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We know how easily sophisticated
instruments can drift imperceptibly
away from standard. So, after we've
repaired, calibrated and returned your
equipment to you, we make a note to
remind you when a periodic check or
recalibration should be carried out.

Jogging the memory is just one of
the little, extra details that help to make
up the Bradley Repair and Calibration
Service ; but, of course we need to hear
from you in the first instance.

Don't callus!
We'll call you!

R & Cis a separate division of
Bradley Electronics with its own
20,000 sq. ft. factory next door to the
main London works. We've been
rejuvenating instruments for more than
20 years, during which time we've
handled virtually every type and make
in common use — from simple meters to
complicated systems. We will tackle
anythingin the frequency range DC to
18 GHz and return it to you ready
to plugin.

If you need authenticated
performance in addition to our normal

BRADLEY

13 ; %3‘"'\
ST g e & rfi ‘;'1.
X:\;\% % ad'l’pr’ A"

guarantee, our Standards Laboratory is
approved by the British Calibration
Service. It will supply calibration
certificates for AC, DC and RF
measurements. And our standards, of
course, are directly traceable to the NPL
and the National Bureau of Standards.

And just to add the finishing touch,
we will collect and deliver anywhere in
mainiand Britain.

G & E Bradley Ltd
Services Division Sales
Electral House
Neasden Lane

London NW101RR

A Lucas Company

WW—001 FOR FURTHER DETAILS

Telephone: 01-4507811 Telex:25583
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he many faces of

reveal the biggest current range
of oscilloscope tubes in Europe.

Whenever it’s a matter of designing or making

: ‘ TYPES TO ASK FOR:
an oscilloscope, remember one essential fact . —

Brimar have a complete range of tubes for _D3_l 3° . D_”_il _ ,,_Pl"’—l?i i}
operation up to 7¢/1ooMHz bandwidth. Many Dj-200  Di3z-4j1 ~ Dig180
with ex-stock delivery. Dy-201 D13-600 D14-200

The fact is : the current Brimar range of tubes Dio-210 Di13-601 Dig-210
is the largest in Europe — with as many as Dio-230 Di3-610  Dié-100
twenty-five ditterent versions to choose from. Dio-240 Di4-150 SE4D

Brimar are continually revising ar‘ld updating D1 3-30 T Dig-170 —SEg/z_A B
their range to meet the demands of the market. D1 ;_;3 Dig-171 . SE-gF ———

The latest additions are the Di1o-2 30 and
Dio-240 (4" compact tlat faced tubes) and the Dr3-47 - o
D16-100 (XY plotter)

THORN RADIO VALVES & TUBES LTD.

The quality of Brimar tubes is unquestionably 'M Mollison Avenue,
good: Improve your scope — telephone or write Brimsdown, Enfield,
for full or abridged data and prices o1-804 1201 Middlesex EN3 7NS THORN

WW-—006 FOR FURTHER DETAILS
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ANDERS MEANS METERS...

OXFORD LONG SCALE 250°

Now available, long scale meter to
satisfy budgetary requirements for low
cost equipment.

Models CS65 and CS85 with scale lengths
of 6” and 7-75"

OEM quantity prices extremely competitive
5001A upwards, DC or AC rectified | N mA

Shadow-free dial—easy to read scale

ANDERS

Anders provide what is probably the largest Popular models and ranges are stocked in depth
range of meters available from a single source  while a specially equipped instrument depart-
in Europe: MC/MI, dynamometer, vibrating  ment enables swift production ‘of non-standard
reed, electrostatic, etc. in over 100 case styles ranges and scales, to suit individual customer
and sizes, a few of which are shown below. requirements, in large or small quantities.

Models KE1 and KE2
Miniature Edgewise
Meters. Nominal scale

Vulcan Moving lron. 4 lengths 1.2" and 2" Solicontroller Moving Coil
models, 1-5”, 1-8”, 2-77, Available in sensitivities Relay. DC moving coil
3:7” scales. Voltmeters, from 50 microamps and AC moving coil
ammeters and motor Moving Coil. rectified. 1 or 2 adjustable

starting meters. alarm controls.

Kestrel Clear Front. 7 Profile 350 edgewise Stafford Long Scale 240°. Lancaster Long Scale

models, 1:3"—5:25" 4-3" scale. 6 models, 3-5"—11-5" 240°. 2 models, 47, 5-5”
scales. DC moving coil, DC moving coil and AC scales. DC moving coil, scales. DC moving coil
AC moving coil rectified, moving coil rectified. AC moving coil rectified, and AC moving coil
AC moving iron. Horizontal or vertical AC moving iron. Also 98° rectified.

mounting. scale.

nnnEns ElE[““]“l[s |.|m"En 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors of FRAHM Resonant Reed Frequency
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers’ requirements.
WW-—007 FOR FURTHER DETAILS
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The Greenwood quide fo

rofessional soldering.

The Ersa Multitip. A top-quality  push onto the stem of the iron. It
iron that's ultra-light, offering has the unique advantage that you
reliability so necessary to achieve  can change the element in
constant production flow. Arange  seconds. Price: £3.20 & VAT.

of different shaped tips simply

GREENWOOU
ELECTRONICS

The Oryx 50. A temperature controlled mains
soldering iron. (Temperature control within + 29,.)
Adjustment (200°~400°C) can be made whilstiron is
operating using the same tip. Light, compact and easy
to handle. A large 50W element loading gives rapid
heating and high performance with constant tip
temperature. Price: £5.90
& VAT. Also available: Oryx
safety stand:
£2.10 & VAT.

The Iso-Tip. A safe, high-
powered iron which works
anywhere without a mains
lead. The breakthrough? ‘
Nickel Cadmium cells that i
are re-chargeable. (A :
charging standis included
for 240vor 115v A.C.)

Each charge gives at least
60 soldering joints. Weight?
Only 6oz. Price: £10.70 & VAT.

The Ersa Sprint. Unique - it heats up tc
maximum temperature in only 10 seconds,
and is the lightest gun on the UK market.
Ideal for the service-man. With its

lightweight (only 70z.) and compact
construction, it can be manoeuvred
in even the most

awkward areas. Price:

With the Oryx adjustable
bench vice you can handle
soldering, drilling, and
cutting on even the most
delicate components.

113 00MN389

£5.95 & VAT.

Positioning is easy and
quick, with 90" vertical and
360° horizontal adjustment.
Price: £13.85 & VAT.

i3]

i

!

Please send me more details about the Greenwood 1
I range of soldering equipment.

Greenwood Electronics I
offer a range of highly | NEmDE - - i
I
|

advanced products

toor X SR3A desoldering specifically for professional | Address IR B
components are tightly soldering applications. | — - = - :
grouped. Instantly removes For more detailed informat- wwi
unwanted solder rom ion about the comprehensive | reenwoo

Accurate, reliable, 'speedy, Greenwood range, send us I

and safe. Price: £4.50 & VAT. the coupon today.

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

WW—008 FOR FURTHER DETAILS
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Velvet dim to full brightness ata
touch of the finger. Off/on and

infinitely variable. i -
|

Beta light glow makes switch easy
to find in the dark and consumes no
current.

made up £2.

1
; R

The Jermyn capacitor discharge
ignition system.

Instant starting in all weathers.
Even with a near flat battery, the unit
will produce a full sized spark.

Just one of the many advantages
of an electronic ignition system, the
others are:

Hugh energy spark even at

maximum revs. I

i

Complete set of parts to build it

Cod lighting for hot parties.

Complete kit of parts £2.80 or

for cold mornings

To Jermyn Industries, 154 Vestry Estate, Sevenoaks, Kent.

'
: Please despatch return of post light dimmer kit
! Ignition Kits + or — earth ..
| BLOCK CAPITALS
I Y A -
b ADDRESS... o

i

i

T oo L, B e ey T i 4ot

L-—--------—---- ----- - e e o o G =D G G G G G e - e o G e e - S D D e D D P S G R D a5 e S - e e on o &y ==
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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
- s e e R GF GF G5 R GR G G GR G D = e fman on an - e .- - R e S G R D R e S GR GRS SR R e oo r P Y o ¥ ¥ N N T N -—--1

light dimmer . _
£10 pair, Enclose cheque or postal order.

Economical too!

As the light is progressively
dimmed, so the current consumption
drops - think of it as an electric tap.
300 watt capacity, straight
replacement for standard light
switch.

EkT

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 tife and less adjustment
(typically 20,000 - 25,000 miles)

STATE + or — earth
when ordering.

Reprints of

All Pnces Exclusive of VAT.

 JERMYN

O D D W D @ WD ED WA G G5 @S S S
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100 kW
1000 kW

From 25 kW up to one megawatt...

.. four RF-heating aces, every one a winner!

Annoucing a whole new deal for RF-heating _ a new generation of rugged metal/ceramic triodes, especially designed
for this application. Incorporation both the latest progress in vapour-phase anode cooling — Hypervapotron* _ and our
revolutionary advance in grid technology - Pyrobloc* these four tubes represent today’s state-of-the-art in power grid
triodes. In various standard single-tube or multi-tube installations, they deliver anywhere from 20 kW up to.2 MW of CW RF
power for industrial thermal treatment. These four new tubes are the latest addition to our full line of triodes, for
economical and reliable induction or dielectric-loss heating. For more details on them or any of our other tubes, contact
us directly or just circle the appropriate number on the Readers’ Service Card.

’ ‘ * Registered trade mark

THOMSON-CSF

THOMSON-CSF ELECTRONIC TIBES LTD / BILTON HOUSE, UXBRIDGE ROAD, EALING / LONDON W5 2TT
TEL. (01) 579 55.11 / TELEX : 25 659
France - THOMSON-CSF Groupement Tubes Electroniques / 8, rue Chasseloup-Laubat/ 75737 PARIS CEDEX 15/ Tél.  566.70.04
Germany - THOMSON-CSF Elektronenrohren GmbH / Am Leonhardsbrunn 10/ 6 FRANKFURT/MAIN / Tel 702099
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 / ROMA - Tel 638 14.58
Japan - THOMSON®CSF JAPAN K K. / Kyosho Building / 1-9-3 Hirakawa cho / Chiyoda-ku / TOKYO 7102/ Tel 03 254-6341
Sweden - THOMSON-CSF Elektronrdr AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel (8/22 58 15
US. A - THOMSON-CSF Electron Tubes, Inc. / 50 Rockefeller Plaza / NEW YORK, NY. 10020/ Tel (212) 483.04D0

WW—010 FOR FURTHER DETAILS
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Designed in Europe.

Computer aided design operation in Geneva.

Made in Europe.

Manufacturing plants at Toulouse and East Kilbride. ..

DT T
3
b ]
.

‘mF MGBRL | A D
s O

O

#

Distributed throughout Europe.

8 Motorola marketing companies, 36 distributorships.

With Motorola, European industry can enjoy direct RF power, MECL, MOS, discrete power devices and

access to the full breadth of experience and expertise linear ICs.

of a semiconductor manufacturer completely committed Motorola has its marketing companies in most

to the European market. European countries with sales officesin many principal
Motorola’s all-embracing computerised |C design cities—in addition to a complete network of

centre at Geneva covers MOS, Linear and Digital ICs. 36 distributors.

And there's a direct data link between Geneva and all This investment in technical skill,design and

Motorola European factories and marketing companies. productive capacity enables Motorola to maintaina
Manufacture is based at East Kilbride in Scotland close technical dialogue with the advanced industries

and Toulouse in France. Both factories are equipped of Europe —computer,communications, industrial,

with diffusion facilities—and concentrate primarily on consumer and automotive.

MOTOROLA Semiconductors

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

WW—011 FOR FURTHER DETAILS
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The one you

Still frame playback

tomatic ra .
A;\LLjdio and for critical analysis
video gain or conventent

cor?trol pause (optional :

CR 5000E only)

Feather touch
control.
Solenoid
operated
transport

Recording of two
sound tracks at J
the same time (or
post-dubbing on
one track)

Assured
compatibility.
The cassette
you make will
play on any
50Hz U-type
VCR

Our picture illustrates some of the U-type JVC VCR
features. They are not the only ones that matter.

Forinstance. You can use any colour or mono-
chrome receiver or monitor to view your recordings.
Automatically repeat or return to a scene of interest.
And the picture is always locked in colour before it is
displayed.

Such excellent features, in fact, that you ought
not to buy a video cassette recorder until you've seen
the complete specification of the JVC machine. And it
is available now.

In addition to the CR 6000E 2" U-type recorder/
player there is the CR 5000E for playback only.

CR 6000E, price from £749 ; CR 5000E, from £664
(prices exclude VAT).

We'd like to tell you more. Telephone Bell &
Howell’s Video Systems Division on 01-902 8812 or
write to Bell & Howell A-V Ltd., Freepost, Wembley,
Middlesex, HAO 1BR (no stamp required).

\M BELL s HOWELL

WW-—012 FOR FURTHER DETAILS

Remote control
unit (optional)

/  IVCNER]
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Thanks to this new module...

OSCHLATORN

£ SIZER
pOWER SUPPLY kTP

. . . we can offer an accurate

and drift-free phase-lock synthesized signal generator

for around

The Farnell range of modular signal generators now
includes synthesized models, M1/ADM and M2/
ADM, to cover frequency ranges of 100kHz to
12MHz and 10MHz to 108MHz respectively.

Frequency is controlled by a six decade bank of
thumbwheel switches to an accuracy of + bPPM.
The oscillator automatically chooses the correct
range and seeks the required frequency, a search
lamp extinguishing when it has found it. And there
the frequency will stay with crysta! accuracy and
stability until an alternative is selected. A 1kHz
frequency change takes only milliseconds and a
change as wide as 10MHz to 100MHz (which in-
volves four range changes) is completed in about
five seconds.

FARNELL INSTRUMENTS LIMITED,
TELECOMMUNICATIONS DIVISION,
SANDBECK WAY, WETHERBY,

LS22 4DH. YORKSHIRE.

TEL: 0937 3541, TELEX 557294
LONDON OFFICE TEL: 01-802 5359

£800

Like all Farnell r.f_signal generators and sweepers,
there is facility for remote programming via TTL
compatible BCD 1248 inputs through a rear con-
nector.

Narrowband sweep application.

The M1/ADM is an excellent narrowband sweeper
ideal for setting up receiver filters or discriminator
circuits on an individual or production line basis.

Centre frequency is controlled with crystal accu-
racy and stability by the digital synthesizer module
while the frequency modulator unit is used to pro-
vide sweep. Full a.m./f.m. modulation facilities are
available after alignment tests.

For details of all Farnell r.f. test equipment contact:-

WW—013 FOR FURTHER DETAILS
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SIEMENS

|.C. sophistication-without extravagance.

Electronics can contr bute so much to better
standards of accuracy and reliability. But, until
now, this has also meant higher costs because of
the need for more components, more circuitry,
more assembly, more energy, and more servicing
and maintenance.

Siemens are pleased to announce that they
have overcome these problems by designing
integrated circuits which can handle complex
applications without undue expense by combining
many functions within a single circuit.

Mechanical components are eliminated, space
is saved, extra reliability is built-in—together with
considerable additional scope for design
sophistication.

For instance, our LED Driver UAA 170 offers a
total range of automobile instrumentation: one
UAA 170 drives up to 16 LED’s with either step
or analogue indication, including a facility for
automatic brightness control cepending on the
available light.

Integrated Circuits from Siemens —extra
sophistication without undue extra expense.
Please write to us for more information.

Siemens Ltd., Great West House, Great West
Roed, Brentford, Middlesex TW8 9DG.
Telephone: 01-568 8281 Telax: 23176

Just part of our Total Capability
inelectronics.Siemens.

WW—014 FOR FURTHER DETAILS
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‘New automatic digital bridge
fromWayne Kerr

WAYNE KERR

Wayne Kerr's new B900is one of the best
value-for-money bridges in the world.

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

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

Direct measurements of Q, dissipation and dc volts.
2,3, & 4-terminal. Automatic lead compensation.
4- Quadrant: +veor —veC,L.1/C,GandR.
Overall coverage:

100 - 200MQ inH - 20kH

0O0O1IpF - 20000uF 10puU - 200U
Accuracy: 0.1% (1002-200M©),0.3% (10mQ-10Q)
in allquadrants. Frequency: 1kHz Outputs: Analogand TTL.
i For more information phone Bognor (02433) 25811,
orfillin the coupon.

rFm—————T T

| Please send me details of the B90O.

I For the attention of Mr.

I Company name and address

WAYNE KERR

A member of the Wiimot Breeden group.

. WW—June
I Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex PO22 9RL

I
I
I
I
I
I
I
I
d
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There is a Dolby noise reduction unit for every
professional application

Professional Recording and
Transmission Applications

TR e,

AR -~ — — ]

360

TheDolby 360 is a basic single-channel A-type noise
reduction unit for encoding or decoding. This unitis
normally used in a fixed mode such as in disc cuttingor
landline sending or receiving; the operating mode is
manually selected.

The Dolby 361 is similar to the 360, providing a single
channel of A-type noise reduction, but with relay
switching of operating mode and tape recorder
connections. The changeover can be controlled
automatically by the recorder.

P T e . A

T

M-Series

The Dolby M16 A-type unitis designed specifically for
professional multi-track recording, and incorporates
16 channels of noise reduction in a compact chassis
only 107 inches high. The similar M8is an 8-track
version, and the MBX allows simple extension of the
Mi16for 24-track use.

Noise Reduction Module

7 P T e
‘ﬁﬁf A ﬁfﬂi

Ve A

Cat 22

The Dolby noise reduction module, Cat 22, is the basic
functional unitemployedin all A-type equipment. The
Cat 22is available as a spare or in quantity to OEM
users for factory instaliation. A half-speed version of the
module (Cat40) is also available.

00 Dolby

‘Dolby’ and the doubie-D symbot are trade marks
of Dolby Laboratorwes Inc

Motion Picture Industry

The Dolby 364 Cinema Noise Reduction Unitis
intended primarily for use with Dolby A-type encoded
optical sound-tracks. The 364 also includes a
standard ‘Academy’ filter for conventional tracks, a
clean-up circuit for old or worn prints, and provision
for playback of magnetic sound-tracks with or without
Dolby system encoding.

E2

The Dolby E2 Cinema Equalizer is a companion unit to
the 364, and has been specifically designed to solve
the response equalization problems of cinemas. Used
with the 364 and Dolbyized optical sound-tracks, the
E2 enables most cinemas to achieve modern sound
reproduction standards without replacement of
existing equipment.

Test Set (A-type)

Cat35

The Dolby NRM Test Set, Cat 35, permits rapid
verification of performance of Cat 22 Noise Reduction
Modules without their removal or the need for
additional test equipment.

For detailed information contact
Dolby Laboratories Inc
1133 Avenue of the Americas
New York NY 10036
Telephone (212) 489-6652
Telex 125797
WW—016 FOR FURTHER DETAILS

Professional Encoders for
Consumer Media

The Dolby 320 Duplication Processor is a professional
quality unit with B-type (consumer) noise reduction
characteristics. The unitis used for encoding
duplication master tapes in the high-speed
duplication of Dolbyized cassettes, cartridges, and
open-reel tapes. The 320is a two-channel unit.

324

The 324 Broadcast Encoder allows broadcast -
stations to encode stereo FM broadcasts with the
Dolby B-type characteristic. The unit provides for an
optional reduction of high frequency pre-emphasis,
reducing the neec for high frequency compression,
and thus allowing a significant additional improvement
of reception quality.

346 Clapham Road
London SW9
Telephone 01-7201111
Telex 919109
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Mullard Communications Contact
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If you come to Brighton for the
Communications 74 Exhibition, contact
us at Mullard on stand 80/81. You will be
very welcome. Contact us anyway
whenever you need components for
telecoms, broadcasting, radar and
navaids.

We have unique resources for their
development and production, and have
devoted literally millions of pounds to

Tubing
up for

of news from Mullard

meeting the component needs of
manufacturers of communications
equipment.

Some of our products are well-
established favourites, others are at the
forefront of current technology. Some
are made on an extremely large scale,
some are customer specials. Please let u
know of your own particular
requirement.

Reliability is a major —
reason. Millions of burning hours &
are being clocked up by the 2,000 or
so tubes which have been put into
broadcast service in the UK.
Programme companies are reporting |
lives of well over five . . . six ... and
seven thousand hours. In telecine
equipment lives of over ten
thousand hours are not uncommon.

Continual development,
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also, has kept the Plumbicon tube
out in front. The 1%-inch tube has
been supplemented by high

resolution 1-inch tubes with and
without light bias. And types are
available with response in the red
region extended to approximate
more closely to the human eye.
Also, there are now *4-inch tubes
and tubes with increased
performance to volume ratios are
being developed.

Altogether there are 36
Plumbicon tubes in the Mullard
range. All are summarised in a wall-
chart. Use reader enquiry service
no. 100 and a copy will be sent to you.
*Registered trademark for television camera tubes.

If you are in any doubt at all as to
how you should tube your colour
television cameras, remember that
a pretty convincing case can be
made for Plumbicon* tubes.




DON'T‘MAKE DO’ WHEN
CHOOSING CORES FOR SWITCHED
MODE POWER SUPPLIES

You can ‘make do’ when
choosing ferrite cores for
switched mode power supplies
for telecommunications
equipment. But you don’t have
to any more. Mullard have
thoroughly investigated this field
of application and are
introducing a new range of cores
specially designed for switched
mode power supplies.

Insulation and safety, the
special stresses imposed by
switched mode operation, winding
economics, modes of circuit failure;
mechanical specifications and BSI
requirements. . . all have been
given extremely careful
consideration.

The resulting range of
purpose-built cores are made of a
new ferrite material, Ferroxcube
A16. Unlike most other ferrite
materials, it may be used at
temperatures of up to 100°C and
even beyond without saturation
occurring. Also, its resistivity is
high and effective total core losses
in switched mode inverter
transformers-that is at high flux
densities and at frequencies in the
region of 25kHz-are low.

The shape of the new cores
has also been specifically tailored
for switched mode power supplies.
It is in effect that of a pot core with
the sides cut away to allow ‘lead
out’ space for copper strip and
multiple windings. The pot-core-like
outer limbs partially shroud the

Purpose designed cores

1. Ample lead-out space

2. Generous space for lead-out separation

3. Optimised for minimum leakage inductance

4. Round section for snug winding

5. Minimum circumference for winding economy
6. Partial shrouding of centre limb

7. Grooved for clamping

8. Purpose designed shape

centre limb and prevent excessive field
radiation. Also, the winding window
is long enough to meet double insula-
tion requirements, in particular,
insulation requirements IEC65 and
BS415, and to keep leakage
inductance within acceptable limits.
The centre limb cross-
section is circular and is of the
minimum area for switched mode
applications. This keeps winding
turn length, and hence eddy current
losses in the copper, to the
minimum. At the same time, there
is no bowing of the windings which
causes the increased leakage
inductance experienced with
rectangular section cores.

The new cores are used in

pairs, and grooves in their outer
limbs allow them to be clamped
together and mounted with two
lengths of standard metric studding.
The studding can be extended to
carry a board for mounting
rectifiers, thus keeping connections
to the shortest possible length.

There are four sizes of core
and all are intended for use in
switched mode power supplies
operating at frequencies above the
audio range, for instance at 25kHz.
They may be used in units where
the input is derived from rectified
mains or from d.c. supplies such as
batteries,and are suitable for designs
covering a wide range of d.c. outputs.

When used in 25kHz
push-pull circuits at the
unfavourable end of the application
spectrum (supplying low voltage,
5V, output) the cores are rated for
the maximum transformer
temperature of 100°C as follows:
type FX3720 for 50W supplies, type
FX3730 100W, type FX3740 200W,
and type FX3750 for 500W supplies.
Coil formers will be made available
for use with all types.

An application note is
available which not only simplifies
transformer design but helps to
save time, money and trouble
elsewhere in the circuit. For a free
copy and data on all four cores
please write to Dept. C.LH,,

Ref. CPS/C20, Mullard Ltd., New
Road, Mitcham, Surrey CR4 4XY.

UHF/MICROWAVE
PHASE LOCKED
OSCILLATOR

e

Customer options offered.

A uwh.f./microwave phase-locked
oscillator with a number of
customer options is being
announced by Mullard. It

features extremely high stability
and freedom from spurious
signals and unwanted harmonics,
and has a basic output of 0-5 to
1W at 09 to 1-5GHz.

All the merits of lumped,
distributed, three-dimensional and
microwave integrated circuit
technologies are combined in its
design. The result is an extremely
compact, lightweight and reliable
unit.

It can be supplied with an
integral reference oscillator having a
stability of £0-0005%. Alternatively,
an external oscillator can be
provided which has a stability of up
to 1 part in 108 per year.

Mullard Communications Contact

Provision can be made for
the acceptance of either frequency
or phase modulating signals. The
unit can therefore be used as a
completely self-contained and very
effective transmitter or as a stable
local oscillator for microwave link
satellite communications and radar
systems.

Among other options
available are output circuits giving
outputs from 300MHz to 36GHz in
c.w. or pulsed systems, and
amplifiers providing outputs of up
to 10W.

Use reader enquiry service
no. 102 for a leaflet giving further
information.
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Transmitters which are
unmanned, and for part of the
year possibly inaccessible,
obviously call for outstanding
components. This is particularly

stations. Here, transistors and
tubes must be not only highly
reliable, but extremely stable and
linear.

Ultra-linear triodes.

Mullard tubes for transposer service
are ceramic-metal triodes specially
designed for the job. Types YD1300

construction and are intended for
25 and 50W operation in band IV
and V combined vision and sound
transposer transmitters. Linearity is
of a very high order and the inter-
modulation distortion is better than
55dB in a 3-tone test.

A triode in the higher
output category is the YD1336
(developed from the YD1332). It is
of cylindrical electrode construction
and offers outputs of 100 to 200W.
Linearity standards are similar to
those of the smaller tubes and
cross-talk is low.

i«mﬁ

IU"”"W";;AH‘ -mmﬁ%{l‘lﬁlmww

and YD1302 are of planar electrode dl

Mullard Communications Contact

TV Transposer service
calls for sup

/(j\l\r é
the case with TV transposer .
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With these special triodes it
is possible to design some trans-
mitters with semiconductor devices
in all stages except the power
amplifier and so enhance reliability
and reduce size.

High performance transistors.
Mullard transistors for transposer

er components

service are unique in being designed,
specified and guaranteed for this
special application.

The d.c. safe operating area
is exceptionally large compared
with earlier types, making for
completely safe operation at high
powers in class A and ensuring

Y\’ extremely low intermodulation
! Mdistortion. Furthermore, they are

100% individually tested for inter-
modulation in the manner prescribed
by transposer manufacturers.

An advanced diffusion
process is employed in which
arsenic is used as an emitter dopant.
This allows the depth of diffusion to
be very accurately controlled and a
very thin base is obtained giving a
minimum fr of 2GHz. The
maintenance of high performance
over long life is assisted by the
employment of a sophisticated gold
metallisation system.

At 860MHz the most
powerful member of the Mullard
transposer transistor family, the
BLX98, has a power gain of typically
5-0dB, giving a minimum output of
3-5W with intermodulation
distortion better than 60dB.

The Mullard 551BFY/A transistor
is of particular interest to designers
of wh.f. and microwave repeater
stations. It is an n-p-n silicon device
with a noise figure of 4-0dB at 2GHz
and a power gain of 8dB.

Broadband amplifiers with
centre frequencies of up to 2 or
3GHz can be designed relatively
easily by taking advantage of the
high gain of the 551BFY/A. And
with it microwave repeaters can be
made to operate on a ‘straight-
through’ basis, there being no need
for conversion down to an inter-
mediate frequency.

In radar systems, too, and
ultra high-speed data communi-

Simpler Gigaher
with advanced transistor

cations systems operating at
gigahertz bit rates the 551BFY/A is
an extremely attractive device. An
interesting military application is in
electronic warfare countermeasures
where it can replace travelling wave
tubes in octave band amplifiers.

The typical transition
frequency of the 551BFY/A (at
f=500MHz) is 5GHz. Vcpo max. is
20V, and Ic max. 25mA. Total
permissible power dissipation up to
ambient temperatures of 60°C is
300mW. A miniature ceramic
encapsulation is used which is
compatible with strip-line and
microstrip circuits.

zamplifiers

e

On the right lines
for ZENER Diodes.

7\ There are Mullard zeners in the
office Trimphone and there are
Mullard zeners in outer space. In

handsets, sateflites, telephone g
exchanges and throughout the
whole spectrum of communications
hardware you will find Mullard
zener diodes. It's not surprising. £
UK. production of zeners inthe i
Mullard range tops the thirty-million-i3
a-year mark! Check with Mullard \i
for all ‘communications” zener N
reference and surge protection N
requirements. N
{
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Mullard components for communications

MORE
MULLARD TTL
10 TOUGH
POST OFFICE
SPE Mullard have recently gained

approval for a further four TTL
integrated circuits to the tough

- Post Office D3000 Class A Specification. This brings

' the total number of Mullard T'TL devices approved
and provisionally approved to D3000 to twenty-two,
the widest range being offered by any company. The
addition of a further eleven types to the range is
being considered. Mullard were the first company to
supply standard T'TL to D3000 and have been doing
so since last year.

The specification includes important
overstress and endurance tests with exacting
internal inspection requirements. It assures an
extremely high standard of reliability and long life
performance, and users can look forward to a
component life of forty years with cumulative failures
not greater than 2 per—cent.

The devices are being supplied to Post Office
contractors and will be offered to other equipment
manufacturers who are concerned with very high
standards of reliability. All are functionally
equivalent to types in the well-known FJ (74) series,
and will be used by the Post Office in switching and
digital transmission equipment. Encapsulation is
ceramic 14- and 16-lead dual-in-line.

Contact Colummn

SUB-SYSTEMS PAY OFF

The discrete component is far from
dead, and in the world of communi-
cations never will be. But as
technology advances, many
equipment manufacturers are
finding it to their advantage to buy

| in sub-systems, assemblies and

modules of various kinds from
Mullard. In this way they are saving
on design staff and design time, and
similarly effecting savings in
production time and costs.

Even large manufacturers
with considerable resources
frequently prefer to buy in sub-
systems. The items they require
may involve stripline and similar
technologies which they cannot call
on in-house. Sub-systems do, in fact,
frequently demand an expertise
which 18 peculiar to the component
manufacturer. The solid-state
processes required in the fabrication
of thin film modules is another case
in point.

Often an assembly not only
demands the same fabrication
technology as the discrete
component, but is virtually an
extension of it. A good example is
the range of tuneable cavities which
Mullard supply for use with
television transmitter tetrodes. The
cost of the equipment manufacturer
making such cavities himself would
be extremely high.

Equally important is the
enhanced performance which can
be obtained with bought-in sub-
systems and assemblies. In some
instances, such as the Mullard u.h.f.
broadband amplifier modules, the
performance would be extremely
difficult to obtain with a
conventional assemblage of discrete
components.

Equipment manufacturers
can find out whether a sub-system
approach is likely to be
advantageous for their own projects
by outlining their requirements to
Mullard. An individual assessment
can then be offered.

by ‘Electron’

7

BROADCASTING - TELECOMMUNICATIONS - RADAR - NAVAIDS - MILITARY

Mullard Limited

Mullard House Torrington Place London WCIE 7HD

Mullard Communications Contact

Telephone: 01-580 6633 MO003
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JointheDigital Revolution

Digital Computer

Logic and
Electronics

A Self-instructional Course

bl

logic

Book 2 Logical

Basic
BOOI( 1 computer

elements

Book 3
: .I:juz_:;lczal functions
Book A Fﬂlops
=1

registers

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 81" — 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.

£3.95 Acomplete programmed learning course in 4 volumes

£3.95

including packing &
surface post anywhere in the world. (VAT zero rated).
Payment may be made in foreign currencies.
Quantity discounts are available on request.

Guarantee—No risk to you

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 questions 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 leve!l of retention
Student of everything you learn.

=
: To: Cambridge Learning Enterprises, 49 Main Street, H
: Hartford, Huntingdon. :
| Pleasesendme ........... set(s) of Digital Computer !
' Logic and Electronics at £3.95 for which | enclose 1
i cheque/PO/money ordervalue .............c.couvn... H
i |
] i
1 Name 1
i i
: Address :
i i
] ]
i i
] i
i ]
] i
: 1
b e 4
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Thesymbol of | el e

integrated circuit

Snd quality | poet omplifict

Unit Audio

Superbly made speaker

enclosures containing high quality

units designed to improve your

listening pleasure.

Ask for demonstrations of the

KRG, PFG, PF8, MPG, MP138 TPAGS0-D Spec ficat on

Power Output 100 w~atts rms into 4 ohms
55 watts rms into 15 ohms
Freqg Fesponse 20.1dB 20Kz to 20KHz into
Power ratings : 15 ohms. -148 at 150KHz
from 8 watts Total harmonic Less than 0-04% at all levels Lp to
(music power) distortion 50 watts rms into 15 ohms
to 20 watts input sensitivity  OdBm
(music power). Noise -10CdB
Fise time 2 u seconds
Mustrated here is Price £59 plus V.AT.
the new MP6. 100V Line (C.T.) and balanced inputs available.
For full technical information cantact:

For further information and address of your local stockist write to: H I I H ELECTRONIC

K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire. CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7

—OI8 FOR FUR REETAES WW—319 FOR FJRTHER DETAILS

Purpose-built servo and
actuator systems using
standard components

McLennan Engineering Ltd. have considerable experience

in-the solution of actuator and servo problems using

synchronous, stepping and DC n-otor techniques, an

important facat of our skill lying i purpose-designing

around standzrd components for speed and economy.
The illustrations show a selecticn of modules from

the standard range and include the new EM/ 100/100A

servo drive system. All items are available

individually or can be supplied engineered to

custoni-built systems.

1. EM 100/1Q00A SERVO AMPLIFIER. A new addition to th2

range. A combalete servo drive system including

power supply which is eminentiv suitable for

driving printed circuit motors ard other

servo motors up to 1/6 h.p. EM 100 - output

+24V. 4 amps continuous, 45 amns peak.

EM 100A - output + 24V, 7 amfs

continuous, 5 amps peak.

2. DC SERVO AM 1006S .

With integral potentiometer. Max

continuous output Torque

14.6 kgcm at 7 r.p.m. -

3. LOW INERTIA DC SERVO MOTOR SN :

Output 5W Mt : ; :
4. CONTROL AMPLIFIER EM 40 Output + 15V 0.5 amp McLennan Engineering Ltd

Kings Beaa, Crowthorne, Berkshire.
5. TYPICAL PRECISION GEARS 12010 32 DP Tel- Crowthorne 5757/8

WW—020 FOR FURTHER DETAILS
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A NEW STANDARD FOR SOUND REPRODUCTION
HD250 High Definition Stereo Control Amplifier

- - Designed for disc and
- .- tuner input and two tape
- .- machines, with complete
""" - .- o recording and reproduc-

ing facilities.

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home.
Improvements have been madein respect of performance, engineering design and quality of construction.
We believe that no other amplifier in the world can match the specification of the HD250. Look atextracts
from the specification below.

