shrinkage of the papier
maché when drying converts the horn very
closely to Wilson’s modified form. Never-
theless, the prime assumption has been
made that wavefronts are spherical and of
changing curvature, and it is by no means
certain that this is the case.

The tractrix contour

Voigt, in his 1927 patent, had proceeded on
the more elementary assumption that the
wavefronts within the horn must be spheri-
cal and of the same radius throughout their
propagation through the horn. He based
this assumption on the reasoning that if the
curvature increases from plane waves (zer6
curvature) at the throat to a certain curva-
ture at the mouth, then a point on the axis
must travel at a faster rate than a point at
the wall. Since the entire wavefront must
travel at the speed of sound (assumed to be
constant throughout the horn) the wave-
front has no alternative but to be spherical
and of constant radius. This requires that
the horn contour should be the tractrix.
The tractrix is the involute of the catenary
(the curve adopted by a uniform heavy
chain suspended between two points at the
same level) and is the curve traced out by a
load being dragged along by a man moving
in a straight line not passing through the
load. It is not the “pure pursuit” curve
traced by a missile which always travels to-
wards an escaping target, as is often mis-
takenly supposed. The length of a tractrix
horn of mouth circumference A., may be
expressed as the cut-off wavelength

A, (_A_y_!
L1og 22 N\28) 7

|
x =5 log, S

AN o
NOE
where y is the radius

cf. the equivalent exponential,

}‘lo (A>
x=— -
2n ge27ty

Both these curves are shown in Fig. 5.

It will be seen that the tractrix has a domi-
nant exponential term which becomes less
significant towards the mouth; in fact for
the first 50% of their length the exponential
and tractrix contours for a given cut-off
frequency and throatarea are virtually iden-
tical, but thereafter the tractrix flares at an
increasingly greater rate until it attains its
fully developed mouth at 180° included
angle. In view of the complex nature of the
formula, the best way to construct a tractrix
is by graphical means, as shown in Fig. 6.
The curve thus derived may be used to pro-
vide ordinates for the tractrix horn, after
some smoothing of the slight discontinuities
inherent in the graphical construction.

Whereas the tractrix terminates when the
angle between the horn and the axis is 90°
(180° included angle), the true exponential
goes on to infinity in both directions. The
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tractrix horn for given throat and mouth
dimensions is thus shorter than the equiv-
alent exponential. It has been suggested that
with the full tractrix terminating in a mouth
of 180° included angle, the sound appears to
originate from a point just inside the mouth,
where the included angle is only 90°. There
is thus some evidence that the tractrix may
be terminated prematurely at this point, and
if this is done, the mouth perimeter will be
90%; of the wavelength at cut-off, as shown
in Fig. 5, which compares the true and modi-
fied exponentials and the tractrix contours.

Efficiency

The efficiency of an exponential horn loud-
speaker is determined by a large number of
parameters, and a comprehensive treatment
has been provided by Olson.? Typical effi-
ciencies of bass horns can be as high as 509,
while mid-frequency and treble horns can
have efficiencies of over 10%, and these
figures compare very favourably with bass-
reflex enclosures (efficiency 2 to 5%) and
infinite baffles (efficiency generally less than
1%). The extremely high efficiency of the
horn is not necessarily of value in enabling
amplifiers of lower output power to be used.
Indeed, some class B output stages may pro-
duce a higher distortion level in horns be-
cause they need only be operated within the
first 109, of their capability, at which low
levels the effects of crossover distortion are
more pronounced.

The principal advantage conferred by the
horn’s high efficiency is that for a given loud-
ness the amplitude of movement of the loud-
speaker motor is appreciably less than
with other enclosures. The effects of non-
linearities in the magnetic field and suspen-
sion are therefore greatly reduced, and there
is less tendency for “break-up” of the cone
to occur. Thus the relatively high distortion
products normally produced by the loud-
speaker motor will be minimized, and, pro-
vided the horn itself does not introduce
distortion, extremely high quality sound can
be radiated.

A further advantage resulting from this
reduction in amplitude of movement of the
cone is that a form of inter-modulation dis-
tortion, caused by variation of the volume
of the cavity between the loudspeaker cone
and the throat of the horn, may be reduced
to negligible proportions.

Tuning the throat cavity

The cavity, which must inevitably exist be-
tween the loudspeaker diaphragm and the
throat of the horn, plays an important func-
tion in the design of horn systems, since it
can be used to limit the maximum frequency
to be transmitted. Although the lower fre-
quency limit may be set with some precision
by the flare rate of the horn, in conjunction
with the mouth area, the upper frequency
limit is ill-defined, being determined by a
combination of (a) unequal path lengths be-
tween different parts of the diaphragm and
the throat of the horn, (b) internal cross
reflections and diffraction effects within the
horn, especially when the horn is folded,
(c) the high frequency characteristics of the
motor unit itself, and (d) the effective low-
pass filter characteristic presented by the
cavity between diaphragm and throat.

Fig. 6. Graphical construction of the tractrix.
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throat radius

Using a straight edge of length equal to the final mouth radius, the tractrix curve is
constructed of a series of tangents, length not greater than g the mouth radius, starting at

the throat.

