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Vital Issues

The issues are quite regular-and they discuss
issues of vital importance to everyone who uses
electronic test equipment.

The periodical, Marconi Instrumentation, which
is mailed out free to all mi customers three times
annually, contains technical artides about our latest
instruments and up-to-the-minute information
on their application to the solutions of measure-
ment problems. It is written by engineers for
engineers in English with summaries in four other
languages.

And thats not all, by any means. mf Contactis a
newspaper published six times a year to keep you

in touch with news and progress in the measurement
business. Then there are our hardback publications,
too. Already, there is a volume on TV Video
Transmisson Measurement written by the Head of
BBC Measurement Systems Laboratory, and another
book discusses the techniques and development of
‘white noise’ testing. Shortly we will be publishing a
book on pulse code modulation, by a senior Post
Office engineer.

There are technical data sheets, applications
notes, catalogues, concise catalogues and product
brochures, all aimed to help you measure.

Are you reading us?

-
M : THE COMMUNICATORS

MARCONI INSTRUMENTS LIMITED
Longacres * St. Albans * Hertfordshire AL4 OJN * England * Telephone: St. Albans 59292 * Telex: 23350.

www americanradiohistorv com
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LOW COST VOLTMETERS

These highly accurate instruments incorporate many use-
ful features, including long battery life. All A type models
have 3%” scale meters, and case sizes 5" x 7" x 5”. B types
have 5" mirror scale meters and case sizes 7" x 10" x6".

e £ _»
MICKOVOUTMETER TYHE i wla

R | A.C. MICROVOLTMETERS

VOLTAGE & db RANGES: 15uV, 50V, 150V ... 500V f.s.d.
Acc. £1% £ 1%fsd. £ 1uVatl kHz. - 100, — 90 ... + 50dB,
scale — 20dB/+ 6dB rel.to 1mW/600.

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

from 4Hz to 1MHz above 500 uV. Type TM3B can be

setto arestricted B.W. of 10Hzt0 10 kHz or 100 kHz.
INPUTIMPEDANCE : Above 50mV : > 4:3M{) < 20pf.

On 501V 1o 50mV : > 5MQ < 50pf.

AMPLIFIER OUTPUT: 150mV atf.s.d.

e fﬁ 5 P £8 0
TM3A TM3B

BROADBAND VOLTMETERS

H.F. VOLTAGE § dB RANGES:1mV, 3mV,10mV ... 3Vfsd.
Acc. + 4% + 1% of f.s.d. at 30MHz. — 50dB, — 40dB, — 30dB

to + 20dB. Scale — 10dB/+ 3dBrel.to 1TmW/50 Q. 4- 0-7dB

from 1.MHz to 50MHz, + 3dB from 300kHz to 400MHz.

L.F. RANGES: As TM3 except forthe omission of 15uV and 150uV.
AMPLIFIER OUTPUT : Square wave at 20Hz on H.F. with
amplitude proportional to square of input. As TM3 on L.F.

we £110 2. £125

D.C. MICROVOLTMETERS

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

Acc. £ 1%, £ 2% f.s.d., + 1 uV. CZscale.

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

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

LOGARITHMIC RANGE:

+ 5uVat £ 10%f.s.d., + 5mVat 4+ 50%fs.d., + 500 mV atf.s.d.
RECORDER QUTPUT: +1Vatfsd.into > 1kQ

type
TM10

D.C. MULTIMETERS

VOLTAGE RANGES :3uV,10pV, 30uV. . 1kV.
Acc. + 1% + 1%f.s.d. + 0-1pV.LZ & CZscales.

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

RESISTANCE RANGES:3 (2,10 (), 30 Q... 1kM Q tinear.
Acc. + 1%, + 1% f.s.d. upto 100M Q.

RECORDER OUTPUT: 1V atf.s.d.into > 1k (2 on LZ ranges.

e, £99 we. £114

LEVELL ELECTRON'CS LTD_ Prices include batteries and U.K. delivery. V.A.T. extra.

Optional extras are leather cases and mains power units.
Send for data covering our range of portable instruments.

Moxon Street, High Barnet, Herts. EN5 5SD
Tel: 01-449 5028/440 8686

WW—039 FOR FURTHER DETAILS

wwWw americanradiohistorv com


www.americanradiohistory.com

a2

Who else but the Italians could have
produced the most sophisticated range
of mixing and fading facilities ever
offered in such abeautifully designed
range of equipment.

Yet still apply the most precise and
exacting manufacturing standards to
provide the operational stability and
reliability such complex electronics
demand.

This is why we are able to guarantee
all GoodmansiGalactron equipment for
three years.

And your guarantee will be signed
personally by the quality controller who
tests it before it leaves the factory inltaly.

Galactron Mk 10
Stereo Integrated Amplifier

A remarkably compact pre and
power amp combination with 90 watts
RMS per channel. Features 5 mixable
stereo inputs, 5 plug-in-modules—two
of which can be cross-faded by slide
potentiometer.

GalactronMk 16
Stereo/Quad Amplifier

No comparable equipment has all
these 3 functions.5 inputs,indepen-
dently mixable and equalised by plug-in
modules. Twin graphic equalisers having

Goodmans

Wireless World, February 1975

10 filters each (+16dB)at octave intervals
from 32Hzto 16kHz.Plug-in quadro-
phonic decoder panels for discrete and
matrix systems allied to 4 output level
controls.

Galactron Mk 100
Stereo Power Amplifier

Originally designed asa monitor
amp for recording studios,the Mk 100
is designed for use with the Mk 16
preamplifier. 100 watts RMS per channel
output.

Full facts and figures are available
from Goodmans Loudspeakers Limited,
Downley Road, Havant, Hants. i

THORN
Amember of The Thorn Group

GALACTRON

WW—080 FOR FURTHER DETAILS
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Module
SP25 Mk [V

Module 86SB

The quality of the sound you
hear from your hi-fi depends on the
quality of transcription from the
record-so you won’t want to skimp on
quality. When you choose your
turntable deck, you’ll probably choose
Garrard.

Fifty-five years of Garrard
experience and know-how in producing
top-quality record playing equipment is
concentrated in the range of record
playing units now available. There are
three modules complete with attractive
bases and lift-off covers, ready-wired
for instant installation.

The SP25 mk IV is the most
popular budget unit on the market. It
features the famous Garrard four-pole
synchronous motor to ensure smooth,
constant speeds, the finely engineered
pickup arm with resiliently mounted
counterbalance weight, calibrated bias
compensation and damped cueing.

The 86Sb represents just about
the best buy in hi-fi today. It
incorporates belt drive, the famous
Garrard four-pole synchronous motor,
high inertia turntable, contoured mat,
precision pickup arm with fine stylus
force adjustment and bias compensation
calibrated for elliptical and conical styli.

The Zero 100SB has every
quality feature you could expect to find
on a record deck. What makes it truly
unique is the tangential tracking pickup
arm virtually eliminating tracking
error and consequent harmonic
distortion. Other features include,
adjustable, resiliently-mounted,
counterbalance weight, fine stylus force

Carvrard

A PLESSEY QUALITY PRODUCT

Garrard, Newcastle Street, Swindon, Wiltshire.

Module
Zero 100SB

adjustment, magnetic bias
compensation calibrated for elliptical
and conical styli, high inertia turntable
with contoured mat, a record counter
and the famous Garrard four-pole
synchronous motor.