Power output. Overload margin.
Rated: 50 watts average continuous power per Disc input 40 dB min.
channel, into any impedance from 4 to 8
ohms, both channels driven. Hum and noise output.
Maximum: 90 watts average power per channel into Disc: 83dBV Measured flat with noise band-
5 ohms load. width of 23kHz.
Distortion. —88dBV Measured with ‘A’ weighted
Pre-amplifier: Zero. {Cannot be identified or measured characteristic
as it is below inherent circuit noise.) Line: —85dBV Measured flat.
Power amplifier. —88dBV "A’ weighted.
at rated output: Less than 0.02% (typically 0.01% at 1kHz). Size: 17 inches X 42 inches X 11 inches deep
at 25w output: Typically 0.006%. overall.
Weight: 21 Ib.

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

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

WW—021 FOR FURTHER DETAILS

Accurate and direct ELECTRONIC
measurement of speed without INDUSTRIAL TH-RMMANETER
coupling to moving parts a— 1) —

THE MODERN WAY TO MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Wil

& measure temperature of Air. Metals, Liquids. Machinery, etc.. etc.
' Just plug-in the Probe, and read the temperature on the large open

scale meter. Supplied in zippered vinyl case with transparent front

for hand use or permanent mounting and carrying loop, Probe, and internal 1} volt standard size battery.
Ranges and combinations of ranges from 900 to 100,000 r.p.m. Model “Mini-On 1" measures from — 40°C to + 70°C, price £17.50
Descriptive Literature on Frahm Resonant Reed Tachometers and Model “Mini-On Hi” measures from + 100°C to + 500°C, price
Frequency Meters available from the sole U.K. Distributors. Manufacture £20.00 (VAT EXTRA)

and Distribution of Electrical Measuring Instruments and Electronic o g ;

Equipment. The largest stocks in the U.K. for off-the-shelf delivery. Write for further details to

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

Anders means meters

48/56 Bayham Place, Bayham Street, (‘Phone 01-837 7937)
London NW1 Tel: 01-387 9092

WW—022 FOR FURTHER DETAILS WW—023 FOR FURTHER DETAILS
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AWirelessWorlc
- special offer

s gsd WG = ke

‘Sinclair Scientific’
pocket calculator,
exactly the same as

e ar— IEES——

1rad 57:2958°

advertised on pages 48 and 49. N

Logs, trig, arithmetic ety
—ata price SCient?(ic
that makes sense!

The new ‘Sinclair Scientific’ pocket
calculator is a 12-function machine designed
to meet the primary requirements of
engineers in industry anc research
fields, physicists, statisticians and
advanced science students. For full
details of this remarkable calculator
please refer to the Sinclair advertisement
on pages 48 and 49. Then use the coupon
on this page to order yours at the special
price available to readers of Wireless World.

£45 inctuding VAT

(normal price £53.90)

OFFER CLOSES 31st JULY 1974 \
Offer applies to UK and USA readers only

Regin England Reg No. 677128
Reg office: Dorset House, Stamford Street, London SE19LU

Reg in England Reg No. 677128
Reg office: Dorset House, Stamford St., London SE1 9LU

2 g A
I ORDER FORM FOR UK READERS ORDER FORM FOR USA READERS I
B To:IPCElectrical - Electronic Press Lid General Sales | To: Sinclair Radionics Inc’ Suite 2209 [ |
i Department Room 11 32 Stamford Street London SE19LU. ] 375 Park Avenue New York NY 10022 ¥
) ) . Piease send me . . .. Sinclair Scientific calculators at
0 Pieasesend me _Sinclair Scientific calculators at  [§ ) : |
) : g . the special f .
 the special offer price of £45.00 each (including VAT). ] Iocalpsalles toaf)f(erwp,:;z Zpﬁiggé?clhe(rﬁ::gs%n your own i
I l enclose cheque value . payableto Sinclair Radionics. 1 cheque value ' payable to SinclairRadionics I
= NAME . B name =
I Address = Address l
5 5 i
§ [ i
| (] |
£ ] |
! i '

mﬂunmmwnmmmmnmu-nmnmm-imm-m--m-mmm----mmﬁ
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brenell

Master Recorders/Reproducers

Tape Recorders Tape Transports

BRENELL ENG. CO. LTD., 231-235 LIVERPOOL ROAD, LONDON N1 1LY 01-607 8271

WW-—-024 FOR FURTHER DETAILS

NEW STANDARD CASES from OLSON

NEW SERVICE FROM STOCK — DESPATCHED BY RETURN OF POST

oy
B it
b T e

o £
#

- 4

"%‘v
o

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
TYPE | WIDTH HEIGHT DEPTH FRONT PAN DIM. PRICE | LEG EXTRA chrome plated re-
21 TR a3 43" 6"x4" £2.95 70p tractable leg can be
22 81" 5" 51 8 x5" £3.30 70p fitted as an optional
extra.
23 103~ 61" 61" 10”"x6"” £3.95 T5p
24 123~ 13" 73" 12"x7” £4.30 75p
Our Trade Counter is open for personal callers from 9 a.m. to 5.30 p.m. Monday-Friday POSTAGE EXTRA + 10% VALT.

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

WW—025 FOR FURTHER DETAILS

MAGNETIC RECORDING

Modules for updating and modification of
existing tape and coated film transports.
The MEG system provides an economi-
cal and flexible means of adapting to
multi-channel operation with up to
24 channels, full auto-sync and silent
drop-in -drop-out facilities. Special
, head assemblies are available for
certain tape and film transports.

T

B MINIFLUX clecironics td
¢4 8Hale Lane London NW7 England

are39 5166 - oo

WW—026 FOR FURTHER DETAILS
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DC/AC SINEWAVE TRANSVERTORS

(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

i is provided by Valradio Trans-
; vertors.
TYPE D12/400S

Input Price &
Type Volts | Output 10% VAT
C12/30S 12 115/230v50Hz30W SineWave| £35.70
R12/250/24R| 12 24 7ADC £75.55
R24/250/50R{ 24 50 3A Regulated £97.25
D12/400S 12 115/230400W 50Hz Sine Wave}£197.00
D24/500S 24 115/230500W 50Hz Sine Wave|£197.00

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

For operating frequency and wave form sensitive equipment such
as sound tape recorders, video tape recorders, professional film
cameras. sensitive instruments, etc.

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

Send for informative brochure.

VALRADIO LIMITED
BROWELLS LANE, FELTHAM, MIDDLESEX
TW13 7EN, ENGLAND
TEL: 01-890 4242/4837

WW—027 FOR FURTHER DETAILS

The symbol of
quality.

P.A. & Disco Speakers

Designed to satisfy the demand

“for high quality sound required
by Discotheques and advanced
PA systems.

Ideal for mobile use.
Finished in Vynair for
style to match
performance.

Power rating from 25
watts RMS to 100 watts
RMS.

R12DXH. One of a range of six
superb Power speakers.

For further information
and address of your local
stockist write to:

K.F. Products Ltd.,
Ashton Road, Bredbury,
Stockport, Cheshire..

WW—028 FOR FURTHER DETAILS

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 Power
I Efficiency

Craftsmanship

VITAVOX

Limited
Westmoreland Road,

London NW9 9RJ
Telephone :01-204 4234

e e e e e
{ Please send me further information on your productrange

: Name

| Company

: Address

= i V6

e R R R —RI=—————————

WW-—029 FOR FURTHER DETAILS

e




a24

The new Rank

Fully transistorised
for high reliability

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

High accuracy
with crystal controlled oscillator

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

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

- X5 RANK FILM EQUIPMENT

WW—030 FOR FURTHER DETAILS
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The symbol of
sound quality.

Background Speakers

Outstanding results from small,
inexpensive speaker enclosures.
Sturdy cabinets either hand
veneered in teak or covered in
Black Vynide.

Power ratings
from 1 watt RMS
to 8 watts RMS.

W8DS. One of arange of
four small speakers—

bookshelf or wall mounting— '
slim line, square, wedge
or corner cabinet fitting.

For further information and address of your local stockist write to:
ICF. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

WW—031 FOR FURTHER DETAILS

Problem

Where to obtain a low-cost device to use as a linear
output stage for mobile and marine radio under
SSB conditions.

Solution

A single TT21/22 gives
100W PEP at 1200V H.T.
and one TT100 delivers

M-OV long-life beam tetrodes. [ ;
180W PEP at 850VH.T. |

EEVand M-OV
know how.

LAPBO

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE. E
Tel: 01-603 3431. Telex: 234356. Grams: Thermionic London. S8C
WW—032 FOR FURTHER DETAILS




Wireless World, June 1974

f Transducer and Recorder

N
- amplifiers and sys'rc-:‘ms__<

MINI — BAL

zer0 col
y e

BE 25960

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.

—=EV [L[D)[E

Fyvlde Electronic Laboratories Limited

a2s

6/16 Oakham Court, Preston PR1 3XP
.

WW—033 FOR FURTHER DETAILS

FELTHAM  MIDDLESEX.
LEPHONE : 01-894 9141,

JACW/X/170
WW_034 FOR FURTHER DETAILS

Telephone : PRESTON 57560 - J

ST X :

Specifications

ELECTRICAL INSTRUMENTS LTD

CHILTERN WORKS
HICH WYCOMBE

HIGH WYCOMBE 30931/4 BUCKS

WW—035 FOR FURTHER DETAILS
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ENGINEERS

YOURSELF FOR A

BETTER JOB -~ MORE I'M!

Do you want promotion, a better job, The B.LLE.T. guide to success should be
higher pay? **“New Opportunities’ shows read by every ambitious engineer.

you how to get them through a low-cost Send for this helpful 76 page FREE book
B.LLE.T. home study course. There are no now. No obligation and nobody will call
books to buy and You can pay-as-you- on you. It could be the best thing you
learn. ever did.

P - S EREBCUT OUT THIS COUPON N Il IIE IR
°S>m CHOOSE A BRAND NEW FUTURE HERE!

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

C. & G. L.I. Radio

BIET—Technatron Electrical [m] TV Servicing Cert. O
Practical Radio & Post Master General

l Electronics {Technatron) 0O tst & 2nd class Certs. O I
Electronic Engineering DO C. & G. Electrical
Television Maintenance & Servicing O Engineering Practise D

l General Radio & TV Engineering D C.&G. L. Installations l
Radio Servicing. Maintenance and Wiring O

I and Repairs [ General Electrical Engineering (m} I
City & Guilds Radio, Society of Engineers

I TV Electronics Mechanics O {Electrical Eng.} O
Radio Amateurs D Electrical Installations and Wiring O I
Practical TV 0O C. & G. Electrical

I Colour Television m] Technicians (Primary} O I
Computer Electronics 0O C. & G. Telecommunications m]

l ToB.LET. 8wwoa Aldermaston Court, Reading RG7 4PF QK [“avvwoa l

I NAME (BlockCapitals Please) I
ADDRESS . .
Other subjects
Accredited by C.A.C.C. Member of A.B.C.C.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

{ 1Tand% VideoTape &
from
DixonsTechnical.
Atvery
non-technical prices.

Our 1" Tape range

Recommended Price Dixons Price

(Exc. VAT) (Exc. VAT)
SCOTCH 1" 2400 ft £10.40 £8.50
SCOTCH 3" 3000 ft £16.82 £13.50
BASF " 2400ﬂ £10.75 £8.50
SHlBADEN 3" 2400 ft £10.80 £9.10
DIXTEC CCTV 1" 2400 ft - £6.50

Now 1'tape at less than half price!

Average recommended Dixons price

price (Exc. VAT) (Exc. VAT}

1075 fton8” X 1"

NAB Metal Spool £15.00 £7.00
1500 fton 8” x 17

NAB Metal Spool £19.50 £7.50
2150 fton8” x 1"

NAB Metal Spoot £20.75 £9.50
3000fton 93" x 1”

NAB Metal Spool £26.50 £14.00

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

1 1 1 -7 7 [ 7 1’1 "] -7 ] J J

Please send me reeis of Tape.

Size Length Dixons Price

TOTAL PRICE:

| encleose a cheque made payable to Dixons Technical Limited. \WW/VT/6
NAME

Dixons
Ld|

\ADDRESS Tochnical
— —
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METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London)

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

WW—036 FOR FURTHER DETAILS

Minimod
Made in Britain by Gardners...

you need it. Minimod provides a
choice of a standard 5 volt

output (available up to 1 Amp)
for digital circuits or 12-0-12 or
15-0-15 volts for linear circuits,
using a 230 volt input. Each unit
is fully stabilised with fold back
current limiting, and in the case of
S volt units, over voltage

crowbar is provided . . .

First of a new range of all-British
miniature encapsulated power
supplies. the Minimod series is
designed and manufactured by
Gardners to provide reliable,
regulated power supplies in a. neat
pack designed to plug into your P.C.
board. Minimod simplifies
development or production of
equipment by providing power where

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

Gardners

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—038 FOR FURTHER DETAILS
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NEW BRIDGE RECTIFIERS
FROM AS.P.! TRANSFORMERS ;-i
CASEO
AUTO ONE AMP Price TWO AMP  Price
TRANS- SAFETY ISOLATING SRS o BRI o;2
FORMERS Prim. 120/240V. Sec. 120[240V Cen(re Tap wlith screen 200 P.1V. 0-28 200 PV, 0-45
VA REF. RICE 600 P.IV. 030 400 P.LLV. 0-50
240 Volt Mains to 115 Volts, smart steel cased | (WATTS) No. Caaed Open Post
units coated in tough resin, fitted with power £ £ £ FOUR AMP SIX AMP
lead, fuse and 115 Volt American type socket up 60 149 - 374 0-38 100 P.LV. 0-55 50 P.I.V. 0-65
to 500VA, above 500VA cable entry. ;% }‘;’? =0 ;-:: g §§ 233 ; : V. 0-59 100 PV, 0-70
; ; 4 V. 085 200 P.).V. 0-80
el PRICE Post | 250 152 1205 957 065 60 PV, 075 400 P.ILV 0-80
200 ., £55 P 350 153 14-00 1144 0-80
189 s 2 | 3% i B e 1120 ELECTRONIC MAINS
" . 156 30-70 27-46 d
2000 , £2970 £1-50 2000 158 60-95 55-44 0.A. TIMER
20VA verslon uncoated, no fuse:— 3000 79-63 72:49 LA 5 A rellable unit ideal for
£2-52 30p CASED VERSION in plastic coated steel case timing  Bathroom|Tollet
with Paweriead. Please state 115V or 240V output 30 VOLTS Ventilators. Stairway [ . (_g\!ﬁ_ £
grlﬂsgooo‘;AA(r:nebrllcaEn outlet sockets up to 500VA. PRIMARY 2001240V gl.oakloor‘n 3Llahl|ng etc. \%
ver able Ent o ves up to 30 mins. del o
AUTO TRANSFORMERS (Open) v SECONDARY 12, 15, 20, 24, Beff,,e':swnc'ﬂmz o Ber o
VA (Watts) Ref. No. Price Post - elay: 1.30 mins. adjust-
Tapped at 115, 220, 240 Volts MINIATURE & EQUIPMENT AMPS  Ref. Price  Post | able. MaxLoad: 400 VA or
No. 1000  Watts  resistive.
£ £ Primary 248V with Screen 0.5 112 1-58 22 Ivory Case: 33In. % 33In %
20 113 132 022 VOLTS MILLIAMPS TYPE PRICE Post 1 70 220 038 | po” Sane: Sin. x33ln.
75 64 2:63 030 | Sec.1 Sec.2 Sec.1 Sec.2 No £ £ 2 3 319 03g In’;-luc‘ed. OTIL";;wgrlrcr:
Tapped at 115, 200, 20, 240 Volts BEY o= B Em ggi 2300410 2 0 386 042 | £540. Post 20p. ‘
;& 55 3 :: gig 0-6 0-6 1000 1000 212 168 022 [ 3 51 580 052
300 66 e 052 | 557  os B % £ i3 o ¢ "7 g3 0% MAINS KEYNECTOR
500 67 8-03 067 | 0.8-9  0-8-9 500 500 207 228 022 | g £ 10-00 267 | The safe, quick, connec-
1000 84 13-50 082 0-8-9 0-8-9 1000 1000 208 303 030 tor for electrical appll-
2000 95 25-30 1:00 15-0-15 — 40 — 240 123 010 50 VOLTS ances, 13 Amp rating,
3000 1 3300 120 | 058" ous 200 200 236 13 o410 | 90 fused will connect a num-
0-20 — 30— 241 123 010 PRIMARY 200/240V. ber of appliances quickly
0-20 0-20 150 150 237 130 010 SECONDARY 24, 30, 48, €0V, and safely to the malns,
POWER UNIT Type P6200 520 0-15-20 500 500 205 297 038 PS  Ref. Price Post Ideal for testing. demon-
0 0-20 300 300 214 176 022 No. £ £ strating, window displays,
Supplylnq 8 or 9 Volt DC at . 0 — 3500 No Screen 1116 300 040 05 124 210 0-38 etc., Warnlng Light. inter-
mA 12-0- — 700 e 221 155 030 1 126 297 038 locked to prevent connect-
ln moulded case forming a 2 pin 20 (D.C.) 2 127 577 042 | Ing when live.
6 A malns plug. -20  0-15-20 1000 1000 206 380 038 3 125 715 052 Trade Price: £295. Post
2 metre outpuf lead with 4-way 27 0-15-27 500 500 203 308 038 4 123 935 067 | 25p.
multiplug giving 21 and 25 27 0-15-27 1000 1000 204 324 038 | 3 40 1135 067
g\rln suc;ets and 3-5 mm plugs, g :g? ::-;" ?gg
rice £2-25, Past 10p. . .
and 24 VOLTS PRIMARY 200-240 Volts. 10 122 1940 100 | PLEASE ADD 10% FOR V.A.T. |
12 189 21-62 110
AN e i Pogt
1 No
03 015 242 134 022 60-VOLTS
05 0-25 11 134 0 PRIMARY 200/240
QUALITY INSTRUMENT CASE 1 ois 213 ;45;: g,g SECONDARY 19 25, 33 40,
Strongly moulded in 2 n H H 50V.
High Gloss Groy Plastlc 4 2 18 275 038 | AMPS  Ref. Prlce Post ] L]
(Flame Retardant ABS). 6 3 70 3-56 0-42 No. £ £
Two Integocklnn halves 1g ; 19’*23 5“:: gg; 0;5 }gg :2‘;: ggg
secured by four corner A H R A
bolts (upplied). 12 s 18 se 0% | 2 104 t o BYRE HOUSE, SIMMONDS RD
nterior Size: g . Ti i
63" X 5§" x 23", 20 10 115 10-23 0-69 4 106 7-48 052 WnNCHEAPI CA NTERBU RY
Wall Thickness: §". 30 15 18; ::;’2 ?83 g 1?; :1?: 88?’ KENT CT1 3RW
Welght: 11§ ozs. 40 20 23 q 1 1 P H .
Price E150. Post 15p. 60 30 226 2252 110 | 10 119 1760 oe7 | Tel: Canterbury (0227) 52436

THINKING OF BUYING |

Sullivan) Taylri- sdluid

MULTI TESTERS

USED TMRUUGHDUT "HE WORLD, SANWA'S EXPERIENCE DF 30 YEARS ENSJRES
AECUIACY, ABILTY, VERSATILITY, UNSURPASSED TESTER PERFDRMANCE
A

COMES WITH Ty o
6 Moaths’ Guarantee Excellent Repair Service
MEGGER MODEL PZB £9.76  MDDEL AT45 £21.52
MODEL JPS0 £11.58  MODEL 38DCE £29.12
® MOD:L 360YTR £15.28 MODELN1D1 £31.81
e fo o e B
[ [ NODEL A303TRD 4 M L
THEN CONTACT THE APPOINTED U.X. DISTRIBUTORS : DL K30 THD £2407  MODEL R1000CR =13
M O DEL MOI%H?SWCES AE SUBJECT $55A%45ADDITIDNAL CHARGE OF 10% FORVA.".
REPA'R AND U - 50 Dx Cases exra, available for most meters, but not soid separately.
RECALIBRATION Please write for illustratad leaflet of these and other specialised Sanwa meters

SERVICE AVAILABLE SOLE IMPORTERS IN UK,
ON AVO MULTIMETERS QUALITY ELECTRONICS LTD.

FARNELL INSTRUMENTS LIMITED, SANDBECK WAY, WETHERBY, YORKSHIRE 3 3 N-UPON-T 'S, S 11LP
LS22 4DH TEL: 0937 3541 TELEX 557294 LONDON OFFICE TEL: 01-802 5359 o STREET'KINGTZT&-SEG 4585 P S, e )

WW-—040 FOR FURTHER DETAILS WW—041 FOR FURTHER DETAILS

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

REPAIRS Miasiane
7-14 DAYS SERVICE INSTRUMENTS

Industrial and Precision Grade
TO SOLVE YOUR INSTRUMENT PROBLEMS
CONTACT

LEDON INSTRUMENTS LTD.

716-78 DEPTFORO HIGH STREET, STONE WORKS, GLADSTONE R ;
LONOON, SE8. TEL: 01-692 2683 FULKESTUNE. KENT.TEL: {STD} 0303 57555

WW-—042 FOR FURTHER DETAILS

STOCKISTS

MODEL 8 MK. V
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REED TYPE FREQUENCY METERS*
For 220-250V Mains

Measuring range 4,5 to 55Hz with
resolution of 0.5Hz

AC CLAMP VOLT-AMMETER
TYPE U91*

Measurement ranges.
Current: 10-25—-100
—250-500 amps
Voltage: 300-600V
Scale length: 60mm
max diameter of
the conductor: 60mm

PRICE £10.50
plus VAT

Dimensions: Barrel 80mm dia. X 71.5 deep
Flange 86mm square

PRICE £7.50 plus VAT

*Made in USSR

Z & | AERO SERVICES LTD

44A WESTBOURNE GROVE, LONDON W2
Telephone 01-727 5641

Telex 261306

WW-—043 FOR FURTHER DETAILS

Whether your needs
run to one hundred
high stability
TCXO's, or one
thousand monolithic
crystal filters, or you
just want ten
thousand crystals in
a hurry at the nght
prnice, Hy-Q
Electronics are as
close as your telex
or telephone

You name it.
We've got it!

and lots
and lots of
others, too.

P.O. Box 256
Frankston
Victoria, 3199
Austraha

Phone 783 9611
Telex: 31630
Cables: HYQUE

Melbourne

We've butlt a
reputation for being
up front. When
quality, price and
delivery are being
considered. you
gon't have to accept
eight week delays
when you've
thousands of dollars
worth of equipment
Just waiting for
crystats
Call Hy-Q

for
faster delivery!

P.O. Box 29

Pasir Panjang
Singapore. 5

Phone 636477
Cables: HYQUESING
Telex: RS21427

low cost memory card
IS easy to interface.....

RSS 3000 CARD

% Words
> R: 1

|
1

I" L Compatisie
E-pandable
Ecsy interfodng
LOW COST

£&7 .50 one cff
plus VAT

RIHTTT TR

uss 3000

Limrose's law cost Random Access Memory Card Type RSS 3000 u
i 4 is very eo: nterface witk 1§

Bh ol i bler and
writing into the memory

tat ' memory
and cutputs o
her reading

pment. A U
d

)0 f comy 3 single printed
n 3-+

Y, nnectc minati
a c is 0 y Adc g I ds,
pawer supply cord suitoble for diiving up to four RSS 3000 cards ot o time.
! ines, Tri-st stp ont

W € uffe efeld

Hy-Q

Electronics

limrose electronics Itd.

8-10 KINGSWAY, ALTRINCHAM, CHESHIRE, WAl4 1PJ

Tel. 06~ 928 8063

WW—()M-FOR FURTHER DETAILS WW—045 FOR FURTHER DETAILS
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BIAS ELECTRONICS

PROFESSIONAL RECORDERS

for broadcasting and studio use.

Our range includes console, transportable and rack
mounting machines.

Mono-stereo 4", 4 track 4", 4 track 1" slow speed radio
station loggers all to IBA requirements.

BIAS ELECTRONICS LTD. 01-540 8808

572 Kingston Road, London SW20 8DR

WW—046 FOR FURTHER DETAILS

nombr/eﬂx

MODEL 41

R.F.SIGNAL GENERATOR

Price £38.50

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

8 clear scales — Total length 130mm.
Spin-Wheel Slow Motion Drive 11— 1 ratio.
Overall Accuracy — 23%.
Modulation, Variable depth and frequency.
Internal Crystal Oscillator providing calibration checks throughout all
ranges.
Mechanical scale adjustment for accurate alignment against internal
1MHz crystal oscillator.
Powered by 9V Battery.
Trade and Export enquiries welcome.
Send for full technical leaflets.
Post and Packing 50p. extra.

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

* N

»

WW-—047 FOR FURTHER DETAILS
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A unique drafting aid for the
electronics engineer enabling
him to prepare in minutes a
perfect PCB.

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

The circuit is ready to use.
%
g 2

1

oo | 8

- NO MESS — NO MASKING

A perfect circuit every time !

£1-10 for one-off, £4-40 for six, £8-80 for twelve. VAT
and post included. Available now in every country in
Europe.

: Please send me further details on the 33PC: :
I Name |
| i
| Address I
| |
| |
| Postto: DECON LABORATORIES LTD. |
| FREEPOST |
| PORTSLADE,BRIGHTON,ENGLANDI
] wwe (No Stamp Needed) Phone 0273 414371 |

WW—048 FOR FURTHER DETAILS
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STRUMECH

Strumech Eng

eering Co Ltd
I ‘alsall, Staff

WW—(049 FOR FURTHER DETAILS

video cassette recorder/player

Two outstanding models: —
CR-6000E %' U-type video cassette recorder/player price from
£749.00 excluding VAT.
CP-5000E %' U-type video cassette player price from
£664.00 excluding VAT.

For further details telephone or write today to: —
Video Systems Divisian, Bell & Howelt A-V Ltd., Freepost,
Wembley, Middx. HAQ 1BR (no stamp required} . Tel:01-902 8812

In - BELL= HOWELL

WW—051 FOR FURTHER DETAILS
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The symbol of
sound quality.

Indoor Column
Speakers

ideal for Clubs, Cinemas,
Concert Halls, Churchesetc. ; |
particularly suitable where
acoustic difficulties are
experienced-especially
feedback.

Alternative finishes
available are Black Vynide
or Teak.

Power ratings from 10 watts
RMS to 30 watts RMS.

For further information and address of your local stockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.

W410: One of a range of 4 columns available.
15 chms impedance, or 100v line.

WW—050 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.

5324 Low Distortion Oscillator. Generates a pure sine wave and has been designed
as a general purpose low distortion signal source. The primary application. used in
con‘unction with the DM344A, is the measurement of total_harmonic distortion.
Selling Price: Chassis — £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.

r Model ‘A’ Noise Generator. A portable

o battery operated unit designed for carrying

% P | out listening tests on loudspeakers. 'Pink’

- {@ or ‘White’ noise can be selected and output

ety J can be continuous or burst. Qutput is con-

e P tinuously variable. Selling Price: £32.50
+ VAT.

fo s

Full Colour Litarature describing the camplate range may be had on request

ROGERS DEVELOPMENTS {Electronics) LIMITED
4/14 Barmeston Road, London SE6 3BN, Engtand
Telephone: 01-698 7424/4340

WW—052 FOR FURTHER DEFAILS
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ON'ERTERS

VOLTAGE TO FREQUENCY
FREQUENCY TO VOLTAGE

* All ANCOM converters have built-in reference sources

* Linearity and stability, factory specified
* Negative or Positive input types
* Floating output

* Applications, A-D conversion
Precision Integrators
Telemetry of analogue signals
Shaft rotation etc.

* Auxiliary modules
Telemetry amplifiers
Clock modules

BRITISH MADE
QUICK DELIVERY

DEVONSHIRE STREET

@@ CHELTENHAM, ENGLAND
A 0242 53861 or 24690

WW-—053 FOR FURTHER DETAILS

N
RED & GREEN-LED APPLIED

LOGIC LEVEL INDICATOR

Mode! 320 LOGIC PROBE

* Wrong polarity and overload protectors provided
* Detection of the peak value of input waveform

* Open circuit or faulty IC can be detected For use in
* All logic levels are visible at a.glance detecting TTL,
* Powered from circuit under test DTL flip flop

and other pulse

* Built-in storage circuit
*Upto 12 MHz

circuits

o -£10.20

ASSOCJATES LIMITED / Dissputsiiop quantity
Bishop's Stortford, Herts. Tel. 0279 56347. Telex 81675 JaylampsStort

Ww—054 FOR FURTHER DETAILS

W.H.M.
20W AUDIO
POWER
AMPLIFIER

involves radical departures in conception.
* Class A performance with Class B economy.
* T.H.D. <0-05% at all frequencies and power levels.
* No crossover distortion.
* Unsurpassed stability into reactive loads.
£7-28 + VAT. £15 per stereo pair inc.
Full spec. on written request.

Sydney House, 35 Villiers Road, Watford

Delay Pulse Generator

* Wide range internat
clock. 1Hz — 5MHz

* Variable delay. 100ns
- 100ms

* Variable width. 100ns
— 100ms

* Simultaneous com-
plementary outputs.

*

*

*

External trigger

facility.

Manual single shot.

Rugged construction.
* Price: £66 + VAT

A delay pulse generator providing comprehensive facilities at a price
which has made it the most cost-effective instrument in its field.

Data Generator

Variable word length
up to 16 bits.

Bi-O-L data output.
N-R-Z data output.
Bit rate, wvariable.
5Hz — 2.5MHz.
Single word cycle
facilities.

Compact dimensions.
Functional styling.
Price: £150 + VAT

A% X % *

As supplied to Universifies. Ministry Establishments, etc.
Quantity Discounts.
Trade and Export enquiries invited.

GRANGE ELECTRONICS
(PRODUCTION) LTD.

STONE LANE, WIMBORNE, DORSET, ENGLAND, BH21 1NF

G /E\_P /L 1 wimbome (020 125) 4752

‘WW—055 FOR FURTHER DETAILS
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single
source
makes
sense

IF you buy electronic or
electrical components,
industrial or consumer
fastenings. . .

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

Make United-Carr Supplies
your SINGLE SOURCE for

S

United-Carr Supplies Ltd., 112 Station Road.

llkeston, Derbyshire, DE7 5LF.

Tel: likeston 78711 STD 06072 78711. Telex: 377117
WW—057 FOR FURTHER DETAILS

Coesior

‘Loudspeakers for the Perfecthomst

Wireless World, June 1974

Celestion Loudspeaker Engineering

advances the state of the art to a
new plateau

Ditton 66~
Studio Monitor

b 1) Celestmn': new super
¢ tweeter. 2.) Naw design
“‘pressufe’ mic-range unit.
3.} Ultra Linear 12”- Bass
drive unit. 4) AB.R.
ensures contrcliad bass
down to 16Hz.

5.) Precision erossover for
perfect system integration,

A new Loudspeaker of advanced deslgn suitable for studio
use and for-home instatlations of the highest quality.

UNITS: H*IOOO (dome ‘pressure’ type) MF 500 (Mid-range
Dome ‘pressure’ type) Ultra linear 127 dass driver and 127
ABR. The grcssover has resuited from considerable re-
search and zrassover points are at 500 Hz and 5000 Hz 80

Watts Mzxinum, 4-8 ohm. This monitor loudspeaker system

has an exceptionally wide and flat frequency response.
Very low order harmonic and inter-modulation distertion.
Precise response to transients. Beautifully maintained polar
response easu-es absence of unwanted directional effects
and prov:des a highly satisfactory stereo image throughout
the hstemne area. Matched pairs.

SIZ£40 fS x 13 Natuni Teak or dem Cabmet

CELESTION I.TD

N m mamu'am; IPSWICK, SUFFOLK 1P3_8JP

WW—058 FOR FURTHER DETAILS
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\, _ 1000 and 1 uses

\

You can put anythirg in an
Eddystone Box.

You may not be lucky enough
to have to find a box

for a mermaid but i you're
looking for something for
housing burglar alarms,
switchgear, electrical equipment
or any of the 1000 and 1 things
which need a strong light-weight
corrosion resistant, easily
painted container, then......

lllustrated brochure and information on your tacal Distributor from

Eddystone Radio Limited,
Alvechurch Rd, Birmingham B:31 3PP, England.
Telephone: 021-475 2231. Telex: 337081.

A member of Marconi Communication Systems Limited

WW-—059 FOR FURTHER DETAILS
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onsider
this!

. Soldering Bit
costs reduced by45/,

Adcola LONG LIFE soldering bits are still in use after
100,000 soldering joints, if you use copper bits you
will need at least ten of them plus nine bit changes
and the continual dressing of bit facesto equal this.

Its a must to consider the saving from
the use of ADCOLA LONG LIFE soldering bits.

order nowADGOLA

LONG LIFE SOLDERING BITS
Our sokdering irrstrumernts are secornd o rovred

L . D 20w I
ADCOLA PRODUCTS LIMITED, ADCOLA HOUSE,

GAUDEN ROAD, CLAPHAM, SW4 6LH

Please send me your latest solderirg bit calalogue

I NAME: I

ADDRESS:
3 A:a i
4

WW-—060 FOR FURTHER DETAILS

_ I DEPT. WW SOLDERING BIT SALES. l
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The mighty midget—pumps up to 200
galls. per hour plus {depending on rpm of
drill). Needs no priming, mops up to the
last drop. Use in seconds—ijust slip into
chuck of drill. Accepts }" plastic tubing
or garden hose. Stainless Steel drive shaft,
neoprene impeller—nothing to corrode,
1000s of uses in home, factory, garden,
etc. Spares available.

Buy direct from British manufacturer, for
quality and service you can depend on.

PUSH-BUTTON SWITCH

8 for 50p (ﬁ@

P. & P.25p

Robustly constructed unit has switch
mechanism totally enclosed in plastic
casing. Press-button operation completes
a single pole circuit when button is
depressed: circuit breaks immediately on
release. Panel mounting style inctudes
integral flange with four hole fixing and a
built-in shroud to eliminate accidental opera-
tion. Ideal for a weatherproof bell push or for
electrically operated car windscreen washers.
etc. All black, impact resisting moulding
includes a detachable terminal cover. Size
13" diam. X 2" long. Mounting flange 13"
square.

RUBBER GROMMETS

Approx. 100 for 50p, p. & p. 20p. A
generous selection of an ever-useful item for
the motorist, ‘householder, radio enthusiast,
etc., in an assortment of sizes, including 3in.
gin.. gin. 1}in.

ASSORTED SPRINGS

Pack of 60 £1 post free. Well worth stock-
ing up with this ever useful tool box item,
ideal for the handyman, car mechanic. model
maker. Generous and varied selection of both
compression and expansion springs in lengths

ount

(e

ONLYsz%Clg

Multi-coloured, 43" diameter, complete
with centre mounting boss with grub-
screw. Suitable for use with most slide
projectors, for projecting fabulous
psychedelic displays for discos, etc.

s

MAINS OVERLOAD SWITCH
2for30prar 10

Currently od,
equipment.

Instantly reset by depressing button. Flange
mounting with two-hole fixing. size only
137 X 1. Suppl:sd pveset to 13 amps but
range

5 to 15 amps Brand new.