It may be shown that a cavity of fixed
volume behaves as an acoustic reactance of
value

Sp2pc?
2nfV

where S, = area of diaphragm, ¥ = volume
of cavity, p = density of air, ¢ = speed of
sound, f = frequency.

When the cavity is placed between the dia-
phragm and throat, it behaves as a “shunt
capacitance” across the throat itself, and
thus by choosing the correct parameters,
the cavity/throat combination acts as a low-
pass filter at a frequency which may be set
by making the cavity impedance equal
to the throat impedance at the desired
frequency,

Sp*pc? _ pcSp’
VS,

where S; = throat area, f = desired upper

frequency limit, whence

ie.

CST

2nf
The volume of the cavity may therefore be
calculated to provide high-frequency roll-
off at a point before the poorly-defined
effects (a) to (c) stated above become sig-
nificant (Fig. 7).

A further benefit resulting from the use of
a cavity tuned to prevent mid and high fre-
quencies from entering a bass horn at the
rear of a loudspeaker is that the efficiency of
transmission of these frequencies by the
opposite side of the loudspeaker is greatly
increased, thus improving the performance
of a mid/high frequency horn mounted at
the front of the loudspeaker.

The considerations affecting the practical
determination of the upper and lower fre-
quency limits of a particular horn will be
considered in more detail.

Loading the rear of the loudspeaker
motor

Mention has already been made of distortion
resulting from the non-linear expansion/
compression characteristics of air. This
effect is accentuated when a loudspeaker is
horn-loaded on one side only, because the

cavity -I-
reactance T

throgt
resistance

mid[tep horn

throat of bass horn

3 ‘cavity

\
loudspeaker unit

Fig. 7. Effect of the throat cavity in limiting
high frequency performance.

constant resistance characteristic of the
throat acts only against excursions of the
cone in the forward direction ; when the cone
moves back it is against a far lower load and
hence the excursion will be larger. The ideal
way of eliminating this distortion is to load
both sides of the loudspeaker by equal
horns, or to employ a bass horn for loading
the rear of the cone and a middle/top fre-
quency horn to load the front. The design of
the mini-horn, to be described, utilizes this
feature.

An alternative solution favoured by many
designers is to load the rear of the loud-
speaker by a sealed compression chamber,
the effect of which is to provide a load-
ing similar to the horn. The compression
chamber thus reduces the effects of non-
linearity due to uneven loading on each side
of the loudspeaker diaphragm, and also
presents a better resistive load to the dia-
phragm because a closed chamber on the
opposite side of the diaphragm to the horn
itself acts as an “inductive” reactance which
tends to balance the “capacitive” reactance
presented by the mass reactance of the
throat impedance at low frequencies.

Klipsch states'# that the volume of this
cavity is given by the throat area multiplied
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by the speed of sound divided by 2r times
the cut-off frequency. This is readily shown
as follows:

The air chamber reactance is given by
Sppc?
2rfV

where S;, = diaphragm area, V = volume
of air chamber.

The throat reactance at cut-off is
pcSy’
S
where S, = throat area.
Equating these,

_ Sy
B 2nf;

However, some observers claim that the
use of a compression chamber detracts from
the realism of the reproduced sound, and
advocate either double horn-loading or a
combination of horn-loading with direct-
radiation from the other side of the
diaphragm; in other words, the most realis-
tic reproduction occurs when both sides of
the diaphragm are allowed to radiate.

Summary

In summarizing this section, it is clear that
there is no universal formula applicable to
any aspect of horn design. The reason for
mentioning the alternative approaches and
for providing a comprehensive list of refer-
ences is to stimulate others to experiment in
those areas where to a large extent results
must be evaluated subjectively by very care-
ful comparative listening tests a posteriori.

To quote Wilson:2! “It cannot legiti-
mately be assumed that a horn incorporated
in a cabinet has the precise characteristics of
any particular type of straight horn, whether
exponential, hyperbolic, catenary or trac-
trix, even though their dimensions have
been used as guides in its construction. The
multiple changes of direction, coupled with
reflections and absorptions and internal
resonances, are always such as to destroy
any legitimate comparison. Every internal
(horn) enclosure construction must be
judged on its merits as revealed by measure-
ment and by listening tests.”

(To be continued)
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Microwave Landing Aid

Flexible Doppler system which could replace ILS as an aeronautical

navaid

This year the Royal Aircraft Establishment
will be starting feasibility studies of a
microwave landing aid which could even-
tually replace ILS (Instrument Landing
System) as the principal aircraft landing aid

of the world’s airports. The new aid, known.

as MLS (Microwave Landing System),
will provide positional information for air-
craft by means of the Doppler frequency
shift principle, the frequency shift being
produced by relative movement between
a moving source of radio waves on the
ground and a receiver in the aircraft.

This microwave Doppler system has
already been proposed by U.K. authorities
to the International Civil Aviation Organ-
ization (ICAO). Now, an agreement
between Plessey Radar, the Ministry of
Defence, the Civil Aviation Authority and
the Department of Trade and Industry
will enable the system to be further
developed and submitted complete to ICAO
with the support of flight trials. Plessey are
building experimental equipment for the
studies with Standard Telecommunication
Laboratories as sub-contractors.