Use the coupon to obtain
your free copy of the full-
colour brochure on the
complete range of Garrard

s
record playing units. 0430

IO
QO
&

@ 623 Po36
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ANDERS MEANS METERS...

P e = T

4 6 |

KEST | ' '
STREL RANGE -; Yoty 8 |
® Modern styling, with clearfront plastic ' \\\\\\ . /’I//// i
case. Li - A\ \'\\\ //z/ / i
N 774

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

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

D.C. MILLIAMPERES

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

B Competitive prices.

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

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

Vulcan Moving lron. 4
models, 1-5”, 1-8”, 2:7",
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

Regal Range 100°
flattened arc. 2 models
2.5"and 3.2" scales.
Taut band. DC moving
coil and AC moving coil
rectified.

m

HTITFLIR:

g

Profile 350 edgewise
4-3" scale.

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

Oxford Long Scale 240°.
2 models, 55", 8” scales.
DC moving coil and AC

moving coil rectified.

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

Models KE1 and KE2
Miniature Edgewise
Meters. Nominal scale

len

gths 1.2" and 2

Available in sensitivities
from 50 microamps

Mo

ving Coil.

Lancaster Long Scale
240°. 2 models, 47, 5-5”
scales. DC moving coil
and AC moving coil
rectified.

nnnens Elemnnlts uml“n 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

Manufacturers and distributors of Electnical Measuring Instruments. Sole U K. distributors ¢f FRAHM Resonant Reed Frequency
Meters and Tachometers. Manufacturers of purpose buiit electrical and electronic equipment to customers requirements.
WW-—145 FOR FURTHER DETAILS
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New automatic digital bridge
fromWayne Kerr

VWAYNE KERR

Wayne Kerr's new B90Q is one of the best
value-for-money bridgesin the world.

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

On all ten 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 halfa second.

Direct measurements of Q, dissipation and dc volts.
2,3, & 4-terminal. Automatic lead compensation.
4- Quadrant: +veor —ve C,L,1/C,GandR.
Overall coverage:
10u) - 200MQ inH - 20kH
0.001pF - 20,000uF 10pyU - 200v
Accuracy:0.1%{(100-200M),0.3% (10mQ-100)
in allquadrants. Frequency: 1kHz Outputs: Analog and TTL.
For more information phone Bognor (02433) 25811,
orfillin the coupon.

I |

| Please send me details of the B900.

I For the attention of Mr.

I Company name and address.

WAYNE KERR

A member of the Wilmot Breeden group.

I WW—Feb

Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex PO22 9RL

e e e e e e e
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50mHz OSCILLOSCOPE TYPE C1-64

Made in USSR

Lightweight, portable, transistorized, dual trace
oscilloscope.
Display:
Rectangutar CRT 6 X 10 div. (48X 80mm) with
illuminated graticule.
Vertical deflection:
Two input channels operated in alternate or chopped
modes or algebraically summed.
Bandwidth:
DC to 50mHz DC coupled.
3Hz to 50mHz AC coupled.
Sensitivity :
Channel | and HI: 5mV/div. to 10V/div,
Summing mode: 1mV/div. max.
Horizontal deflection :
Sweep ‘A'—0.1ps/div. to 1s/div.
Sweep ‘B'—0. 1ps/div. to 50ms/div.
Sweep delay:

Power supplies: 115/230V+10%, 50-40 Hz. Upmies,

Dimensions: 300%200%x420 mm. Time Base Modes: = .

Weight: 19kg. A’ only;'B only;l A 'brlght’er’\s B'.

PRICE, complete with full complement of connectors, B’ delayed by ‘A" “A” and "B’ chopped or alternate.

cables, adaptors and accessories £470 exclusive of VAT.

Z & | AERO SERVICES LTD.,

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel: 727 5641 Telex: 261306

British...

Wherever there 1s appreciation of fine sound
reproduction, msistence 1s upon British
loudspeaker systems. s %~
| -4~ Renowned among the
discerning for their outstanding quality, the products of
" Mordaunt-Short Ltd. are specified by
B professionals and by enthusiasts the world over.
Choose them for your home - where the finest (£
Most concerns you. %é‘

[g| Wat 1ts best.

Mordaunt-Short Ltd

Designers and Manufacturers of Quality Loudspeaker Systems

To receive immediately full information and the name and address of thp
Stockists nearest to you, please complete this coupon and return it to us direct,

Name Address

Mordaunt-Short Ltd. The Causeway, Peterstield. Hampshire, GU31 4JT. Tel: Petersfield(STD 0730)4631:5 w2
WW-—049 FOR FURTHER DETAILS
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Complete the couponand
“wellsend you our
‘new catalogue.Completely free.

g,x\} =7 o

n:,; % % S 2
& T
i )
S - 1 .
i aeRLE - Including our full range of test
o ! equipment,amateur radio gear, hi-fi
o o

Heathkit even more interesting and 2 SHRETA | interest kits.

The new Heathkit catalogue ﬂ L::

isnow out.Full as ever with exciting, >

new models. To make building a £ i equipment and many general

satisfying. ‘ So,when you receive your
And, naturally, being Heathkit,every kit is absolutely catalogue you should have hours of pleasant reading.

complete. Right down to the last nut and bolt. So you won't And,if you happen to be in London or Gloucester, call

find yourself embarrassingly short of a vital component in and see us. The London Heathkit Centreisat233

ona Saturday evening—when the shops are shut. Tottenham Court Road. The Gloucester showroom is next
You'llalso get a very easy to understand instruction to our factory in Bristol Road.

manual that takes you step by step through the assembly. At either one you'll be able 1o see for yourself the
Clip the coupon now and we'll send you your free copy ~ one thing the catalogue can’t show you.

tobrowse through. Namely, how well a completed Heathkit performs.
With the world’s largest range of electronic kits to Heath (Gloucester) Limited, Dept. WW-25 Bristol Road,

" choose from, there really is something for everyone. Gloucester,GL2 6EE. Tel: Gloucester (0452) 29451.
The new soid-state SB-104 Transceiver. Anoscilloscope from the Heathkit range. Digital electronic car clock/elapsedtimer.

The new Heathkit catalogue.Out now. FREE.

I

|

I To:Heath (Gloucester) Limited, Dept WW-25 Gloucester, GL2 6EE. Please send me my free Heathkit catalogue.
I

IN

I

I

ame Address
< Postcode
I Remember easy terms are available with the Heathkit Monthly Budget Plan.

L———--———--—-———-———--——————-——-———--———--——-————-—

L—————————J

o
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Three Ways To
Easier Colour Servicing

Colour Bar Generator

10 test signals

Variable amplitude of colour burst signal
4 preselected channels on the RF output
Small size, low weight

Convergator

* Battery operated

* UHF output covers 10 channels

* Video signal can be switched off
for purity adjustment

T.V. Visual Field Strength Meter

* Varicap tuner with four channel selectors

* High sensitivity

* 6" picture tube

* Mains or battery operation

<

The speed and efficiency of your colour servicing
with this Decca test equipment will save you time
and therefore money. Send us the coupon or give us
a call and we’ll send you the full details

Decca Radio & Television Ltd.
Educational and Industrial Services Division
Ingate Place, Queenstown Road,
London SW8 3NT (01-622 6677)
Please send me further details of your colour TV test
and service equipment:

NaM© .o

Address. ... e e | pn- e - e e ye———

WW2
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MININICER s

GuLATEDpu 05E  o-400 W3
MODEL 200+ 240" 120 mA
"‘”‘{,'m 12-0-12%

0 .
ov s s LMITE®
GARD"E"g.nucN"" ca

Now suitable for
UK., European
and American

voltages...