LOW COST FIBRE OPTICS

These light guides are especially useful for
running alongside instruments, taking the
light where it is needed. Ideal for dentists.
engineers. etc. Although this system of light
transmission was originally designed for tech-
nical usages, it offers the opportunity of
making the most exciting and decorative
displays.

Type A 1320 fibres contained in tough.
flexibie sheath, diameter 3.117mm, Effective
light area/diam. 2.84mm. Highly. flexibie light
guides that transmit light to inaccessible places
as easily as electricity is conducted by copper
wires. 44p per foot or £1.10 per yd., plus
Sp p&p.

METALCLAD MICAMOLD CONDENSERS
0-1 mFd 350VDC 100 for £1 post paid.

LOW INERTIA MOTOR
£1.10¢5.0r 100

Precision-built  miniature
electric motor, 2” diam.
operates from .4v at
10 microamps. maximum 1.5v. Beautifully
made and originally designed for use in high
quality time switches: will run com-
tinuously for as long as 12 months from a
single U2 battery. Ideal for the modelier.
experimenter. etc.

ELECTRIC BLANKET  2}p
HEATER CABLE per yard

Min. order 20 yds. of same type. P. & P. 15p.
Nicksel alloy ribbon spirally wound onto a
fibre core and insulated by an outer cover
of diear siliconised plastic. Originally in-
tended as heating elements for high-grade
electric blankets but suitable also for under-
soil heating in propagating trays and many
other jow temperature apptications. Cable
diam. 2-5mm. Available in various resistance
ranges as follows: 14.5, 16.9, 21.5, 289,
41, 48, 151 and 177 ohms per yard. State
type required.

“DIAMOND H’* MAINS NEON INDICA-
TOR, 74A2 1/4W 250V AC/DC with buiit-in
resistor. 4 for £1 post free.

BURGESS MICROSWITCH. Normally
closed. black plastic housing. approx.
1% X & X 3in. thick. 4 for £1 post free.
MICROSWITCHES. Single contact change-
over, rated 5A 230V AC 0.25A 250V DC.
Size approx. 14 X § X in. thick. 6 for £1
plus 10p p. & p-

PUSH BUTTON ON/OFF SWITCH,pushon.
push off, btack plastic tubular housing. overall
length approx. 1§in. diam. }in. fitted two
leads. 5 for £1 post free.

CERAMIC INSULATING BEADS. £1 per
th. P. & P. 25p (Approx. 5,000 beads). Die
pressed, insulating beads, sizes 2 and 3. State
size required.

® Wafer thin—undetectable under door
mat or carpet.

® Operates by foot pressure over any
part of surface.

Tough polythene envelope has sealed-in muiti-
strip contact ribbon that completes a circuit
whenever anyone-—even a small child—steps
on to mat under which it is concealed. Ideal
for burglar alarms. customer entry warning in
shops. automatic door opening switch.

Door mat 29in. X 16in. £1 .65

Stair pad 21in. X B}in. £1.38
Add 20p p. & p.

MASTER CONTACTOR
£1 .50 post free

A robust, high quality
spring-driven clock
with & Services quality
balanced escapement
driving a low friction pair of contacts that
make every half second. The enclosed mech-
anism is optionally maintained at a constant
temperature by a thermostat and small heating
element. if 12/24 volts is applied to the
external leads provided. These, together with
the contact lead, are brought out through
toroidal filter units incorporated in the metal
base of the unit—the whole of which is fitted in
a practically sound-proofed, temperature and
vibration eliminating sorbo rubber lined wooden
box. approx. 6in. cubed. Winding key and stop/
start knob are accessibleonremovingsnap-onlid.

MAIL ORDERS to PROOPS BROS. LTD,
THE HYDE INDUSTRIAL ESTATE, EDGWARE ROAD,
HENDON. LONDON. NW9 6JS

Tel: 01-206 8006

PERSONAL SHOPPERS 52 TOTTENHAM COURT ROAD - LONDON - W1P OBA

from approx. %in. to 2}in. and diameters from
&in. to 13in.

welcome at: Tel: 01-636 4420 Shop hours 9 to 6 inc. Sat.
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from
STARWET

Spectrum Analyser
Module ST858

NEW

The symbol of
sound quality.

£68

omm'\

Outdoor Weatherproof
Speakers

Specially constructed for outdoor
use with complete weather and
water protection built in.

Power ratings up to 25 watts RMS.

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two
calibrated ranges Sensitivity Better than 50 mv for 0.5V per cm
Resolution Better than 25 KHz. Dispersion From less than 1 MHz
to 400 MHz variable Input Via 50 ohm BNC connector on front panel
Output 1 Coax cable for connection to Y input on scope Output 2
Coax cable for connection to sync. input on scope Power require-
ments 240 volts AC 50 Hz 10 watts. {Other voltages and frequencies
available as required) Size Width 11in {28cm.) Height 4.375in.
{11.2cm.) Depth 8.5in. (21.6cm.) Nett weight 7.5ibs (3.4 Kg) Gross
weight 10Ibs (4.5 Kg.)

An example of a weatherproof speaker
from a range which even includes an
underwaterspeaker.

For further details contact the sole distributors of
STARWET equipment:

CHILTMEAD | D)

7-9 ARTHUR ROAD, READING, BERKS
(rear Tech College) Tel. Reading 582605

For further information and address
of your local stockist write to:

K.F. Products Ltd., Ashton Road,
Bredbury, Stockport. Cheshire.
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&WMWM& presents. . . :

the new component that is a ““must’’ with every fine stereo system...

e new AUdio Frequency Equalizer

guaranteed to improve any stereo system and

to improve any listening area environment!

£165 +VAT

ROOM EQUALIZATION, SPECIAL EFFECTS, PLAYBACK and RECORDING

EQUALIZING FOR ROOM CHANGES: For example, here are some factors that would
call for definite changes in your Equalizer settings: (1) Draperies open or closed.
(2) Sliding glass door open or closed. (3) Room full of people. (4) Seating arrange-
ments changed. (5) Major changes in furniture arrangement. (6) Relocation of
speakers. . . . EQUALIZATION OF RECORDS: You can compensate for old 78 record
deficiencies (surface noise, absence of highs or lows, etc.) or favorite recordings
that have never sounded quite the way you felt they should sound. ... COMPEN-
SATING FOR RADIO STATIONS: Some stations are noted for excesses in either low or
high frequencies. Make out a Computone Chart for each of your favorite stations
so that you can easily achieve the ideal tonal response each time you change
stations. . . . EQUALIZING TAPES: Compensating for pre-recorded, or home-recorded,
tapes that are under or overemphasized in certain frequency areas. ... CHANGING
OVERALL BALANCE: You can make up for many deficiencies in recordings to more

accurately duplicate the sounds of the original performance, or shape each curve
to your own listening interests to greatly enhance your enjoyment of your record-
ings. ... SPECIAL EFFECTS: You can boost or cut the loudness of a specific instru-
ment or groups of instruments to obtain more pleasing instrumentat balance or
to add presence to a solo. ... IMPROVING RECORDING OF TAPES: Use the Equalizer
for tape dubbing, to create a near-perfect tape out of one that may have serious
deficiencies. (Make your own corrected recording of records, station programming,
or other tapes, and no further adjustment of the Equalizer will be needed for
playback.) (See Operating Instructions). . ..

COMPUTONE CHARTS: After you have
achieved the equalization of sound that you prefer use the Computone Charts,
supplied with each Equalizer, to mark the settings, so that you can duplicate the
settings easily.

SPECIFICATIONS and SPECIAL FEATURES

TOROIDAL and ferrite-core inductors, ten octave-bands per channel.
FREQUENCY response: + !4 db from 20-20, 480 Hz at zero setting.

HARMONIC DISTORTION: Less than .1% THD @ 2 v., Typ 05% @ 1v.
IM DISTORTION: Less than .1% @ 2 v.. Typ: 05% @ 1 v.
SIGNAL-TO-NOISE RATIO: Better than 90 db @ 2v. input.
INPUT IMPEDANCE: Operable from any source 100K ohms or less —

(any Hi-Fl Pre-amp, Receiver or Tape Recorder.)
OUTPUT IMPEDANCE: Operable into 3K ohms or greater —

(any Hi-F1 Amp, Receiver or Tape Recorder )

CIRCUIT BOARDS: Miiitary grade G-10 glass epoxy.
RESISTORS: Low-noise selected carbon-fiim.

RANGE: 12 db boost and 12 db cut. each octave

MASTER OUTPUT LEVEL: "“Frequency-spectrum fevel” controls for left and
right channels, continuously variabie 18 db range, for unity gain
compensation from minus 12 db to plus 6 db.

MAXIMUM OUTPUT SIGNAL: variabie Master “frequency spectrum level”
Controls aiiow adjustment of optimum output vaitage for each channel, to
exactly match amphfier capability. up to 7 v.

SIZE: designed to coordinate with receivers, comes instailed in handsome
wainut-grained wood receiver-size case, 514 x 18 x 11'. or rack-mount
WARRANTY: 2.year parts and iabor.

Send for FREE BOOKLET: "Why's and How's of Equalization™
Plus list of Franchised Dealers to Sole UK Distributor:
Gale Electronics & Design Limited 39 Upper Brook Street London W1Y 1PE
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Take a Quad 50E Amplifier

(a good start for any installation)

plug it into your monitor system and it
bridges 600Q2 lines to drive your speakers.

Take that same amplifier and, without
changing it in any way, plug it into another
installation to deliver 50 watts into 100 volt
line * from a 0.5 volt unbalanced source. This
versatility and its attendant easing of stocking
and maintenance problems is one reason why
large organisations use the Quad 50E.

* or indeed any other impedance from 5 to 250
ohms.

Other advantages appropriate to users of all

sizes include : Excellent power and frequency
response (-1dB).

Low distortion (0.1% at 1kHz at all power
levels).

Low background (better than 83 dB referred
to full output).

Pre-set level control adjustable from front
panel.

Unconditionally stable with any load.

Proof against misuse including open or short
circuited output.

Small size (43" x6}” x 123")—-(120mm x 159mm x
324mm).

QUAD

Products of
The Acoustical Manufacturing Co. Ltd.

for the closest approach to the original sound
QUAD is a Registered Trade Mark

Send for details to DeptWWAcoustical Manufacturing Co Ltd,
Huntingdon PE18 7DB Tel: (0480) 52561
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Five RCA VOM's priced from

Thames 85511

There are 14 additional RCA Voltmeters to choose from . .
instruments come complete with test leads. Full RCA guarantee (12
months parts and labour). To buy: order from an Authorised RCA
Distributor or from: RCA Limited, Electronic Components
Division, Sunbury-on-Thames, Middlesex Phone: Sunbury-on-

a37
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Electronic
Components
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Barr & Stroud's new EF3 Electronic Filter System
means no more compromises when you buy variable
filters. Now you can get the filter you need today,

and additional plug-in units tomorrow. Today — the
basic main frame and your choice of two modules to
operate in low-pass, high-pass, band-pass, band-stop,
band-separate, band-combine or-.cascade modes.
Tomorrow — other interchangeable modules to meet
your newest requirements. The first twa modules,

already available, provide filtering with variable cut-offs
between 0.01Hz and 10.0kHz, stop-band attenuation
of 48dB/oct. (96dB/oct. in cascade), and pass-band
response from dc to 500kHz. Get full details of

EF3, the big breakthrough in electronic filtering from

BARR & STROUD LIMITED
1 Pall Mali East, London SW1Y 5AU %
Tel: 01-930 1541

Telex: 261877 Glasgow and London

WW—066 FOR FURTHER DETAILS
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RADIO MASTS AND AERIAL ARRAYS

COAXIAL CABLE TERMINATING UNITS

Designed for Centre Fed Tx and Rx Dipole Arrays.

w 4 wwﬂm'@‘ T

MANUFACTURERS OF:

Aerial Systems for M.F. & H.F.
range including:

Centre Fed Half Wave Dipoles.

Delta Matched Dipoles.
Folded Dipoles.

Broad Band Cage Monopoles.
Rhombic Systems.

Quadrant Dipoles.

Inverted "'V'’ Arrays.
Terminated Folded Dipoles.

Type CCJ/2. Similar to CCJ/1.
* Lightweight 4 oz.
* For mobile and por-
table HF dipoles
* N.A.T.O. Codification

Type CCJ/1 as shown.

* Safe Coaxial
Suspension

* PLor N type
Connection

* Up to 2 kW capacity

* N.A.T.O. Codification

M.F. "T’" & "L’ Aerials.

Vertical Radiators.

Radio Masts:

Portable Tubular.

Permanent Tubular.

Permanent Lattice.

Dipole Centre Connectors.
Transmission Line Equipment.
Terminating Units.

Coaxial and Wire Feeder

Routes.

SUPPLIERS TO:

Government Ministries, Crown
Agents, principal manufacturers
of Telecommunications equip-
ment and overseas governments
and administrations.

Also available: Portable half wave antennas designed for use with the modern HF
transceiver. These antennas use the CCJ/2 centre connector with Terylene/Copper
elements calibrated in 1 Mc/s.spacing to frequency nominated. Supplied with coaxial
cable and fitted required type of plug.

SOUTH MIDLANDS CONSTRUCTION LIMITED

S. M. House, Osborne Road, Totton, Hants.
Telephone: Totton 2785/4930
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PRINTED CIRCUIT BOARD TRANSFER SYSTEMS
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Acid resistant transfers for direct application to P.C. Board. Thisis a
new approach to printed circuit board manufacture. giving a pro-
fessional finish with all details that an electronics engineer would
require, including all drilling positions automatically marked.

The printed circuit transfer system is a genuine offer to the public
and industry. A full money back guarantee is sent with each order,
trade prices on application.

List of Prices

Ideal for single unit boards or small quantities. All at a very low cost
—for example an average 6” X 4" layout would cost less than 30p.

and the time taken under one hour. including etching to complete. Complete system including post and VAT ................ £2.00
. . . . . Individual sheets ... 22p

The system is simple. briefly it consists of 10 sheets of self adhesive

acid resistant transfers made in required shapes—i.e. edge connec- Samplesheet ... 22p

tors, lines, pads. dual in line i.C.’s, 8-10-12. T.0.5 Cans, 3-4 lead Copper laminate {boards) size 6” X 41" 6 sheets ............ 50p

transistors. etc.. etc.. which only require pressing into the required
positions on the printed circuit board before etching.

E. R. NICHOLLS, 46 LOWFIELD ROAD, STOCKPORT, CHESHIRE
TELEPHONE NUMBER: 061-480 2179

Printed circuit board PCB transfer systems patent applied for.
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Tools thatfitthejob

Upson Ball Ended Drivers —
for use on recessed socket head hex
screws, the ball end allowing for the removal of
screws from awkward positions, i.e. up to approxi-
mately 30° from any angle —as illustrated.
Upson Hold-E-Zee Screwdrivers ‘have a spring clip which fits over the screw
head holding the screw in posmon on the driver so that it can be positioned
without difficulty in awkwardly placed positions. When the screw is started, the
blade can be slipped of f the screwhead, the spring hoider retracted and the
screw tightened in the usual way.
These screwdrivers have a patented Lok-Block
Handle which makes it virtually impossible,
- in.any cireumstances, for the blade to
' turn independently within
’ the handle.

" For AliThose Nasty 17%17* Screws

% g
¥, % \ 3 o
L 3 . > In Awhkward Places. ..

SPECIAL PRODUCT DISTRIBUTORS LTD 81 Piecadilly London W1V OHL.Tei: 01-629 9556
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You are invited to

DAVEXYA,

The lnten}a't.onal Audio-Visual Aids
Conference & Exhibition 16/19 July
The National Hall Olympia, London

INTER NAVEX 74 will have the largest attendance of
any audio-visual conference and exhibition in the
world. Many of the exhibits will be having their
World Premiére_at INTER NAVEX 74.

This invitation may be exchanged for
complimentary tickets at INTER NAVEX 74

The symbol of
soun quallty

Hi-Fi Speakers

The KR range consists of five
outstanding speaker designs with
power ratings from 18 watts (music
power) to 90 watts

(music power).

Made from selected high-
density Swedish chipboard,
the cabinets are hand-
made, hand-finished and
matched in identically
grained pairs.

) Toensureconsnstentsound
quality, all speakers are--
individually tested before
leaving our factery. -

© Ask for a K.F. demionstration
and hear for yourself. -

KR10. A two way, two unit system, typical of K.F. quality and design.

For further infermation and address of your localstockist write to:
K.F. Products Ltd., Ashton Road, Bredbury, Stockport, Cheshire.
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BIGBOOST |
FOR THE GARDNERS
RANGE

S50Hz 300VA Sguare Wave Inverters

| :ummmm
My, &2
g

Gardners inverters are designed to

drive any mains operated equipment
which is not unduly sensitive to the
difference between sine and square
waveforms. Incandescent lamps, TV sets,
electric drills are typical of a

wide field of possible applications . ..
Both the 107A and B models are rated
at 300VA (300W U.PF) and will
accommodate reasonabie short term
overloads. Price £67 plus VAT.

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.
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If it's produced by Gardners it must

be something special. and it is!

Now available, models 107A and B are
precision built inverters providing

240 volts a.c. from 12 and 24 volt
battery systems.

Both models otter unusually high
output ratings enabling the user to
operate many conventional loads such
as lighting and small power tools in
situations where main power supplies
are not available.
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| Linstead
Laboratory

‘,\ VIRTIAETER Yvb g

WIDE RANGE MILLIVOLTMETER
High impedance millivoitmeter with 20 scaies
total measurement range 60 micro-amp a.c. to

. a 400 et - iny wi
Heathkit offer you a wonderful range of audio, : eroteetion “and fraquency range of 500 ki,
household, amateur radio and test equipment in ‘ £38.80

kit form.

‘ \\\§\\\“‘]§ H //,
All our electronic kits are designed to be built by o
you. No previous soldering or electronic knowledge
iS necessary as every kit is supplied with a detailed
Construction Manual which leads you step-by-step
through the assembly, adjustment and operation
of your Heathkit.

Write now for your FREE copy of the Heathkit Cata- |
a_o | LS wrs
logue or visit one of our Showrooms and see our

| 1 "'r\' ‘Il .n-.‘,‘a‘m 2 )
full range of products for yourself. You'll be amazed l ' N 'I @
@

at what you can make in just a few evenings with
Heathkit—the world's largest selling electronic kits.

| 3 RLET

t c% @(FRAT&' wr TR (S8
. —

WIDE BAND SIGNAL GENERATOR
Sine-square wave wide band high power signal generator.
\ 10 Hz-1 MHz. 0-6 voits r.m.s. 3 watts into 6 ohms in-

f F Please send me the FREE Heathkit Cata corporating short circuit protection.
ree logue & details of Monlhly budget plans NUFFIELD SPECIFICATION 181 £32 -80
NAME d
— 1”75753

ADDRESS 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,

HEATH ) .' HEATH (GLOS ) LTD. DEPT. WW/6/74 Denmark, Scantysik, 13-15 Hjorringgade, DK 2100, Copenhagen.
Bristol Road Sweden, EMI S ka A/B, Tri agen 17, Fack, 171 19 Soina 1.
T[T (oI YA Gloucester GL2-6EE Norway, EMI Norsk A/S, Postboks 42 Korsvoll, Osio 8.

\- J Malaysia, Laboratory Equipment Sdn. Bhd., P.O. Box 60, Batu Pahat.

Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 Antwarp.

SHOWROOM LONDON :- 233 Tottenham Ct. Rd.
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But DUPLITAPE would like to. We specialise in the duplication of
recordings on magnetic tape. Our newly equipped plant with its
clinical atmosphere reflects our dedication in offering the finest
and most competitive duplication service currently available.

Please send fullinformationon

PE TAILORED BLANKCASSETTES [
gg:kl';'rTASTREET = C.ZEROCASSETTES ] =
LONDON NW1 DUPLITAPE FACILITIES |
Tel:01-4856162 I Name I
Telex: 21879 Amstelco ITA I Address l

e
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The FP210R, Shihadens lutest
I Plumbicon’

N
FEATURES i
® Built in 2-1 interlace sync generator for )

single camera oOperation and e€xternal

driving feature for muitl-camera opsration.

- . . ® Negative/Positive switch and scan i
This is the camera that will operate anywhere —in the reverse feature. !
studio or on outside location — and guarantee excellent ® Builtin intercom and tally circuits, |

3 5 - o % 3 # Automatic orremote
resultsforawiderangeof T.V. requirementsin the fields : iftscontrolifor zoom
of industry, education and commercial applications. lens.
® Widerange of lenses
Equipped with a 5” electronic viewfinder for accurate 2vailable
picture composition and focus, the FP 210K is auto-
mated to ensure all major functions are easily handled. . vtr__;,.g

II"you prefer, a separate mesh type vidicon tube
can be used, which, like the I” Plumbicon®
gives high definition picture reproduction

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

or write 1o

HITACHS SHIBAOEAN

(U.K.) LIMITED

BROADCAST & CCTV EQUIPMENT MANUFACTURERS

Lodge House - Lodge Road -Hendon - London NW4 4DAQ. Telephone: 01-203 4242/6
® Trade Mark N.V. Philips

WW—074 FOR FURTHER DETAILS
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HIGH POWER DC COUPLED AMPLIFIER

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

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

* 3 YEAR WARRANTY ON PARTS AND LABOUR

* % %

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

of this fine equipment please let us know. -

Power Bandwidth DC-20kHz @ 150 watts + 1db. — Odb. 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 800 Input sensitivity 1.75 V for 150 watts into 802
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short. mismatch & open cct. protection
Damping Factor Greater than 200 DC to 1kHz at 802 Power supply 120-256V, 50-400Hz

Hum & Noise (20-20kHz) At least 110db below 150 watts Dimensions 19" Rackmount. 7" High, 94" Deep
Other models in the range: D60 — 60 watts per channel D150 — 150 watts per channel

MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE,

MACINNES LABORATORIES LTD SAXMUNDHAM, SUFFOLK IP17 2NL

TEL: (0728) 2262 2615
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SHE@{E\?TALFULD'NG MACHINES
CRYSTALS S—
-FAST! s |

| Money back if not satisfied.
| BENCH MOOEL
36" X 18 gauge capacity ... £40.00 carr. free | Send for details:

24" % 16 gauge capacity ... £38.00 carr. free A. B. PARKER

Also the well-known vice model of

QUARTZ

Forms channels and angles
down to 45 degrees which
can be flattened to give safe
edge. Depth of fold accord-
ing to height of bench.

|
i 36" X 18 gauge capacity ... £21.00 carr.free | FOLDING MACHINE WORKS,
h—_—— | 24" X 18 gauge capacity ... £15.00 carr. free | UPPER GEORGE STREET,
AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 18 X 16 gauge capacity ... £15.00 carr. free HECKMONDWIKE, YORKS.
Tel: Horley (02934) 5353 - | Add 10% VAT to total price of machine Telephone 40 3997

Telex: 87116 (Aerocon Horley) - Cables: Aerocon Telex Horley
WW—076 FOR FURTHER DETAILS
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skUse economical 35mm film.
*kPulse operation upto 4£ps.
>k Optional large capacity

: il I
OSCCallllfc\)gI(':aospe *Eltﬁl?]vsgszonreeslectrical

operation.
More complete details available on request from:

Telford PRODUCTS LTD.

WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND  Telephone:01-998 1011 Telex:935524

m A MEMBER COMPANY OF BENTIMA INDUSTRIES LIMITED

WW—078 FOR FURTHER DETAILS
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ITA-TEAC
ITA 10-4

MODULAR MIXER

TEAC 4-CHANNEL
INDUSTRIAL RECORDER

The complete
mobile record-

Ten inputs. Four output groups. Four limiters.
Base, mid, treble EQ. Balanced inputs. Modular

ing studio. construction. Headphone monitoring.
Four totally
independent IMMEDIATE DELIVERY.

channels. Sel
sync on all channels.
Mixing facilities. 63dB signal to noise
ratio. Wide flat band-width.

sote sureucs: NOTE NEW ADDRESS -

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

£590 + VAT
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Pl it clearly and detach
ADVANCE CALCULATORS PROGRAMMABLE ONLY £199! | coupon aongthodotetine i
88 POCKET 2 MEMORY, % SQUARE ROOT £99! PROG. ... £199-00
FULL RANGE OF QUADRAPHONIC & STEREO SYSTEMS IB%LF Jsoo fgggg NEW |
AVAILABLE, INCLUDING PE RONDO DAFR...... fIE00  CAT.
Agvanced off-air frequency reference. Phase-locked, with Signal Monitor. A lab standard ... .. ....... ... ... £85-00 D‘/L‘[]S.S  fa4-50 ouT |
Signal source, type 1. Precision frequency reference ............. ... . £66-00 [0SS. K . £30-00 SOON
Osborne source (W.W._Jan'73).deluxeversion .. ... ... ... ... ... .. .. ... ... ... LR R £44-50 N .
Kit for construction of an Osborne-based signal source . ............ ... ... .. o .................f3000 SQ-DEC.K. .. £8-00 ARE
Full range of items for l]uadmphony {ful! lists sent with all goods supplied) S0-DEC.B&T. £11-00 YOU
CBS-SQ Matrix Decoder using MC1312P (see WW. Nov 1973) kit (3-hr.tobuild) . ......... ... ... ... .. ... £8-00 PLLD 4T £69
CBS-SQ Decoder as above, built and tested production board, fits any set—full instructions supplied ................ £11-00 'PLL EE' B&T. £6-95 ON
Advanced phase-lock-loop Stereo Decoder on board, regulator provision, typically 40dB separation ............. ... £6-95 PU]'EE Ko £5-95 OUR
Stereo Decoder, as above, but in kit form {about 30 mins to build) {uses MC1310P in hotder, inc. LED) ...... . ... .. £5.95 |PR/LS ke  £44-00 |
Superb 20W 8Q) Loudspeakers, as used for “P.E. Rondc”, built in white or teak perpair ........... .. £42-00 + £2-00 carr. 2K/LS/teskswhite £37-50 LIST?
Easy-to-build Kits for above Loudspeakers, perpair ... ... ... ... ... ... ... O PP £35-50 + £2-00 carr. 5101/2 ... f23-90 SAE
Goldring G101/2 Turntable Chassis, less cartridge .. ... ........ ... ... .. ... ... ........ £22-90 + £1-00 carr. TS 144/17 . £790 iy
Deutsche-Elac STS 144/17 Cartridge, ideal high-quality, low priced unit for Matrix quad . oo £7-90 | ppones £4-95 APPRE-
| Good Stereo Heatsets with volume controls, instrument cases, attractively featured with black V|nyI covered steel top Case A o ‘.  f1-45 CIATED
J and sides, aluminium fronts and backs ... ... -£4:85 (e £1-95 .
........ f1-7
Case AB” X 5” X 2” nom. £1-45 Case B11” X 67 X 3" nom. £1-85 Case C9” X 5” X 24" £1-70 |§2ie~i 0 o
R 21 P

Handy little Aluminium Boxes, with lids and screws: Box 154" X 23" X 13" = 42p.Box 2—4" X 4” X 1}" = 42p.
Box 3—4” X 23" X 13” = 42p.Box4—51" X 4" X l'” = 47 Box5-4" X 25" X 2" = 42p Box6—3” X 2”
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value for money
The D67 Dual-Trace 25 MHz Oscilloscope
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[] Vertical signal delay
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[ 3% measuring accuracy

(] TV frame or line triggering

O Large, bright 8 x 10cm
mesh CRT
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Atonly £335* the D67 continuas to offer the
low-cost/high-performance value expected of
Tedlequipment. This all solid-state, dual-trace

partable instrument features so many charms it has
to be used to be believed. For example, the
dial-trace vertical system displays either channel
sedarately, adds channels algebraically, alternates _
between channels or chops between channels.

Tke design includes regulated power supplies and
FET input circuits which provide minimum drift

and fast stabilisation time —and that means accuracy!

You must agree with the thousands of present
us=rs that the D67 is the ideal choice and not just
anather 25MH z oscilloscope ?

Be first in the queue! Write or telephone now for full
sp=cification and demonstratior.
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Tektronix U.K. Ltd., Beaverton House,
P.O. Box 69, Harpenden, Herts.
Tel: Harpenden 63141
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Surveillance equipment must be
reliable. EEV camera tubes give you
long life and performance you
can depend on.

stand shock or vibration.
For special applications at low
light levels, or for detecting
radiation outside the normal
range of vision, EEV offers
1socons, intensifiers and pyro-
electric tubes.
The EEV camera tube range is
wide and growing. Every tube
incorporates the benefitsof EEV
experience : good picture geometry
and resolution with long life expectation.
photo surfaces. Special Write for type lists; or if you have a
rugged types are ' specific requirement, call Camera Tube
available to with- Sales at Chelmsford.
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Reliable operation — hour after hour,
year after year — is essential for closed
circuit cameras. You're more likely to
get thiskind of consistent reliability
from the camera tube experts: EEV.

EEV vidicons coverall TV
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Alienated music

Flectronics has had a much more profound effect on music than just the
wider dissemination it has made possible through broadcasting and records.
It has introduced an element of artificiality, which separates the composer/
performer from the listener more so than in previous centuries. In traditional
music-making the instrumentalist has direct control not only of the selection
of notes but of the energy which creates the sounds (e.g. by bowing or

blowing). . This direct control makes possible a marvellously subtle communi= .

cation, through the performer, between the seul of the composer and‘the
soul of the listener. When this direct control is.removed the music becomnies
alienated from both the performer (interpreting the: composer) and the
listener. The first stage of alienation, not very great, occurs :when a p.a.
systemr is used to amphfy musical sounds-—an-additional source of energy .
is introduced between performer and listener. Fhe second stage is: when the
p.a. microphone is replaced by a specialized transducer attached to an -
instrument, as in the electric guitar. A third stage is the replacement of the.

‘mechanical genération of sound by electronic generation, as in electronic

organs and synthesizers. The fourth stage of alienation is the removal of the
immediacy of the live performance: the human instrumentalist is abolished
and the composer of electronic music puts electrical waveforms onto magnetic

tape, to be played to the listener at some later time. o

Many of these new arts of music making have been accepted into our
culture. Composers using electronic processing in “serious” music, such as
Stockhausen, are considered respectable, if a little odd, by the musical world;
electronic music studios and courses have been introduced by universities
and colleges of music; and the electric guitar and sound synthesizer have
become common instruments in pop music. Nonetheless, some music lovers
regard these techniques as abominations, while many admit to an inability
to respond to the sounds produced. It is perhaps no accident that electronic
music is often used to induce atmospheres that are strange, remote, cold or
“cerebral” in films and broadcast programmes—typically in science fiction
material. The reaction against alienated music is probably due to a natural
conservatism in our aesthetic responses. It takes a very long time, and
perhaps a biological evolutionary process, for certain sounds—timbres, har-
monies, textures, etc.—to become meaningful to us. Conditioned as we are
to sounds pitched in certain scales, we find it difficult to accept as musical
the unpitched sounds which electronic generators are capable of producing.
Stravinsky’s Rite of Spring, now over sixty years old, is still considered
advanced music by many people. Some of the most successful electronic
organs are those which use digitally stored waveforms of the notes of pipe
organs.

Nevertheless, the new musical techniques made possible by electronics
cannot be rejected or ignored. They are part of our lives already. It may
be that alienated music truly expresses the alienation of man from his fellows
in a highly industrialized society (the result of the division of labour and
other technological changes). If this is so it may prove to be a genuine, and
indeed inevitable, development of traditional music.
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Electronic telephone exchanges

A review of techniques

by M. T. Hills

Department of Electrical Engineering Science, University of Essex

An introduction is given to modern telephone exchanges currently being installed or in an advanced
stage of development in Britain today. This article deals with the requirements of an exchange
which has to fit into the existing, predominantly electromechanical network and describes how
some of the functions may be usefully performed by electronics. A later article will deal with the
development of computer-controlled exchanges.

One of the most important facts about the
modern telephone system is the massive
size of financial investment and expendi-
ture that it involves. The British Post
Office has an investment of over £3,300
million in the telephone service of which
£450 million consists of telephone exchange
equipment. Current expenditure on replac-
ing old exchanges and installing new ones is
in excess of £200 million a year. When a
telephone exchange is installed it is designed
to have a life of between 20-30 years and
there are still many exchanges in the United
Kingdom which were installed before the
second world war and are still giving good
service. Hence the majority of telephone
exchanges are based on technology de-
veloped 20 or more years ago. New systems
are being developed based on modern tech-
nology and there is a gradual introduction
of them both here and abroad. They will,
however, represent only a small proportion
of the total until nearly the end of this
century.

This article outlines some of the types of
modern exchange design that are currently
being manufactured or under advanced
development and, in particular, those
systems which use electronics in some form.
It will come as a shock to many engineers
who work in fields outside telephony that,
with few exceptions, there are not yet any
completely electronic public exchanges in
service or even being developed. Although
electronic techniques are taking an increas-
ing role in the control of modern exchanges,
the actual switchis stillan electromechanical
device such as a cross-bar switch or reed-
relay (both described in more detail later).
The only exceptions are those exchanges
which switch the speech signals in digital
form using pulse code modulation (p.c.m.).

The retention of electromechanical de-
vices for analogue switches occurs because,
as yet, no electronic component has been
developed which can match the performance
of a pair of mechanically operated contacts
for the functions of a two-way switch with
low on and high off resistance, good band-

width and high power handling capacity,
together with low noise and economy.
Hence for some time to come these new
exchanges will only be a small proportion of
the network and when they are introduced
they must work with the old, existing net-
work. An immense amount of development
effort over the years has gone into the de-
sign of the older systems and, for all their

_ shortcomings, they do provide a very low-

cost solution to the switching problem.

Requirements of an automatic
exchange

The telephone system starts with the sub-
scriber’s instruments in his home or his
office. Each subscriber has his own pair of
wires which connect him to the local tele-
phone exchange. Sometimes, when the
subscribers are on a party line, two of them
share a pair of wires. If the instruments are
located in an office then there are frequently
private telephone exchanges in the office
which permit a large number of subscribers
to share a smaller number of exchange lines
as well as providing interconnection within
the office.

In the UK there are more than 6,000
local exchanges ranging in size from less
than 100 lines to 20,000 or more. Apart
from less than 50 manual exchanges still
existing, all these local exchanges are fully
automatic. When the telephone is not in use
there is a capacitor in series with a bell
across the line. This means that the exchange
can send an a.c. signal to ring the bell. In

order to make a call, the handset is taken off
the instrument and this operates a switch
which completes a d.c. path across the line
which in turn operates a relay in the local
exchange and starts the setting-up process.

The exchange returns dialling tone to the
subscriber and he may then dial his required
number. This consists of a series of short
break pulses on the line, the number of
pulses being equal to the number dialled and
occurring at ten impulses a second. Each
series of pulses is separated by an inter-digit
pause of at least 400ms; this minimum is
guaranteed by the mechanical construction
of the dial and is mainly the time taken to
pull the dial round to anew starting position.
The line conditions are shown in Fig. 1.