Ovoershoot gu'bdance
40" wide (+20°)

5n. ™

Fig. 1 Expected coverage of future microwave
landing system, Doppler or scanning beam.
(FAA stands for the American Federal

Aviation Agency.)

2, 000ft rollout and
missed approach

Aviation people have been aware of
shortcomings in ILS for a good many years.
First of all there is its inflexibility: aircraft
must fly in straight paths down fixed radio
beams generated by “localizer” (azimuth)
“glideslope” (elevation) and “marker”
beacons. Another problem is that ILS
cannot be employed on all runways at an
airport because it uses ground reflections
to form the radio beams, and these, there-
fore, are vulnerable to irregularities of the
site. The “localizer” propagation path in
particular is vulnerable to noise caused by
re-radiation from fixed and moving
objects (e.g. airport buildings and aircraft
taking-off) and by locally generated inter-
ference. Such problems could be mitigated
by the use of narrower radio beams, but
at the v.hf and uwhf. used this would
require very large aerial arrays. ILS uses
broad beams and obtains the required
precision by interpolation from the
cross-cver of the beams. This confines the
region of proportional guidance to a
narrow sector and so prevents ILS from
providing the aircraft approach procedures

No unique
approach path

envisaged for the future, for example,
glideslopes arranged for noise abatement,
approaches for STOL and VTOL air-
craft, curved approaches for traffic
sequencing, and “missed approach”
guidance.

Alternatives to ILS have been under
consideration for some years. For example
in May 1967 we reported on “Correlation
Protected I.L.8.”' and in May 1972 on the
interferometric system MADGE (Micro-
wave Aircraft Digital Guidance Equip-
ment)?> both of which work at microwave
frequencies. The first has fallen by the
wayside, while the second is intended
mainly for military airfields. A further
microwave system, now being considered
at the same time as MLS, uses narrow radio
beams which are scanned either mechan-
ically or electronically across the required
space in azimuth and elevation. These
beams have to be encoded to indicate
their instantaneous pointing angle.

The main advantages of the Doppler
MLS, as well as of the scanning beam
system, over ILS are greater flexibility of

ICAO quidance area .
15° deep, 80" wide (+ 40°)
with continuous DME.

Coverage to 20, 000ft.

/

Range 20n. m.

(30 miles preferred)
FAA and 1CAQ

FAOA prelerre% guidance

20° deep, 120° wide (+60%)

coverage to 20, 000ft
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operation and freedom of siting. They will
handle aircraft descending in curved
approach paths over a wide range of
angles in both azimuth and elevation as
shown in Fig.l. This wider operational
coverage will also facilitate the landing of
STOL and VTOL, private and business
aircraft, and will provide landing and
“missed approach” guidance in all-
weather operations for new generations
of aircraft.

The path finding principle of the
Doppler system is based on a ground
transmitter (in the frequency range
5000-5250MHz) which provides a
linearly moving radiating source. In fact
the linear movement is simulated by
switching a source of radiation, element by
element, along a multi-element antenna
array. When the source reaches the end
of the array it is returned to the beginning,
starting again and giving a scanning
action. This is provided for both azimuth
and elevation. The azimuth array, for
example, is approximately 7.5m long
(about 120 wavelengths) and has 64
elements with a nominal spacing of 1.86
wavelengths. Referring to Fig.2, when the
radiating source is approaching the air-
craft receiver from the left, as a result of
the Doppler shift the received frequency
is higher than that of the transmitted
frequency; when it reaches the position
shown the received frequency equals the
transmitted frequency, and when the
source is receding from the receiver, to the
right, the received frequency, as a result of
the Doppler shift, is lower than the trans-
mitted frequency. The Doppler shift
frequency, which we shall call fp, is actually
proportional to both the relative velocity
of source and receiver, which we shall
call ¥, and the wavelength of the source
which we shall calli . In Fig. 3, for
example, the Doppler frequency as
measured in the aircraft receiver is given
by fp = (V/+ )sin 6.

In the receiver fp is measured, while
V and 0. are known, so it is possible to
obtain sin §. and hence the angular
position of the aircraft in relation to the
ground antenna array. Because of the
scanning action of the radiating source
the energy spectrum of the transmitted
signal consists of a number of lines. The
envelope of this spectrum as received in
the aircraft exhibits a strong peak at a
particular /3 and this provides part of the
information to define the angular position
of the receiver as explained. The width of
this peak is an inverse function of the array
aperture and represents the beam width
of the array. The received signal, after
detection, is “decoded” by a tracking
filter followed by a zero crossing counter
which gives a digital measure of fp. The
tracking filter eliminates the effects of
multi-path signals which are outside the
main beam. The Doppler frequency inform-
ation is finally converted into parameters
acceptable to the aircraft’s navigation
system. These include outputs in digital
and analogue form Yor absolute approach
angles, offset from demanded angles and
various “flags” and warnings.

Receiver in aircratft

—_—_———— e — — 00—

Antenna array
—
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Moving radiating source

Fig 2 Basic illustration of Doppler effect
resulting from a linearly moving radiating
source on the ground.