Minimod, the versatile British made range of
encapsulated power supplies first introduced in 1973,
has now been extended to cover European and North
American mains voltages {and is interchangeable with
most American types). Normally available ex-stock,
all units are fully stabilised with fold back current
limiting — the 5V models have over voltage crowbar too!

STANDARD MODELS

Output Short Circuit % Regulation

Type Output Current Current mA Line and Load
Number Voltage Amps {Typical) {Typical)
PUO1 5101 05 370 0.3

PUO2 5+01 1.0 770 0.5

PUO3 15-0-1510.2 0.10 37 0.1

PUO4 15-0-1510.2 0.20 84 0.1

PUOS 12-0-12+0.2 0.12 45 0.1

PUO6 12-0-1210.2 0.24 120 0.2

input voltage ranges 103 - 126V, 200 - 240V.
210 - 260V. Frequency 50 - 400 Hz all types.

Comprehensive specification given in brochure GT 29b
which is available on request.

————% SPECIAL DESIGN SERVICE —

Custom built units for applications requiring different
specifications are produced as part of our
standard service. Try us first.

(Gardners)

Specialists in Efectronic Transformers & Power Supplies.

GARDNERS

TRANSFORMERS LIMITED

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

WW—056 FOR FURTHER DETAILS
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c&2l.S of research...

. on accessories for dictating machines, tape recorders,
tele—commumcatmns and electrosacoustic equlp ment, etc.
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& Jsg%';:#ggssﬁa. i  DANASOUND HEADSET = THROAT B oanasonic
% MINIATURE MICROPHONE INDUCTION AUDIO

SWITCHES LOOP RECEIVER

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

TEL: 0990 23732/6: TELEX 847584

WW—067 FOR FURTHER DETAILS
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HV 1500
Compact, highly mobile unit,
the only colour CCTV camera
available with asingle one-inch
filter integrated colour

vidicon tube.

FP 1500 As the HV 1500 but fitted
with a 3” viewfinder for studio use.

A one-inch three tube
Plumbicon® Camera with
freely detachable electronic
viewfinder. Ideal for outside
broadcast work and studio.

'sood reasons why Shibaden
colour cameras are the best!

1 HV1100

| An extremely compact,
lightweight three tube
colour TV camera ideal
forsurveillance and
observation applications.

FPC 1000
A vidicon/chalnicon camera
designed to meetall NTSC
and PAL requirements.

i
® Trade Mark N.V. Philips

The Shibaden range of colour cameras are compact, When you buy Shibaden you buy the best.
easy to operate and versatile in their application
through educational, medical, business and broad-
casting studios. Shibaden Colour Cameras are
designed with the customer in mind both from an
application and performance stand point. They are
fully backed by Shibaden’s in-depth opto-electronic
technology, which has proved to be superior
through many years of application in a vast range
of broadcasting equipment.

For further details on the Shibaden range of Colour
Cameras, contact the Technical Service Department.

@ Hitachi o

Shibaden (UK) Limited
BROADCAST & CCTV EQUIPMENT MANUFACTIURERS
Lodge House -Lodge Road - Hendon - London

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

WW-—122 FOR FURTHER DETAILS

Vertlcal Laminar Flow

e

< ® work stations

Q:f\_-_"-:'::
| p
* : ﬁ%ﬁ: £ by H E AI R E
W - 7 et Provides vertical flow of filtered air.
ﬁf’ J Ducting system Free standing unit utilising minimum
i floor space. Uses standard single phase
& o electrics. Clean design.

DESIGNED FOR SAFETY

Cabinet draws in air through pre-filter
beneath work bench. Air is pressurised and

passes through absolute filter vertically

—I downwards and through perforated work

H i surface._Dirty air is then extracted to atmos-

j-—«—» phere via extract duct mounted on top of
cabinet.

Write for technical details.

¢|:|l‘|] t¢ HEPAIRE MANUFACTURING LTD
¢

¢ SPECIALISTS IN THE DESIGN AND MANUFACTURE OF INDUSTRIAL AND PHARMACEUTICAL CLEAN AIR EQUIPMENT
¢ WATER LANE - STORRINGTON - SUSSEX RH20 3DN
‘ Telephone: Storrington (STD 090-66) 2394
[INCREASED PRODUCTION MEANS REPRESENTATION REQUIRED IN MANY U.K. AREAS
WW——-OS] FOR FURTHER DETAILS
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The Greenwood guide fo

all

The Ersa Multitip. A top-quality
iron that’s ultra-light, offering
reliability so necessary to achieve
constant production flow. A range
of different shaped tips simply

GREENWOOU
ELECTRONICS

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

Each charge gives at least
60 soldering joints. Weight?
Only 60z.

The Ersa Sprint. Unique - it heats up to
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.

Greenwood Electronics
offer a range of highly

Oryx SR3A desoldering advanced products
tool. Ideal where
components are tightly
grouped. Instantly removes
unwanted solder from
printed circuits etc.
Accurate, reliable, speedy,
and safe.

soldering applications.

Greenwood range, send us
the coupon today.

push onto the stem of the iron. It
has the unique advantage that you
can change the elementin
seconds.

specifically for professional

For more detailed informat-
ion about the comprehensive

The Oryx 50. A temperature controlled mains
soldering iron. (Temperature control within + 2%.)
Adjustment (200°-400°C) can be made whilst iron 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. o 2 s &

Also available: Oryx
safety stand.

With the Oryx adjustable
bench vice you can handle =
soldering, drilling, and
cutting on even the most
delicate components.
Positioning is easy and
quick, with 90° vertical and
360° horizontal adjustment.

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

-
I

I Name

I Address

Greenwopd
| Electronics

21 Germain Street, Chesham, Bucks, HP5 1LL

WW4I

Tel: 02405 4808 Telex: 83647

|
|
I
|
-

WW—010 FOR FURTHER DETAILS
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Economy! Simplicity! Reliability!
1830 Series C.W, M.C.W, A.M, SSB Crystal controlled

Transistorized HF/MF
general purpose receiver

120 kHz — 30 MHz in 9 ranges

Rack mounting as standard

Cabinet optional extra
AC or battery operation

British MPT approved as
ships reserve receiver

DCA No. 10D/CA 10696

|||ustratéd brochure from:

Eddystone Radio Limited

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

A member of Marconi Communication Systems Ltd

WW—047 FOR FURTHER DETAILS

|
MR ; 1 ] !gz ' ? A very wide range of modern design
the Ch0lce IS rampla” ' instruments is available for 10/14

SOUND EQUIPMENT days’ delivery.

'HANWORTH TRADING ESTATE, FELTHAM, MIDDLESEX. HARRIS ELECTRONICS (LOI‘IdOI‘I)

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

2 TELEPHONE: 01-894 9141. GRAMS: REAMP FELTHAM

GRAMPIAN REPRODUCERS LIMITED ‘ E e SR —
|

WW—016 FOR FURTHER DETAILS
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TUAG

TRANSISTOR UNIVERSAL AMPLIFICATION CO.LTD.
163 MITCHAM RD-LONDON SW17 9PG 01-672 3137/9080

NEW TUAC POWER MODULES

TL30
4x 61X 2%in.