This is a relatively slow but highly
economic method of signalling. Push-
button telephones have been developed
and are in limited use. These signal the
required number by means of a pair of
tones as shown in Fig. 2. This provides a
much faster method of signalling but at an
increased cost for the subscriber’s instru-
ment as well as at the exchange. As will be
seen later, the majority of equipment in the
UK operates at dial-pulse speed and there-
fore little is gained by having a faster
input. The advantages of push buttons can
be obtained, however, with the modern
development of m.o.s. integrated circuits
which fit inside the telephone instrument
and remember the sequence of digits keyed
and then convert them to dial pulses. In this
case the telephone exchange is “unaware”

d.c. condition 66%ams 33%ams
\ ./ >400ms
L "—’I"! : (L
closed circuit 35
open circuit l /( /( >
— I i 1 TIME
seizure dial 3 mtgg;c;;glt dialj cltear down

Fig. 1 Signalling conditions from a dial telephone.
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of the fact that a push-button telephone
has been used.

At the exchange the equipment must
respond to the dialled code and connect
the caller either to a subscriber on the same
exchange or else to a trunk line leading to
the required exchange. With 6,000 local
exchanges, it is obviously not possible to
have trunk lines between each and every
exchange and it is necessary to provide
trunk switching exchanges. In the case of
a large city such as London where there
are around 300 local exchanges a number
of intermediate exchanges have been in-
stalled as shown in Fig. 3. In the London
area each exchange either has a direct
connection to every other exchange or else
via one or another of the intermediate
exchanges.

For long-distance calls on the subscriber
trunk dialling (s.t.d.) network the country
is divided into 450 areas, each of whichis
served by a trunk exchange called a group
switching centre (g.s.c.). Each local
exchange within this area has access to the
appropriate g.s.c. If a calil from one local
exchange is to another local exchange
within the same trunk area, but for which
a direct route does not exist, then it may be
completed via the g.s.c. There are a large
number of routes radiating from each group
switching centre to other group switching
centres and this permits calls from the local
exchange in one area to be routed to a
local exchange in another area. The majority
of long-distance calls made may be com-

The “‘Keyphone’’, a self-contained push-
button telephone using m.o.s. integrated
circuits, is a direct replacement for the
rotary-dial telephone (GEC Telecommuni-
cations Ltd.).

Electronic unit, employing large scale
m.o.s. integrated circuits for converting
push-button signals to decadic pulses,
complete with push-button assembly (GEC
Telecommunications Ltd.).

pleted by going through not more than three
group switching centres. There are, how-
ever, some group switching centres which
cannot be reached directly or via an inter-
mediate group switching centre, and in
these tases, until recently, the call would
have to be set up by an operator who knew
the required routine. At the present time
a new trunk transit network is being
introduced which will ultimately consist of
about 30 exchanges to which all group
switching centres will be connected. When

1336 1477 Hz
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spare buttons A—/

for special facilities
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Fig. 2 Layout and frequency code for a
push-button telephone.

Fig.3 (right) Use of main and local tandems
in areas such as London.

Fig.4 (below) Hierarchical routing of tele-
phone calls.
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completed this new. network will permit
fully automatic dialling from any exchange
to any exchange within the UK. This hier-
archical routing pattern is shown in Fig. 4.
A similar scheme is being developed inter-
nationally so that eventually there will be
fully automatic dialling between all countries
of the world. Considerable progress has in
fact been made and it is now possible in
many parts of England for subscribers to
dial their calls to a significant proportion
of Europe and to North America as well.
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In order to achieve automatic dialling
the telephone exchanges must perform the
following functions.

1. Detect calling condition.

2. Receive the dialled information.

3. If a local call, then set up the path
to the required subscriber and, if he is free,
send him ringing current; if busy then
send the “busy” tone to the calling sub-
scriber.

4. If the call is for another exchange
then the subscriber must be connected to
a suitable outgoing trunk circuit and any
dialled information forwarded to the other
exchanges en route.

5. The exchange must make sure that
the calling subscriber is charged for his
call.

6. The exchange must monitor both
subscribers to detect when either clears
down in order that charging may cease
and that the equipment is released.

A telephone exchange consists of three
basic functions:
® A switch to connect subscribers to-
gether or to trunk lines.
® Signalling equipment to pass informa-
tion between exchanges. )
® Control system to act upon the signalling:
information and operate the switch accord-
ingly.

The rest of this article outlines some of
the ways in which these functions are
performed and explains how electronics
is being used to improve their performance
and reduce their cost.

The Strowger system

Over 90% of the UK telephone exchanges
uses the Strowger system. This is named
after the American who first invented it
and is based on a mechanical switch which
can be stepped in two dimensions as
shown in Fig. 5. There are 100 sets of con-
tacts arranged in ten levels of ten contacts
each. The switch wiper is controlled by
two solenoids, one of which will step the
wipers up to a particular level while the
other will step the wiper around to a par-
ticular set of contacts within that level.

The mechanism is operated directly
from the dial pulses and these are directed
to the appropriate solenoid by means of a
relay circuit. A simple 100-line exchange
may be built with these devices whereby
the first digit steps up the wiper and the
second one positions it to the appropriate
subscriber.

Since subscribers are using their tele-
phones only a small part of the time, it is
uneconomic to provide selectors for each
subscriber. This is avoided in most systems
by providing each subscriber with a uni-
selector, which is a one-dimensional switch
as shown in Fig. 6. When the subscriber’s
line relay operates, this initiates a search
by the uni-selector to find a free first selec-
tor. In this way a large number of sub-
scribers may share a far smaller number of
first selectors, as shown in Fig. 7.

For greater than 100 lines, two or more
selectors are needed for each conversation.
In this case the first selector is stepped up
by the first dialled digit; it then steps
around automatically searching for a free
second selector which will respond to the
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Fig. 5 Strowger two-motion selector
mechanism.

next digit. - When the dialled code corres-
ponds to an outgoing routé, the selector
searches over the trunk circuits and con-
nects the call to the first free one.

The Strowger system is slow sinee it
actually works at dial-pulse speed. Conse-
quently the use of push-button telephones
will not save any time since the tones
would have to be converted to dial pulses.
Strowger is bulky and needs a consider-
able amount of maintenance, but it is very
economic.

Many other techniques to mechanically
position selectors have been developed
throughout the world. These were indi-

.
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vidual motors or, in some cases, common
rotary power with electromagnetic clutches
to move the selectors to the required
position.

Modern electromechanical systems
Cross-bar systems. An essential feature of
the Strowger system is that each selector
has its own set of control relays and its
own operating mechanism. This leads to a
very reliable system philosophy since a
fault in any one selector will cause little
disruption of the complete system. An
alternative approach to the Strowger
system, which was developed in the late
1930s, is based on the cross-bar switch,
Fig. 8. This consists of an array of switches
which may be operated on a co-ordinate
basis by means of solenoids arranged
along the vertical and horizontal axes.
This means that a connection may be
made in a much shorter time than the aver-
age time taken to position a selector. One
cross-bar switch will now handle the calls
for a number of subscribers and conse-
quently some form of common control is
necessary. i )

A switching system is normally
arranged in ranks of switches as shown
in Fig. 9. In order to set up the suitable
path the common control must operate a
number of individual switches so that a
calling subscriber is first connected to a
free link, which has access to a switch
which connects it to the digit reception
equipment. In this type of common control
system it is necessary to provide equip-
ment to receive and store the dialled infor-
mation, and this is called a register.

The sequence of operation of this type
of exchange is

1. When a subscriber initiates a calling
condition, this operates his line relay which
sends a signal to the common control.

ratchet wheel

Fig. 6 Uniselector mechanism (Post Office).
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2. The common control detects the call-
ing condition and finds a free transmission
bridge and free register. It then operates
the switches in order to set up a path be-
tween the subscriber and the selected
transmission bridge and the transmission
bridge to the selected register.

3. The register will then receive the
dialled digits and, when enough digits have
been received to decide upon the routing,
the register sends a signal to the common
control.

4. When a common control selects a
signal from the register it will find a free
path to the required subscriber or to re-

quired trunk circuit. Tt will then set up
the path, and, if it is an internal call, test
the state of the called subscriber. If busy,
then the common control will operate a
relay in the transmission bridge to send the
appropriate tone back to the calling sub
scriber. If the called subscriber is free a
relay is operated in the transmission bridge
to send ringing current.

5. The systems are usually arranged so
that when a subscriber clears down, the
path associated with that subscriber is
automatically released.

It may be seen that the common control
can only set up or complete one call at a
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time. However, it will only take a fraction
of a second to do this and therefore one
common control can service a fairly large
exchange. For the largest exchanges there
would be a number of common controls in
order to provide the traffic capacity.

The fact that a common control is used
means that the exchange system has a
greater liability to being made totally in-
operative in the event of a fault within the
common control. In a public exchange this
usually implies that a certain amount of
duplication and redundancy is provided for
in these common controls. The development
of cross-bar systems has reached the stage

selectors uniselectors

Fig. 7 Simplified diagram of a 100-line
exchange.
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where they achieve the same level of
reliability as the dispersed control Stowger
system. The major advantages of a cross-
bar system are that they require far less
maintenance and operate much faster than
the Strowger system.

There are a number of cross-bar
.exchanges in the UK and they are used for
all larger new exchanges and for the new
trunk exchanges. However, the majority of
telephone exchanges are in fact extensions
of existing exchanges, and this implies that
the only economic course of action is to
extend them with the same technology as
they were originally built, i.e. Strowger.
Reed-relay systems. More recently cross-
bar-type systems have been constructed
using matrices of reed relays. This type of
relay consists of a pair of soft iron contacts
encapsulated in a glass envelope which is
filled with some inert gas (Fig. 10). When
these contacts are placed within a magnetic
field the soft iron magnetizes and they
attract each other to make a connection.
In practice a number of these inserts may
be placed within a single coil to provide
simultaneous switching of four or more
paths.

One of the major advantages of reed-
relay systems is that their speed of operation
is very much faster than that of cross-bar
systems. For instance, a reed relay may
make contact within a few milliseconds
from the energization of its coil. The
typical cross-bar system will take several
hundred milliseconds. Another major
advantage is that the reliability of the con-
tacts is very much higher than for a cross-
bar system since the contacts are totally
encapsulated.

Reed-relay systems have similar struc-
tures to cross-bar systems but take advan-
tage of the greater flexibility of matrix size
that is possible with reed relays. Also they
are more amenable to some form of elec-
tronic control since their coils need less
power to operate than do cross-bar
switches.

In the UK, reed-relay systems are being
installed and over the past few years over
400 small exchanges (up to 2000 lines)
called TXE2 have been built. Plans have
now been agreed to use a reed-relay system
called TXE4 for the large exchanges and
these will be introduced in quantity from
about 1976.

Electronic systems
Electronic switches. Electronics has always
seemed an attractive candidate for switches
in view of the small size and easy con-
trollability of transistors. Early experiments
in the UK led to the use of an experimental
time division multiplex exchange, the prin-
ciple of which is shown in Fig. 11. In this
system each subscriber is connected to a
common highway by means of a transistor
switch. To connecttwo subscriberstogether,
the common control has merely to open the
two switches at the same time for a short
period. So-long as the sampling rate is
greater than twice the highest audio fre-
quency transmitted, time division may be
used so that a number of pairs of subscribers
can use the same highway.

Since this is effectively utilizing pulse
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Fig. 10 Principle of operation of a reed
relay.
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Fig. 11 Much simplified diagram of time
division multiplex switch.

amplitude modulation, it is necessary to
provide low-pass filters to band limit the
signal prior to sampling and to reconstruct
the signal after it has passed through the
highway. Because of the powerloss involved
in sampling some form of amplification is
usually necessary and this complicates the
simplified picture shown in the diagram.
In the experimental system developed in the
UK there are 100 time slots on a highway,
which permits a maximum of 50 simul-
taneous conversations since a time slot is
needed for each direction of conversation.
This obviously only caters for a very limited
exchange size, and in a larger system it is
necessary to have several highways and
switches between the highways to inter-
connect subscribers who are connected to
different highways. In practice a large
exchange would need several stages of
switching and this resulted in practice in
rather poor transmission quality. A further
problem was the necessity to continue
working with existing telephone instruments
which need d.c. current to activate them
and which need very large ringing currents
for their bells. This meant that relays were
needed in each subscriber’s line unit to
provide these conditions since they could
not be handled by the transistors-and there-
fore increased the cost of the system.

This type of system has not been found
to be very satisfactory for public local
exchanges although some privateexchanges
have been developed on this principle.
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Recently there has been anincreased interest
in the use of solid-state switches in matrices
similar to cross-bar or reed-relay systems,
without the use of time division.

There will be a very important role for
electronic switches in the trunk exchanges
of the future. This is a result of the develop-
ment of pulse-code modulation (p.c.m.)
for inter-exchange transmission systems.
In a'p.c.m. system the signals are converted
to digital form by means of an analogue-
to-digital converter. The digit streams
corresponding to the large number of
independent conversations are then time
divided on to a high-speed digital link. At
the other end of the link the digits are
converted back by a digital-to-analogue
converter. The advantages of p.c.m. are
that a larger number of speech channels
may be provided down an existing pair of
wires at lower cost. When a number of
p.c.m. trunk systems are connected to the
same trunk exchange it becomes feasible
to switch the speech channels in digital
form through the exchange. This will save
the cost of converting the signal back to
analogue, switching it in analogue form
and then reconverting it to digital for the
outgoing route. Since the signal is in digital
form it is straightforward to switch this by
conventional means without any of the
transmission impairment that is involved in
pulse amplitude modulation. Also, since
this is a trunk exchange, there are no
problems of ringing current or d.c. feed
since these functions are provided by con-
ventional local exchanges.

In the UK there are at present two
experimental p.c.m. exchanges in public
service. In the future, as the number of
p.c.m. transmission systems is increased,
there will be development of p.cm.
exchanges. It is unlikely, however, that
there will be any significant number of
this type of exchange before 1980.

Therefore today, with very few excep-
tions, all modern telephone exchanges use
some form of electromechanical switch.
These are based either on reed relays or
miniaturized cross-bar switches as well as
the more conventional designs. However,
electronics has found an increasing use on
the control side of exchange systems.
Electronic control. Electronic sub-systems
have been gradually introduced into
exchange systems over the past 20 to 30
years. Until recently the main application
was for what are called register-translators.
These are equipments designed to provide
for a uniform numbering scheme within a
large city such as London and also for
subscriber trunk dialling. From the user’s
point of view it is obviously desirable that
the code he has to dial to obtain another
subscriber is the same regardless of where
he dials it. In practice this aim is relaxed
slightly, in that a shorter version of a dialled
code is usually used for local calls whereas
the full version is used for s.t.d. In fact, the
long-term international aim is that with the
addition of a country code the same number
will be valid anywhere in the world.

In a large city such as London it may be
seen from Fig. 3 that the route taken to
reach a particular exchange is highly depen-
dent upon the originating exchange. In the
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London area each subscriber is allocated a
three-digit code, indicating the exchange,
followed by a four-digit code indicating the
subscriber’s number on that exchange. In
order to provide the necessary routing,
equipment is needed in each exchange
which will store the three-code digits and
then apply to an internal “look-up” table
to find the particular routing to the required
exchange. This route is set up by pulsing
out up to six routing digits which will
connect the subscriber to the appropriate
outgoing trunk line and route him through a
tandem exchange if necessary. While this
routing is occurring the subscriber will be
continuing to dial and the four-digit
numerical portion of the number must be
stored until the routing is finished. The
numerical portion must then be regenerated
to operate the remote exchange.

Early equipment to provide this function
was based on two motion selectors and
uniselectors together with relay control.
However, this function is a natural candi-
date for electronics since a large amount of
storage is necessary for each call in the
process of being set up and “look-up”
tables are needed. One popular system is
based upon the use of magnetic drums
which store dialled information together
with the “look-up” tables. One drum
contains enough storage and equipment to
service 48 calls simultaneously.

Similar equipment is needed at the
group switching centre in order to provide
s.t.d. facilities. In addition this equipment
will also determine the call charge and set
a relay in the trunk circuit to send meter
pulses back to the subscriber at the
appropriate rate.

One simple example of how electronic
circuits may be used is shown in Fig. 12,
which is a simplified diagram of an
electronic dial pulse receiver. This takes as
its input a relay contact which is operated
by the short pulses generated by the dial
mechanism, and the output is a four-bit
binary number giving the dialled digit.
This type of circuit could be used as an
input to an electronic register translator.

The operation of the circufit is as follows.
The contacts, A1, of the line relay follow the
dial contacts and the state of line is con-
verted into logic levels by an input bistable
circuit. One output from this bistable is fed
to a four-bit binary counter which steps
each time a break pulse occurs. Each time
the line goes open-circuit the transistor in
the inter-digit pause timer conducts and
discharges the capacitor. When the line
goes closed-circuit, this transistor is cut off
and the timing capacitor charges. Provided
a further break pulse occurs within 100ms,
the capacitor is discharged again and -the
voltage across it never reaches the trigger
level of the Schmitt circuit. However, if the

line

_A double coit
1 relay

Fig. 12 Simplified diagram of an electronic _L I

line remains made for longer than 100ms
then the Schmitt circuit will trigger and
indicate that the dialled digit has been
received. The output from the counter may -
then be strobed into the next part of the
system and the counter reset.

If the line remains open-circuit for
longer than 200ms the clear timer will
generate an output and reset the counter.

Acknowledgement. 1 am grateful to Mr
N. Horton who developed the circuit
upon which Fig. 12 is based.

(To be continued)

Frequency allocations
wallchart

A wallchart showing frequency allocations for
the UK and Europe is the subject of aspecial
offer made by coupon in this issue. Designed
by Wireless World and printed in colour, the
chart covers the electromagnetic spectrum from
3kHz to 300GHz. It is scaled on eight log-
arithmic bands containing 15 main categories
of transmissions identified by colours. All the
important spot frequencies are marked, as well
as “special interest” frequencies. The special-
offer price, available only to readers of
Wireless World, is 30p including VAT, postage
and packing. Normal price is 80p including
VAT, postage and packing. See advertisement
page a68 for details of how to order the wali-
chart.
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News of
the Month

Motorway menace reduced

Reliable and relatively cheap instruments
for measuring atmospheric visibility on
motorways have been developed at the
Atomic Energy Authority’s Harwell re-
search centre. The Visirange visibility
meter is designed as an aid for routine
traffic control, whilst the Visiplan system
records visibility at selected points for
pre-construction route planning.

Both instruments operate by measuring
the loss of contrast in an illuminated target
when viewed from a distance, and they
differ mainly in their optical path lengths

Prototype of the new Bedford heavy-truck range undergoing ride and vibration tests on the

and in the type of output signal which they
give. In both, the target consists of a
brightly lit strip, bounded on both sides by
black edges. Images of the dark and light
parts of this target are projected onto a
pair of photo-electric detectors in the
receiver. The presence of fog in the light
path between the target and the receiver
decreases the contrast between the dark
and light parts of the target and the
difference in output from the two detectors
is reduced. Measurement of this differential
can be related to meteorological visibility.

The Visirange meter is a low cost instru-
ment particularly suited to routine
measurement of visibility levels over the
range 1 kilometre to 5 metres or less. The
optical path length is only 2 metres, allow-
ing the target and the receiver to be
mounted in the same integral frame. The
output of the instrument can be used to
raise alarm signals at preset levels, to relay
information to the police or to bring
appropriate speed limit signs into auto-
matic operation.

The Visiplan fog recording service is
operated by Harwell and is designed to
provide a long-term record of visibility
conditions at key points along the pros-
pective motorway route so that, during
the planning stage, due account can be
taken of fog incidence.” To cover the
increased range of visibility required in this

“‘road simulator’’ at the National Engineering Laboratory, Scotland. A computer is used

to pin-point peak areas of vibration within the truck.
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application—10 kilometres down to 50
metres—the instrument is in two parts
with the target section sited about 50
metres from the receiver. The output of the
instrument is fed to an automatic recorder.

Link scheme success for
schools

The National Electronics Council Link
Scheme for schools has been functioning
now for nearly two years. During that
time the co-ordinator has established
about a hundred links. The success of a
particular link has depended to a large
extent on the enthusiasm of both parties
involved. In some cases, apart from the
occasional technical enquiry by telephone,
little assistance has been asked for. In
other links, however, the teacher has fully
utilized the offer of help by involving the
engineer in advising and even supervising
pupils undertaking projects.

With the increased interest in electronics
at CSE and A-levels, there is now an even
greater requirement for experienced and
enthusiastic engineers from industry,
research establishments and higher educa-
tional institutions to offer help to their
local schools. Apart from improving the
general education background of all pupils
at school, it will eventually lead to an
improvement in the basic knowledge of
new recruits to the electronics industry.

Consequently any offer of assistance
will be gratefully received by the co-
ordinator of the scheme, Mr P. D. Noakes,
Department of Electrical Engineering
Science, University of Essex, Wivenhoe
Park, Colchester CO4 3S0.

Television Society
awards

The Royal Television Society’s gold medal
for outstanding contributions to television
was awarded to Dr Walter Bruch by Prince
Philip at the Society’s annual ball on May
28. Dr Bruch, inventor of the PAL system,
is chief of basic television research at AEG
Telefunken, Germany. I. J. Shelley, BBC,
and N. W. White, Marconi Instruments,
received the Geoffrey Parr award for
their work on the design and development
of automatic monitoring and control
equipment for unattended transmitters.
The John Logie Baird travelling scholar-
ship was awarded to Peter J. Best, a post-
graduate student at the University of
Manchester Institute of Science and "
Technology, who is at present doing
research in medical electronics for his
Ph.D. degree.

Dr Jacob Bronowski received the
Society’s silver medal for his series of
television programmes “The Ascent of
Man” which he wrote and presented. (Some
of the photographs in Dr Bronowski’s book
based on this series are by Paul Brierley,
who frequently provides front-cover photo-
graphs for Wireless World.)

Stereo radio for Scotland

The BBC network of stereo sound distribu-
tion circuits has been extended to central
Scotland, making it possible to broadcast
in stereo from the v.h.f. radio transmitters
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Some of the equipment installed in the Radio Clyde control room, Glasgow. The tape

machine shown is supplied by Bias Electronics who can also provide a version which gives
a delay of 8 seconds at 7% i.p.s. This facility is useful for monitoring and editing live

“‘phone-in’’ programmes as necessary.

serving the areas around the main stations
at Forfar, Kirk o’Shotts and Ashkirk.
Most Radio 2 and Radio 3 programmes
and some Radio 1 (when on v.h.f. using
the Radio 2 transmitters) and Radio
Scotland programmes are produced in
stereo.

Scottish stereophonic transmitters

R1/2 R3 R Scotland
Kirk o'Shotts 89.9 92.1 94.3
Ashkirk 89.1 91.3 93.5
Ayr* 88.7 80.9 93.1
Campbeltown 88.6 90.8 93.0
Forfar 88.3 90.5 92.7
Lochgilphead 88.3 90.5 92.7
Milburn Muir* 88.8 91.0 93.2
Perth 89.0 91.2 93.4
Pitlochry 89.2 91.4 93.6
Rosneath 89.2 91.4 93.6
Toward 88.5 90.7 92.9

*New stations opening during 1974,

Quadraphony—experimental
broadcast

To enable those who are interested to hear
a number of recent BBC quadraphonic
recordings, there will be an experimental
broadcast from 12.05 a.m. to 1 a.m. on the
early morning of Saturday, July 6. Two
groups of stereo transmitters will be used,
Radio 2 carrying the left and right front
signals, with Radio 3 carrying the left and
right rear signals. To take full advantage
of the quadraphonic transmission, listeners
will require two complete stereophonic
receivers, one of which should be tuned to
Radio 2, feeding the front speakers; a
second stereo receiver tuned to Radio 3
should be connected to the rear speakers.
It is realized that very few listeners will have

two stereophonic receivers, but it is possible
that in some cases friends and neighbours
might wish to pool their resources. No
alteration in the loudspeaker wiring of a
stereo system is required. The rear left
signal will be transmitted through the con-
ventional right channel.

In the absence of a second stereo
receiver some interesting, though not
representative, results could be obtained
by using a mono v.h.f. receiver to provide
the rear information; alternatively a medium
wave portable could be used, although the
results will then be even less representative.

V.h.f. transmitters which. are not yet
equipped for stereophony will carry the
experimental programme in mono. While
the two v.h.f. networks are carrying the
special programme, “Night Ride” will con-
tinue on 1500 and 247 metres.

The special programme will include a
variety of different musical items as well as

some drama and outside broadcast material.

The BBC would be grateful for reports from
listeners who are able to hear this experi-
mental broadcast.

It must be emphasized that there is no
possibility of a regular quadraphonic
service on the basis of two separate
transmitter networks, but the BBC will
continue its investigations into the possi-
bility of a system to provide quadraphonic
programmes from a single transmitter, with-
out degrading the results obtained by those
with mono or stereo receivers.

Safety on the Tees

Teesport, destined to become one of the
major oil terminals in the UK, is to be

171

made safer with the installation of a
hydrographic survey system to the already
thriving port in the North East of England
which will, in the near future, handle many
more large tankers when the oil from the
giant Ekofisk field is piped ashore just
south of the River Tees.

The system will enable sounding charts
to be produced within hours of a survey
instead of days wusing conventional
methods, and also enable dredgers to be
deployed more efficiently.

Fitted on board the survey launch will
be a data logger, an echosounder and
navigation aids. The data logger records
depth, position fixing and time information
on cassettes of magnetic tape. On com-
pletion of the survey the magnetic tapes
are taken ashore and fed into a processor
which converts the recordings into a
sounding chart using a flat bed plotter. The
system, known as Hydroplot, will be
supplied by Marconi Space and Defence
Systems Ltd.

Electronic Component
Show ’75

The 24th international London Electronic
Component Show, is to be held May
13—16, 1975 at Olympia, London. Three
main exhibition halls at Olympia will
provide a stage for the latest developments
and products in the electronics and
associated industries. The show is spon-
sored by the Radio and Electronic Com-
ponent Manufacturers’ Federation.

The next Instrument Electronics and
Automation Exhibition, which alternated
annually with the Component Show at
Olympia, will be held at Birmingham’s new
£20m National Exhibition Centre.

Future telecoms challenge

A recent study has given some indication
of the electronic components that will be
needed by Post Office equipment makers
during the 1970s. Requirements for active
components are likely to rise from about
£45m in 1974 to £120m in 1978. A similar
growth in passive components is also
expected. This is due to a radical change in
manufacturing techniques resulting from
the decision to replace electromechanical
Strowger equipment in telephone exchanges
by electronic equipment. Instead of pur-
chasing and processing raw materials like
steel, copper, textiles and plastics the
emphasis will shift to the assembly of
bought-in electronic components.

As a pointer to the level of growth, the
Post Office last year added nearly a
million new exchange line connections to
the network, whereas it took about 40
years to reach the first million. Strowger
equipment should be completely replaced
by the 1990s.

With the aim of developing and planning
Britain’s telecommunications services of the
future with greater effectiveness, the Post
Office is regrouping part of its research and
development resources into a new depart-
ment. The department—Telecommunica-
tions Systems Strategy—is to create an
overall strategy for the co-ordinated
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development of new telecommunications
systems, with the aim of securing the best
and most economic service.

Fall in TV deliveries

Deliveries to UK distributors of UK-made
colour television receivers reached 600,000
in the first four months of 1974, represent-
ing a 10% fall compared with the same
period of 1973, according to the latest
statistics compiled by the British Radio
Equipment Manufacturers’ Association.
UK-made monochrome TV deliveries
during January to April 1974 were
208,000, compared with 371,000 for the
first four months of 1973, a fall of 44%.
These figures apply to deliveries made to
specialist, rental and relay companies and
exclude imported deliveries.

Water Music

COMBINING sheer vulgarity with radio is
the Binatone “Little John” for use in the
toilet. Set-incorporates a loo-roll holder
and has an output of 500mW from a 2}in,
8-ohm speaker. Powered by a 9V battery
with space for a spare in case caught short,
this novel radio is available in three
colours. These are: pink, ivory or mustard.
Set tunes over the medium wave only, and
is fitted with a ferrite rod aerial. The
receiver costs £5.75 and is available from
J. Parkar and Co (London) Ltd, Parkar
House, Beresford Avenue, Wembley,
Middlesex. (Tel: 01-903 521 1).

-------

Quadraphonics news—
UD-4 to be launched

Nippon Columbia Co Ltd have announced
completion of development of their QMX
disc record for surround-sound repro-
duction. The finalized system, called UD-4,
will be marketed late this summer in Japan
and is planned for release in Europe toward
the year end. UD-4 records, as well as
studio and playback equipment, will be
available from Nippon Columbia. Fifty
records will be released this year.

The system, which can be viewed as
combining the merits of the two-channel
matrix approach with those of the dis-
crete technique, was briefly described in our

Berlin report (pages 543/4 November 1973
issue) and we plan to describe the system
in more detail in a later issue. To sum-
marize, UD-4 records are “four-way”
records. They can be played in mono with-
out directional anomalies; they can be
played on conventional stereo players;
they can be played in the two-channel
surround-sound mode with a relatively
simple matrix decoder; and with addition of
a suitable pickup and demodulator (also
fitted with a CD-4 facility) to recover the
carrier-channel information and effectively
provide a “discrete” performance. As we
have remarked before, it is an elegant
system and one that, at least, “. . . might
make the future of CD-4 less certain”
(Letters, March 1973 page 118).

Incidentally, as a bonus, Nippon
Columbia should be able to claim that
theirs is the only equipment that will
play all current quadraphonic disc re-
cordings, making such claims by com-
petitors void!

The system was demonstrated to the
trade for the first time in the UK by
Nippon Columbia and Johnsons of Hendon
at the May radio shows.

Meanwhile, introduction of CD-4
records is being accelerated this year. At
May Ist the total number of CD-4 records
was 501, with 129 American titles and
372 Japanese titles. Announcing plans to
release a further 50 records at a recent
CD-4 “up-date” organized by RCA, WEA
and Matsushita, RCA said a new vinyl
record compound had been developed—
an improved one over that reported in
the September 1972 issue, page 424—
that provides “exceptional wear character-
istics, superior audio properties and a
high degree of stability under varying
mould conditions™. They are now seeking
collaboration with chemical suppliers with
a view to further cost-reducing improve-
ments. It was also disclosed that a new
“CD-4” integrated circuit had been pro-
duced that is incorporated into a new
(June) line of RCA CD-4 players in the
USA. (This is in addition to two Signetics
chips already developed, one for the
Victor Company of Japan and one for
National Panasonic/Quadracast Systems.)

RCA claim they can now extend play-
ing time to 28min and achieve baseband
levels to within 1dB of conventional
records.

More records with side sound images
are being made by RCA (the latest Frank
Zappa recording for instance) but sitting
a little off-centre at the recent demon-
stration showed how unstable these were,
appearing to come from the back corner
speakers if one was nearest to them. One
obvious consequence of this is that sound
sources panned around 360°—presum-
ably at constant speed—appear to linger
at speakers, followed by a quick jump
between them (especially noticeable with
the Hugo Montenegro rotating carousel
effect). It is often difficult to say exactly
where a sound image is supposed to be.

It became clear that various companies
are at the prototype stage in working to
produce ceramic cartridges capable of
recovering the high frequencies on carrier-
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channel records. At the same time a new
Shibata stylus was announced that will
sell at $2 in Japan on an o.e.m. basis.
This stylus, titanium bonded for im-
proved strength of adhesion and resistance
to corrosion, weighs less than half of the
turrent iron-bonded type. These two de-
velopments are evidently aimed at securing
penetration of carrier-system reproduction
equipment at the low-cost end of the
market.

A new, simplified, cutter system will be
available from the Victor Company in
September with various improvements that
include changed cutter dimensions (e.g.
back angle from 45° to 35°), and adoption
of two Neutrex systems instead of one.
This last-mentioned move is claimed to
improve difference-signal response to
—3.3dB (from —6dB) at 10kHz and re-
duce distortion of this signal to 1% from
5 to 12kHz, previously 4 to 5% for
comparison (levels are not quoted). This
mark 2 version will cost $40,000, as
opposed to $60,000 for mark 1. -

Satellite launcher guidahce

The Ariane programme, aimed at develop-
ing a European satellite launcher capable
of placing a 750kg geo-stationary satellite
in orbit by 1980, is expected to extend
over a seven-year period with subsequent
production envisaged at two launches per
year. The inertial guidance sensing for the
satellite launcher is to be supplied by
Ferranti.

The sensor chosen is a two-box system.
One box contains the inertial platform and
the second contains the control, computing
and power supply circuitry necessary for
operation of the inertial platforms plus the
appropriate circuitry needed to provide
signals to and from an interface module
and for telemetry.

The inertial platform consists of a
central instrument cluster isolated from
the vehicle angular motion by gimbals. The
instrument cluster consists of three single-
axis gyroscopes and three single-axis
accelerometers. Vehicle acceleration is
measured by the three accelerometers
along three mutually perpendicular fixed
axes. A digital computer then uses this
information to calculate instantaneous
vehicle velocity and position, and generate
the steering demands necessary to achieve
the required orbit.

Briefly

Motorola in Warrington. Plans have been
announced by Motorola Electronics for a
major manufacturing and engineering
facility for its communications systems
products at Warrington in NW England.
Mini-film on resistors. “METAL FILM
RESISTORS” is a new I6mm seven-
minute colour film, dealing with the manu-
facture of metal-film linear resistors. It is
available on loan from the Mullard film
library.

Next IEE president. Mr J. H. H. Merriman,
CB, OBE, Msc, Board Member for Techno-
logy and Senior Post Office Development
Director, will take office as President of the
Institute of Electrical Engineers on October
1,1974.



Wireless World, June 1974

173

Sensitive f.m. tuning indicator

Simple to use indicator with one lamp

by J. A. Skingley
Plessey Company Ltd, Swindon

Based on the indicator circuit used in the f.m. tuner design published in the April and May issues,
this circuit is suitable for connection to other tuners. The circuit uses a third transistor connected
to a long-tailed pair to feed a single l.e.d. that has maximum brightness when in-tune: a simpler

system than the two-lamp kind.

The need to provide a sensitive indication
of the state of tune is apparent to anyone
who has tried to tune-in an f.m. set without
this facility. There are usually three points
associated with each station where an
audio output is obtained, these corres-
ponding to the three slopes of the S-curve
of the detector. The outer two of these
are usually distorted but are frequently
mistaken for the correct tuning position,

especially on cheaper sets. Having found.

the centre of these, it is difficult to deter-
mine the exact point of tune; the sound
amplitude or bandwidth being of much
less help than in the case of a medium-
wave receiver. The increase in stereo
broadcasting heightens the need for
accurate tuning if the full advantage of
this mode of reception is to be obtained.

The main problem of providing a tuning
aid with an f.m. receiver is that there is no
voltage or current available, as in an a.m.
receiver, that can be monitored and
maximized to give the correct tuning point.
The amplitude information has been
eliminated by the limiting i.f. amplifier,
so that the only available voltage at the
detector is a function of the tuning error.
This does not pass through a maximum
but linearly traverses a voltage range, the
centre of which is the correct tuning point.
Early methods of using this consisted of a
centre-zero moving-coil meter connected
between this varying voltage and a
reference point. The meter was then
adjusted to its centre for correct tuning.