Receiver in
alrcratt

Antenna array
Moving radiating source

Fig. 3 Doppler frequency fp depends on the
relative velocity of moving source and airborne
receiver, the wavelength of the radiating source
and the angular relationship between the
airborne receiver and the antenna array.

Of course a complication is introduced
by the fact that the airborne equipment is
moving as well as the ground radiating
source. Unless special steps were taken
the accuracy of the Doppler frequency
measurement would be affected by the
Doppler shift arising from the receiver
movement. This problem is overcome by
radiating from the ground a second
signal, called a reference signal, from a
fixed source on the antenna array and at
a frequency offset by a small increment
from the scanning frequency. Thus the
airborne receiver’s movement affects
both the main signal and the reference
signal equally. The receiver in fact detects
a beat frequency between the two, and
this can be achieved with high accuracy
because the wuncertainty regarding the
transmitted frequency is removed and
narrow band processing can be used.

There are 200 channels available for
the system in the allocated 5 GHz fre-
quency band, each 600kHz wide. In a
channel, the spectrum space is divided
into four sub-channels: one for forward
azimuth transmission, using frequency
division multiplex, centred at 540kHz
above the lower channel edge; one
for elevation at 290kHz also using
fdm., one at 415kHz for data trans-
mission again using f.d.m.; and one at
120kHz, using t.d.m., providing a back
azimuth service and auxiliary signals for
azimuth and elevation.
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®
Sixty Years Ago

Viewing the beginnings of commercial radio
communications from sixty years on, one
gains the impression that even such an
unbelievable development as “wireless” still
found an entrenched body of opinion which
regarded the technique as an interesting toy.
This impression is lent weight by the news
items and articles which appeared in Wireless
World with the purpose of bringing to the
attention of readers the sea rescues and
commercial and military benefits conferred
by the use of radio. One would have hardly
thought, for instance, that the value of wireless
in bringing help to distressed ships needed
much comment, and yet in January 1913
there was lengthy reporting on the per-
formance of the Marconi system in the Volturo,
which burnt in mid-Atlantic.

At the less disastrous end of the traffic

stream, readers were offered proof that
wireless had come to stay based on the
new-found facility with which bananas could
be scheduled to arrive at Covent Garden
in prime condition. The wireless was used
to call assistance in the event of breakdown
in the banana ship, thereby avoiding the
effects of delay on “this delicious and
nutritious fruit”.

We have previously remarked (September
1973) on the severe tone adopted by the
editor of the 1913 letters column. To redress
the balance, we give the following extract
from a page of advice by “our irresponsible
expert”. “Amateur (Tooting). — Carborundum
is used in the Marconi crystal receiver. It
has been found that this substance resists
mildew very well and is not easily bent.
It acts by virtue of its high resistance. The
current finds such difficulty in passing through
one way that it does not think it worth
while to go back again. The current is
thus rectified and produces a tick in the
telephones. The Fleming valve acts in a similar
way by making things hot for the current,
We hope this is clear”.

Telephoning at 6,000
words a minute

The first step towards providing a service in
mid-1975 for the transmission of digital informa-
tion over telephone circuits at a rate of 4,800
bits/s for the cost of a telephone call has been
taken by the Post Office. The new Datel 4800
service will carry the equivalent of about 6,000
words per minute. The Post Office has placed
a contract with Plessey Telecommunications
Research for the design and development of
a modem to operate at this data transmission
rate. Prototypes should be delivered in 1974.

The highest rate of transmission available so
far is provided by the Datel 2400 service at
2,400 bits/s.
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Audibility of phase distortion

Pulse testing of all-pass phase shift networks, loudspeakers and

human heads

by Benjamin B. Bauer
CBS Laboratories

The intense interest aroused in scientific
circles by matrix quadraphony has resulted
in a careful scrutiny of all its compon-
ents, most important among them being
all-pass phase-shift networks (or *“psi-net-
works” as we like to call them). After
presentation of our paper on quadraphony
at the Audio Engineering Society Meeting
in Rotterdam!, a discussion was held
about wave-shape changes that had been
observed in testing psi-networks with
square waves. We acknowledged the
existence of these changes, but replied
that at no time had we noticed audible
distortion with psi networks (the results
of psychoacoustic testing in which such
networks were randomly introduced in
paired comparisons being - governed
strictly by chance ?), and concluded by
stating that square waves did not seem
to be useful for testing psi networks
(or, for that matter, loudspeakers). This
paper expands our views on this subject.

As every electronics engineer knows, psi
networks have been used in audio commu-
nications for many years without the
slightest perceptible ill effect. Traditionally,
they have been utilized for production of
single sideband modulation; an important
application in modern a.m. and f.m.
broadcasting technology is for “symmetri-
cizing” speech waves to increase the
modulation index — a psi network sold
in the U.S.A. under the trade name
“Symmetrapeak” is commonly used for
this purpose. Also, a widely employed
scheme for producing monophonic records
from, and for compatible broadcasting of,
stereophonic programs utilizes differential
psi networks in the two channels of the
stereophonic source.