£7-90

0 watts RMS continuous sine wave output
R.C.A. 40 watt output transistors

* 4R.C.A 1560 watt 15
amp output transistors
* 125 watts RMS
continuous sine wave

7 X 63X 3in.

£17-00

offering more power and
quality than ever before

al3

MANUFACTURERS OF
ELECTRONIC &
AMPLIFICATION
EQUIPMENT, ALSD
QUALITY TRANSISTOR
EQUIPMENT,

OPEN MON-SAT
9.30am-6.00pm.

TL60

5X 56X 3in.

* 60 watts RMS
continuous sine
wave output

% 2R.CA 150watt 15
amp transistors

£11-50
£13-2

TL100
65X 5x3in.

* 100 watts R.M.S. con-
tinuous sine wave out-

put
* 2 R.C.A. 160 watt 15 amp
transistors

output

protection
* Only 6 connections

TUAC DISCOTHEQUE MIXER

* Rugged layer wound driver transformer
* Short—Open—and Thermal overload

Specification on all power modules: All output

power ratings + 1dB; Output impedance 8-15

ohms; THD at full power 2% typically 1%: Input

sensitivity 80mV into 10kQ):; Frequency response

20Hz-20kHz +2dB: Hum and noise better than
70dB.

WITH AUTO FADE £96-50
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 Disc n ol !
Designed for the discerning D.J. of professional
standard. Offering a vast variety of functions.
Controls: Mic Vol: Tone, over-ride depth: auto/
Manual Sw: Tape Vol; L & R Deck Faders: Deck

Volume: Treble and Bass: H. Phon Vol Selector:
Master Vol On/Off Sw. Max output IV RMS.

wvix

Control—Total Variation Treble

100mA.

PANEL SIZE 18 X 4% in. DEPTH 3in.

Specification: Deck Inputs—50mV into 1TmQ:
Deck Tone Controls *Treble +20 —10dB at
12kHz. Bass +22 — 15dB at 40Hz: Mic input—
200 ohms upwards. 2mV into 10k{}: Mic Tone
15dB. Total
Variation Bass 10dB: Tape input—30mV into
47kQ}; Power Requirements—30-45 volts at

Power supplies
vacuum impreg-
nated Transformers
with supply board
incorporating pre-amp
supply: B

PS 125 +50 volts forone TP125  £11.50
PS 100 + 45 volts for one TL100  £10-50

PS 60 +40 volts for one TL60O £9-30
PS 30 + 50 volts for one TL30O £5.90
PSU 2 for supplying disco mixer £4.65

3 CHANNEL
LIGHT MODULATOR

® RCA. 8AmpTriacs @ 1000W per channet

HOW TO ORDER
BY POST
Make cheques/P.Q’s payable

PREAMPLIFIERS

All TUAC audio modules are constructed on glass fibre P.C. board,
are ready assembled and fully tested. Low noise silicon and FET
transistors together with H.S. carbon film resistors are used
throughout. Extensive research has gone into various wide range
tone control circuits producing superb sound gquality from any

signal.
VA08 Vol, Treble, Mid and Bass controls. Hi. IMP, FET,
|/P. suitable Mid. Guitar. Radio, Crystal/Ceramic
P.U. Sensitivity 4mV. Treble +35dB at 16kHz. Mid + 20 —15dB
at 1Hz. Bass +20 — 10dB at 40Hz. £4 qn
.

Vol. Treble and Bass controls. Sensi-
tivity 8mV. Treble +28 —15dB at
12kHz.Bass + 18dB at40Hz.

VAO6 £4-15

to TUAC (WW2}. OR QUOTE
ACCESS/BARCLAY CARD
NO. and post.to
TUAC LTD (Ww2)

163 MITCHAM ROAD.
LONDON SW17 9PG.
We accept phone orders
against ACCESS/Barclay
Card Holders.

Phone 672-3137.

@ Each channel fully suppressed and fused
@ Master control to operate from 1W to 100W
@ Full wave control—12 easy connections

£14-90

Single Channel Version 1500 watts £6-60

ALL PRICES INCLUDE V.AT.

POST & PACKING FREE

Stockists, Callers only

ARTHUR SALLIS LT, 28 Gardner St, BRIGHTON, Sussex. Tel. 65806
BRISTOL DISCO CENTRE, 86 Stokes Croft, BRISTOL 1. Tel. 41666
S0C004, 8 The Friars, CANTERBURY. Tel. 60948

CALBARRIE AUDID, 88 Wellington St, LUTON. Tel. 411733

A.1 MUSIC CENTRE, 88 Oxford St MANCHESTER. Tel. 236 0340
DAMON ELECTRONICS, 99 Carrington St, NOTTINGHAM. Tel. 53880
MITCHELL ELECTRONICS, 64 Winchester St, SALISBURY. Tel. 23689
WEC LIGHTING, 35 Northam Road, SOUTHAMPTON. Tei. 28102
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OCLI manufacture an extensive range of
Infrared Filters covering the entire 1.0 to 30
micron spectral region.

Filters in these -egions present an excellent
solution to filtering out high-temperature radi-
ation without appreciably limiting the signal
from the source being observed. Moreover, they
have proven caoability over wide operating
temperatures.

OCLI|.R. Filters are made to exact Customer
specifications or a range can be supplied from
stock.

Typical fields benefiting from OCL/ |R.

Filters include:

e GAS ANALYSERS/DETECTION SYSTEMS

e INFRARED PASSIVE THERMAL IMAGING
SYSTEMS

® FIRE DETECTION

e POLLUTION DETECTION

e QOPTICAL PROXIMITY FUSES

e INFRARED SPECTROSCOPY

e INFRARED PHOTOGRAPHY

¢ SPACE RECONNAISSANCE

Write for the new OCL/ catalogue and price
list of stock I.R. Filters.

OC LI OPTICAL COATINGS LTD.

Hillend Industrial Estate,
Dunfermline, Fife KY11 S5JE.
Tel. Inverkeithing 3631

(STD 038-34 3631).

0OC-19D

WW—141 FOR FURTHER DETAILS
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POWER UNITS
3

NOW AVAILABLE WITH
VARIABLE OUTPUTS I |

PRODUCTION TESTING

DEVELOPMENT

SERVICING

EDUCATION

Type VRU/30/25—£166.75 + 8% vAT

Input 200-250V. 50Hz
or 100-120V. 60Hz to order
Output 1:0-30V. 25A. D.C.
Output 2:0-70V. 10A. A.C.
Output 3:0-250V. 4A. A.C.

Other units are also available
with outputs of:

09—16;%\\// 16 2AA~ ALLCONTINUOUSLY
0-240V 3A. YRR

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

-
VGIM:JIO LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01-890 4242

WW—110 FOR FURTHER DETAILS

NomMmbrex

NEW
MODEL 45
DIRECT READING FREQUENCY METER

PRicE £42.50 .+ vat

® MEASURES FREQUENCY FROM 10 Hz TO 100 kHz.
@ MEASUREMENT INDEPENDENT OF SIGNAL WAVE FORM.
@® ACCEPTS INPUT LEVELS FROM 10mV TO 5V.
@ FOURDECADE SWITCH RANGES.
@ SENSITIVITY CONTROL.
@ CALIBRATION CONTROL.
@ POWERED BY 9 VOLT 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

WW—065 FOR FURTHER DETAILS
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THE NEW P60
INTEGRATED
STEREQ AMPLIFIER |

Low profile design only 2” high. Facilities for three tape recorders.
Recording with or withouttone  *Separate main and pre-amp gain
correction. controls.