The method of Fig. 1 similarly uses a
reference voltage, but this time a long-
tailed pair of transistors is used as a
comparator, two light-emitting diode indi-
cators being used to show balance and
hence the correct tuning point. In this
case, adjustment is made until the two
lamps are of equal brightness.

The disadvantage of both of the above
methods is that their method of use needs
to be relearned, as neither relies on
adjustment to a maximum indication which
is the traditional mode of tuning indication
and one which is therefore readily under-
stood by the non-technical user.

The circuit of Fig. 2 overcomes this
disadvantage by providing a maximum
indication at the correct tuning point and
by using only a single lamp. Here, a third
transistor has been added to the long-
tailed pair and it is this which is uséd to
drive the lamp. The operation is as
follows.

If the input voltage is equal to the
reference voltage, i.e. at the correct tune
point, and assuming that the volt drop
through R, and R, is negligible, then all
three transistors will conduct equally

because the matched devices will have
equal

base-emitter voltages. The tail

g reference

Fig. 1. Conventional two-lamp indicator
requires adjustment of receiver tuning for
equal brightness.
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Fig. 2. New circuit permits tuning for
maximum brightness of a single lamp by
addition of a third transistor.

current, determined by R; and thereference
voltage, will therefore be split equally three
ways. If the input voltage is raised above
that of the reference then Tr; will conduct
more and 7Tr; less, as in a normal long-
tailed pair. The common emitter voltage
will rise, since the Vg, of Tr; will decrease
with its current. The base-emitter voltage
of Tr, will also decrease, as its base
voltage rises by only half of the input
voltage rise, while its emitter must follow
the other two. Therefore the current in
Tr, falls and the lamp dims.

Because the circuit is symmetrical the
same thing happens when the input is
reduced, this being the equivalent to
increasing the reference voltage while
keeping the input fixed. Thus the lamp is
at maximum brilliance when the input
equals the reference voltage, i.e. when the
set is tuned.

The circuit as it stands has two dis-
advantages. Firstly, because three tran-
sistors conduct equally at balance, three
times the lamp current is consumed by the
circuit. Secondly, the value of R, and R,
must be low and this will present an
excessive load to the detector output.

Both of these criticisms are overcome
in the circuit of Fig. 3 which operates on
the same basic principle. Input impedance
is increased by Tr, and Trs;. Current
through these is determined by the base-
emitter voltage of 7Tr, and Tr; and
resistors R; and R, respectively. This
current is virtually constant over the
normal range of indication. Resistors R,
and R, which also carry this fixed current,
drop Vi of Tr, and Tr; by about 60 mV
below that of Tr,, thus ensuring that these
devices conduct only one tenth of the
current of Tr, when the circuit is balanced.
This technique is only possible because of
the well-matched base-emitter voltages
of the integrated transistors. Most of the
tail current is thus passed to the lamp and
the supply current minimized. Transistors
Tr, or Tr; pass the tail current direct to
the supply line when the set is out of tune
and the circuit unbalanced.

The circuit of Fig. 4 shows the method
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Fig. 3. Additional components reduce current drain of Tr, and Tr, by an order of
magmtudeand increase mputzmpedance (T ranszstors aremtegrated )
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Fig. 4. Used with the SBA750 i.c., the reference can be dispensed with as the output
is differential.
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of connection to the SBA750 limiting i.f.
amplifier and detector. The bias available
from pins 10 and 11 is about 8V, causing
a tail current of 25mA, thus supplying
about 20mA to the l.e.d. These pins are
the detector output and since this is
differential, the reference can be eliminated.
Instead, pins 10 and 11 may be directly
connected to the bases of Tr, and Tr; of
Fig. 3.

If this indicator is being added to an
existing receiver, a check should be made
that the power supply can deliver theextra
current. If a dropping resistor is used in
the supply, it is better to connect the
indicator to the unregulated end of this.

The device used is the Plessey SL3046
five-transistor array, a plastics-cased
version of the SL3045. These devices, in
common with all integrated circuits, have
a substrate connection which must be
connected to a voltage more negative than
that which any other part of the array
can ever reach. Usually-the negative supply
rail is the most convenient and safe place..
In this case, however, to save on the’
number of pms, the substrate is mternally )

- jconnected to one of the emitters. Fhis-

transistor is therefore used for Tr;.
Fig. 5 shows a. plot:.of lamp current '~
input vo_ltage relative to the
voltage.. “This °, referefice is
normally ' made wariable and adjusted.
the " receiver.. for
maximum brilliance at the cofrect tuning -

..point. The circuit is unaffected by the
_presence of audio gn the detector output,

but this may be filtered first if desired.

In action the indicator is easy to use
givirig a very clear, sensitive indication of
the correct tuning point within a few
millivolts and is much easier to set than
the two-lamp system. In addition, despite
the slightly higher transistor costs, the
saving of one lamp makes this circuit
cheaper and is a good example of the
effective use of integrated transistor arrays.

Components

R,, R, 470Q 10%

R; 270Q 10%

R,, R, 1000 10%

R;, R, 680Q 10%
8 3.3kQ 10%

R, 1kQ pre-set

Ry 6.8kQ2

o 0.1pF

transistors SL3046

lLed. 5082-4403

Actual-size printed board for circuit of Fig. 3, and pin connections for the i.c.
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Tape recording and the law

-How reliable are magnetic recordings as evidence?

by Hugh D. Ford
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Some countries accept magnetic recordings as evidence in their courts of law; others do not
accept them. This article reviews some of the problems of detecting recordings which have been
tampered with, and in particular the problem of detecting copies of recardings. The author
concludes that while some forms of tampering can be detected others cannot be detected, with
the result that magnetic recordings should be treated with great caution in evidence.

Before examining the possible methods of
detecting edits or other forms of tamper-
ing with the intelligence of recordings it is
necessary to consider the methods by
which recordings presented in courts of
law are made. To an audio engineer the
first thing that comes to mind is a record-
ing made in a proper studio under ideal
conditions and using first-class equipment
—1I have never heard of such a recording
being challenged in court.

In practice I have come across a few
recordings made using Nagra [IIs and
Nagra SNN recorders. However, in my
experience, the common equipment stan-
dard is something like a pocket dictating
machine being carried up and down the
main shopping street in a briefcase full of
rattling keys, rustling papers and anything
else that one can think of that makes a
random background noise! There are of
course some recordings that reach a rea-
sonable amateur standard, but the normal
quality is poor with unintelligible speech
in at least some parts and excessive back-
ground noise which more often than not
has a wide frequency spectrum and a large
dynamic range.

The law about tapes
At the time of writing the English law
allows magnetic recordings as evidence
in courts of law, provided that two con-
ditions are observed:

1. Either a tape must be an original
recording, or there must be some good
reason ‘why the original cannot be pro-
duced in court.

2. The continuity of handling of a tape
must be fully accounted for from the
time of the recording to the time of pro-
duction of a recording in court.

These two essential requirements origi-
nate from the law about the use of photo-
graphic evidence and do provide a certain
amount of protection against the use of
edited recordings or other forms of
tampering. However, in practice it is the
continuity of handling that bears great

weight in court—and this factor depends
upon witnesses, who may not be above
suspicion, telling the truth.

This is where the “expert witness” comes
on the scene and is faced with the pro-
blems of deciding whether or not a
recording is in fact an original recording,
and in either case whether the recording
has been altered in any material way. He
may also be faced with other problems
such as assisting with making a written
transcript of very poor recordings, provid-
ing “cleaned-up” versions of the original
tape for replaying to the jury, and most
important, advising upon the shortcomings
of any recording methods that may have
been used.

The latter problem is in my opinion
extremely important if proper justice is to
be done because there are circumstances
where the likelihood of tampering with a
recording is remote but the method of
making a recording can produce deceptive
results. For instance, a relatively clear
recording was made of the conversation
between one alleged culprit and a police-
man armed with the recorder and sitting
in the back of a car with him. The other
alleged culprit was driving the car and
said that he did not hear the conversation
in the back of the car and did not know
what was happening—if he had known
he would probably have been found
guilty of bribery.

If this recording had been replayed in
court without any technical advice the jury
would have been convinced that the con-
versation was clear and would have been
heard by all the persons in the car. But
an explanation in court of the function of
automatic gain controls and microphone
characteristics convinced the jury that the
conversation might well not have been
heard by the driver; on this evidence he
was found not guilty.

Magnetic recordings are not yet very
common in the English.courts of law, and
those that do appear have usually been
made by.amateurs in tape recording. How-

ever, while magnetic tape is used by the
British police as an aide memoire, there
is a movement towards using magnetic
recordings for interviewing suspects and
for recording their statements. It is my
opinion that considerable care must be
taken if this procedure is to be adopted,
for while we are blessed with a relatively
honest police force there are criminals
within the police who might be tempted to
tamper with evidence.

The final legal aspect is the likely
penalty for tampering with magnetically
recorded evidence. At the moment the
production of falsified evidence is treated
as perjury, which carries fairly severe
penalties. Consideration is, however, being
given to the possibility of treating the pro-
duction of falsified magnetic tapes as
forgery, which attracts far more severe
penalties because the act of forgery is
essentially premeditated.

The problem of tape copies
The assumption that copies can be detected
gives a degree of protection against edited
tapes being produced, as it eliminates the
conventional method of editing with a
razor blade and splicing tape.

But—can we detect a well-made copy?

Let us first consider what we would
expect to find if we were presented with a
recording which has been made using a
new tape on a battery operated recorder,
equipped with the usual automatic gain
control. Fig. 1 shows that pattern of
events which is typical; the magnetic tape
has a non-magnetic leader and trailer
attached by factory-made splices which
are of standard lengths and colours. The
noise level replayed from the tape both
before and after the recorded section
should correspend to the bulk erase noise
for the particular tape type, and the
recorded section will start with a recorded
click when the recorder was switched on
and terminate with a double recorded click
when the recorder was switched off. The
recorded signal level will not exceed a
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certain limit and will be consistent
throughout the recorded section. The
recording will not contain any underlying
tones such as power supply hum, or con-
tain any clicks of an electrical nature.

At first sight it may appear to.be easy
to make a copy tape which will comply

with this format; however one must also-

- take into account the circumstances of any
given recording.

Provided that a recording sounds as if
it is complete in these respects, we are
forced to use the following lines of
investigation:

1. Do the start and stop patterns align

with the recorder used?

2. Are the recorded noise levels right?

3. Does the recording contain hum or

other recorded tones?

4. Are the recorded levels right? Is the

bias frequency right?

5. Is the recorded format that of the

original recorder?

6. Does the tape contain recorded elec-

trical clicks or other signs of inter-
ference?

Start and stop patterns

With the exception of some high quality
studio recorders, all recorders leave a click
pattern recorded on the tape when the
machine is started or stopped in the
record mode; this pattern differs to a great
extent from one type of recorder to an-
other or can therefore be used to identify
a particular type of machine.

The stop pattern is of particular import-
ance as this gives a clear indication of the
mechanical spacing between the record
and erase heads of the particular machine.
Furthermore, the tape noise around the
stop pattern is of particular interest be-
cause the noise in the gap between the
record and erase heads is bias erase noise,
and the noise after the erase head is bulk
erase noise if the tape in question has not
previously been used. .

Using various techniques it is an easy
matter to determine the start and stop

start of
recording

jeader

start splice

waveforms, and to determine from the last-
mentioned the record/erase head spacing.
The actual shape of the stop waveform is
also significant because it varies not only
from one recorder to another but also
gives some indication of the type of erase
head .used (such as single or double head-
gaps). The type of start waveform is some-

"what mdre difficuilt to analyse, but here it

is possible to compare the waveform with
a typical start waveform of the type of
recorder alleged to have been used for the
original recording.

Are the noise levels right?

When analysing a tape recording for
originality we are concerned with a num-
ber of different noise levels: these are the
bulk erase noise of the tape used, the
bias erase noise (which is the noise level
from tape when it has been passed over the
record and/or erase heads of the recording
machine alleged to have been used and
when it is in the record mode but without
any audio input signal), and finally the
recorded background noise throughout
the audible recording.

The relation between bulk erase noise
and bias erase noise is fundamental to the
analysis of recordings and should be
clearly understood. The bulk erase noise
level is the noise level commonly found to
exist on new and unused tapes and it is
consistent to fairly close limits within a
tape type. Bulk erase noise is the tape noise
resulting from passing a tape in an open
magnetic circuit through a saturating
alternating current magnetic field which is
slowly reduced to zero intensity. These
conditions are met by the common types
of tape bulk eraser which erase tapes out
of contact with the ferromagnetic circuit.
Bulk erase noise is always less than
bias erase noise, which is added by passing
a tape through a slowly decreasing alter-
nating current magnetic field in a closed
magnetic circuit. Such a condition is met
when a tape is in contact with the erase
or the record heads of a tape recorder set
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to the record mode and without any audio
input signal.

In practice the tape recorder may also
add further noise but for the purposes of
this article the total measured noise result-
ing from the tape being recorded with no
audio signal input will still be called bias

- erase noise; but it is important to note that

this bias erase noise will vary in level from
one recorder to another. It is also useful
to note that the bias erase noise introduced
by a recorder is normally at virtually the
same level when the tape has passed over
both the record and erase heads and when
it has passed over either head alone.

Depending upon the alleged history of a
recording, it is necessary to decide upon
the significant points for analysis, but
rather surprisingly the ‘“unused” section
of a tape is an extremely important part.
As I have already said, it is no easy matter
to make a tape copy with the correct stop-
ping conditions, and one way to eliminate
this problem is to copy a tape in its entirety
and subsequently to remove the bias erase
noise after the “off” click of the original
recording. At first sight it would appear
to be virtually impossible to bulk erase a
tape up to the point precisely coincident
with the “off> click; there is in fact a very
simple way in which this may be done, but
it may leave a “footprint™.

All parts of a tape which should contain
bulk erase noise should have a graphical
recording of the noise level made through-
out their length, using a replay machine
with the correct replay head width and a
good replay amplifier with an adequate
margin in signal-to-noise ratio. The use of
other replay track widths may also give
valuable results. The resulting plots of tape
noise should naturally be consistent in level
and exhibit a tape noise level which
agrees with the bulk erase noise of the tape
type. It is then vital to look in further
detail, and it is my practice to do several
third-octave spectrum analyses along the
léngth of the “unused” section of a tape
and to make sure that they are consistent.
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Fig. 1. Expected tape format for new tape on a battery recorder.
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Any inconsistency must be investigated
in further detail and Fig. 2 shows what
could be found-—periodic bursts of 30Hz
tone along unused tape!

While a defect in a recording such as this
is completely inaudible at the normal tape
speed, it is clearly audible at higher tape
speeds. Therefore a wise precaution is
always to replay tapes throughout their
length at both higher and lower tape speeds
than the nominal speed.

This leads to the problem of determining
the noise level between the “off” clicks of
the record and erase heads; at the correct
tape speed this gap occupies a very short
time, with the result that measurement
of the noise level may be virtually im-
possible even when using a high speed
level recorder. However, operation at a
lower tape speed will normally solve this
problem so that the expected bias/erase
noise can be checked. Another method
that is useful for investigating the noise
level near large amplitude signals is to run
the tape backwards so that the section of
tape of interest occurs before the large
amplitude signal, thus avoiding saturation
of the measuring equipment.

The background noise level within the
recorded section of a tape should also be
checked throughout the recording by mak-
ing a continuous recording of level with a
high-speed pen recorder,and using alowered
tape speed to investigate any sections where
there are any short term drops in level.

Hum or tones within the recording

At first sight it would appear that a record-
ing which has been made with a battery
operated recorder away from the public
electricity supply should not contain 50Hz
hum—this however may not be the case.
In fact many recorders use capstan servo
systems which operate by using tacho-
meters in conjunction with various forms of
frequency comparison, and it is not un-
common for tones from these systems to be
recorded at very low level on to tape.

Because of this low level any analysis
requires the use of very narrow band filters
which must also have a wide dynamic range
so that they do not overload during
heavily modulated passages of the audio
recording. However, there is a limit to the
minimum bandwidth that can be used
because of the inherent wow and flutter in
any recording, which may put originally
constant frequencies out of the filter band-
width.

A further matter which always warrants
investigation is any mains frequency hum
within a recording, but this line of attack
must be approached with great caution
as it is all too easy to come to incorrect
conclusions about the characteristics of the
recorded hum. For instance, a change in
hum level coincident with a phase change in
hum may be regarded with great suspicion:
however, a little thought shows that this can
be a result of perfectly normal circum-
stances, such as the total recorded hum
being caused by a number of hum sources
and one of them being switched off. Cyclic
changes in recorded hum level are a
slightly different matter and can be the
result of adding hum when copying a

e e

recording which already contains hum;
but here again there are quite innocent
origins which must be considered.

Recorded levels and bias frequency

The analysis of the recorded level in terms
of a standard reference level is best carried
out by means of a high-speed level recorder.
From such results it is possible to note any
sudden changes in level which do not
correlate with the conditions of the alleged
original recording. In particular, any
breaks in the recording where the noise
level approaches either bias erase noise or
bulk erase noise become clear so that
further investigation can follow.

Normally it is quite clear from listéning
tests whether any automatic gain control
has been used during the recording, but a
combination of a level recording and
listening tests is certain to decide if this is
the case.

Where it is apparent that an automatic
gain control has been in use the peak
recorded levels should be consistent if
adequate record gain was available at the
time of recording, and this matter can be
readily confirmed, if necessary by simulat-
ing the alleged original conditions and
making sound level measurements.

Finally, there is the matter of the
recorder’s bias frequency, and while I have
seldom found this to be a useful matter to
investigate it is worthwhile to attempt to
extract the frequency of the recorded bias
waveform by running at lower tape speeds.
Should it be possible to determine the bias
frequency, which is unusual where the
recording speed was less than 19 cm/s,
this may be used as a further check upon the
authenticity of a recording. Furthermore,
the bias frequency should be sensibly con-
stant throughout a particular recording if
it was made with a single machine without
breaks.

The recorded format

The recorded track width and the possible
presence of a pilot tone track (as used for
synchronous film recording) is one of the
more obvious factors that may be con-
firmed, but only to reasonable accuracy
without using destructive methods of
investigation.

The safest method is to use a magnetic
tape viewer which is a commercially avail-
able item and consists of a suspension of
ferromagnetic particles contained behind
a very thin non-ferrous diaphragm.

A more accurate method is to apply a
mixture of garbonyl iron and a rapidly
evaporating liquid (which must not be a
solvent) to the tape coating. This then leaves
a deposit of carbonyl iron particles aligned
with the recorded flux on the surface of the
tape and shows the precise location of the
recorded tracks. However, caution is
necessary to ensure that the tape coating
is not damaged, and some visible marking
may be left on the tape.

Clicks and other interference

As any recording engineer is well aware,
there are two sources of audible clicks:
those from electrical interference and those
associated with poor editing. So far as tape
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copies are concerned, either of these may
occur; and there is a third form of click
that may be introduced at the stage of either
the original recording or that of the copy.
This is an audible click that is associated
with sudden variations of level together with
the use of poor automatic gain control or
limiter time constants.

During the analysis of any form of
audible click it is vital that the- replayed
risetime should correspond to the original
recorded risetime; hence the correct replay
equalization time constants must be used
and the replay azimuth must be as near as
possible correct. The last-mentioned factor
implies that the minimum available track
width should be used for replaying the tape,
consistent with a reasonable signal-to-noise
ratio.

It is then possible to photograph the rise-
time of the recorded click with a good
degree of accuracy, and should the risetime
be outside the bandwidth of the original
recorder this would be a grave cause for
suspicion. For this type of analysis it is, of
course, vital that the original recording
should be used, because any attempts to
define click risetimes from copy tapes are
meaningless.

Other matters giving cause for suspicion
are highly asymmetrical click waveforms
which cannot form a part of music or speech
(which has a worst-case asymmetry in the
order of 8 dB), and click waveforms which
form single cycles of a frequency which is
alien to the adjacent waveform.

It may, however, be surprising that even
90° splices made with a magnetized razor
blade give a slow waveform in comparison
with normal music or speech waveforms.

The genuine(?) original tape

The previous tests give a reasonably good
chance of detecting a copy tape, but I am
sure that someone with a knowledge of these
and other techniques could produce a copy
that would pass as an original unless it were
subjected to an extremely time consuming
examination which would not normally
be financed by the courts of justice.

The conventional professional form of
editing implies splicing a tape, and such a
slice involves about 12mm of splicing tape
which has a good chance of being observed
visually. Hence the common methods of
editing require that a copy tape be made,
and there is a good chance of detecting
such a copy.

Assuming that professional editing
methods cannot be used, one resorts to
amateur editing methods, which, when they
do not employ splicing, are concerned with
starting and stopping the recorder at _
appropriate times. If this has been done
without any precautions, substantial clicks
will be left on the tape at any points where
the recorder has been switched into or out
of the record mode. Such clicks can be
readily analysed and are obvious signs of
tampering; however, this form of editing
can be easily accomplished without leaving
recorded clicks on the tape. This is done by
using the pause ‘control which is fitted to
many recorders. The desired editing point
is marked on the tape with a wax pencil
and the tape is moved by hand a few
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Fig. 3. Editing mark found on tape used as evidence in a criminal court case.

centimetres in the forward direction; the
recorder is then put into the record mode
and the pause condition and the tape is
rewound by hand to the desired editing
point, with the result that the clicks pro-
duced when the machine was switched
to record are erased. The recording is then
started by releasing the pause control, which
with many recorders gives a remarkably
fast start time of the order of only a few
milliseconds.

If this type of editing is carefully done it
can be extremely difficult, if not impossible,
to detect. As with other types of editing
the clue lies in any variations of recorded
level, noise or tones, at the editing point.
Furthermore, it is wise to make a careful
inspection of both sides of the tape at any
point where editing is suspected, as well
as observing the recorded tracks with atape
viewer or carbonyl iron suspension. Fig. 3
shows the result of the inspection of a tape
which was involved in criminal proceedings.
It was found that the location of this
editing mark with respect to the defectsin
the recording bore a precise relationship
to the spacing between the heads of the
recorder which was known to have been
used.

Other forms of deception that may be
used are the removal of parts of arecord-
ing by erasure, simply switching the
recorder on and off, and, finally, the loss
of complete reels of recorded tape, which,
while it is not exactly in the province of
engineering, provides a very effective form
of editing.

Overall it is necessary to treat each
particular recording on its own merits, and
to devise checking methods that are appro-
priate to each case. However, while care-
fully made copies of an original tape may
be used for limited investigation, it is vital
to check every parameter on the alleged
original recording because any copying
process must essentially produce some
degradation of the recorded “quality™.

Generally one’s own ears provide the
most powerful tool for investigating

recordings, and any points that sound
wrong or in any way suspicious should
then be subjected to detailed analysis by
other means. Even then there may be
endless argument about the interpretation
of results, the classic case being the
apparently truncated word which sounds
wrong. This can be the subject of every
form of analysis including oscillograms
and spectrograms (voice prints), the sole
effect of which is to produce a heated debate
between speech experts, who will fail to
agree whether or not the decay rate of the
waveform is natural but agree that identical
results could be produced by a 45° splice
in the tape.

Should tape be used in evidence?

It is my opinion that magnetic recordings
should never be considered as being
reliable evidence, because I am convinced
that it is not very difficult to produce
edited recordings that will pass the most
stringent tests without edits being located.
This opinion is supported by all the
engineers with whom I have worked in this
field, and is further supported by the only
experimental trials that have to my
knowledge been undertaken in this field.

In the light of this knowledge I hope that
those countries that have so far not arrived
at the stage of accepting magnetic record-
ings as evidence in courts of. law will take
the precaution of rejecting magnetic
recordings as a reliable form of evidence.

Unfortunately, many countries have
accepted magnetic recordings as evidence
in courts, with the result that police forces
and other official bodies are tempted to
make use of magnetic recordings for
obtaining evidence and for recording
interviews with suspects. Where such use
of tape cannot be avoided it is important
that recordings should be made under
controlled conditions, and in particular that
every effort should be made to make the
investigation into the authenticity of such
recordings a straightforward operation.

The methods outlined above are by no
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means a complete summary of the tech-
niques that I have found to be useful, but do
present the major methods that should be
considered for use on any recording.
Individual recordings which have been
made on various types of recorder will
dictate the use of other methods, with the
result that it is essential to treat each tape
on its own merits.

Finally, I emphasize that no claim is
made that edited tapes can be detected.
Some can, but I and my colleagues are
firmly of the opinion that it is currently
impossible to detect some edits.

This article is a version shortened by the author of a
paper he presented to the Audio Engineering Society
convention in Copenhagen, March 1974. It is printed
here by kind permission of the J.4.E.S. in which
the full paper will be found, vol. 22, no. 4, May 1974.

How to
get
Circards

Order a subscription by sending £13-50
for a series of ten sets to:

Circards

LP.C. Electrical-Electronic Press Ltd
General Sales Dept

Room 11

Dorset House

Stamford Street

London SE1 9LU

Specify which set your order should start
with if not the current one. One set costs
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Cheques should be made payable to
I.P.C. Business Press Ltd.

Topics covered in Circards are
1 active filters
2 switching circuits (comparators &
Schmitts)
3 waveform generators
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5 audio circuits (equalizers, tone
control, filters)
6 constant-current circuits
7 power amplifiers (classes A, B,C,D)
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10 micropower circuits
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Future issues will cover current differenc-
ing amplifiers, v-to-f converters, mono-
stable circuits, digital code converters,
multipliers and dividers, d.c. amplifiers,
a.m. detectors, transistor arrays, and a.f.
oscillators. The Circard concept was
outlined in the October 1972 issue, pages
469/70.
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Research
Notes

Magnetism and the weather

The Appleton Laboratory (once the Radio
Research Station) at Slough has found a
correlation between temperature and rain-
fall and the sunspot cycle. This has set
research workers looking into historical
records of things which are affected by
the weather, such as crop yields. From
these it emerges that there is, in addition
to the familiar 11-year cycle, a longer
cycle of 180 years. .

This is just one of many pieces of
evidence that the weather, in both the long
and the short term, is influenced by mag-
netic storms and local changes in the
earth’s field.

Geological records also suggest that
on the many past occasions when there
has been a complete reversal of the earth’s
magnetic polarity there have simultaneously
been great changes in flora and fauna.
Could this be because unusual solar
activity produced unusual climates?

Photoelectric leaf sensor

Crops such as lettuce, sugar-beet, turnips
and cabbages are farmed by sowing an
excess of seeds close together in rows and
thinning-out after germination. Thinning-
out by hand is a tedious job, so various
mechanical thinning-out techniques have
been developed. The simplest of these just
chops out unwanted plants at regular
intervals, without regard to how many
plants are actually left, but the more
sophisticated detect the presence of plants
and adjust the thinning-out procedure
accordingly, to achieve optimum spacing
of the crop.

Plant sensing has been attempted, for
example, by means of mechanical sensors,
by using a probe to detect plants by
measuring their electrical resistance, and
by a light-ray and photo detector which
senses the presence of a plant when the
light is interrupted. These sensing tech-
niques work well under ideal conditions
but are affected by rain, mud and dust,
stones, or uneven soil surface. A more
reliable way of detecting plants has been
developed by the National Institute for
Agricultural Engineering. It depends on
the fact that green leaves strongly reflect
infra-red light at a wavelength of longer
than 700 nanometres, whereas soil does

not. By comparing the reflectance of the
ground at infra-red with the reflectance
of visible light it is possible to sense the
presence of small seedlings accurately.

The sensing arrangements consist of a
tungsten-halogen lamp, lens system,
ground-scanning arrangement with oscil-
lating mirrors, filters for separating the
visible and infra-red, light detectors,
amplifiers, and a “sunlight compensatory
amplifier” which corrects for ambient light.
The light detectors in the NIAE proto-
type equipment are Plessey OPT1A inte-
grating light detectors which include a
photodiode, an m.o.s. transistor, and an
amplifier. The photodiode is given a
“charge” of reverse bias: light makes
the diode conduct and reduce the bias.

With this apparatus it is possible to scan
a row of seedlings at three mph, detecting
cabbage, lettuce and sugar beet at the
cotyledon stage (leaf area 200sq mm or
over) with 99% accuracy.

Better cryogenic power
cables

Some proposals for low-loss underground
power cables involve the use of super-
conductive elements and liquid-helium
cooling. It may not be necessary to go to
such extremities. Work at Heriot-Watt
University at Edinburgh has shown that
liquid-nitrogen cooling to about —180°C
improves the qualities of ordinary paper
insulation so much that the cost of a cable
could be significantly reduced. A design
study for a cable 58cm in diameter overall,
including thermal insulation and sheathing,
suggests that a pair of cables could carry
5000 MW at 500kV d.c. The trench
needed to lay the cable would be only
1.5 metres wide and deep.

Sky-waveradartotrack
hurricanes?

Over-the-horizon radar, using frequencies
in the h.f. band which are reflected by the
ionosphere, is used both for military pur-
poses and for ionospheric research. As
far as ionospheric research is concerned,
only a modest aerial is required, since the
object is merely to see whether signals
come back on a particular frequency and
so assess the state of the ionosphere as a
reflector. For military purposes—keeping
an eye on activity thousands of kilometres
away—sharp directivity is required and at
wavelengths of, say, 10 metres this calls
for a huge array of aerials. Such an array
may be too expensive for civil purposes.

In recent years Prof. E. D. R. Shearman
of Birmingham University has been ex-
perimenting to adapt the radio astronomy
technique of aperture synthesis to sky-
wave radar. (This depends on the fact
that if the source or target persists for a
long time the same directivity as a huge
aerial array can be obtained by combining
measurements taken with a fixed and a
moving aerial, the moving aerial being
shifted to a number of different positions
and measurements made at each.)
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Promising results have now been ob-
tained. The aerials used were three-
element Yagis, the frequency was 32MHz
and the maximum separation was 300
metres—the length of a section of disused
British Rail track at R.R.E., Defford. A
complete set of measurements took about
4 minutes and the beamwidth after
synthesis was some 2 degrees. The re-
ceiver used was a twin-channel Wadley
loop superhet.

With such a modest set-up it should be
possible to detect large waves at sea.
Doppler shifts in the returned echoes give
some indication of the speed and direction
of the waves and hence allow deductions
to be made about the wind. A sky-wave
radar station of this type, placed in a
hurricane-prone area such as the coast of
Bangladesh, might give early warning of
an impending disaster. It is true, of course,
that weather satellites report cloud systems
associated with hurricanes, but sky-wave
radaris more precise and cheaper.

Electron guns for

rainmaking?

“Cloud seeding” makes rain by dropping
particles of silver iodine or solid carbon
monoxide into clouds from aircraft.
Enough experience has been accumulated
to prove that it can be made to work. But
it is expensive. Dr F. Winterburg of the
Desert Research Institute, Nevada, pro-
poses using electrons fired into the clouds
instead. The obvious problem is the very
limited range of even a high-voltage
electron beam in air. Dr Winterburg
thinks this can be overcome by firing a
rapid succession of high-energy electron
pulses along the same path, so that the
heating and thinning of the air by ex-
pansion would enable successive pulses to
penetrate further.

Laser gas-leak detectors

Leaks of natural gas from buried pipe-
lines can be detected by means of a
helium-neon laser. An instrument for this
purpose, made by International Research
and Development, was demonstrated re-
cently at the Electro-Optics Exhibition at
Brighton. Detection depends on the fact
that methane is strongly absorbent of light
at the 3.39pm laser wavelength. Concentra-
tionsto 10 p.p.m. aredetected.

Videophone aids disgruntled

consumers

Rediffusion has been demonstrating how
a videophone can be used in local govern-
ment. The new Tyne-Wear authority used
one to connect itself to housewives who
wanted to complain about goods pur-
chased which were unsatisfactory in some
way. The video link carries four displays
—the two speakers, the goods, and a
spare, and the idea is to enable the local
government official to combine efficiency
with an effective human contact.




io.eﬂers fo
the Editor

Engineers and technicians

Ref. your editorial in the April issue and in
particular your remarks concerning the
UKAPE fight against employers who
classify engineers with the mass of
technicians and other manual workers. I
also refer to your statement that three
years’ training to B.Sc. standard makes
one undisputedly superior!

Might I, a humble technician, being
typical of the main subscribers to W.W.,
offer the following observations.

Marconi was just one of many unquali-
fied people who fought against jeering
professionals to lay the foundation of our
trade. Most of today’s innovations are the
result of years of experience, not a B.Sc.
The HNC/C&G students also seem to be
wasting time in five years’ or more study
when a superior B.Sc. is obtained in three!
Closing the door of CEI a few years back
does not make us overnight morons.

Finally, why not browse through W.W.
situations vacant and see how many com-
panies ask for HNC/C&G; also how
many class them as engineers and pay
accordingly!

Alan Perry,
Hillingdon,
Middlesex.

Horn loudspeaker design

I read with great interest Mr Dinsdale’s
first article ‘on horn loudspeakers in the
March issue and much appreciated the
historical survey given by the author. The
later part of the article dealing with horn
theory was, however, slightly confusing,
not only the obvious lack of correspondence
between Fig. 2 and the text accompanying
it but more so the statements made under
“Loading the rear of the loudspeaker
motor”. It is hard to believe that the
difference in loads presented to the
diaphragm between positive and negative
excursions should be of major importance.
The air load on a diaphragm is the pressure
difference across it and, assuming
sinusoidal or near sinusoidal pressure
variations on both sides, the net difference
is the same irrespective of direction of
movement, only a change of sign taking
place. The pressure on either side of the
diaphragm may have any instantaneous
value as long as the variations are
periodic.

The effect of loading the rear of the
loudspeaker with a closed chamber is best
seen from the expression for the mechanical
impedance at the throat:

Zyr= Ryr +ja)'CMT
The reactance should clearly be termed a
negative compliance; thus the positive com-
pliance presented by the diaphragm sus-
pension in parallel with the compliance of
the closed chamber can be made to cancel
the throat reactance at all frequencies above
the cut-off frequency, not only at cut-off.
From a loading point of view a closed
chamber is superior to a mid-range horn.
A compound horn design must rely on the
stiffness of the diaphragm suspension to
load it at low frequencies.

Tore Hevreng,

Lidingo,

Sweden.

The author replies:

I am sorry that my article has confused
Mr Hevreng. Fig. 2 was intended to
illustrate the non-linearity of the adiabatic
p-v relationship for air, as I tried to explain
in the accompanying text. It is clear from
Fig. 2 that the change in volume resulting
from a compressive stress is less than that
resulting from an equal expansive stress,
and this does indeed give rise to serious
distortion at the throat of a horn, where
pressures can be very high.

For example, Fig. 9 (in part 2 of the
article, May issue) indicates that when
operated. at a level of 1 watt/sq.cm at the
throat, a horn will give distortion levels
of nearly 2% at the cut-off frequency, and
20% at ten times this frequency, due to the
non-linear p-v relationship. At lower power
levels of course the distortion becomes
insignificant.

I am grateful to Mr Hevreng and a
number of readers for pointing out an
oversight on my part, that the reactance
of the closed compression chamber used
by some designers to load the rear of the
loudspeaker is capacitive while the
reactive component of the throat imped-
ance is inductive. The compliances of the
diaphragm suspension and the closed
chamber can, of course, be arranged to
cancel the throat reactance at all
frequencies above cut-off, but examination
of Fig. 1 shows that for the exponential
and hyperbolic horns this reactance
becomes significant only at frequencies
near to cut-off.