Prior to the introduction of the SQ
system by CBS, the action of psi networks
was carefully reviewed at our laboratories
using music, speech, square waves,
triangular waves, and Gaussian noise
sources. These were applied to loud-
speakers with the psi network in and out
of the circuit. At no time have any of our
listeners been able to detect the slightest
audible difference. These experiments,
naturally, did not prove that some all-
pass networks might not be capable of
altering the quality of sound — they simply
meant that the psi networks we designed
had not produced such alterations. I
presume that similar tests have been

performed by Mr Itoh of Sansui® and by
Drs Cooper and Shiga of Nippon/
Columbia* with their systems of matrix
quadraphony which also use psi networks.
Additionally, one should mention the work
of Dr Manfred P. Schroeder, who studied
psi networks and established criteria for
their audible performance’.

Impulse testing of psi networks

Let us take a typical psi network of the
type used for matrix encoding and study
its impulse characteristics. As an example,
we selected a 10-pole network used in an
SQ encoder, with straight-line phase shift
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Fig. 1 Typical phase shift function, psi (f)
of psi network used in SQ encoders.

Fig.2 The response of the psi network
of Fig. 1 (lower trace) to a 1ms rectangular
pulse (upper trace).
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versus log-frequency characteristic from
20-20,000 Hz, shown in Fig.1. The sine-
wave response of this network is flat within
0.25 dB over the audible range and its
harmonic and intermodulation distortions
are virtually unmeasurable. However, if a
rectangular wave, e.g., of Ims duration,
is applied to it, the output has little
resemblance to the input, as seen in Fig.
2. The alteration of shape obviously is
caused by differential phase delays.

We know, of course, through the use
of the Fourier transform, that a single
rectangular pulse may be represented in
the frequency domain by a continuum from
minus to plus infinity with amplitude distri-
bution following the law (sinwy7/2)/w;,1/2)
shown in Fig. 3, where ©yis the angular
frequency, 2 nfy, and 7 is the pulse length
in seconds, or by an equivalent line
structure in the event of periodically
generated pulses. With a 1ms-wide pulse,
the nulls occur at 1 kHz intervals. Any
presumption that such a continuum can
fairly be used for visual assessment of the
performance of a psi network used for
conventional speech and music clearly is
unwarranted, especially since the presence
or absence of the network does not
perceptibly influence the audible quality of
sound.

Nevertheless, visual inspection of the
effect of psi networks upon pulses is, at
times, desirable as when one wishes to
measure system overload capability or time
delay. Some years ago, while developing
tests for loudspeakers, similar consider-
ation led us to search for a pulse which
would fairly represent the reaction of an
acoustical system to transient signals.
Reviewing the available signals, one finds
at one extreme the delta pulse of
infinitesimal duration which is equivalent,
in the frequency domain, to a uniform
cophase amplitude distribution extending
from minus to plus infinity; and at the
other, a continuous sine wave signal
extending from minus to plus infinity in
the time domain, equivalent to a single
line-frequency. Either extreme is obviously
uninformative. A limited-frequency con-
tinuum appealed to us as a reasonable
compromise since the delay characteristics
of the waves within such a packet would
be more or less uniform. In the time
domain the limited-bandwidth  pulse
resembles a  bell-shaped amplitude-
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modulated sine wave, not unlike the shape
of the transient sounds of some musical
instruments.

An easy way to obtain the desired
function is to pass a 100 us or shorter
pulse through a 1/3-octave bandpass filter.
Fig. 4 shows what happens when such
a test signal produced through a filter
with a mid-frequency of 1000 Hz (top
curve), is passed through the psi network
(bottom curve). We note that the packet
of waves passes through the network
with practically no change in the shape
of the envelope, albeit the phase relation-
ship at midpoint, predictable from the
curve in Fig 1, is modulo 360°, or 450° —
3600 = 90r.

Impulse performance of loudspeakers

Since we commonly use loudspeakers to
judge sound quality, the performance of
loudspeakers with impulsive sounds
becomes a matter of interest. Fig 5
shows the response of a high-quality
monitor loudspeaker to the lus rectangular
pulse. A small microphone with flat
frequency response placed approximately
18in from the loudspeaker grille picks

Fig. 4 A bandpass-filtered delta pulse
(lower trace) with the bandpass-filtered
delta pulse passed through the psi network
(upper trace).

Fig. 5 The response of a high quality
loudspeaker (lower trace) to a Ims
rectangular pulse (upper trace).

Fig. 6 The bandpass-filtered delta pulse
(upper trace) compared with the response
of a high quality loudspeaker to the same
pulse (lower trace).

up the reproduced pulse. The time delay,
(1 p per division), clearly corresponds
to the transit time from the loudspeaker
to the microphone, plus a small delay
within the loudspeaker proper. The
reproduced pulse is quite similar to that
exhibited by the psi networks but with
some added perturbations.

By applying the 1000-Hz centred 1/3-
octave filtered packet of waves to the
loudspeaker, the result shown in Fig 6
becomes similar to that obtained with
the psi network, except that the envelope
delay corresponding to the microphone-
speaker distance again is noted. The
response curve of this particular loud-
speaker exhibits a slight hangover,
suggesting a somewhat underdamped
condition. In CBS Laboratories’ high
fidelity components testing programme,
such 1/3-octave band-limited pulses are
regularly used for loudspeaker testing®.
Comparing the shapes of the input and
output pulses allows us to study such
diverse factors as magnetic dissymmetries,
mechanical nonlinearities, acoustical reflec-
tions, etc. which otherwise would be
difficult to detect.