*Peak level indicator for tape recording.  Fully protected output stages.
. . . RIAA phono correction unaffected by -
Suitable for continual high power cartridge inductance.

operation.
Dual independent tape operation.

*Light Emitting Diodes for level monitoring

Ultra low distortion circuits.
*New tape monitoring, A-B and A-B-C
facilities.

in main and pre-amplifiers. | pternational state-of-the-art circuitry
Toroida! mains transformer. from Cambridge Audio in Britain. o°
. L]
*To the best of our knowledge these features have never been included in a comparable amplifier hitherto. ..‘.
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Cambridge Audio Limited .°°.¢‘°0 & .

The River Mill, St. Ives, Huntingdon PE17 4EP .0'09"'0{\6"—”0 o ,.-~";Qr=’= .
. ) %

Telephone: St. Ives 62901 ...Q\Qfo”(p& V\"’& RS @ﬂm E
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A NEW STANDARD FOR SOUND REPRODUCTION
HD250 High Definition Stereo Control Amplifier

e o

Designed for disc and
tuner input and two tape
machines, withcomplete
- recording and reproduc-
= . ing facilities.

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home.
Improvements have been madeinrespectof performance, engineering design and quality of construction.

We believe that no other amplifier in the world can match the overall specification of the HD250.
Look at extracts 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 (ref. 5mV.)
Distortion. —88dBV Measured with ‘A’ weighted
Pre-amplifier: Virtually zero. {Cannot be identified or characteristic {ref. 5mV.)
measured as it is below inherent circuit Line: —85dBV Measured flat {ref. 100mV.)
noise.) —88dBV ‘A’ weighted (ref. 100mV.)
Power amplifier. Size: 17 inches X 4% inches X 11 inches deep
at rated output: Less than 0.02% (typically 0.01% at 1kHz). overall.
at 25w output:  Typically 0.006%. Weight: 211ib.

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—060 FOR FURTHER DETAILS

DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

L

=
=

SPEEDSERVICE
A new service from one of the

«, _ ] largest United Kingdom exporters of

- tubes and semiconductors

BRITEC LIMITED, 17 Devonshire Road, London SE23 3EN AEL - GATWICK HOUSE - HORLEY - SURREY - RH69SU
Tel: 01-699 8844 Telex: 896161

Telex 87116 - Cables Aerocon Telex Horley - Telephone Horiey 5353

WW—137 FOR FURTHER DETAILS ’ WW-—107 FOR FURTHER DETAILS

JES AUDIO INSTRUMENTATION

lllustrated the Si453 Audio Oscillator
SPECIAL FEATURES:

% very low distortion content—less than 0.03%

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

% square wave output of fast rise time

J . £50-00
F S . 4 also available

S$i451 Millivoltmeter Si452 Distortion Measuring Unit
* 20 ranges also with variable control permitting easy reading of * low cost distortion measurement down to 0-01% with comprehensive

relative frequency response. £42.50 facilities including L.F. cut switch, etc. £35.00
ALL PRICES PLUS VAT
J.E.SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, YORKS. BD19 5LA. Tel: 09762-2501

WW—031 FOR FURTHER DETAILS
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Four easy steps to improve

your instructional video system.

- B -
[E =&.‘-‘: A

First purchase a good monitor The TCPM 1717
for example, is perfect. It guarantees clarity,
brilliance and definition; even if the picture comes
straight from the moon. And our price is strictly
earthbound, just £161. With the special video effects
we have in mind, you'll need the ITC PM 171T monitor.

ETi

Now add the VP 315 video pointer. This
advanced unit superimposes an arrow indication
on your video system picture. The joy-stick control
panel makes arrow positioning simple. And the
arrow can be shown in black or white in a steady
or flashing model either horizontal or vertical,in any
size you want.We bring it to you at only £327.75.

4

TR o e

Next purchase the VTG-33F time and date
generator |t gives legible reading from 100th of a
second, through seconds, minutes, hour,day, month?
Perfect for any countdown. The precise timing is
provided by the electronic crystal control IC circuitry
This generator is compatible with any new or
existing television system, colour or black and
white. And costs just £322.

(Prices subject toVAT)

r Lastly, step into Dixons Technical. That's -l

I where you can buy all the above hardware. I
While you're in, look over all the other space-

l age equipment we have for improving your
video system.We'll give you a personal
demonstration, help you choose the
equipment you need, then install it.

Please send full details for the

| ITC PM 171T Monitor OJ
The VTG-33F Video Display Generator [J
| The VP 315 Video Pointer L]

Name__

I Address

I To: Dixons Technical,

]

3 Soho Square, Dixo .ﬂs I
e Technical

Tel: 01-437 8811 FSOSARE | -E

“Also available showing seconds, Minutes, hour, day, month, yeat This model 1S
very suttable for time lapse video recording.

www americanradiohistorv com
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THln" stopEs - . . and life can become complicated.

But think Scopex and you find
practical, professional, dual-channel
portables as easy-to-use as to carry.
Sensible bandwidth, no-nonsense
controls, trig level and polarity from
one knob, and the ever-popular time-
saving trace-locate feature. As an
example, the Scopex 4D10 gives
10MHz over the full screen area, 5%
accuracy, and all for £118*.

It makes sense to . . .

* Ex. VAT.

&
194
o0wr b

100 e

i
ra 5w

a8 oo m

g

JCoPEX

Write or *phone for details Scopex Instruments Ltd,
Pixmore Industrial Estate,
Pixmore Avenue, Letchworth, Herts. SG6 1]]
Tel: Letchworth-(04626) 72771

WW-—149 FOR FURTHER DETAILS

Measure airflow
* accurately
foronly£67-00

The AVM500 gives accurate and immediate metering of
airflow. The standard scale is between 0 and 30 metres/
second (70mph). Other calibrations can be supplied at
cost.

Airflow is measured by a constant temperature bridge,
supported on a lightweight probe, which is connected by
cable to the meter. Operation is by battery. The AVM500 :
is therefore ‘extremely quick and easy to move and instal. Acclaimed as the World's leading
A recording instrument is available. telescopic tiltover tower in.the

H
l Please send details of your AVM500. | am interested in wind field of radio Commumcat',on
! Models from 25 to 120

£

Look for the name

STRUMVIECH

| INSIST
PLEBIN
VERSAIOWWER

1 measurement for
J Name Position

% Address

Strumech Engineering Co Ltd
Coppice Side. Brownhills, Walsall, Staffs

|
3 Company :

N I Prosser Scientific Instruments Ltd
oL Lady Lane Estate Hadleigh Suffolk
= < Tel Hadleigh (047-338) 3005

! WW—027 FOR FURTHER DETAILS
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MEASURE FREQUENCY ANY-

WHERE WITH MULTIMETER SIZE MINIATURE
INSTRUMENT POWERED BY

FOUR PENCELLS BATTERY

Latest technology miniature device FREQUEN CY METER
uses four 0.3” LED digits to display EM-1

frequency. 5 ranges wi'thI coupled -

decimal point give resolution of .