Finally, the loudspeaker should never
be allowed to rely merely on the stiffness
of the diaphragm suspension to load it at
low frequencies; as I indicate in part 2 of
the article the signal bandwidth should be
limited electrically (preferably by active
filters at low level, rather than by passive
crossover networks between power ampli-
fier and loudspeakers), so that the horn is
not driven at frequencies below cut-off. If
this is done, it is my experience that horns
in which the unloaded side of the diaphragm
is allowed to radiate give a better per-
formance than those with a compression
chamber.

J. Dinsdale.
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Colour separation overlay

I was most interested to see Gwilym
Dann’s article on colour separation over-
lay in the April issue. Mr Dann rightly
points out the two major technical imper-
fections: the problems of rimming and
tearing. However he offers little to solve
these difficulties and perpetuates an “old
wives’ tale” which needs to be consigned
to oblivion.

Rimming (the halo caused by scattered
light from the backing) can only be re-
moved by spatial separation of the
backing and subject, but its effects can
often be mitigated by using yellow as a
key signal. Mr Dann’s dismissal of yellow
hardly stands up to argument. Flesh tones
have minimal chroma content and even
the most golden of blond hair produces a
surprisingly small (negative) B—Y output
(easily checked on a vectorscope). More-
over if a B—Y signal has been derived as a
key signal, yellow, the complement of
blue, must inevitably be available.
Indeed on most colour separation overlay
units the datum line can be wound from
peak positive B—Y to peak negative B—Y,
thus giving blue or yellow keying.

The use of a yellow backing of course
gives rise to precisely the same rimming
effect but the halo is now a yellow one and
not blue—this is frequently far more
acceptable. Yellow also has the advantage
that filters for projected light backings
have a very high transmission factor.
Projected blue backings demand very high
lamp intensities because of the dense
filters needed.

Thus the rather old-fashioned argu-
ments against yellow keying really have no
foundation and indeed present practice is
to use yellow or blue, depending on pre-
vailing circumstances. .

The other problem of “tearing” (a
“sparkle” effect produced by the switch
jittering on noise if the key transitions are
not clearly defined) could perhaps be
helped by electronic means. If each
transition of the keying signal about a
datum level is used to trigger a retrigger-
able monostable of perhaps 250-300ns
period and the “delayed” edge of the out-
put pulse is used to toggle the overlay
switch, much of the very high frequency
jittering could be removed at the expense
of a harder margin and a keying outline
shift (that can be removed by retiming
sources). An alternative (or addition) may
be to add some hysteresis to the switch.
To my knowledge neither technique has
beén investigated.

Yet another approach may be to scrap
the idea of linear signals in the keying
chain and to provide a variable gamma
amplifier that would stretch certain parts
of key signal preferentially, increasing its
slope at the datum level.

Chris Woolf,
North Ferriby,
Yorks.

Editor’s note: In Mr Dann’s article the diagrams
above captions Fig. 1 and Fig. 6 were accidentally
transposed. Apologies for this error.

The author replies:
I do not, as Mr Woolf suggests, dismiss the
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use of yellow as a backing for he is un-
doubtedly right in his reference to the
advantages of this colour where the
backing is produced by projected light. I
think, however, that he has been fortunate
with his blondes.

I do not believe that better performance
of colour separation overlay depends on
improvements in the electronics but rather
from improved techniques in the way in
whichit is deployed as a process.

Mr Woolf says I dream of a wide future
but I am sure he will agree that it is a
splendid way to dream. )

Gwilym Dann.

Electrostatic forces on

pickups

I would like to communicate to those of
your readers interested in high-fidelity disc
reproduction a slightly alarming observa-
tion I have made in this field.

I recently installed some high-quality
disc reproduction equipment in my home
(Linn Sondek deck, SME arm, Shure V15
type III cartridge). The deck, like most
others on the market, is available with a
plinth and hinged plastic dust cover. This
dust cover, as with any plastic article, is
liable to, become electrostatically charged.
If the equipment is used with the dust
cover closed the arm will become charged
by electrostatic induction, hence there
will be a force attracting the arm towards
the cover. The fact that the arm is metal-
lic and earthed will clearly improve the
charging rather than hinder it. Since the
area of the arm on the stylus side of
the pivot is greater than on the counter-
balance side there will be a net upward
force exerted on the stylus end of the arm.
Clearly this force will upset the delicate
balancing which provides the tracking
force necessary for correct operation of
the cartridge.

I tested these ideas by placing the arm
in a playing position (stylus protector in
place), closing the dust cover and then
stroking it with my hand. The arm pivoted
upwards abruptly, hit the cover and
rebounded back on to the turntable; the
stylus protector proved to be a wise pre-
caution. Although I do not make a prac-
tice of stroking the dust cover whilst I play
records it is clear that there will always
be some residual charge on the cover,
especially in the dry atmosphere of the
modern centrally heated house.

Further tests were carried out using the
Shure test record TTR 110 to determine
whether playing with the dust cover
closed had any adverse effect on the
tracking. Such an effect was indeed
observed.

I do not know whether or not this effect
is well known amongst the hi-fi cognos-
centi, but it certainly is not well docu-
mented. The obvious solution of playing
records with the dust cover raised has
many obvious disadvantages. Forexample,
when using very low tracking forces made
possible by modern equipment, a strong
draught is enough to cause the pickup
arm to skate across a record; a more
amusing and rather more expensive

example of the dangers of raising the dust
cover was furnished by a friend of mine:
whilst he was playing a badly warped
record his cat became convinced that such
rapid bobbing up and down as that exhibi-
ted by the pickup arm could only be made
by something edible. The cat pounced,
with disastrous results.

In a more serious vein it would be in-
teresting to hear of any solutions that
other readers may think of to this problem.
M. P. Hide,

Godalming,
Surrey.

Electronic piano design

May I suggest an improvement to G.
Cowie’s electronic piano (March—May
issues)? My experience of his RC relaxa-
tion oscillators has been that they are
potentially extremely stable, but suffer
from variations in contact resistance of the
pre-set.

AN
Ra04

+5V

1 iy Ra02
.’_C201 5
R203
R201

The problem can be minimized by a
simple rearrangement of components as
shown in the diagram. Any change in con-
tact resistance is to be compared with
the input resistance of the 741, not R .
Since the input resistance of a 741 is
typically IMQ an increase in stability
greater than an order of magnitude can
be expected.

The formula for frequency of oscilla-
tion should be

7 Rit R, d not as published
= an u o
4CR.R, p

M. Walne,

Brighouse,

Yorks.

Plug-in p.c. boards

I must register my wholehearted agree-
ment with R. N. Goodman (Letters,
April issue) concerning the reliability of
edge connectors. I have myself had much
trouble with integral “plated” connectors,
and I am by no means alone at [.S.V.R. in
this respect. We also have found that
boards fitted with male connectors offer
much greater reliability, especially in
circuit development work, where they can
withstand repeated connection and dis-
connection without deterioration.

The type of connectors used are made
by Varelco and distributed by Vero
Electronics, and these cost an insignificant
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amount compared to the cost of the board
contents. More widespread use of male
board connectors is to be encouraged.

J. R. Watkinson,

Institute of Sound and Vibration Research,
Southampton,

Doppler in loudspeakers

James Moir is to be congratulated on his
article on Doppler distortion (April issue)
which clarified the somewhat muddled
picture left by the “Doppler” versus “no
Doppler” debate hitherto. There are, how-
ever, a few practical points missed by the
author that might help readers wanting to
measure this much debated distortion.

I feel T ought to point out that the
formula for the Doppler frequency shift,
as stated by Mr Moir, applies only to the
case when the observer is in motion, the
Doppler shift being the result of the
number of cycles received per second
altering. The correct formulafor the Doppler
frequency shift applicable to loudspeakers,
where the alteration of wavelength is the
cause of the frequency shift, is

1
1+ Vcosa)
c

It is customary when measuring loud-
speaker parameters to place the micro-
phone at a distance of one metre, on the
tweeter axis, since both-microphones and
loudspeakers tend to get directional at high
frequencies. The special nature of Doppler
distortion, however, necessitates a change in
procedure. As can be seen from the
formula, the frequency shift is dependent
on the angle the measuring microphone
makes with the axis of the loudspeaker
(see diagram).

!

The effect of off-axis placement is to
reduce the deviation of the h.f. carrier, and,
as Mr Moir points out, this has no effect
on the frequencies of the sidebands,
although it reduces their apparent level.
This indicates that the microphone should
be placed on the axis of the loudspeaker
unit radiating the modulating (1.f.) signal,
if an unambiguous reading is to be obtained.

Finally, on the subject of musical test
signals, it would be interesting to know
whether a particular composer affects the
distortion readings! One might find the
end of the third movement of Widor’s 9th
symphony for organ throwing a few
speakers off their balance!

Paal Rasmussen,
London, S.W.7.

The author replies:

I would thank Mr Rasmussen for his
remarks about Doppler distortion and
suggest that he and any others interested
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might like to look at a previous contribution
of mine' in which I dealt with the effect of
off-axis measurement on the extent of Dop-
pler distortion.

In the plane of the diaphragm. Doppler
distortion should vanish and in the open
air conditions under which we measure the
performance of loudspeakers we found
it to be at least 20 dB lower than on-axis.
Indeed. in the early stages of the investi-
gation, I used this effect as one of the checks
that we were measuring the components
due to Doppler and not those due to
amplitude dependent distortions that appear
as sidebands at the same frequencies as the
Doppler components.

It is worth noting that the on-axis
focusing that occurs with the Doppler com-
ponents is due to an entirely different
mechanism to that causing focusing of the
primary speaker output signal. The Doppler
components fall to zero in the plane of the
cone because in this plane there is no
variation in the distance between the micro-
phone and loudspeaker diaphragm during
a cycle of the lower frequency. Focusing of
the primary signal output occurs due to
the phase cancellation that arises from the
use of a radiator that is several wave-
lengths in diameter at the frequency of
measurement.

With speaker enclosures of normal
dimensions the effect of measuring on the
axis of the low frequency unit or on the axis
of the tweeter is not very significant because
the angular difference is small when the
measuring microphone is at 1 metre from
the face of the enclosure. When the low
frequency and high frequency units are
widely spaced it could be significant.

The frequency spectrum of the music
being produced has a very significant
effect on the extent of the Doppler distortion
that is introduced by a wide range loud-
speaker. Harwood of the BBC Research
Department published some data on this
in a paper in the Journal of the Audio
Engineering Society for November 1972,
a reference that I regret that I omitted from
the contribution to Wireless World. There
is further data on the same subject in a
paper of mine “The Measurement of
Loudspeaker Efficiency™ available as an
Audio Engineering Society Reprint A1.
James Moir.

1. Doppler Distortion in Loudspeakers by J.
Moir. Hi-Fi News, Jan. 1967.

Neutron radiography

I read with considerable interest your
“Research Notes” article in the April
issue. As you only mentioned the West
German usage of the process it may be
that you are not aware that here at
Harwell we are very much engaged in the
practical applications of neutron radio-
graphy.

The Harwell Neutron Radiography
Service has been in existence for a number
of years and is available on a “com-
mercial” basis to industry. Most of our
work at present is in the examination of
radioactive assemblies by the “indirect”
process you describe but we radiograph

a large variety of non-active objects, to
take advantage of the contrast differences
or special properties of neutron radio-
graphy.

You make the point about hydrogen
atoms interacting with neutrons and this
opens up many possibilities of imaging
hydrocarbons within dense or metal
objects. The classic *‘gimmick™ example
of this is a piece of string radiographed
inside a lead block, but non-destructive
tests of explosive devices, the position of
0" rings in an assembly, or the gas
bubbles in a carbon-fibre epoxy-resin
mixture within a metal case are all
practical examples of the same property.
Other materials which show up clearly on
a neutron radiograph are cadmium, boron
and lithium.

I think, however, that I would like to
correct an impression which may be left
by the final paragraph of your notes.
Exposure times are indeed quite short—
but only if reactor sources are used for the
generation of the neutron beam. At
Harwell a two-minute exposure is quite
typical. but for non-reactor neutron radio-
graphs the exposure times tend to be very
extended.

T. J. M. Robertson,

Atomic Energy Research Establishment,
Harwell.

Berks.

Sound radio compression

Although neither erudite nor technical, I
find myself in complete agreement with
your correspondent on the subject of com-
pression on m.f. broadcasting (Letters,
April).

Several years ago I wrote to the BBC
on this subject and received a reply which,
as far as I remember, gave congestion on
the m.f. band as the reason. suggesting
that I went over to v.h.f. reception, which,
of course, was the answer.

Like Mr Higham, I find this form of
distortion particularly offensive and dis-
tressing and would sooner put up with
some interference than be obliged to per-
manently endure listening to a signal
which has been deliberately tampered with
in this grotesque manner.

In my opinion the transmission
quality from the Brookmans Park station
was better on the day it opened than it is
now.

D. W. Hammond,
Woodford Green,
Essex.

Referring to Mr Higham’s letter in the
April issue, I have found when visiting
broadcast studios that compressors there
are usually adjusted to operate slightly all
the time. This is so that the operators “can
see the meter kicking”. Thus even the v.h.f.
service suffers a little, quite apart from the
compression introduced ‘in any recording
process.

I would be pleased to hear from any of
your readers who have made a satisfactory
expander to counteract this compression,
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perhaps similar to that in Wireless World
of December 1968 (p. 472). I hesitate to .
construct that model now as with i.cs and
l.e.ds there must be an easier way.

M. D. Bass,

South Croydon,

Surrey.

Soldering-iron leakage

Mr Sproxton’s letter in your March issue
prompts me to recall my own experience
when, for the first time, I entered upon the
field of calculator construction and assem-
bled an Advance calculator. as described
in Wireless World.

Heeding the dire warning in the instruc-
tions against using any but the more effec-
tively earthed soldering iron, I thought to
check mine. I found, to my horror. that a
simple ohmmeter test between the bit and
the earth pin on the mains connector
showed a wholly unacceptable value. I
forget what it was (all this was over a year
ago), but for the purpose of this letter, I
have again measured it and find that it is
between 3 and 10 ohms. The reason. as I
discovered when I made the first measure-
ment, is that the earth wire is connected
to the pin on the linkage mechanism
operated by the thermostat. Thus it is a
sliding or rolling contact, and it is not
surprising, therefore, that it is of a high
resistance and variable. Pretty well any
value between the limits noted may be
obtained by bodily flexing the iron.

I returned the iron to the manufacturers,
thinking I was doing them a favour by
pointing out that the iron seemed wholly
unsuitable for applications where the
slightest leakage could do harm and asking
for the iron to be effectively earthed. Far
from expressing any appreciation of my
action, or even regret at having produced
what I consider to be a defective iron (let
alone putting it right), they sought to
justify themselves by quoting approval by
(inter alia) many Government depart-
ments. They did, however, say that later
models had been modified—little consola-
tion to possessors of their earlier versions.
I bought another iron (an Antex Model
C), which showed a resistance of 0.14
ohms between the earth pin and the heated
rod on which the bit slips. With this I have
successfully constructed three calculators
and I now use the Antex for all transistor
work, reserving the more powerful, but
rather suspect, earlier one for kettles and
other less sensitive apparatus.

I hope this information will help Mr
Sproxton in his correspondence with
manufacturers of soldering irons and trust
that he has better luck than I have had. I
am sorry I am unable to answer the ques-
tion he asks, but I suspect the complete
answer is not quite as simple as a mere
figure for d.c. resistance between the bit
and the earth pin.

"C. E. H. Benson,

Weston-under-Redcastle,
Shrewsbury.
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Laser wirephoto system

A report on the design and development of a wirephoto transceiver to
be used by Associated Press news agency
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As part of the trend towards more efficient usage of telephone links, telephone companies
are encouraging a changeover from high quality analogue lines to digital links. Professor W.
Schreiber of Massachusetts Institute of Technology has developed a wirephoto transmitter-

receiver and digital picture processor which meets this requirement.

A method of transmitting colour pictures
over telephone lines has been recently
described in Wireless World.' However,
although the processing of colour pictures
was novel, the basic mechanism of the
transmitter,; receiver and the continuing use
of analogue signals over the telephone
link were fairly conventional. The limita-
tions of such techniques are becoming
more obvious with time since the necessary
high quality audio links (800Hz to 18kHz
for the colour transmitter) are expensive
to establish and maintain.

It would seem that the new digital links
" being offered by telephone companies are
a solution to some of these problems,
since no special alignment is necessary to
accommodate extreme bandwidth, making
it possible to provide temporary service
over the ordinary local telephone distri-
bution network, quickly and at low cost.
With the increasing availability of digital
wired links, the digital encoding of picture
information makes economir: sense. Quite
recently the American news agency
Associated Press commissioned a develop-
ment project for a new telephoto trans-
mitter/receiver and digital picture processor
which would meet the needsof the future.
This project was assigned to the Electronics
Research Laboratory of the Massachusetts
Institute of Technology and was directed
by Professor William F. Schreiber. The
results of his work was the laser scanning,
dry silver facsimile system and a separate
digital picture processor described below
and in two papers published by MIT. %3

Selection of scanning/writing system

In developing a new facsimile machine
advantage could be taken of the opportun-
ity to seek ways of improving the picture
quality over existing systems. Since the
transmitter more often than not scans a
continuous tone photograph, there is a
natural tendency to choose a photo-
sensitive writing process. An additional
advantage of such a choice is that the
scanning and writing systems may be made
to perform the dual function.

Of the types of photosensitive papers
available, dry silver paper seemed to be
most suited since it was capable of pro-
ducing pictures of the desired quality and
uses a very simple heat treatment for
picture development. The scanner/writer
selected was a low-power helium-neon
laser, for the basic reason that it was
reliable, cheap and, since it could be
directly modulated, eliminated the need
for a separate modulator. Feedback control
of the laser brightness also achieves acon-
sistent control of the paper exposure. From
this starting point, several subsequent
development decisions are possible con-
cerning the method of scanning. Those
selected were a flat-bed scanner offering a
simple, low-cost paper drive, a galvano-
meter-driven mirror for horizontal scan-
ning, continuous paper motion for vertical
scanning and oven processing of the
paper.

The final system designed for use by
newspaper agencies handles both the in-
put photographs and output paper as a
continuous web, 11in wide and of any
“length. The scanning density is 100lines per
inch, per minute and to meet existing
telephoto transmission standards thetrans-
mission signalis double-sideband amplitude

beam
expansion
lens

horizontal
deflection
mirror

focusing
lens

M4

Fig. 1. Mechanical layout of the optical scanner.

modulation. Processing to a digital form is
accomplished by a separate analogue-to-
digital converter contained within a signal
processing computer to be described later.
Better resolution and higher scanning
speeds are possible where other appli-
cations are considered.

Since the tone scale of the output pic-
ture was considered to be the most impor-
tant single aspect of picture quality, control
of the tone scale was provided by ensuring
stable processing of the exposed paper. In
addition a locally generated step wedge
is printed at the beginning of every picture
and a non-linear amplifier operates on the
receiver input signal to produce the
required photo transfer characteristic.

The optical system

The opticdl system is based on a ImW
modulatable He-Ne laser. The power out-
put is more than adequate to expose the
3M type 7771 dry silver paper, the only
disadvantage being that the spectrum of
light is such that a panchromatic paper is
required, resulting in the need to expose
and process in darkness. Colour picture
transmission would require an alternative
light source. The laser selected is cheap
and already in commercial production. A

scanned
— line




184

Wireless World, June 1974

. . filter » non—lin'eqr >
—> - amplifier 1 S
line E‘HE analogue equalizer —3—0
input processor
> > step wedge
i Clock s generator > O
. ]
<
3
< S
vV\\ photo diode
>
blanking “ || moocccocoocoococosooo
and - r - |
control »—] modulator t > laser |
signals ! (&
| o o
i | beam splitting
| power | mirror
| amplifier |
| I
| gaivanometer |
L ] [P |
- sweep
generator

Fig. 2. Block diagram of the wirephoto receiver.

useful feature of the final design takes into
account potentially unstable lasers. Thus
the modulation characteristic need have
neither a linear nor a stable modulation
characteristic since the optical feedback
system adequately accommodates such
problems. The minimum modulation ratio
of 30:1, more preferably 100:1, is met by’
the device selected since current in the
plasma can be reduced to a point where the
laser action ceases, but the plasma is still
stable. This helps to ensure that low light
levels do not result in the feedback loop
turning the system off accidentally. Fig.1
shows the disposition of the laser and the
other elements of the optical system. A
heavy, stable platform carries the laser on
top, and along one edge is the vertical
paper drive. The light beam produced by
the laser is deflected by two fixed mirrors
to a beam expansion lens. From here the
beam is reflected via a periscope below the
platform and into a focusing lens. Behind
the lens is a movable mirror attached to
the armature of a galvanometer. This
mirror re-directs the beam back through
the focusing lens onto a long. dia-
gonally disposed folding mirror, which
reflects the beam onto the paper surface.
Rotation of the galvanometer mirror pro-
duces horizontal scanning of the light
beam. The lower periscope mirror is set
to one side of the focusing lens, allowing
the full useful angular coverage of the lens
to be used and permitting a short optical
path length. By design of the lens to pro-
duce a flat field at infinity focus, the beam
is automatically brought to focus along a
straight line, one focal length distant from
the lens. Tangent correction is built into
the galvanometer such that it moves the
focused spot at a constant velocity when
driven by a linear ramp.

The dry silver paper selected has several
advantages, the first of which is the simple
development process. This consists of the
application of heat for a specified period of

time and at a specified temperature. Such
a process eliminates the replenishment of
developers and cleaning operations. The
paper is sufficiently sensitive to be
adequately exposed by a low power laser.
Finally, using such a system, the galvano-
meter mirror and paper feed are the only
moving parts, thus significantly contribut-
ing to the mechanical reliability.

The successful development of the
paper is dependent upon the relationship
between the temperature applied and the
length of time of processing. A trade-off,
one against the other, can be effected with-
out a distortion of the density-log-exposure
(D log E) curve. Several methods of
heating were tried including hot air, hot
liquid, hydrocarbons and heated rollers.
The most satisfactory appears to be a hot
air oven with a heated section one inch
long. The paper is made to traverse the
oven at one inch per minute, matching
the paper drive speed of the receiver.

Prototype receiver circuitry

Signals from line, conforming to normal
standards, enter the analogue processor
(Fig.2). This is very similar in design to a
conventional receiver and serves the
purpose of demodulating the incoming
signal and feeding the baseband video to a
filter and a synchronizing pulse to the
receiver clock. This pulse appears at the
beginning of the first line of each image.
Following the filter, the signal is routed
into a non-linear amplifier and equalizer,
the purpose of which is to compensate for
the paper transfer characteristic. The
synchronizing pulse starts the clock, which
then provides timing signals for the sweep
generator and the step wedge generator.
The switch S operates to connect the wedge
generator first to the modulator and then
to the equalizer output for the incoming
signal. The comparator amplifier which
drives the modulator forms part of a feed-
back loop which includes the optical

system. A photodetector diode receives a
small fraction of the light from the scan-
ning beam, via a beam splitting mirror.
The signal thus produced is compared with
the incoming signal and the amplifier
produces an output corresponding to the
input video minus the feedback signal.
The sweep generator which produces the
deflection drives a power amplifier, which
in turn supplies the galvanometer.

Digital picture processing

As the system stands, it merely represents
a direct replacement for conventional wire-
photo transceivers utilizing d.s.b. modu-
lation. Since one of the main objects is to
eliminate the use of high grade analogue
telephone circuits, an investigation is being
undertaken at MIT to provide analogue-
to-digital conversion, additional processing
of the picture prior to transmission and.on
reception, d-to-a conversion. The objective
the designers are working towards is a
system whereby, after digitizing, the
picture is stored in a computer memory
for subsequent display on a television
screen. An editor can select and then edit
by cropping. enlargement or reduction,
vary the contrast, combine pictures and
add or superimpose captions. The stored
result can then be transmitted without
additional photographic work being
undertaken.

A laboratory model of this system has
been developed using a PDP-9 computer
which will accept pictures from the
Associated Press network, or a local
analogue transmitter, a 12,000 picture
element/second c.r.t. scanner, magnetic
tape or Dectape, and store the result on
disc. Pictures stored on the disc can be
re-transmitted or displayed on a tele-
vision screen using a full frame semi-
conductor store. Editing facilities have
been developed and the addition of
captions realized by storing them as
ASCII (American Standard Code for
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Information  Interchange) characters,
processing them to video at the time of
transmission.

These operations are controlled by a
supervisory programme providing an
interactive display. Commands are dis-
played as video information prior to being
initiated, giving unskilled operators the
opportunity to check.

The second stage of development uses
a PDP-11 computer with input and out-
put facilities for US or European signal
standards. In addition, digital signals up
to 56kB/s can be accepted and produced.
A second installation will be provided at
the New York AP offices and test trans-

over the Bell
system between

missions  undertaken
System digital data
Boston and New York.
The television display full-frame semi-
conductor memory supports the picture on
a 256 X 256 matrix, assigning four bits
to each picture element. Picture en-
hancement can be achieved by three types
of real-time processing. The first is the
addition of pseudo-random noise, the
second, linear interpolation to a 512 X
512 matrix and the third a non-linear
transformation of the signal antilog
combined with a correction for the
brightness characteristic of the TV tube.
Cropping is achieved by the superim-
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position of a rectangle of arbitrary size
and shape on the display. When selection
of the picture area is complete the com-
puter can be commanded to scale the
picture to appropriate dimensions for
transmission.
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Digital television

recording

Engineers at the BBC Research Depart-
ment have built an experimental machine
for recording colour television signals in
digital form. It uses a standard instrumen-
tation tape transport and the information
describing the 8-bit digital signal is
divided amongst 42 parallel tracks along
the 1-inch tape.

Most of the signal processing is carried
out on 42 identical printed circuit boards.
The machine may be locked to an external
clock, timing and skew correction being
carried out automatically. A system which
detects and conceals most of the disturb-
ances resulting from tape dropouts has

been designed with the particular charac-
teristics of digital magnetic recording in
view.

The recorder is intended for use as a
research tool in the development of
improved methods of error detection and
correction, and to ascertain whether a
number of possible techniques for reduc-
ing television bit rate may be safely applied
several times in succession during the his-
tory of a signal. Earlier work by the BBC
team in this field included a digital stereo
sound recorder (see Wireless World,
September 1972, pp 432-435).

High
Fidelity
Designs

Qne of the most popular subjects
with both professional engineers
and amateur electronics enthusiasts
is the high-quality reproduction of
sound. One of the ways in which we
are constantly made aware of this is
in a stream of requests for photo-
copies of articles which have
become standards in the field.
Issues of the journal become
unobtainable within weeks and,
while photo-copies are useful, they -
are not very presentable, particularly
in the way photographic illustrations
are reproduced.

In an effort to ensure that these

articles are available more easily,
we have collected a number of
them together in a new book,
entitled High Fidelity Designs. The
designs we have reprinted cover the
whole range of equipment needed
for a comprehensive system,
including tape, disc-playing
equipment, radio, amplifiers,
speakers and headphones. The
articles treat both the design of the
units and practical aspects of
construction and form, in effect, a
course on the design of high-
fidelity systems.

The book will be available early
in July at a cost of £1 from book-
sellers.

p A
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~ 1 4 & ¢ RESEARCH DEPARTMENT

Experimental BBC digital television
recorder showing the display of a test
card.
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Horn loudspeaker design—3

Conclusion of design theories with the details of two horns for

construction

by J.'Dinsdale, M.A., M.Sc. Cranfield Unit for Precision Engineering

The two designs which follow are specific examples derived from the design data and tables
provided in parts one and two of this series. Guidelines for construction are given, although itis
intended that the constructor devise his own variations, using the design data, to suit his particular

requirements.

Much has been written about the best
methods of constructing loudspeaker en-
closures, especially regarding rigidity and
the prevention of resonances and leaks, and
as far as the horn is concerned, these points
are equally important. The horn enclosure
has to stand up to considerable acoustic
stress, and any shortcomings in its manu-
facture are liable to cause more serious
aural distress than would be the case with
some other enclosures.

Ideally, the horn should be castin circular
section, but this form of construction is only
practical with small middle and high fre-
quency horns. The technique best adopted
by the home constructor is to cast in plaster-
of-Paris using a plywood mould and rein-
forcements as necessary. The calculated
profile should be set out using plywood
templates held in place by stringers, which
will be buried within the casting itself as
“reinforcement”. It is also a good plan to
provide a lin panel at the throat end for
mounting the loudspeaker, and a further
panel surrounding the mouth which wil
help in securing the complete horn assembly
and fixing any decorative cloth finish.

Bass horns are almost invariably con-
structed of flat panels cut so asto approxi-
mate to the correct flare profile. Plywood,
chipboard or blockboard are satisfactory,
either 4 or 4in thick. Composite sand-filled
panels consisting of two thin walls of tin
plywood spaced 4 or lin apart and filled
with dry sand provide extremely rigid
resonance-free enclosures. Great care
should be taken to prevent any particles of
sand, sawdust, etc. fromentering the speech-
coil gap of the loudspeaker; a recent demon-
stration mounted by the author at St. Albans
was spoiled by distortion caused by aminute
particle of wood in one of the treble loud-
speakers. Care must also be taken to ensure
that the sand is dry, otherwise the wood
panels will rot. It is advisable to bake the
sand on shallow trays in an oven toensure
that all moisture is removed. After filling, a
few minutes of organ music will help the
sand to settle down ready for “topping-
up”.

The wooden panels should be fixed to-
gether using wood-screws and with a liberal
application of a liquid glue along all mating
faces. This not only adds strength, but also
makes all the joints air-tight. Further
strength should be provided by triangular
corner fillets and ‘“glue-blocks” placed at
intervals along the longer joints. In addi-
tion, smaller reflecting plates should be

placed at the outside of all sharp corners to
“ease” the wavefronts around bends, and
to help preserve the steady exponential in-
crease in horn area, as indicated in Fig. 10.
Manufacturing tolerances should not ex-
ceed +&in at the throat but errors of tin
at the mouth of the bass horn are unlikely
to have any noticeable effect on the per-
formance. It is worth bearing in mind that
the velocity of sound, on which all design
calculations are ultimately based, itself
varies by as much as 5% at climatic
extremes.

A vital detail is to ensure that the loud-
speakers can be fitted and removed easily,
maintaining an overall air-tight construc-
tion by means of thin rubber gaskets if
necessary. It should of course be remem-
bered that the highest pressures occur at the
throat, and the greatest effort to ensure
rigidity and absence of leaks should be made
in this area. As the cross-sectional area of
the horn increases, it is a good plan to fit
longitudinal stiffening panels, made of tin
plywood, across the centre of the horn,
thereby converting the horn into two sym-
metrical adjacent ducts. This reduces air
turbulence effects at bends and makes the
bends themselves less critical in addition to
providing extra cross-bracing between
panels that might otherwise resonate. It is
worth fitting longitudinal stiffeners for the
final 25% of each bass horn.

- Unlike the majority of loudspeaker en-
closures, there is no need to provide any
sound absorbent material within the en-
closure itself (except within the compression
chamber, if fitted, which may be lined with
acoustic wadding, long-hair wool, etc., to
absorb high frequency sound). The interior
of the horn should have all sharp edges
removed with sandpaper and all internal
corners filled with putty or a similar setting
plastic compound and smoothed down by
means of a finger. This practice, whichisnot
mandatory, also has the effect of sealing
any remaining air leaks. The whole interior
surface should be treated with a thick coat
of gloss paint.

Design of a ‘‘mini-horn”

The intention of the mini-horn is to pro-
vide as many as possible of the benefits
of horn-loading within an enclosure which
is sufficiently small for use in a small living
room, where the overall size is of course
especially important when a quadraphonic
or even a stereophonic installation is under
consideration. The room for which this

particular mini-horn was originally designed
imposed limitations of 20in asthe maximum
intrusion into the room, and an overall
height of 4ft; fortunately, corner position-
ing was acceptable.

It was clear that only one loudspeaker
could be used, and after some thought,
the Eagle FR65 was chosen. This is a co-
axial twin-cone loudspeaker in which the
inner (tweeter) cone is itself shaped as a
small horn. This subsidiary cone will handle
the extreme top of the frequency range and
beam it out axially through the treble horn.
The loudspeaker has a nominal diameter
of 6-5in, a frequency range of 35 to
18,000Hz and power handling capacity
of 10 watts. It is clear that, since top
frequencies will be dealt with by the tweeter
cone, the bass horn need only cover 3
octaves, i.e. from 70Hz to 560Hz, and the
middle-frequency horn can take over at
(say) SO0Hz. This middle-frequency horn
will be most efficient for 4 octaves, i.e.-up to
about 8kHz, at which point the tweeter
cone will already be taking over. The
complete frequency spectrum will therefore
be:

Bass horn 70Hzto 550Hz
Middle horn 500Hz to 8000Hz
Top horn

(tweeter cone) 8kHz upwards

The other design consideration at this
stage is the power handling capacity. A
bass power of 0-3 watts at a distortion level
of up to 1% was decided.

Bass horn
In order to derive the greatest benefit from
corner-positioning, the mouth of the bass
horn should be at floor level and should
stretch horizontally from wall to wall. A
mouth consisting of a quadrant of a circle
of 19in radius was considered, giving a
horizontal arc of 2.48ft. Examination of
Table 3 (Part 2) shows a minimum mouth
area of 2-56 'sq.ft for a horn capable of
reproducing down to 70Hz, and dimen-
sions of 2-48ft X 1.03ft (29-7in X 12-5in)
were therefore chosen for the bass horn.
Table 7 suggests a throat area of 0-048
sq.ft (i.e. 45 sq.cm) and Fig. 9 indicates
that for 1% distortion at 7 times the cut-
off frequency (i.e. 490Hz) the power at the
throat will be 0-007 watts/sq. cm, giving
0-3 watts total, which is the specified value.
Table 9 shows that the bass horn
will have a length of 6-18ft (exponential
contour) or 5-24ft (tractrix contour). It was
decided to adopt the tractrix so as to give
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a shorter overall length, and the complete
contour has been constructed in Fig. 12.

Treble horn

The treble horn will load the front of the
" loudspeaker, commencing at the nominal
diaphragm area of 23 sq.in, which is thus
the throat area for this horn. The lowest
frequency to be handled is 500Hz, and
from Table 4 the mouth areais 130-7 sq. in,
which may conveniently be realized as
10-1in X 12-9in. Table 10 now gives the
horn length as 4-42in.

It is also possible to adopt a circular
format for this horn, in which case the
mouth diameter will be 12-9in or altern-
atively some degree of horizontal
directivity may be introduced by adopting
an aspect ratio of 2-5:1 (larger dimension
horizontal). In this event the mouth dimen-
sions become 18-08in X 7-23in, and the
flare contours should be arranged to give
the appropriate expansion (see Fig. 13).