Having established that psi networks
and loudspeakers share similarities with
respect to impulsive sounds, one is led
to conjecture whether there might not
exist an opportunity for improving the
performance of both classes of devices.
Here we open the door to a debate
which probably will continue for a long
time to the delight of hi-fi enthusiasts
and magazine editors alike.

Will the ultimate perfection of psi net-
works and loudspeakers, if it were
theoretically possible, lead to significant
improvements in fidelity? Even to conjec-
ture about this question requires that
we define what is meant by audible
fidelity in the reproduction of impulsive
sounds. Some years ago we measured
the interaural delays caused by the human
head as a function of frequency and
azimuth of sound arrival”. The delays
were calculated from phase measurements
at the ear canal entrances at low frequency,
but high-frequency measurements were
difficult to perform because of rapid phase
changes caused by minuscule head
motions, also exhibiting inconsistencies
which probably were related to differences
between phase and group velocities. Later
we attempted to use acoustical pulses
with the thought of obtaining group delay
characteristics. The results were similar
to those exhibited by the psi networks
and loudspeakers. Thus, even if one were
able to design these latter components
to transmit visually unaltered rectangular
pulses, the diffraction around the head
might prevent the audible effect of such
change from being significant, except
possibly at very low frequencies.

Conclusion

In conclusion, careful auditing of speech,
music, impulsive repetitive sounds and
Gaussian noises reproduced with and
without psi networks through high quality
loudspeakers convinced us that the types
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of networks we use are not a cause
of discernible changes in quality. With
respect to distortions occasionally reported
by some observers, one is tempted to
wonder if an unrelated factor such as
a change in frequency response, amplifier
overload, etc., might not in fact have
been the assignable cause. The phase
shifts or time delays exhibited by our
psi networks simply have turned out
to be inaudible.

Presumably, we should be grateful to
Messrs. G. S. Ohm and H. L. F.
Helmholtz who discovered that phase does
not influence timbre®. even if a number
of  distinguished investigators  have
described subsequent experiments designed
to demonstrate that phase changes can
result in alterations of timbre®. Shroeder'°
maintains that small or no subjective
changes will be produced by variations
of phase spectrum which leave the envelope
of the stimulus invariant. The latter
condition is attained with the impulse
we used in testing psi networks as demon-
strated by Figs 4 and 6, and which
we believe fairly represents the impulsive
sounds of speech and music. But even
the timbre of square waves is unaltered
with our psi networks, we conjecture,
because loudspeakers and human heads
introduce similar differential delays in
the path of the signal. Evidently more
research into this problem is needed.
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Simple f.m. modulator/
demodulator for a
magnetic tape recorder

by B. D. Jordan

Institute for Advanced Studies, Dublin

This unit offers an extension of the facilities of a domestic tape recorder to permit its
use as an intrumentation recorder employing f.m. principles. The design involves no
modification of the tape recorder and thus allows a wide field of application with
various makes and types of machines.

Magnetic tape as a medium for recording
v.Lf. signals or signal levels, suffers at least
two serious limitations when using direct
recording methods. First, the frequency
response rarely extends below about 50Hz
and, second, amplitude instability occurs,
caused mainly by surface inhomogenieties
in the tape. For the purposes of handling
analogue data, where the d.c. component
of the signal must be preserved, it is neces-
sary to incorporate some form of signal
modulation into the recording process.
Most of the commercially available in-
strumentation tape recorders employ f.m.
modulation and many of these have speci-
fications that include a frequency response
of d.c. to 2MHz as well as a great many
other facilities that may not be required.

The instrument described was designed
to provide a tape recorder with f.m. modula-
tion giving a frequency response of d.c.
800Hz for recording v.1.f. phenomena and
utilizing a domestic recorder at a tape speed
of 9.1cm/sec. At this tape speed the tape
recorder has a frequency response of about
50Hz-6.0kHz. The carrier frequency was
chosen to lie in the midband region, i.e.
3kHz so that amplitude variations in the
tape recorder output would not be excessive
within the expected range of frequencies to
be handled. In order to minimize the effect
of wow and flutter due to the transport sys-
tem, a reasonably large depth of modulation
is desirable. A frequency deviation of about
+30% of the carrier was found to be
satisfactory.