0.1Hz to 1kHz in decade steps. FOUR %‘lgg&‘f”o RY

TAKES UP ALMOST NO BENCH
SPACE.

LOW PRICE. £79.50 inc p&p ex vat.

Mains PSU available which fits
inside ready drilled case.

FIVE RANGES
4 ppm CRYSTAL

SIZE 63 x 3} x 2% in
—including knob
Also: FX-1 FREQUENCY MULTIPLIER (X 60,X 100) * and terminals

5‘ //_ ' —see December W.W. £29.50
E U} ’ INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1 Tel: 01-278 6273

WW—114 FOR FURTHER DETAILS

Electronic Design

CQC(”’I/ esign Specialists
NOW you can build our LUXURY F.M. STEREO TUNER

Com plete (see W.W. APRIL/MAY 1974)
As announced in advance last month, we can now Kits now available Price  Postage
. . . . K1-4  All parts to build the main receiver
offer a complete kit to build this superb design. board - - y . £24.95  30p
i A A i K5-7 Complete stereo decoder with anti-
The cabinet ar\d ch?s§|s kit ol available are up 4 biray fitere o I £9.05 30p
to the same high original design standards as the K8 Asd way push button assembly for
. . . . % the fupction switching .. .. £3:45 10p
circuit design, and the same high quality of K9 A6 way pre-select push button unit,
materials has been used. The metal work is in gold plated contacts, cermet trim-
. . pots, P.C. Board with meter drive
rustproof cadnium plated steel sheet, fully drilled circuity .. .. .. .. £1414 10p
[ K10 A regulated power supply including
and prepared. The front par.1el is |.n ‘two ton.e gold e transformer (210-250v) . £6:82  30p
and brown brushed anodised finish, while the K11 Complete cabinet/metalwork set as
q . . li described, including all plugs and
drop over cabinet is made from high grade solid sockets, mains lead, nuts and
wood, finished in a light satin gloss varnish. The bolts, wire, etc. .. .. .. £26:00 50p
) ) Meter An edgwise meter with frequency
net result is a tuner of the very highest standards calibration to suit K9 .. .. £6:50 20p
K1-11 All above parts, package price .. £85-00 50p
of performance and appearance. PLEASE ADD V.AT. TO TOTAL

Other individual parts available include the SL301B, SL3045, SBA75C, MC1310P, Filter SFG10.7MA, etc.-
Also individual K1-7 prices available, other parts may be quoted on request. All parts and performance are
guaranteed. Send a S.A.E. (9 X 4 preferred) for further details to :—

(g @ 33, Restrop View,
® Purton, WILTS

Teknik 27s Graphic Equaliser

THE
ULTIMATE

INTONE
CONTROL

Klark Teknik Limited. Summerfieid. Kidderminster DY11 7RE
Telephone: Kidderminster 64027
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NCW,
active filter
takes over
from passive

networks

These active filters are designed to take over the functions
of passive filter networks in audio telecommunications
systems. They offer several advantages, in space-saving,
economy and reliability.

As a size comparison, one active filter will take up the same
space as two Post Office Type 3000 relays. By using the same
fixing and terminal holes as the relays, it offers an extra
convenience when baseboards are being prepared. By
replacing inductive components with solid state devices,
filter characteristics have been obtained atless cost, without
insertion loss, and with increased flexibility and economy.
These new active filters have B.P.O. approval, and have wide
applications, in the audio area and in signalling and control
systems,

Whiteley

versatility ...

ELECTRONIC & ELECTRICAL DESIGN

PRODUCTION CAPABILITY
CABINET MAKING

SHEET METAL FORMING/FINISHING

PLASTICS MOULDING

ENCAPSULATION

WHITELEY ELECTRICAL RADIO CO. LTD.

Mansfield, Notts, England. Tel. Mansfield 24762

London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
WW-—042 FOR FURTHER DETAILS
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Linstead
Twin Stabilised
Power Supplies

Each comprising:

Two powerful bench supplies.
Continuously variable.
Independently operable, or in series, or parallel.
Fully protected against overload and short circuit.
In one compact robust case.

POWIR SuPRLY Tyme gy -‘I'- Rance

o -
T
On . [

2 x 0 to 20V 0 to 0.5A

with twenty 1 voit steps and fine

control.

Voltage set by controls.

Current continuously monitoreu, .

0 to 100mA, 0 to 0.5A, plus VAT
Current limiting protection.

2x 0to 30V O0to 1A,

Set by switches and fine control.
Meters switchable for volts,
0 to 100mA and 0 to 1A. ]

Re-entrant protection. Pilot
indication of overload. plus VAT

LrrsiEad

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
P.Q. Box 212A, Dublin 2
Denmark, Scanfysik, 13-15 Hjorringgade, DK 2100, Copenhagen
Sweden, EMI Svenska A/B, Tritonvagen 17, Fack, 171 19 Solna 1
Norway, EMI Norsk A/S, Postboks 42 Korsvoll, Oslo 8
Malaysia, Laboratory Equipment Sdn. Bhd., P.O. Box 60, Batuy Pahat
Benelux, A.S.E. Ltd., Nationalestreet 38, B-2000 Antwerp

WW—057 FOR FURTHER DETAILS
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100% MODULAR

AN MONITORS

MODTEC solid state Series M monitors
offer the most advanced design in video mono-
chrome monitors available to date. 800 line
resolution provides crisp, detailed pictures.
The 100% modular chassis consists of five
individually shielded circuit modules that plug
in directly from the rear of the chassis. This
unique and exclusive feature simplifies and
speeds necessary maintenance with minimum
down time. All plug-in circuit modules are
common to 9,12, 15, 19, and 23” CRT’s.

LEE ENGINEERING LIMITED

Ashley House, Ashley Road
Walton-On-Thames, Surrey KT12-1JE
Phone: Walton-On-Thames 287-83/4
Telex: 928-475 ’

WW-—135 FOR FURTHER DETAILS

ELECTRONIC
INDUSTRIAL THERMOMETER

-
o
L -
|
g ¥ o . . <]

THE MODERN WAY T0 MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air, Metals. Liquids. Machinery. etc., etc.
Just plug-in the Probe, and read the temperature on the large open
scale meter. Supplied in zippered vinyl case with transparent front
and carrying loop. Probe, and internal 1} volt standard size battery.

Model “Mini-On 1” measures from — 40°C to + 70°C, price £17.50
Model “Mini-On Hi” measures from + 100°C to + 500°C, price
£20.00 (VAT. EXTRA)
Write for further details to
HARRIS ELECTRONICS (LONDON),
138 GRAY'S INN ROAD, LONDON WC1X 8AX
(‘Phone 01-837 7937)

WW—094 FOR FURTHER DETAILS
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NOW!
a thumb switch for
direct PC mounting

EECo STRIPSWITCH

The Series 21 Stripswitch which 1s
available in units comprising up to six
stations is mounted directly to the printed
circuit board. The switch solder tabs are
used to provide the mechanical mounting
to the circuit board and also the
interconnection between the switch and
the printed circuit.

Series 21 switch assemblies may be
mounted horizontally or vertically and on
either side of a P.C. board. The bezels
offer a finished appearance if the switches
are exposed through the equipment panel.
Toothed wheels provide for a rapid setting
of the switch positions but the Series 21
may also be used as a preset screwdriver
operated switch. Knurled shafts which are
available on request provide an alternative
means of a rapid setting.