Integration and complete design
Radiation at the throats of the mid-
frequency and bass horns will be in anti-
phase, since these horns load the front and
back respectively of the single loudspeaker.
Since the mouths of both horns will be in the
same vertical plane, the combined length
should be an odd number of half-wave-
lengths at the crossover frequency to ensure
that radiation from both mouths is in phase
at this frequency. The total length is
5-24ft plus 0-37ft, i.e. 5-61ft. At 500Hz
this length corresponds closely to five half-
wavelengths as shown by Table 11. This
design thus includes a satisfactory combin-
ation of horns.

The cavity which couples the rear of the
loudspeaker diaphragm with the throat
of the bass horn should now be designed
to cut off radiation from the bass horn at
550Hz.

V=cS,/2rnf
where V=cavity volume, S, =throat area,
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Fig. 13. Flare contour for the treble section
of the mini-horn.

JS=cut-off frequency, whence V=
27-23 cu.in. The volume taken up by the
magnet, etc, of the loudspeaker is approxi-
mately 21 cu.in (obtained by direct
measurement) and thus the overall cavity
volume will be some 48 cu.in. The para-
meters of the mini-horn have been
summarized in Table 12.

Finally, the bass horn should be folded
into a suitable shape, and the two horns
integrated together. In view of the limited
space available and the desire for simplicity,
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Table 12
Summary of mini-horn parameters

Bass horn

Frequency range 70Hz to 550Hz
Driver unit Eagle FR65
Position Corner

Mouth area 2.57 sq.ft
Throat area 0-048 sq.ft
Contour Tractrix

Length 5-24ft

48 cu.in {including 21 cu.in
loudspeaker volume)

Cavity volume

Treble horn

Frequency rarnge 500Hz upwards
Driver unit Eagle FR65
Mouth area 130-7 sq.in
Throat area 23 sq.in
Contour Exponential
Length 4.42in

a design with only one major fold may be
adopted, shown in Fig. 14(b) (overpage).
The mouth of the bass horn is at the
bottom of the enclosure between the two
walls, making contact with the floor. The
mouth of the mid-horn is placed imme-
diately above this, in the same plane,
leading back to the loudspeaker itself.
The loudspeaker is mounted on a small
baffle board which supports the middle-
frequency horn at the front and the cavity
coupling to the throat of the bass horn
at the rear. The bass horn bends vertically
upwards almost immediately after the
throat to a point some 4ft high at which it
doubles back on itself down the corner of
the room to form the mouth. The cross
sectional area may conveniently be made
trapezoidal, but the design shown will not
preserve “plane-ness” of wavefronts around
the bends. Fig. 14(b) (overpage) illustrates
the general arrangement only, as readers
may well wish to make modifications for
personal reasons. The material used
should be Zin chipboard, etc, except the
side and front panels of Lin plywood.
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Design of a no-compromise horn
Following the many qualifications already
stated in this article, it must be clear that
“no-compromise” is in itself a misnomer
—horn design consists largely of making
the most effective compromises between
conflicting requirements. However, this
design is aimed at the situation where the
best possible practice can be followed with-
out being unduly hampered by limitations
of either size or position. Nevertheless, it
would be somewhat pointless to design
an enclosure which cannot be built without
professional tools, facilities and materials,
so the design has been conducted with a
large living room (or small hall) in mind,
and directed towards the competent do-
it-yourself enthusiast.

In order to cover a wide frequency range,
a three-horn design has been adopted, using
three separate loudspeaker units.

Bass Horn 40Hz to 440Hz

Mid-frequency Horn 400Hz to 3-8Hz

Treble Horn 3-5Hz to 20Hz
A total acoustic power handling capacity
of 1W at a distortion level up to 2% has
been chosen as being more than adequate
for the situation envisaged. A  wall-
mounting design is adopted, using a tractrix
bass horn, to simplify the eventual position-
ing of the system. (Of course, there is no
reason why a design intended for wall-
mounting should not be placed in a corner
but it is not recommended that corner
designs be placed against a wall.)

The choice of loudspeaker drive units
is not straightforward; there are many com-
mercial units worth using in horns, although
individual designers inevitably have their
own favourites. For this design it was
decided to use:

Horn  Unit Power({W)FrequencyDiaphragm
Range  Area
(Hz) (Nominal
sq.in
Bass  KEFB139 30 20-1k 42
Middle KEFB110 15 30-5k 13
Treble KEFT27 6 3k-30k 1-5
Bass horn

The mouth area for a minimum frequency
of 40Hz is given in Table 2 as 15-73 sq.ft,
realized as 47in by 48in. The diaphragm
area of the B139 loudspeaker is approx-
imately 42 sq.in (the diaphragm is oval
in shape) which corresponds closely with
the 8in speaker of Table 7. This table
gives a recommended throat area for the
bass horn of 0-073 sq.ft (68 sq.cm). The
highest frequency to be handled by this
horn will be 440Hz, i.e. 11 times the cut-
off frequency. Fig. 9 shows that for 2%
distortion at 11 times the cut-off frequency,
the throat will handle 0-01 watts/sq.cm,
which for a mouth area of 68 sq.cm
gives 0-68 watts total power. The length
of the bass horn, from Table 8, is 13-1ft
using the tractrix contour, and this curve
may be constructed to a suitable scale
in the same way as that produced for the
mini-horn. The form of the tractrix should
commence with a throat radius equivalent
to four times the chosen throat area (eight
times in the case of the corner horn) and
terminate at a mouth radius giving a peri-

meter equal to the cut-off wavelength. The
area at a series of points along the horn
(e.g. every 6in) may be obtained by
reading the radius from the graph and
taking one quarter of the corresponding
area.

Middle horn

Attention should now be directed to the
mid-frequency horn. The cut-off frequency
of 400Hz, together with the area of the
chosen loudspeaker (13 sq.in) result in a
mouth area of 203-6 sq.in, a throat area of
13-75 sq.in and a length of 8-78in (exponen-
tial contour). Again the contour should be
constructed to a suitable scale (which may
be 1:1 for the mid-frequency and treble
horns). Since the throat areas of the
middle and treble horns are made equal
to their respective loudspeaker diaphragm
areas, there is no problem regarding air
overload distortion—one could do little
if there were.

Treble horn

In view of the throat area of 1-5 sq.in for
this horn, it is suggested that a mouth area
of (say) 30 sq.in is adopted, giving an
exponential length of 1-1in.

However, at these frequencies it is quite
acceptable to mount the loudspeaker
directly onto a flat baffle board without
any horn.

Integration and complete design

The three loudspeaker drive units should
drive their respective horns in phase.
Initially it will be assumed that, whereas
the middle and treble horns must load the
front of the loudspeakers (to avoid dif-
fraction effects caused by the frame and
magnet assembly at the rear), the bass horn
will in fact load the rear of the loudspeaker.
This implies that the bass loudspeaker must
be connected in anti-phase to the middle
and treble loudspeakers. If examination
of the behaviour of the bass and middle
horns at their mutual crossover point
reveals that the radiation is in anti-phase,

Table 13
Summary of no-compromise horn
parameters

Bass horn

Frequency range 40Hz to 440Hz

Driver unit KEF B139

Position Wall

Mouth area 15-73 sq.ft

Throat area 0-073 sq.ft

Contour Tractrix

Length 13-1ft

Cavity volume 51 cu.in (directly at front of
loudspeaker)

Middle horn

Frequency range 400Hz to 3-8kHz

Driver unit KEF B110

Mouth area 203-6 sq.in

Throat area 13:75 sq.in

Contour Exponential

Length 8-78in

Treble horn
Frequency range 3-5kHz upwards

Driver unit KEF T27
Mouth area 30 sq.in
Throat area 1.5 sq. in
Contour Exponential
Length 1-1in
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the bass horn can be arranged to load the
front of its loudspeaker, which will then
have to be connected in phase with the other
two. In fact the total length of the bass and
middle horns is 13-8ft and Table 11 shows
that this is nearly equivalent to an even
number of half-wavelengths at 400Hz, the
crossover frequency. The bass loudspeaker
may therefore be reversed so that the horn
loads the front of the diaphragm; this will
also make the design of the acoustic cavity
much simpler.

The cavity between the bass loudspeaker
and its horn should be designed to give a
cut-off frequency of 440Hz. Applying the
aforementioned formula gives a volume of
51 cu.in. There is no real need to employ
a similar cavity at the crossover between
the middle and treble horns; the fact that
these horns are not folded, together with
their large throats, reduces distortion at
high frequencies to negligible proportions.

Finally, the three horns must be com-
bined into a composite enclosure. As with
the mini-horn there are many ways of
achieving this, and it would be invidious
to specify a particular design to the exclu-
sion of all others. However, certain basic
rules apply, and the following suggestions
may be of value.

The rectangular mouth of the bass horn
should be placed at floor level, with the
mouths of the middle and treble horns
placed above it, in the same plane. If the
back-to-front depth of the complete struc-
ture is at a premium, the middle and treble
horns may be mounted on top of the com-
plete folded bass horn, giving a very high
cabinet. If, however, height is at a premium,
then the bass horn may be folded behind
the middle and top horns, thus minimizing
the overall height but increasing the width.
This latter approach is shown in Fig. 14(a),
and the complete design of the no-compro-
mise horn is summarized in Table 13.
Material used for construction is lin block-
board, plywood, etc, and all joints should
be screwed and glued to make them air-
tight.

When converting from a basic parameter
design, as described in this section, to
complete working drawings, the temptation
is often to press on rapidly and adopt
certain compromises. Unfortunately, the
final construction is a “once only” event,
and horn structures cannot easily be modi-
fied if major audio deficiencies (e.g. reson-
ances or “holes” in the frequency spectrum)
become apparent during listening tests. It

Table 14~
Cross section details for the mini bass
horn

Sec. Length Area Realized
{in) {sq.in) (in)

A o] 7-0 1

B 10 119 1.7

c 15 165 2.2

D 25 28 4

E 35 49 7

F 40 67

G 45 92 complex

H 50 127 section

J 60 261 26 x 10 high

K 63 370 29.7 x 12.5 high
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Table 15
Cross section details for the no-
compromise bass horn

Sec. Length Area Realized

(in) {sq.in)  (in)
A 0 10-6 1-06
8 15 17.0 1-7
€ 30 27-8 2-78
D 40 38.0 3-8
E 50 54-0 5.4
F 60 75-0 7-5
G 75 122 12-2
H 94 230 23
J 104 316 13:5 x 23 high
K 113 426 13:5 x 31-5 high
L 120 540 17 x 31-5 high
M 125 630 17 x 37 high
N 132 790 21 x 37 high
P 139 1125 28 x 40 high
R 153 2265 47 x 48 high

is therefore strongly recommended that the
final design takes place over an extended
period. with several alternative approaches
being worked on simultaneously until one
of them emerges as the right solution for
the parameters and overall concept in mind.

The three loudspeaker units must be con-
nected via suitable filters so that each
handles frequencies only within its
appropriate pass-band. The simplest way
of achieving this is by means of passive
crossover networks at the output of the
power amplifier. However. this method
reduces the beneficial effects of electro-
magnetic damping of the loudspeaker
movement afforded by the low output
impedance of the amplifier. and a better
method is to use three separate power
amplifiers whose inputs are fed via active
high and low pass filters. as outlined in
Part 2.

It is well-worth experimenting over an
extended listening period until the optimum
bandwidth and sensitivity of each horn has
been realized. paying particular attention
to the crossover points.

Conclusions

This article has taken the form of a critical
review of work which took place largely
between 20 and 50 years ago. The author
of such reviews benefits from hindsight,
but inevitably loses much of the excitement
and impact of the original work. I have
been in contact with many individuals who
were personally involved with the develop-
ment of horns, in both amateur and pro-
fessional capacities; I thank them all for
their advice and comments, and hope that
I have done justice to their suggestions.

In spite of the obvious disadvantages of
large size and high cost, and the difficuities
of realizing an adequate design, the expon-
ential horn loudspeaker still has many
enthusiastic users, the present author
among them. The clear advantages con-
ferred by the horn in terms of presence,
clear bass, low distortion and sheer realism,
combine to make horn enthusiasts redouble
their efforts to design a better horn rather
than to adopt an alternative type of enclosure.

It will be clear to readers of this article
that, with the possible exception of straight
horns of circular section constructed in a
very stiff material, the simple horns de-
scribed here can only approximate to the
ideal performance offered by this genre of

reproducer. Although the pioneer develop-
ment work was conducted between 50 and
70 years ago, engineers are continuously
designing new horns and investigating
different aspects of their performance, often
with the aid of computers to construct a
mathematical model for the analysis of
conditions in a practical horn (38. 39). It
must be emphasized again that first-class
results may be obtained by following the
basic design data and constructional advice
given in this article. Loudspeakers in
general, and horns in particular. are contro-
versial subjects. and I have no doubt that
many will wish to challenge some of the
statements I have made. I hope that this
article, together with any discussion. will
stimulate many audio enthusiasts to design
and make their own horns, and to write
about the results so that all may benefit
from their findings.

Finally. T acknowledge with thanks the
helpful advice given by Mr Gilbert Telfer.
whose experience of the design and manu-
facture of horns has been a constant
encouragement.
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Electronic piano

design

To help potential constructors of the
electronic piano design (March. April and
May issues) gauge its tonal qualities, the
designer. Geoff Cowie, will provide re-
cordings of its sounds on cassette, for £1.
Send remittance c/o the Wireless World
editorial office. .

Alan Douglas, a supplier of keyboards
for the design, tells us he can provide key-
switches that incorporate the necessary
modification described in the April issue.
The gold-clad phosphor-bronze contacts
(not gold-plated as suggested in the
articles) are precisely aligned at the
assembly stage to be normally closed in-
stead of normally open. This unusual
arrangement is to achieve touch-sensitive
key action with the minimum of circuit
complexity. The keyswitches, together with
a robust, lightweight (magnesium alloy)
C-C keyboard, are available for less than
£32, including VAT, from Alan Douglas,
4 Lees Barn Road, Radcliffe-on-Trent,
Notts.

We regret that various errors occurred
in the headphone amplifier circuit board
(Fig. 17). A revised wiring diagram ac-
companies this note.

For the oscillator circuit of Fig. 6, the
modified form of Mr Walne’s (see Letters,
this issue) is recommended. Note that
adequate tuning range may not be obtained
if the pre-set resistor ends are connected
together as suggested in Fig. 14.

input

R

4

o]

=
c

The value of R, (Fig. 3) was omitted
from the parts list—it should be 1kQ.
Optional capacitor C,, added across
R, as shown in Fig. 16, was 0.01pF in
the original design; its inclusion and
value is a matter of personal taste.
Capacitor C,y, (Fig. 7) should be 50uF, as
listed, and not SuF.

An alternative to the OC203 transistor
specified for Tr,y; is 2N3705. Diode type
IN914 or similar can be substituted for
the OA200 diodes.

In the oscillator parts list there should,
of course, be twelve 10- and 15-kQ re-
sistors (and not two) and in the key circuit
list R, was incorrectly given; it should be
1.8kQ.

— B
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Whatever your application, whatever your budget,
there is a technically advanced Hewlett-Packard
instrument to meet your specification.

Hewlett-Packard offers
total capability
e in RF sighal generators

0.01-1300 MHz
: Model 8660B 0.01- 1300 MHz

Model 8640A
450 kHz-550 MHz
(to 1100 MHz)

Model 8640B
450 kHz-550 MHz

] e T RS ! ; (to 1100 MHz)
Model 8654A m—
10-520 MHz

The Hewlett-Packard range of RF Signal Generators provides
you with a state-of-the-art instrument for almost every application
and every budget.

It begins with the compact Model 8634 A, ideal for use in fiéld
service conditions or as an economical insirument in lab and
production applications.

Then comes the high performance Model 8640 in two
versions, the “A” with dial readout and the “B” with 6-digit counter
readout and phase-lock, both suitable for the stringent full-
performance testing of virtually any type of HF, VHF and UHF
receiver.

And finally, the plug-in Model 8660 system, combining the
precision, stability and programmability of a synthesizer with the
modulation and output control features of a signal generator. Also
available in two versions, the “A” for systems applications and the
“B” with its calculator derived keyboard for bench use, the 8660
is ideally suited for testing modern communications systems and
for use in automatic test applications.

Outstanding spectral purity and noise performance are just
two of the features of the Hewlett-Packard family of signal
generators. There is a lot more that would interest you.

You ought to get the details.
Just write to Hewlett-Packard Ltd, 224 Bath Road, Slough,
Berks. SL14DS.

HEWLETT W PACKARD

Sales, service and support in 172 centres in 65 countries.
WW—129 FOR FURTHER DETAILS
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The Sinclair Scientific.
Logs,trig and

arithmetic.

All at the touch of

a button.

Forget four-figure tables.
Forget slide rules. At last there's
a pocket calculator which gives
you log and trig functions
instantly —and carries on to
complete the calculations
which use them — at a price that
makes sense.

Because the new Sinclair
Scientific costs amere £49
(plus VAT)

Here’'s what you can do

With the functions available on the
Scientific keyboard, you can handle
directly

log,,, antilog,,,

sin and arcsin,

cos and arccos,

tan and arctan,

automatic squaring,

automatic doubling,

xY (including square and
otherroots),

plus, of course, addition,
subtraction, multiplication, division,
and any calculations based on them.

In fact, virtuaily all complex
scientific or mathematical
calculations can be

handled with ease.

Here's what you get

A full 12-function machine
The keyboardisas simpte as a
normal arithmetic calculator’s.
("Upper and lower case’ operation
means the basic arithmetic keys
each have two extra functions.)

7-digit scientific notation
Display shows 5-digit mantissa,
2-digit exponent, both signable.

200-decade range
102210 10+9%°

Reverse Polish logic
Post-fixed operators allow chain
calcutations of unlimited length

25-hour battery life

The Scientific gives about 25 hours
continuous use from 4 AAA
manganese alkaline batteries (e.g.
MN2400). Complete independence
from external power.

Genuinely pocketable format
llustration shows calculator life
size (43" x2" x13"). Weight 4 oz.
Attractively styled in grey, blue and
white.

Comprehensive guarantee
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And all foraround £49.- s

Here’'s howto find outmore  Orsimply ask for the literature. The examples. Ask for a copy at your
. . e . Scientific is fully described in a nearest stockist, use the reader reply
;-T(?nsg'ﬂﬁlsgfss(:if(?lgifrl(f:iIrzttsh(latlsalthti(l:?s comprehensive, full-colour service, or clip the coupon below.
y g brochure, with plenty of real-life Reading the brochure is the next

builtinto a unique, single integrated
circuit, which we designed, and P = ! — —-
which is exclusive to us. No other
machine offers it.

You'll find the Scientific at all the I
dealers listed. See it, handle it, skim B.6Ebcd3 -0+ EE
the instructions — find out for
yourself how powerful it is, and how
convenientto use.

best thing to holding a Scientific in
] your hand.

4 Sinclair Radionics Ltd,
London Road, St lves,

Huntingdonshire, PE174HJ.
Reg. no: 699483 England. VAT reg. no: 213 8170 88.

If you've any difficulty, send us a
cheque direct. We'll be

happy to send you a Scientific in
return — calculator, carrying
case, instructions, batteries,
everything. All on a full
10-day money-back
undertaking, of course.

- lrad  57.2958"

 SiNcClair  hoo 2309 - 'I—
ol e 271828 n

= Scientific 312159 EI : EI

F—————————n

To: Sinclair Radionics Ltd, I
London Road, St lves, Hunts.,
PE17 4HJ. I

Please send mefull illustrated details

of the Sinclair Scientific calculator.
¥ antilcg
4 tan

Name

I
]
Address . '
ﬂ ]
I

arcsin i
€0S i X ww/6/74

Please print

Sinclair Scientific available from:

Ryman, Dixons, Underwoods, Henry's

Radio, Lasky's, Wallace Heaton, larger
branches of Boots and Currys; Harrods

and Selfridges ; department stores;

leading office equipment, electrical and
photographic suppliers ; and other good

stores everywhere. Educational distributors:
British Thornton, Philip Harris.

WW-—130 FOR FURTHER DETAILS
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IT PAYS TO KEEP IN TOUCH
WITH BURNDEPT

Whatever kind of communication
you need, Burndept are ideally
suited to supply it-anything
from a complete command and
control system to a single
radio-telephone.

%

1 ¥

Al . In fact your problems are our
||[swr~NoERT business.
|l | L The Burndept Total Communica-

50 years in radio to offer you the
most advanced British equipment,
expert planning help and follow up
service with national UK coverage.

Want to know more?
So get in touch with Burndept now.
Just getyour secretaryto
cut out the Burndept 48
symbol from this 4
Eage, clip it to your

usiness letterhead

and post it to us.

We will get in
touch with you.Fast.

‘i tion Service has been built up over

s BURNDEPT ELECTRONICS (E.R.)LTD

St.Fidelis Road, Erith,Kent DA81AU. Telephone: Erith 39121 Telex: 896299

<) Not the biggest-just the best

WW—083 FOR FURTHER DETAILS
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Radio interference
—a review

International standardization of measurement and limits: methods
of investigation and suppression

by A. S. Mclachlan, J. H. Ainley and R. J. Harry
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Directorate of Radio Technology, Ministry of Posts and Telecommunications

Dealing with radio interference is, perhaps,
one of the less well-known aspects of radio
engineering and yet it is one of considerable
importance. It has a direct bearing on the
enjoyment by many millions of listeners and
and viewers of sound and television broad-
casting; it is an important factor in the pro-
vision of accurate telegraphic and intelli-
gible telephonic communication; and it can
be a matter of life and death in connection
with the radio aids upon which aircraft and
ships rely for safe navigation.

Interference with a radio signal can be
caused by radio-frequency energy coming
from natural or man-made sources. The
former include thunderstorms, charged pre-
cipitation and other natural phenomena
and there is nothing that can be done to
eliminate these sources of interference.
Their effect can only be ameliorated by
attention to the design of the radio system
concerned, by providing an adequate trans-
mitted signal strength to over-ride reason-
able levels of noise and by carefully design-
ing the receiving system to make the best
use of the available signal.

[t is with man-made interference that this
article is primarily concerned and its sources
can be divided into four classes:

(i) Interference from other radio systems
operating on the same frequency channel;
this can generally only be eliminated or
minimized by careful frequency assignment
planning to provide adequate geographical
separation or time sharing between co-
channel stations. This aspect of interference
is a subject on its own and is not covered by
the present article.

(11) Interference from spurious out-of-
hand radiation produced by radio equip-
ment used for communication purposes.
This type of interference can be caused by
both transmitting and receiving equipment
and can affect other, quite unrelated, radio
systems.

(iii) Interference caused by electric equip-
ment in which radio-frequency energy is
deliberately generated for heating purposes,
e.g. diathermy, plastics welding and cook-
ing equipment.

(iv) Interference caused by electric equip-
ment of many different kinds in which radio-
frequency energy is an unwanted by-product
and plays no part in the proper functioning
of the equipment, e.g. motor car ignition
systems, electric motors and switching
devices.

The abatement of radio interference is
partly a social, partly an economic and
partly an engineering problem. In a society
in which economic considerations were
secondary to social conscience, equipment
and appliances could be designed from the
outset so that however they were used they
would not cause radio interference. In a
practical society, however, a policy such as
this would impose unacceptable restrictions
on the design of equipment, leading, in
many cases, to costs which would be pro-
hibitive. Compromise is thus necessary and
equipment is generally suppressed to a
degree which, in “normal” use, will not
cause “harmful” interference to receivers of
“reasonable” quality in ‘“‘good” working
conditions with suitable aerial systems in
areas of “‘adequate” field strength. To de-
fine these various terms objectively and
precisely is difficult and it has been the con-
cern of various national and international
bodies over the years to arrive at fair and
economic solutions, so that the burden of
responsibility is shared equitably by the
equipment manufacturers and the pro-
viders of radio systems. In all of these con-
siderations it is of paramount importance
to ensure that suppression measures applied
in no way render any item of equipment less
safe or less able to perform the function for
which it is intended.

Regulatory powers

In the United Kingdom, until the passing of
the Wireless Telegraphy Act 1949,' the
abatement of interference was on an entirely
voluntary basis. The Post Office, as the
licensing authority at that time, had set up
and operated a country-wide radio inter-
ference service with specialised headquarters
and laboratory facilities in London. The
object of this service was to deal with specific
cases of interference to sound and, later,
television broadcasting reception and to
give advice and guidance on technical prob-
lems as they arose. Broadcasting organiza-
tions and various branches of the electrical
and radio industry co-operated in the study
of radio interference problems and the over-
all effort was co-ordinated primarily in
appropriate committees set up by the Insti-
tution of Electrical Engineers and the
British Standards Institution.

Under the 1949 Act the Postmaster
General was empowered, after due consul-
tation with an advisory committee set up

-

for this purpose, to make regulations con-
cerning the manufacture and/or use of
specific items of electric equipment which
might cause undue radio interference.

Up to the present time a number of regu-
lations? have been made covering electric
appliances the use of which has been shown
by experience to give rise to the most fre-
quent complaints of interference. They lay
down limits to be met when the level of
interference is measured in a stated manner
using measuring equipment of specified
essential characteristics. The introduction
of regulations in the U.K., by encouraging
manufacturers to suppress equipment and
appliances at the time of manufacture, has
been a contributory cause of the fall in com-
plaints of interference from a peak of
170,000 in 1955 to around 57,0C0 per annum
at the present time.

When, in 1969, the office of the Post-
master General was abolished and the Post
Office became a Public Corporation, re-
sponsibility for spectrum management in
the United Kingdom, including the control
of radio interference, became the responsi-
bility of the newly-created Minister of Posts
and Telecommunications. The headquarters
organization and the development labora-
tory from the Post Office were incorporated
into the establishment of the new Ministry.
However, it was not considered practicable
for the Ministry to take over the field organi-
zation dealing with the interference com-
plaints from the general public. Clearly the
Post Office, with its extensive country-wide
engineering organization, was in a better
position to carry on with this work. Conse-
quently field engineers of the Post Office
continue to undertake the investigation of
day-to-day complaints, acting now as agents
of the Minister. The Ministry, for its part,
takes an active role in the work of national
and international committees dealing with
interference problems and, on the basis that
prevention is better than cure, assists manu-
facturers of a wide range of apparatus to
meet the requirements of regulations and
standards by giving advice on suppression
techniques.

International aspects

There is another and perhaps less obvious
aspect of radio interference suppression.
This is its effect on trade between countries.
Different requirements in legislation on
radio interference suppression in different
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countries, while allowing electric goods to
flow in one direction, may make it difficult
for them to move in another direction. This
constitutes a technical barrier to trade and
it is one of the objects of the major trading
countries of the world to eliminate such
barriers. International standardization of
the methods of measurement and limits for
radio interference is the means of achieving
this aim. The need for such standardization
has long been recognized, and since the mid-
1930s the U.K. has participated in the work
of the International Special Committee on
Radio Interference (C.1.S.P.R.) which oper-
ates under the aegis of the International
Electrotechnical Commission (I.E.C.). The
aims of the C.I.S.P.R. are the establishment
of internationally agreed methods of meas-
urement and limits of radio interference. To
a large extent these aims have been achieved
with the realization of agreed specifications
for interference measuring receivers for the
frequency range from 10kHz to 1000MHz?
and recommendations for methods of
measurement and limits for a wide range of

NATIONAL

Advisory Committee

reports and recommendations

appliances and equipment. A specification
for a measuring receiver and recommenda-
tions for a method of measurement and
limits for the frequency range 1 to 18GHz
have now been agreed in the C.I.S.P.R. but
these have not yet been published. Limits of
interference and methods of measurement
laid down in UK. Regulations and British
Standards* are in most cases in close agree-
ment with C.1.S.P.R. Recommendations.
Within the Common Market the need for
harmonization of interference legislation is
recognized and directives setting limits on
the interference generated by a wide range
of electric equipment are likely to be intro-
duced in the near future’ as part of the
E.E.C’s programme designed to eliminate
technical barriers to trade. They relate to
equipment such as domestic appliances,
radio and television receivers, semicon-
ductor control devices and fluorescent light
fittings. Goods manufactured in one mem-
ber state and certified as conforming to the
technical provisions of the relevant directive
will be acceptable for marketing in all other

U.K
Wireless Telegraphy
Acts 1949 and 1967

industry {>
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member states. The technical provisions
will be based on C.I.S.P.R. recommenda-
tions.

In June 1972, before the U.K. became a
member of E.E.C., the Community adopted
a directive relating to the suppression of
radio interference from ignition systems on
certain petrol-engined vehicles. Under this
directive new vehicles which conform to its ¢
technical provisions will have a certificate
to that effect. These technical provisions in-
clude the limits of interference contained in
C.I.S.P.R. Recommendation 18/2 which
were also adopted by the Economic Com-
mission for Europe (E.C.E.) of the United
Nations in its Regulation 10 (Uniform pro-
visions concerning the approval of vehicles
with regard to radio interference suppres-
sion). The U.K. accepted E.C.E. Regulation
No. 10in 1969, and is making its observance
by vehicle manufacturers mandatory on and
after 1 April 1974. Vehicles which conform
to it will bear an approval mark. At a later
date when type approval to the E.E.C.
standard® (which is similar for all practical

INTERNATIONAL

United Nations
Economic Commlssion
for Europe
ECE

e av =

Regulation 10 - motor vehicle ignition

European
community law

EEC

European harmonised
standards

European Committee for
Electrotechnical
Standardisation

CENELEC

limlts and methods
of measurement

International Electrotechnical
Committees (IEC/TC)
International Special Committee
on Radio Interference (CISPR)

international standardisation

Post Office radio
Interference service
(Agents of MP.T.)

ignition
apparatus

statutory instruments

electric medicai
motors apparatus

Fig. 1. National and international organization for the control and abatement of radio interference.

heating apparatus

radio frequéncy refrigerators
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purposes) becoines mandatory, the E.E.C.
approval mark will be replaced by the
certificate. In order to obtain the appro-
priate E.E.C. or E.C.E. approval for a
specific type of vehicle the manufacturer
must submit a sample vehicle for test. In the
U.K. the M.P.T. has set up a testing station
and acts as the test authority on behalf of
the Department of the Environment which
is responsible for the issue of approvals.
When obtained, this approval enables the
manufacturer to export his vehicles to other
countries in Europe which have accepted
the scheme, without separate, national,
approval being required. The provisions of
C.I.S.P.R. Recommendation 18/2 men-
tioned above are now embodied in a U.K.
Statutory Instrument’ made under the
Wireless Telegraphy Act 1949.

The present national and international
arrangements which have evolved asregards
control and abatement of radio interference
are shown in Fig. 1.

Investigating interference complaints

The large majority of complaints dealt with
by the radio interference service investi-
gators in the field are complaints from
members of the public of interference with
reception of sound or television broadcast-
ing. However, with the rapid growth of
mobile radio services in recent years, a
small but significant number now arise
within this service. The rise and fall of
interference complaints is shown in Fig. 2.

In the earliest days of broadcasting, inter-
ference to sound radio reception resulted
mainly from oscillation in other receivers,
and the work of investigation officers con-
sisted mostly of persuading listeners to re-
frain from advancing the reaction control
too far. This problem disappeared as super-
heterodyne receivers came into general use,
but the rapid growth in popularity both of
sound broadcasting and the use of elec-
tricity in homes and factories resulted in
increased interference caused by electric
appliances. The Radio Interference Service
expanded to meet these problems and by
1939 ghe field staff totalled some 250 men
who in that year investigated about 48,000
complaints of interference to sound radio
and 100 to television. During the 193945
war broadcasting services were drastically
reduced and only a skeleton interference
staff was maintained, but from 1947, when
television broadcasting was resumed, the
pre-war trends continued and the number
of complaints of interference increased
more rapidly than before. A peak was
reached in 1955 when about 500 men were
involved and a total of almost 170,000 com-
plaints were investigated, about two-thirds
of which related to television. Since that
time, despite the continuing growth of
broadcasting services and the increasing
numbers of radio and television receivers
and electric appliances in use, the number
of interference complaints has progres-
sively fallen. Although the complexity of
some interference problems has increased,
it has nevertheless been possible to reduce
the staff required and, to deal with approxi-
mately 69,270 complaints in 1972, of which
86.3% related to television, about 330 in-
- vestigation officers were employed.
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Fig. 2. The rise and fall of interference
complaints.

There have been three main reasons for
this reduction in the number of complaints.
The first is that the coverage given by tele-
vision broadcasting stations has been im-
proved to provide adequate field strength
in many areas where formerly low field
strength was a prime factor in interference
complaints. Secondly, there is a comtinuing
change-over from v.h.f. to u.h.f. television
reception, which is less subject to inter-
ference from the more common sources and
in general requires the use of more efficient
antenna systems which help to give better
protection from interference. Thirdly, sub-
stantial improvements have resulted from
the introduction of the statutory regulations
relating to interference from certain classes
of electric apparatus, and from the volun-
tary compliance by manufacturers of ap-
paratus with British Standards containing
radio interference limits. One example is
that the majority of manufacturers of appli-
ances such as food mixers, hair dryers, and
portable tools have voluntarily fitted sup-
pressors to their products.

One of the functions of the M.P.T. head-
quarters unit is the collection and dissemi-
nation of information. Statistics derived
from reports by Post Office field staff are
analysed to measure the effectiveness of
regulations and to identify new sources of
interference as they make their effect felt.
Periodically, bulletins are prepared for issue
to the field staff giving useful information
on new forms of interference or new
methods of suppression or other informa-
tion which will assist the investigation
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officers in their daily work. Often the ex-
perience of one officer, reported ina bulletin,
will be of practical value to others.

The first step in investigating a complaint
from a listener or viewer is to examine the
receiving installation to verify that the
signal field strength available is adequate,
that an antenna suiting the situation is pro-
vided, and that the receiver is in good work-
ing order and properly adjusted. It may be
noted in Table 1, which shows in condensed
form the 1972 statistics of interference com-
plaints, that in about one-third of the com-
plaints investigated these conditions were
not met.

The interference officer has at his disposal
equipment to demonstrate to the owner of
an unsatisfactory installation the effect of
putting his house in order, at least in those
situations where the signal is adequate. This
includes a telescopic mast and antenna, to
demonstrate the effect of an efficient an-
tenna, and a small portable television
receiver for use if the complainant’s receiver
is suspected of being faulty.

When the receiver is found to be in good
order the investigator will proceed to ob-
serve the effect of the interference. This may
be more easily said than done, for inter-
ferenceis often of an intermittent nature and
it may be some time before it makes its pres-
ence apparent. There are no set rules of pro-
cedure from now on; a brief observation of
the interference may be sufficient to indicate,
to the investigator with a wealth of experi-
ence, the probable cause of the trouble, and
perhaps even to locate the source without
the use of other special equipment. For in-
stance, short bursts of interference to both
sound and vision on a television receiver
might be characteristic of a sewing machine
in use nearby and a few enquiries at neigh-
bouring houses may quickly identify the
source.