An integrated phase locked loop, Sig-
netics type NES65, was used as both
modulator and demodulator. Fig. 1 illus-
trates the principle of the phase locked loop.
An f.m. signal, f;, is tfed to a phase compara-
tor whose reference is the output of a
voltage controlled oscillator, f,. The phase
comparator is a balanced multiplier which
produces the sum, (f,+/;) and difference
(f;—f,) frequencies of the input f.m. signal
and the voltage controlled oscillator output.
When the loop is in lock, the v.c.o. dupli-
cates the input frequencies so that f; — f, = 0,
and the output of the phase comparator
contains a d.c. component which is propor-
tional to the phase difference between the

input signal and the v.c.o. output. A low
pass filter removes the sum frequency com-
ponent and the remaining d.c. voltage is
amplified and used to control the v.c.o.
frequency in such a manner as to maintain

f. = /. Itis this controlling or error voltage

which constitutes the demodulated signal.
The modulator

One of the outstanding features of the
NE 565 is the high linearity and wide dyna-
mic range of the v.c.o. These characteristics
make the device particularly attractive as a
modulator. For this purpose the loop can be
opened by disconnecting the v.c.o. output
from the phase comparator reference input.
The modulating signal can then be applied
directly to the v.c.o. input, or if required,
advantage can be taken of the high gaind.c.
amplifier, by applying the modulating sig-
nal to the signal input of the phase compara-
tor. The reference input should be returned
to earth in this mode of operation. The low
pass filter can be omitted by disconnecting
C,.

The Fig. 2 shows the complete circuit.
The v.c.o. is a relaxation type of oscillator
the free running frequency, f, being deter-
mined by the external capacitor, C,, and the
charging current controlled by R,. The
frequency f, can be calculated from the
expression

1

= ar,c,

C, can be any value, but R, has an op-

with f, = 3kHz, C, = .021uF. The conver-
sion factor K for the v.c.o. is given by

50,

K = — = radians/sec/volt
oc

In our case f, = 3kHz and V, = 6V.
K = 2kHz per volt. Therefore in order to
limit the depth of modulation to + 309
(+900Hz maximum frequency deviation),
the control voltage at the v.c.o. input must
not exceed 0.9V peak to peak. The gain of
the d.c. amplifier can be varied by means of
the feedback resistor R,. Thus the depth of
modulation can be fixed for a given input by
means of R,.

Demodulator

In this mode of operation the phase locked
loop is closed by reconnecting the v.c.o.
output to the phase comparator reference
input. The low pass filter is formed by con-
necting C, between pin 7 and the power rail.

The capture range, £, of the p.L.1. (i.e. that
range of frequencies about f, over which the
loop can acquire lock) is given by

1 [32nf,
N Ve

L=

7 is the time constant of the |.p. filter formed
by C, and an internal resistance of 3.6kQ.
The tracking range £, of the p.Ll. is that
range of frequencies about f, over which the
v.c.0. once having acquired lock, will main-
tain lock with the input signal and is given by

timum value of about 4kQ2 so as to maintain P 8/,
minimum linearity error. So for our system, .
fs
’ o phase low pass GoN(c demod.
inpuf detector filter amplifier output
ref.
input
v.c.0. -t
fo contro! voltage

Fig. 1. Block diagram of the phase lock loop.
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To eliminate the residual unwanted sum
frequency component present in the de-
modulated output, a balanced T filter is
incorporated in the output. This was found
to be most effective when tuned to 2f,. This
is followed by a low pass active filter which
has a cut-off frequency at 800Hz. Because
the demodulator of the p.lLl. output is
referenced to the positive power rail there
is always a standing d.c. potential of about
0.125 V., below the positive power rail. This
can be cancelled out by means of the level
shifting facility incorporated in the active
filter.

Performance and testing

The system was tested using an Akai
Model XV tape-recorder at a tape speed of

9.1cm/sec and a carrier frequency of 3kHz.
Fig. 3 shows the frequency response of the
system. This test was made by recording an
f.m. signal produced by applying tones of
5mV peak to peak from 1.0Hz to 1.5kHz to
the input. This recording was then played
back and the demodulated signals were
measured with an oscilloscope. A d.c. test
was made by applying d.c. levels from
—5mV to +5mV to the input. On playback
the linearity error of the reproduced levels
was less than 0.5%.

A two-channel system was constructed
on a printed circuit board and mounted
together with power supply in an instru-
ment case measuring 10 x 7 x 6in. No spe-
cial layout precautions were found to be
necessary. The system was incorporated in
a 2-channel d.c. photometer.

WE’RE BACK!

Apologies to readers and advertisers for the absence of January and February issues
of Wireless World. This was due to severe difficulties in the printing industry. How-
ever, we are back with this enlarged March issue which we are confident is up to
our normal standard. It includes all the regular features plus the two special articles
on an electronic piano and on horn loudspeaker design announced in our December

1973 issue and in press advertisements.

The present issue has a slightly smaller page size than normal—about half an inch
shorter. This was made necessary by a change of printing arrangements and problems
of paper supply. It does not, however, mean that there is any less reading matteron a
page. We shall revert to our normal page size as soon as possible.




a75

Wireless World, March 1974

If you can't believe
this multimeter
value...