WAYCOM LIMITED

Wokingham Road, Bracknell, Berks RG12 IND
Tel: Bracknell 22751 Telex: 848402

WW.—140 FOR FURTHER DETAILS
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— not with the

JEGON—
DALD
330G

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

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

The circuit is ready to use.

o&”

oo | 8o

NO MESS — NO MASKING
A perfect circuit every time !

£1-00 for one-off, £4-00 for six, £8.00 for twelve plus VAT
postincluded. Available now in every country in Europe.

Please send me further details on the 33PC:

Name

Make %

Wireless World, February 1975

.

contact with

eonex

for electronic valves (a really comprehensive range), semi-conductors
(a wide variety), integrated circuits. Prices on request.

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

the Teonex range are nearly always available for
immediate delivery.

Write now for technical specifications and prices
to Teonex Limited, 2a Westbourne Grove Mews,
London W11 2RY, England.

Cables: Tosuply London W11. Telex: 262256

Electronic valves, semi-conductors and integrated circuits available only for export.

sounds international

WW-—050 FOR FURTHER DETAILS

REVERSIBLE

ASSEMBLY FRAME

FOR PRINTED CIRCUITS
Simply assemble, turn over and solder

Address

Post to: DECON LABORATORIES LTD.
FREEPOST

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

wwi2

This apparatus allows
fast, neat assembly of single
circuit boards, or several
smaller boards at a time.

You justinsert the circuit
boards between the holding
‘bars, assemble components,
clamp down the foam cover,
invert the frame, then cut
and solder connections.

Our special magnetic locking
system ensures that com-
ponents stay firmly in place.

Indispensable for any

Y Takes one or more circuit boards
Y Fully adjustable foam cover

Y Also ideal for
repairs and retouching

circuitry laboratory, repair
shop, or production line use.
Available in two sizes:

Max. JA 500-220x 170 mm,
area JA 1000 - 370 x 170 mm.

For full details, please contact:
Special Products Distributors Ltd.,
81 Piccadilly, London W1V OHL.
Telephone: 01-629 9556.

WW-—048 FOR FURTHER DETAILS
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@ TRANSISTORS
& DIODES

@ RESISTORS

CARBON FILM
W‘lﬂtolM 5%, IM2%o 10M : 10% E12

@ DISC

IW 1010 100 : 5%. IM2 to 10M 10%E12 AC127 18p BFY52 20p ue. Start cotect!
10w 910k ; 5% E12 & E24 1p each. AC12B  18p BY126 13p tails in 0Ur ca(alo%
METAL OXID AC176 17p BY127 13p Deta’® ¢ Vouchers N
$W 10Qto 1M : 2% E12 & E24  4peach AD161/ BY164 49p Disc
WIREWOUND 162MP  93p BZYB8
3w 0.220, 0.270. 0.330. 0.47Q 1_}0% BA100 9p series 13p
10:5% p each BA145 22 MPF102 36
1.20 to 27002:5% E12 13p each BC107 1(): 0A91 6: & PLUGS AND SOCKETS
Other ranges stocked. See our catalogue BC10B 10p 0A200 7p
“for detalls = BC109 13p OC71  20p DI BLUG ggéiif
E12: 10, 12. 15, 18, 22, 27, 33. 39. 47. BC109C 15p SC146D 88p E
56. 68. 82 and decad BC142 23p T1S43 28p 2-pin 8p 6p
E24: 11, 13 20. 24 30. 36.43. 51 BC143 26p WOO05 30p 3-pin 9p 7p
63.75.91 and dccades BC147 10p WO4  33p 4-pin 10p  7p
BC148 10p 1N914 ap 5-pin A(1B0°) 10p 7p
BC143 12p 1N40O1 6p 5-pin B(240°) 10p 7p
. POTENT'OMETERS BC16BC 12p 1N4002 6} 6-pin 10p 9p
Rotary miniature carbon track i gg:ggc :%p 1“1003 7p
” spindle. Values available: P 004 7ip
BC182L 10 1N4005 8
k. 10k, 26k, 50k, 100k. 250k, . P
500k. 1M, 2M. BC183L 12p 1N4006 8ip
Log. signle-gang 16p. Lin. BC1B4AL 12p 1N4007 9p JAcK PLU Gs .
single-gang (4 1k 16p . gg%:gt :gp 1N414B  4p b
Log. or Lin. single-gani with &6 P 2N1302 20 A
sw?‘ch gle-gang Wi s BC21aL 18p 2N1303 20: 2.5mm plastic barrel 9p
Log. or Lin. dual-gang wnhoul BCY71 22p 2N1304 30p 2.5mm metal barrel 15p
switch 49 () BD131 45p 2N1711 24p 3.5mm plastic barrel 9p
Slider 60mm track. Metal-cased: / BD132 54p 2N2219 25 3.5mm metal barret 15p
EVE?}% |9"91h) 86.15mm less Y/, BD131/ IN2646 45: }in. std. mono plastic barrel 13p
ng_ orpL?r:}’:iﬁgle-gang W, sk, L7 BD132MP 2N2905 33p }in. std. mono metal barrel 24p
10k, 25k, 50k, 100k. 36p each. £1.20 2N2926 Or. 1in. std. stereo plastic barrel 1dp
Log. or Lin. dual-gang 1k. Sk. BD135 36p Ye.or Gn 10p 1in. std. stereo metal barrel 30p
10k, 25k. 50k. 100k, 45p each. BD139 49 2N3053 18p
zr5§e(;s:‘ I 0.1wW  vertical or BD140 69p 2N3055 :9;‘)
orizantal. 2 2,
o o s B amess o
470k, M 7p cach. BRX29  30p 7400 18p JACK CHASSIS SOCKETS

BFX30 33p 7413 39p,
BFX84 30p 7447 f£1. 10
BFX85 36p 7473 54p

@ CAPACITORS BEXG7 30p 7474 dSe

BFX88  25p a3p

2.5mm open-type metal 9p
3.5mm open-type metal 9p
1in. std. mono open-type metal 10p

Sub-miniature 20, 7493 a3, }in. std. mono moulded with 2 1
Axial lead electrolytic /9/ ggg? 22: 74121 395 'break contacts 13D g
MfdV  PriceMid V _ Price 1in. std. stereo open-type metal 15p

1 3 63 gp gg 63 6p '5 E. 5|?ED|- 1 1in. std. stereo moulded with 3

1563 6p 16 6p mc only P t 13 18,
2263 6p 68 63 14p Panel mtg. clip sp oreak contacts P

{Other colours and 7-seg. dis-

plays in our catalogue.)