However, if the simple approach does not
produce the desired result it is necessary to
resort to more scientific means, and a num-
ber of special interference tracing receivers
are available to the investigating officer.
Separate models are available for the
1.f./m.f., the v.h.f. and the u.h.f. bands re-

TABLE 1
SIMPLIFIED 1972 STATISTICS OF INTERFERENCE COMPLAINTS
No. of complaints per service
Approximate
Sources Sound Television Private % of all
mobile complaints
ILf./m.f. | v.h.f. | v.h.f. | u.h.f. radio

Inadequate signal 57 36 874 | 1001 6 3.00
Inadequate antenna 637 436 5867 | 2735 43 14.00
Receiver faults or maladjust-

ments 611 594 6499 | 3945 208 17.00
Contact devices 1170 250 7528 791 16 14.00
Radio transmitters in U.K. 220 256 2053 979 435 6.00
Broadcast receiver radiation 323 14 1485 | 1472 23 5.00
Electric motors 275 83 2585 178 15 4.00
Overhead powerlines 86 14 2324 65 15 4.00
Discharge lamps and signs 301 25 1001 63 3 2.00
Industrial and medical r.f.

heating equipment 18 10 728 74 22 1.00
Identified sources other than i

those above 582 154 3294 857 103 7.00
Unidentified 1561 357 9527 | 2043 324 20.00
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spectively, together with a light-weight
readily portable combined v.h.f./u.h.f.
model for general use. All the receivers have
directional antennae so that they may be
used to take rough bearings on interference
sources, together with facilities for measur-
ing field strength. These two facilities, in the
capable hands of an experienced officer, will
usually lead to identification of the source
of the interference, provided of course that
the interference remains on for a long
enough period.

Where it is immediately practicable the

investigating officer will demonstrate how

the interference can be cleared by means of
suppressors or filters, and may supply and
fit these components provided that the com-
plainant or the owner of the offending
apparatus agrees to bear the cost. In some
cases, however, the co-operation of a manu-
facturer may have to be sought, for instance
in providing additional screening in an
appliance to reduce radiation.

Suppression of interference

Basically, radio frequency interference can
be generated in two ways: by switching an
electric current on or off, or by means of an
oscillator. The transient change of current
when a switch is operated contains com-
ponents the magnitudes of which depend
upon many factors such as current switched,
the instant of switching in relation to the
alternating current cycle (if the supply is
a.c.), the capacitance of the wiring across
the switch contacts, and dirtiness or bounce
in the switch contacts (either of which may
cause a single operation of the switch to
give rise to multiple interruptions of the
current). Resonances in the circuits con-
nected to the switch may cause some fre-
quencies to predominate in the interference
produced.

If the switch is a simple on-off device each
operation will generate interference in the
form of a *‘click” and this may not be very
serious; however, continuous switching
operations occur in, for example, commu-
tator motors, motor car ignition systems,
dimmer or speed control devices and gas
discharge lamps. Such devices will generate
continuous broadband interference which
is characterized by the presence of high am-
plitude, short risetime pulses having a repe-
tition rate which is dependent on the
switching rate. There are also many multiple
switching devices in use nowadays, such as
lift controls and automatic washing machine
programmers which generate a succession
of broadband disturbances in more or less
rapid succession. This is generally referred
to as discontinuous interference.

The second type of interference generator
isthe device in which radio frequency energy
is deliberately generated by means of an
oscillator. Examples are industrial, scien-
tific, medical, or cooking equipment and
radio receivers of the superheterodyne type.
The r.f. energy produced ranges from many
kilowatts in some industrial r.f. heaters to a
few milliwatts in a small radio receiver, but
both can be serious sources of interference.

There are four basic ways of combating
interference:

(1) in oscillating devices, by arranging
that the frequency of the oscillation is one

which does not interfere with radio services
in the vicinity;

(i1} by enclosing the offending device in a
screened enclosure which does not allow
the r.f. energy to escape;

(iii) in switching devices, by introducing,
capacitive, inductive or resistive com-
ponents to reduce the r.f. content of the
current transients;

(iv) in some cases by modifying the receiv-
ing equipment.

Examples of each of these methods will be
discussed.

Industrial, scientific, medical and cook-
ing equipment is required to operate at a
wide variety of frequencies to suit various
applications, and a number of small fre-
quency bands have been set aside, by inter-
national agreement, for this purpose. These
are known as ‘“‘free radiation” bands and
there is no restriction on the radiation per-
mitted in these bands. Other services must
keep clear or put up with interference. How-
ever, in some cases the internationally
agreed bands may not fit in with national
frequency planning. For example, the i.s.m.
(industrial, scientific, medical) frequency
40.68MHz is rather close to the frequency
of 41.5MHz used for the sound carrier
associated with the lowest v.h.f. television
channel of the 405-line system used in this
country, and is a potential source of inter-
ference to channel 1 viewers. To avoid this
particular form of interference 40.68MHz
is not used as a free radiation frequency in
this country. Instead a system of zoning is
used in which the i.s.m. equipment is
assigned a working frequency in a television
channel which is not in use in the area in
which the equipment is installed. Thus, for
areas where channel | is not used the i.s.m.
equipment is allocated 42+0.08MHz;
where channel 1 is used the operating fre-
quency is 49+0.98 or 56+0.112MHz. In
both cases the radiation is limited to 1V/m
at 30m from the boundary of the premises
in which the equipment is installed. At fre-
quencies other than the operating frequency
the radiation is limited to a much lower
level, 304V/m at 30m from the boundary of
the premises being a typical level in the
v.h.f. bands.

Another type of interference which was
at one time prevalent in the Peterborough
area (and came to be known as the ‘‘Peter-
borough effect””) occurred when 1.T.A.
transmissions commenced from Mendle-
sham on channel 11. Peterborough is at
extreme range from Mendlesham and the
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signals were rather weak. At the same time,
receivers in the Peterborough area tuned to
the local B.B.C. station on channel 5 pro-
duced interference at the second harmonic
of the local oscillator frequency of 101.40 +
0.3MHz right in the middle of the Mendle-
sham signal and many hundreds of cases of
interference occurred. The solution in these
cases was to re-tune the intermediate fre-
quency amplifiers in the receivers to a
slightly different frequency so that the beat-
ing oscillator frequency no longer interfered
with the I.T.A. signal. This operation was
an extensive one carried out with the co-
operation of receiver manufacturers and a
number of teams of investigation officers
drafted temporarily into the area from other
parts of the country. The problem ceased to
exist later when a closer [.T.A. transmitter
came into operation. In planning the u.h.f.
television service care was taken to avoid as
far as possible using at the same station
pairs of channels which would give rise to
this type of interference.

To keep interference to a minimum in the
small number of locations where the har-
monics of oscillators of v.h.f. receivers are
near the frequency of the vision carrier of a
u.h.f. channel, limits of oscillator radiation
and immunity are prescribed for television
receivers.*

Enclosing the source within an earthed
screen to prevent the radiation of inter-
ference is a measure that can sometimes be
applied. For example, some industrial and
medical equipments can be treated in this
way. In the case of microwave ovens, these
have to be fully screened to avoid danger to
the operator, and linked switches must be
provided to cut off the r.f. energy when the
door is opened. Careful screening can also
be applied in radio receivers to prevent
direct radiation of the beating oscillator
frequency. However, in this case it may still
be possible for some energy to escape via
the antenna. Generally speaking, screening
is an expensive method of avoiding inter-
ference and is only used where there are
compelling reasons for it.

The suppression of switching devices,®
whether of the single-operation type or
repetitive, is essentially the introduction of
components which will slow down the
transient current changes to limit the power
generated at radio frequencies and filtering
elements to attenuate r.f. energy trans-
mitted along, and to damp down any reson-
ances in, the associated wiring.

At radio frequencies capacitors behave

Ly tield
foot 0'SmH
operated — 0000 - — 000 \—
speed — —
control ———— = Ca .l. SL::-i
Sn o
—> L2 C3
4c, 0'5mH 1 eon]
™ 40n —— -
C2 L
80n =
% y
T — 3
——JO0™
field
b b

mains supply

Fig. 3. Typical circuit for suppression of a sewing machine.
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electrically as series tuned circuits, the in-
ductance being that of the foil windings, or
plates, and connecting leads. Capacitors
must therefore be chosen to have a low im-
pedance throughout the frequency range to
be suppressed. Inductors behave electrically
as parallel tuned circuits, the capacitance
being that of the inductor windings. In-
ductors must therefore be chosen to have a
high impedance throughout the frequency
range to be suppressed. To meet these re-
quirements it is generally necessary to have
one set of suppression components for the
I.f. and m:f. sound broadcast bands and
another set for the v.h.f. sound broadcast
and television bands.

Experience will usually suggest the best
form of suppression for a particular equip-
ment but some trial and error must be used
to find the optimum values for the com-
ponents. In many devices the housing of the
necessary components in a confined space
presents a difficult design problem, and
great care must be taken in the choice of
components. In particular, some of the
capacitors used must be capable of with-
standing the continuous application of
mains voltage and associated large voltage
spikes.

An example of the suppression applied to
a sewing machine is shown in Fig. 3. C,, C,
and L,, L, suppress the clicks from the foot
operated speed control. C;, C, and Cj sup-
press the 1.f. and m.f. interference from the
motor and the small S5uH chokes L, L, are
fitted close to the brushes to suppress v.h.f.
interference.

A measure which may be effective in cases
where suppression at the source presents
difficulties is the introduction of filtering in
the aerial lead of the affected receiving
equipment. For example, when receiving a
wanted signal of normal strength, a very
strong signal on some other frequency
applied to the input terminals of a receiver
may cause blocking or cross modulation or
some other non-linear effect which will
interfere with reception of the wanted
signal. A suitable filter will often solve this
problem. (To be concluded.)
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HF predictions
for June
lonospheric Index 1F2

1972 1973 1974
January 58 41 7
February 78 46 12
March 100 41 27
April 90 13 19
May 90 43 10
June 82 37 8
July 94 32 7
August 96 25 6
September 83 40 5
October 80 26 4
November 56 8 3
December 49 4 2

April 1974 onwards are forecast values. Data
supplied by Science Research Council,
Appleton Laboratory, Slough.
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Circuit

Simple code-operated switch

or combination lock

The circuit is of a five-number combina-
tion lock costing under £1.50 and using
five integrated circuits.

Six set/reset bistable circuits are formed
by cross-coupling two two-input NAND
gates. A 0-V input is needed to change
the state of these. Five are used for the
combination and the sixth prevents circuit
operation by a number in incorrect
sequence. (Simplified NAND symbols.)

The states of the bistable outputs after
switch-on are indicated by H (high) and
L (low) and this is the ‘“reset” state. Each
bistable circuit must be changed to the
“set” state, in turn, from left to right by
the combination, as selected by a 12-way
rotary switch and the number entered by
a push-button.

If any bistable circuit, except B1, is set
while the preceding one is still reset, one of
the 7401 open collector NAND gates goes
low due to both of its inputs being high
and this sets B6, which holds the other
five in the reset state until the circuit is
switched off.

When BS is set, the then low output
is inverted and switches on T7r, which

Timebase circuit

Advantages of this simple timebase circuit
include fast flyback time due to the neg-
ative resistance operation of the transistors
in the breakdown region, option of slower
sweep rates by increasing C; at will, and
pin-point stability adjustment found only
in costly ’scopes. Old oscilloscopes which
have only a synchronized free-running
timebase can be easily modified using this
cheap circuit.

The right part of the circuit consists
of the timing capacitor and rate charging
resistor and when the breakdown voltage
of the reverse-biased BC107B (about 9 to
11 volts) is reached, the capacitor is
quickly discharged. When the voltagefalls
by about two volts, the transistor assumes

100n
600V

from Y-amp.
anode or
ext. trigger
input

BC109B

100n
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its high resistance state and the capacitor
charges up again, sothat in this free-running
mode, a two-volt saw-tooth wave is avail-
able, the frequency being controlled by the
rate control. When the 1kQ stability con-
trol is moved downwards, the circuit gives
no output and it can then be triggered by
synchronizing or trigger pulses obtained
from the left part of the circuit. In the
figure, the Y output is used via a level con-
trol to generate pulses using a similarly
reverse-biased BC109B and the 22Q resis-
tor. These pulses can triggerthe breakdown
of the BC107B into conduction and initiate
the sawtooth.

K. Padmanabhan,

Madras.
—15v
STAB.
1k
RATE
10k 2k2
2k2 ov
Y
BC107B
-9V

disc.

oV

operates the reed relay. The other output
of B5 cannot be used to operate Tr, directly
because then a 0-V input on 5 alone would
operate the relay.

At switch-on B1 to B6 are reset by C,,
which then charges via R, in 100ms and
the circuit is ready for operation. Resistor
R ;discharges C, after switch-off.

IC5 740

For use in a car an extra ““hold-on” con-
tact across Tr, emitter-collector is advis-
able to prevent faulty operation from
electrical noise.

S.Lamb,

Banbury,

Oxon.
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Negative resistor

The following circuit possesses the advan-
tage over other negative resistance devices
that it is suitable for both a.c. and d.c. appli-
cations, and thus more nearly approximates
to the “missing” fourth impedance in
phasor diagrams. As such, educationists
and others may find it useful.

The op-amp is used in the non-inverting
configuration where the voltage gain is
A=1+(R /R).

The voltage (relative to OV) presented to
the non-inverting input is — /R, where /is
the current flowing through the device from
A to B and therefore the output voltage
(relative to OV) is —IRy[14+(R:/R)I.
Consequently the voltage between terminals
AandBis

—IRyR,

A

V= —IRN(I+%) +IR, =

A

Simple S-meter

It was found necessary to repair a home-
buiit, valved, communications receiver,
which had suffered transport damage to
the S-meter. The original circuit used a
‘ImA f.s.d. meter, connected in a bridge
circuit, involving the screen currents of
the i.f. valves. This simplified circuit,draws
a very small current from the a.g.c. rail
in the receiver to drive an emitter follower,

ov

+
100 =
12v

6-3V
heater _'<_

rail 4N2089 R4
82k

which supplies current to an S or tuning
meter. The negative voltage required to
power the emitter follower is obtained very
simply by half-wave rectification of the
6:3V heater rail in the receiver. The
circuit fits easily on a small piece of
circuit board, which itself can be supported
by the terminal posts on the back of the
meter.

Resistor R, should be chosen so that
with the transistor saturated the current
in the meter gives f.s.d. Resistor R, should
be chosen to give about 0-95 of f.s.d. in the
meter on a very strong local signal. The
circuit used a 100pA f.s.d. meter, but
with changes to R, and R,. it could prob-
ably use a 1,A f.s.d. meter. As the trans-
istor is practically in a base-open-circuit
condition, a transistor with sufficient
V cro max Tating should be chosen.

M. J. Shoobridge,
Alicante, Spain.

Therefore the impedance Z between A and
Bis
_Van _ —RyR;
Z= 7 =R,

It must be noted that the amplifier earth
floats with respect to both output terminals.
Consequently a floating power supply is
required and this must, of course, be sym-
metrical with respect to OV. For use as a
d.c. negative resistor the offset voltage of
the amplifier must be cancelled by adjusting
the 100-kQ potentiometer. In practice the
negative resistor is limited by the op-amp in
terms of maximum output voltage and
current and operating frequency, although
the circuit shown is a good low-frequency
approximation. The value of the negative
resistor may be varied by adjusting R,, or
R./R, orboth.

The circuit has been used successfully to
cause LC circuits to oscillate at sub-audio
frequencies using large, low-efficiency in-
ductors and capacitors of the order of 0.1
to 1uF by cancelling out the inductor series
resistance (middle circuit), and also as atwo
terminal amplifier (bottom circuit). Being
a d.c. negative resistor it also works in the
more obvious demonstration of putting it in
series with a larger positive resistor R ,and
finding the resistance as measured with an
ohmmeter to be the difference R, +(—R).
No doubt teachers and lecturers will find
many other applications. There is no reason
why complex impedances should not be
substituted for Ry, giving possibilities of
negative capacitance and inductance.

David A. B. Miller,
Perth.
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Simple digital to analogue

converter

Transistors 7r, to Tr, are either saturated
or cut off by the outputs of the 7490 b.c.d.
counter. By simply adding portions of the
emitter voltages in the ratios 1:2:4:8 for
the DCBA outputs the analogue output
can be obtained. Summing is performed
by the 741 op-amp.

A converter with a 1 in 100 output defi-
nition may be made by using a second

similar circuit with its clock input con-
nected to the D output of the first circuit.
The new summing resistors which are also
connected to the inverting input of the
741 are then 10k, 20k, 40k and 80kQ for
the D’,C’, B’ and A’ outputs.

Such a circuit has been used for a simple
two-digit d.v.m. with the transistors suit-
ably matched for ¥ ¢£.,, and using 1% sum-
ming resistors.

D. James,
Worthing, Sussex.
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World of
Amateur
Radio

Band scan

Not all amateurs anticipate that we may
soon be reaching the end of sunspot cycle
No. 20. T. J. Cohen, W4UMF and Paul
Lintz suggest in CQ that the present cycle
may not end until after 1975 and possibly
as late as mid-1977. They also believe,
as the result of a detailed analysis of past
cycles, that there may be relatively low
solar activity for at least 40 years, with
smoothed sunspot numbers reaching only
about 50 in Cycle 21 and not going above
100 until about 2015AD. But past
experience suggests that long-term sun-
spot prediction is highly speculative.

Certainly an unpredicted burst of solar
activity in early May resulted in a sudden
and quite dramatic increase in m.u.f. with
21MHz open for trans-Atlantic contacts
late in the evening, and the band sounding
like the long period of high solar activity
in 1972. This coincided with the appear-
ance of a remarkable variety of special
prefixes in connection with the ITU Tele-
communications Day events.

Moonbounce contacts between Peter
Blair., G3LTF near Chelmsford and
VK2AMW near Sydney on 432MHz
would appear to establish a new e-m-e
(earth-moon-earth) mode amateur record.
The Chelmsford station has 750 watts and
a 15-ft dish while VK2AMW uses 500
watts and a 30-ft dish. MT4578 transistors
were used in the first stages of both the
receivers.

French amateurs are no longer able to
use 1215—-1220MHz and 1260-1300MHz
—this unfortunately includes the 1296 to
1298MHz portion favoured for inter-
national working. They have also suffered
restrictions on other u.h.f. bands including
the withdrawal of 433 to 434.5MHz.

‘Repeater pros and cons

The debate about f.m. and f.m. repeaters
continues to attract lively interest,
although it is now virtually certain that
several more 144MHz f.m. repeaters will
soon be in operation in the UK. Apart
from those already reported as in the plan-
ning stage, the UK FM Group (Northern)
is hoping to establish a repeater near Barn-
sley and the Central Scotland Group has
plans for a linear repeater. The RSGB is
trying to encourage groups to consider

establishing repeaters for 70cm and 23cm
rather than 144MHz. The Home Office
(formerly MPT) is believed to be con-
cerned at the use of repeaters by fixed
rather than mobile stations.

Operation of the GB3PI repeater has
underlined the problems of the “phantom
bleeper” who “accesses” the repeater with
the correct tone blip and then immediately
closes down; another problem is that of
the long contact through the repeater by
stations that could communicate directly
—an indication of how a repeater channel
tends to concentrate operation to a limited
number of frequencies.

From South Africa comes the similar
complaint that some f.m. transceivers are
equipped only for the ‘“national calling
frequency” of 145.5MHz with the result
that this has become a “national talking
frequency”.

But the most bitter comments on the
widespread adoption of simple f.m. gear
in conjunction with repeaters are those of
Bob Cooper, W5KHT who claims that
144MHz operators in the United States
have virtually abandoned interest in long-
distance “tropo” contacts in favour of
local f.m. operation: “The spirit of v.h.f./
uw.h.f. exploration may be dying—if it is
the tombstone should have a 19-inch whip
antenna prominently affixed to the top”.

He suggests that although there may al-

ways be a handful of dedicated enthusiasts
who will pursue meteors, moonbounce
and long-haul tropo working it needs more
than a handful to take full advantage of a
good tropo opening: “We have become
too channelised with two-metre f.m. trans-
ceivers on the local repeater channel and
then complain the band is never open any-
more.” he suggests.

Amateur television topics

In World of Amateur Radio in April 1972
a report was made of a new look being
given to mechanical systems of television
by Chris Long in Australia. One outcome
of this report of 48-line television on
1.8MHz was that a number of enthusiasts
in the UK began to share his interest in
reviving low-definition TV. Mr D. B. Pitt
(1 Burnwood Drive, Wollaton, Notting-
ham NG8 2DJ) had already been experi-
menting with 30-line mechanical TV but
as a result of correspondence with Chris
Long it was soon decided to try and stan-
dardise work on 32 lines and multiples
of this figure—and Chris Long has since
experimented on 32, 64, 128, 256, 512 and
even 1028 lines (although presumably
not using mechanical systems only). His
efforts have included outside-broadcasts
using home-made portable equipment.

In the latest issue of CQ-TV D. B. Pitt
reports that there are now about 30
people in the UK experimenting with low-
definition TV and that encouragement
has come from Mr H. J. Barton-Chapple.
But he considers that the standard of
results achieved here remains low in com-
parison with that of tapes produced in
Australia. He is seeking more support
from technically expert enthusiasts to help
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raise the standard, although he emphasises
that one of the attractions of low-definition
TV is that participation is possible at a
simple technical level and at low cost.

Slow-scan TV continues to attract in-
creasing interest in the UK and this may
be accelerated by the recent decision of the
Home Office to permit ssTV trarns-
missions on the 3.5MHz band and by the
recent successes in exchanging ssTV pic-
tures with Continental amateurs on
144MHz.

The 1974 Convention of the British
Amateur Television Club is to be held
outside London, at the Benn Memorial
Hall at Rugby on Saturday, September
28. The venue is just off the M1 Motorway
and near the Rugby Midland main line
railway station.

La poste clandestine

An obituary of Robert Perton, F31Q, in
Radio-REF reveals that this French
amateur, licensed in 1937, after the col-
lapse of France in 1940, returned from
military service and set about constructing
a clandestine radio transmitter which was
used for communication with Britain for
more than a year. In order to disrupt the
monitoring services it is claimed that F31Q
also constructed an interference generator
which he installed a few yards from the
local d/f service and which was brought
into operation at the times the trans-
mitter was on the air. It is also suggested
that when members of the monitoring
service brought equipment to him for re-
pair he made this work last for 35 days.

The death has also occurred of Norman
Turner, G4NT, managing director of
Ernest Turner Electrical Instruments Ltd
of High Wycombe and president of the
Chiltern Amateur Radio Club. An early
enthusiast for amateur mobile operation,
he also had a regular schedule lasting over
a number of years with an amateur in
Barbados.

In brief

Another North-west Amateur Radio Con-
vention is to be held as a two-day event at
Lancaster University from September 14
to 15....XV5AA to XV5AC in Vietnam
are now being permitted to communicate
with other amateurs. . . . The American
Electronic Industries Association has pub-
lished a set of standards for the commer-
cial manufacture of amateur radio aerials.
. . . The FCC has raised the basic fee for
American amateur licences from $9 to
$10. . . . Canada has registered a strong
objection to the. FCC proposals to put
Citizen’s Band operation into 224 to
225MHz. . . . ARRL has opposed the
FCC suggestion of a new Emergency
Medical Paging service between 449.8 to
450MHz and suggests instead 445.8 to
456MHz. . . . FCC are proposing a com-
mon emergency frequency for Alaska
of 4383.8kHz to allow amateur stations
to intercommunicate with other services.

PAT HAWKER, G3VA
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Clutter-free radar for cars

Conclusion: frequency measurement and application

by J. Shefer, R. J. Kiensch, G. Kaplan and H. C. Johnson

RCA Laboratories, New Jersey

As described in last month’s section on
quantization there have been two different
approaches to frequency measurement
designed and tested for the automotive
radar. One uses the rate of zero crossings
counting technique and the other uses the
average period measurement technique.
Both techniques will be described although
most of the experimental effort has been
concentrated on the conventional counting
technique.

Video circuits and signal processing
Following  pre-amplification and the
10kHz band pass filter is a high-level
amplifier/clipper which clips signals about
2 or 3dB above the background level. The
conventional counter consists of a one-
shot circuit that is triggered by the clipped
input signal. The duration of the one-shot
“on™ time is as long as possible, consistent
with the maximum input signal frequency of
200kHz. Making the “on™ time as long as
possible gives the most noise immunity
possible since this particular one-shot can-
not be retriggered during its “on™ time. If
the output of the one-shot is integrated then
a voltage proportional to its range is
obtained. Likewise, if the one-shot is made
to drive a meter movement, the deflection
will be proportional to range. Such a meter
has been connected and calibrated to read
100 metres at full scale.

In a collision avoidance system more
than just the range to the car in front is
needed. Some velocity data must be used in
conjunction with the range so that a
decision can be made to slow down or
continue. Velocity data is obtained froma
Doppler speed sensor. By integrating the
output pulse train of the Doppler unit a
voltage proportional to velocity s
developed, which is displayed on a second
meter, calibrated in miles-per-hour with a
full scale of 100m.p.h. Combining the two
signals (range and velocity) in a variable
threshold device, it is possible to sound an
alarm whenever the vehicle gets too close
to the car in front for the speed being
maintained. One car length for each
10m.p.h. of velocity is an example for a
typical alarm setting, which may be set to
any desired value.

There exists one other useful bit of
information in determining the presence of
a hazard. It is the closing velocity between

.the two vehicles in question. Knowing the

closing velocity as well as the range between
vehicles and one’s own velocity, it is possible
to further optimize the condition for giving
the danger signal. In the experimental
radar, the alarm is sounded and the brakes
are applied when

R < (ky + kdR/dD.. .. .. (4)
where R is the distance between vehicles,
v is the velocity of the following vehicle,
dR/dt is the closing velocity between the
two vehicles, k, is the factor mentioned
earlier, such as one car length per 10m.p.h.
or 0-5 metres/m.p.h. and k, is a factor.
determined by trial and error to be in the
region between 1 and 3 metres/m.p.h.

If the closing velocity, dR/dt were not
available, eq. (4) would reduce to R < &V
for the alarm to be given. The constant A,
would have to be made large enough to
allow a safe stop for the situation of a car
closing on a parked car. However, for the
condition of the two moving vehicles (one
following the other) the system would then
appear to be overconservative. By adding
the dR/d: factor, the system recognizes
closing velocity and thereby allow k,
to be made smaller, the assumption being
that the car in front cannot come to a
sudden stop but must decelerate. This
deceleration would appear as an increase
in closing velocity which would cause the
following car to also decelerate so both
cars would then stop safely.

It should be noted that provisions can
easily be made for the driver to reset, by the
“flick of a switch”, constants 4, and k,in
accordance with prevailing weather and
road conditions.

The closing rate, dR/dt, can be derived
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either by differentiating the range voltage.
R, or by obtaining the Doppler shift
directly from the video signal. As seen from
Fig. 9. if a switched up-down counter is
used. synchronous ‘Ywith the triangular
modulation, /,. a count proportional to the
Doppler shift can be obtained.

The first of these methods was used in the
experimental model. using a capacitor-
driven operational amplifier with resistive
negative feedback. A third meter, calibrated
in m.p.h., displays the negative (receding) or
positive (approaching) closing rates. and the
alarm circuit utilizes dR/dr according to
eq.(4).

The processing system which eliminates
the quantization effects is outlined in
Fig. 13. There are several main blocks
shown in this figure. The first block selects
a suitable portion of the difference
frequency waveform to use for the measure-
ment. It is important that the phase
reversal portions (shown in Fig. 8) not be
included within the measurement because
of the quantization effects that are caused
by the phase reversals occurring near the
peaks and valleys of the triangular modula-
tion waveform. A suitable portion of the
difference frequency waveform must always
fall between these peaks and valleys. It is
also desirable to utilize a large fraction of
the difference frequency waveform so that
the measurement will be reliable and the
effects of noise are averaged. Therefore,
we want to use a sampling of the waveform
that consists of at least a minimum duration
interval for reliable processing and noise
immunity but is not too large so that the
phase reversal portions of the waveform
are not excluded.

fm
.
modulation o
frequency Y \
select period
fR suttable measurement convert convert
= portion of £ of seiected £ period to £ frequency
difference waveform for portion of frequency to range
frequency measurement wavetform
waveform
adaptive
selection of
system
parameters

Fig. 13. Outline of non-quantized measurement system.




The difference frequency is not con-
strained to stay within a narrow range but
will vary (perhaps over a 20: 1 ratio or
more). Therefore, to best accommodate
the wide dynamic range of difference
frequencies, the measurement system is an
adaptive one. That is, the system’s para-
meters are allowed to change as the dif-
ference frequency changes in a way which
achieves the “goal” of selecting a suitable
portion of the waveform for processing.
A decision to change the measurement
parameters is made by monitoring the
period measurement and taking appropriate
action to adjust the measurement para-
meters. This will be more fully described
below. As shown in Fig. 13, the next steps
are to convert the period measurement to
a frequency and then to a range. A more
detailed system diagram is shown in Fig. 14.

Inputs to the processor are the difference
frequency waveform and the triangular
modulation waveform of frequency f,.
From the triangular modulation wave-
form, a pulse train, of frequency 2f,, and
called the blanking signal, is generated with
a pulse occurring at the peaks and valleys
of the modulation waveform.

The period measurement begins by
detecting the first zero crossing of the
difference  frequency waveform that
occurs after the end of a blanking signal
pulse. This insures that the phase reversal
of the difference frequency waveform is
completed before the measurement begins.
At the time of this zero crossing, a high-
frequency pulse train of frequency fpulses
per second is gated into a counter called the
period counter. After N additional zero
crossings (half cycles) of the difference

frequency waveform have occurred, the
gate is closed and the counter stops
incrementing. The process is repeated after
the next blanking signal occurs and con-
tinues for a total of 2 blanking pulses. At
this time the count (p) in the period
counter is given by (5)
WN,
L2
Jr
For reliable measurements, N must be
chosen correctly. If N is too large, the
sampling interval can extend beyond the
next blanking signal into the phase reversal
region, while if N is too small, the measure-
ment will not be accurate because useful
information is discarded. By monitoring
the period counter outputs, we can deter-
mine the average sampling time. If the
sampling time is too small, then the proces-
sor increases N for the next measurement,
if the sampling time is too long, then N will
be decreased for the next measurement.
Basically we monitor the period counter,
compare its contents with two limits, p,,
and p.,, and have the processor always
adjusting N to maintain the period counter
output between these limits.

The time of the first zero crossing of the
difference frequency may vary by up to one
half cycle of the difference frequency.
Therefore, in choosing p,,,, a safety margin
must be allowed for, with the safety margin
being larger for the low frequencies.
Because the difference frequency varies
(in frequency) over a wide range, a safety
margin that is adequate for the lower
frequencies is excessive for the higher
frequencies. To make better use of the
difference frequency waveform, the limits

. (3

200 Wireless World, June 1974
count k cycles
of 2y, to generate -
range conversion d
counter gute
high frequency period-frequency range
sampling signal > conversion > XN > gate > onversion
divide P/W Fo NFo counter
f -
A A A A A Yy v
display
store P/wW store N hangs
4 4
count W A 4
fm gbelgﬁ:?ntge o intervals ot fm P= NW;
signal L generate timing prescale by W fR
& control signals
v A 4 4 Fig. 14. Block diagram of non-quantized
measurement system.
L]
start sampling period counter
gate $—4 count proportional
detect first — to period of fg/N
zero crossing Punx and p,,;, are made adaptive (or variable)
phqs:'::CerSQI Yy v v with less time margin allowed for the higher
frequencies where one half cycle occupies
fr ! 1
—{ ror oo eling tor P a short time and more margin aliowed for
monitor . . .
counter adaptive the lower frequencies. Since N can provide
count N selection of N a reasonable estimate of the difference
frequency we use N to determine p_,, and
i ) 4 4 A Pumin to determine whether the N was chosen
e o correctly.
< monitor N adaptive The period counter accumulates counts
R, > Proclegtion e for W complete cycles of f;, at which time
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in a storage register. The value of N that
was used for the measurement is also
stored. If a change to a new value for N
is made, the counters are reset and a new
period measurement is started.

The processor now begins to convert
the period measurement to a frequency.
As shown in Fig. 14, the first step in this
conversion is to strobe the scaled (p/W)
count into a pre-setable centre operating in
the down count mode. The clock input to
the counter is the same high-frequency
sampling pulse train used to measure the
period. The output from this period con-
version counter is a pulse train of frequency

Jfowhere

P

T plw N
The output frequency (fy) is then fed into a
circuit which generates N output pulses for
each input pulse. The new output frequency
(Nfyis then equal to f3.

By using the same pulse train (f) to
generate counts in the period counter and
then to convert the measured period to a
frequency, we have made the frequency
stability of the sampling pulse train
relatively unimportant.

So far we have measured the period
of the difference frequency waveform
excluding the phase reversal portions and
have converted this period measurement
into a pulse train of the same frequency as
the input frequency. However, by excluding
the phase reversal region from the measure-
ments, we insure that the output frequency
is not subject to the coarse quantization
effect that arises with conventional pro-
cessing. A conversion of frequency to range
is made by first generating a time gate of
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duration K/2f,, and then gating the output
frequency Nf, into the range conversion
counter. The range conversion counter has
a count of (4AFK/c)R accumulated and by
setting 4A4FK/c equal to a convenient
number such as 10, each count equals 0-1
metres. A display is easily driven if the
range conversion counter is arranged as a
cascade of decode counters. Note that by
generating a range conversion gate fromyf,,
any variation or drift in f,, is automatically
compensated for in the range measurement.

The processor just described does not
require any accurate clocks within the
processing system. Frequency variations
in the high-frequency sampling pulse train
are compensated for by using the same pulse
train for period measurements and period-
to-frequency conversion. Also variations in
/[ are compensated for by using f, to
generate the range conversion counter time
gate.

Automatic collision avoidance braking

The automatic braking system in the
experimental radar is fairly rudimentary at
the moment in that once the alarm is given,
the brake pedal is automatically depressed
by a force that increases linearly with time
to maximum pressure, until the alarm is
removed. The force is then removed linearly
with time. Developing the force necessary
to apply the brakes was accomplished by
using a vacuum-operated piston. The piston
pulls the pedal via a spring in series with a
flexible cable that goes through the bulk-
head and connects to the brake pedal. This
allows the driver to override or augment
the braking if necessary. The valve that
allows the engine’s vacuum system to
evacuate the chamber of the piston is driven
by electrical signals derived from the
signal processor when an alarm is given.

A proportional braking system is
currently under consideration where the
brakes will be applied according to the
severity of the danger situation; the pedal
force P will then be

P=k,|Ky+ ky{(dR/dt) — R
where k, is a constant, adjusted to the car’s
braking and accelerating dynamics, and has
the dimensions of force/metre.

Experimental tests

The experimental system uses an RCA
transferred electron oscillator power
source. Antennas are modified and scaled
versions of the RCA hand-held radar. An
efficient doubler circuit in microstrip was
developed at RCA Laboratories, as well
as the various video circuits for amplifi-
cation, filtering and processing. Other r.f.
components were purchased as standard
catalogue items.

The components of the experimental
system include the Doppler speed sensor
and the active radar power supply which
operates from the 12-volt car battery. The
maximum power drain is 20W. The reflector
is completely passive and therefore needs
no power.

The experimental set-up on the test
vehicle is shown in Photos 3 and 4.
Although the active radar and passive
reflector are slightly larger than an Ameri-
can licence plate, scaling to higher frequen-
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cies would decrease the size to that of a
licence plate. The registration numbers can
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