FUNCTiON
RANGE

i‘c - o

Ty

2 2¢ 200 2000

2

MULTIMETER ot

SAMPE  LOumg

We're confident. .. once you get your digits on this exciting new 31 digit
multimeter, you'll be more than convinced. By advanced design with latest {.C.
technigues, Fenlow have achieved a guaranteed performance that beats everything
atthe price. % Big, bright readings at 123/sec. % 26 ranges measuring DC and
AC voltage, current, and resistance. % Inputimpedance of 50,000 megohms
and DC accuracy of +.1%. % 80 dB series mode rejection from patent
strobe-locking design hitherto exclusive to high-priced D.V.M.’s. With
auto-zero, the 801 is ready for instant action. Ask us by filling in the

coupon how you can obtain the 801 on a 15 day approval without

Please send me details how | can obtain
the 801 digital multimeter on a 15-day
approval without obtgations.

obligation. Or use the reader reply service for full data first. NAME_ _ =
e Bryans Southern —
ADDRESS. -y . | H . _ N

Instruments

Bryans Southern instruments Limited, Willow Lane, — - —
Mitcham, Surrey CR4 4UL, England. Tel : 01-648 5134 Bryans Southern Instruments Ltd.
Telex:946097 Grams : Bryans Croydon D Company Registration No. 348627, England

NEW DYNAMCO

MULTIMETER

WITH € RANGE
e

Competitively priced, quality guaranteed

WELDMASTER
A compact convenient torch
for both Oxygen/Gas and Airf
Gas for welding, soldering or
brazing with: Oxygen-or Air
and Acetylene, Propane,
Butane, Natural Gas, Town
Gas or Hydrogen. Flame
temperatures from 1200°F to
B000°F, Wide range of
attachments. from £9.00
VAT (nozztes extra).

With micro jewelled welding

| nozzles and injector system.
6000°F flames from .03"
(.9mm) for fusion weiding
metals down to .002” (0.6mm}.
from £8.80 + VAT

CUTMASTER
Qriglinal lightweight design
cutter. Use with Oxygen{Gas

® A 10000 scale, six function multimeter powered by |
mains or internat battery. |

®  Pysh button operation for function and range sélection.

8 Measurement functions: 100UV to 1kV DC, 100UV
r.m.s. to 500V r.m.s. AC, 100nA to 1TmA (5A with
shunts) DC, 100nA r.m.s. to TmA r.m.s. (5A with
shunts) AC, 0-1ohm to 5Mohm, —50°C ta +200°C.

8 The 610 incorporates a custom designed MOS-LSH
analogue-to-digital converter and its large size
7-segment display gives excellent readability.

® Basic UK price £155.

A"I' DYNAMCO

or Oxygen/Acetylene an mild
steel, Four pre-heating
nozzles, four cutting nozztes

A Subsidiary of Automatic Oil Toals Ltd 1] E
- (STD 037 989) 555
ODYNAMCO (AQT) LIMITED ﬁ

CENTRAL WAY ANDOVER HANTS ENGLAND
Telephone: (0264) 65961/8 Telex: 47107
WW—115 FOR FURTHER DETAILS

} MICRO WELDMASTER

MICROFLAME

gastorches

PORTABLE OXY GAS
PACKS
The Portable Oxy/Gas Pack

paired for optimum conditions

for cutting thinnest steel
plates, up to 17 (25mm).
Useful where access Is
difficult. from £11.60 ~ VAT

(nozzles extra)

Plus the Torch of

PLASMASTER
Professional well balanced
tool, weight 402s, low
operating costs, wide control
range, for Hol Gas Welding
and Heat Sealing of
Thermoplastics. Triple
connections for Air, Gas and
Nitrogen, glves non oxidising,
hotgas jet at controlled
velocities, temperatures
between 200°C and 500°C.
from £13.60 VAT

(nozzles extra)

WELDMASTER
CUT MASTER
PLASMASTER!

your cholce gives you the
opportunity of the right

5000°F flame just where and
when you want it. The pack
has saved its own cost in
transport and manpower in
just one service call.

The Butane Cartridge Is
expendable, the Oxygen
Cylinder is refillabie, and by
using our optional Charging
Adaptor No. 50004 you may do
your own refilling in your home
or workshop.

The 230 litre Oxygen Cylinder
has 10 hours capacity with the
No 4 welding tip, or 1 hour
with the No 8 twin tip.

320 gramme Butane lasts
about three times as tong.
from £40.00 VAT

The range of Microfiame
torches are marketed
world-wide, and a
comprehensive range of
torches, accessories and
spare parts are usually
avallable from stock.

Write or phone to order, for
more information, or for our
comprehensive range of fully
descriptive literature, to the
sole UK distributor:
MICROFLA ME (UK),LTD,
ABBOTS HALL,
RICKINGHALL,

DISS, NORFOLK.

TEL: BOTESDALE

WW-—116 FOR FURTHER DETAILS
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Over two years of development
experience has made the Avo DA 114
the one portable, solid state, digital
multimeter that stands up on 1ts own.

(Or hangs reclines or lies flat for
that matter.)

AC and DC voltage can
be measured between 100mV and 1kV
full range, ac and de current between
100uA and 1A full range and resistance
between 1002 and 1MQ full range with
an overrange availability between 1000
and 1999 (excepton1kVand1A ranges).

We’ve completely redemgned and
styled it and packed it with features to
win you over to digital multimeters.

Note its piano key switches.
Functionally simple yet elegant.

Appreciate its non-blink display,
its automatic zero correction and,
thanks to a breakthrough in instru-
mentation techniques, its improved
stability.
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 Avo DAINA

Rely on its internal self-check
and calibration system f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>