@ INTEGRATED PHONO

15 16 6p 150 16 6p 680 18 16p Plastic-topped plu 8§

15 40 6p 150 25 6p 680 25 25 CIRCUITS sc,eened‘:ﬂug P 125 =
1252 ?% 2"’, }gg gg }:: lggg 42 ﬂ: CA3046 Chassis socket single 4
22 25 6p 220 4 6p 1000 10 16p “4(')‘(’)'“ DIL) 69p m Chassis socket twin 6p

22 63 6p 20 10 6p 1000 16 25 CHOOS2CH ]

33 636p 220 16 6p 1000 25 28p (TO99) £4.25

33 16 6p 220 25 1 1500 6.3 16p McC1310P

33 40 6p %20 4g Ig: 1503 :g %gp (14-pin DiL) 1 £2.50

47 4 6Gp 220 63 2 150 P MC1496 {(UA796

47 10 6p 330 4 6p 2200 63 2% {14-pin DIL} asp @ MAINS CONNECTORS
47 25 6p 330 10 6p 22 2 MFC4000B 59p

47 40 6p 330 16 14p 3300 63 ZBp MFC6040 83p P360 3-pin 1.5A chassis plug

47 83 330 63 28p 4700 4 ZBp NE5S55V (8-pin DIL) 65p with line socket 30p

SA2190 3-pin 5A chassis plug  22p
SA1862 Line socket for SA2190 25p

S$G 1495 (14-pin DIL) £2.70
$G3402 (14-pin DIL) £1.69

Get your 7975
;{4106 VE!

Includes dozens of
useful and interesting
tircuits you can build;
data; hundreds of
pictures, transistor
equivalents kist and
hundreds of new lines.
Packed with information.

@ ORGAN
CONSTRUCTION

A Full-Scale Electronic Organ that you can build
to your own specification.

FULL CONSTRUCTIONAL DETAILS
IN OUR LEAFLETS

Leaflet MES 51: price
15p. describes a fully
poilyphonic basic organ
which can later be used
as the basis of a large
sophisticated instrument.
Leaflet MES 52: price
Sp. continues the descrip-
tion of the MES 50 series organs and shows
you how to add a second keyboard with lots
more Stops.

Further leaflets to follow &t approx. two-
monthly intervals.

@ THE AMAZING DMO02

A ready-built, tested and guaranteed digital
master oscillator. Accurately generates the top
13 notes for your organ systém and reduces the
complete tuning of your organ to ONE SIMPLE
adjustment. New design gives selectabte C to C
output ranges of {approx.) 4k to 8k (highest} or
2k to 4k or 1k to 2k. etc.. right down to 16Hz
to 32Hz! And this new compatible design is even
smaller: only 3.5in.X3.7in.. including gold-
plated edge connexion.

DMO2T includes buitt-in variable depth and rate
frequency shift tremulant.

OMO2 £12.25 DMO2T £14.25

SAJ 110: 7-stage frequency divider in 14-pin
DIL package. Sine or square wave input. Square
wave output may be converted to saw-tooth.
£2 .63 each or 6 for £14.14 or 12 for £25.

# ORGAN
COMPONENTS

Keyboards high quality. fully sprung.

Flat-front 48-note F to E £15.95
Sioping-front 49-note C to C £15.95
Sloping-front 61-note C to C £20.44
Swell pedal with 10k log. pot £5.93
*Spring line unit (short) £3.05
*Spring line unit long} £7.59
*Reverberation driver module £5.34

*S.a.e. please. for full details: leaflet MES 24.

Gold-clad phosphor-bronze wire 30p per yd.
Palladium earth bar 15p per octave length
Contact blocks 2-make (GB2} 22p
Stop tabs. rocker type. not engraved (white. red.
grey or black} with DPDT switch 49p

[ ] SWITCHES }JA74‘CD(B-)Pi" DiL} 36p P437 3-pin 5A chassis socket with

Rolary adjustable stop. 1 pole. 1/‘472';‘(: (||L4 in DIL) :148'; line plug s5p @

2 12 way: 2 pole. 2 0 6 H P .
pA748C (8-pin DIL} 39p

way 3 pole, 2 to 4 way: 4 N414 (TO18) £1.20

pole. 2 or 3 way 36p each z TO1 -

SESSTRET  ED WA7805 BV 1 5A (T03) £2.30

Slide min. DPDT 13p H

Push to make non- Iocklng HA7815 15V 1.5A (TO3) £2.30 . TRANSFORMERS

SPST 14p MVR BV. 15V, 500mA . .

Push-on, push-off  locking {TO3) £1.60 LT700 min. output. Pri. 1k2: Sec. 501

DPDT 250V 4A 48p A78MO5 5V 100mA 200mwW 500

Rocker white DPST 250V 'OA Plastic power) £1.30 Sub-min mains 6-0-6V 100mA 95p
pA78MO5 15V 500mA 12-0-12V 50mA 95p

RoiaomainsJDRSIRZSOM %A {plastic power] £1.30 (Size both approx. 30X 27X 25mm)

“ELECTRONIC TODAY INTERNATIONAL”

4600 SYNTHESISER

We stock all parts for this brilliantly designed
synthesiser. This includes all the PCBs. metal-
work and drilled and printed front panel giving a
truly professional finish. Authoritative opinions
agree the ETI International Synthesiser is
technically superior to most of today's models.
Complete constructional details in our booklet,
available shortly. S.a.e. please. for price lists

Toggle with ON/OFF plate
DPDT 250V 1.5A 25p
BCD OUTPUT SLIDE
SWITCH

Marks the end of the old-
fashioned thumb-wheel switch.
With 7-segment type read-out.
Full details in our catafl:gg;e

pA78LO5 5V 100mA (T092)
pA78L15 15V 500mA (T092)

wA723C variable 2 to 37V

{TO99) or 14-pin DIV 75p
Our catalogue contains appli-
cation circuits and data for all
the above 1.Cs and many more.

Min. mains 0-6V 500mA. 0-6V 500mA  £1.36
0-12V 250mA. 0-12V 250mA £1.36
0-20V 150mA. 0-20V 150mA £1.36
0-24V 125mA. 0-24V 125mA £1.36

Mains MT3AT: Sec: 12-15-20-24-

30v2A £3.60
Mains MT206AT: Sec: 0-15-20V 1A,
0-15-20V 1A £3.98

and specification.

and Minisonic.

P.0. Box 3, Rayleigh, Essex. Tel: Southend-on-Sea (0702) 44101.

VAT. Please add 8% to the final total. Post and packing FREE in UK. (15p handling charge on orders under £1)
First-class post pre-paid envelope supplied free with every order.

NNSNANRVY Y
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Purpose-built servo and
actuator systems using
standard components

McLennan Engineering Ltd. have considerable experience
in the solution of actuator and servo probiems using
synchronous, stepping and DC motor techniques, an
important facet of our skill lying in purpose-designing
around standard components for speed and econom

The illustrations show a selection of modules from
the standard range and include the new EM/ 100/100A
servo drive system. All items are available
individually or can be supplied engineered to
custom-built systems.
1. EM 100/100A SERVO AMPLIFIER. A new addition to the
range. A complete sérvo drive system including
power supply which is eminently suitable for
driving printed circuit motors and other
servo motors up to 1/6 h.p. EM 100 - output
+24V, 4 amps continuous, 45 amps peak.
EM 100A - output +24V, 7 amps
continuous, 75 amps peak.
2.DC SERVO AM 1006S .
With integral potentiometer. Max
continuous output Torque
14.6 kgcm at 7 r.p.m. 2
3. LOWINERTIA DC SERVO MOTOR
Output 5W .,
4. CONTROL AMPLIFIER EM 40 Output *+ 15V 0.5 amp
5. TYPICAL PRECISION GEARS 120 to 32 DP

McLennan Engineering Ltd
Kings Road, Crowthorne, Berkshire.
Tel: Crowthorne 5757/8

WW-—106 FOR FURTHER DETAILS

TTL 74 SERIES INTEGRATED CIRCUITS | LINEAR 1Cs SIGNAL RECTIFER ZENER SPECIAL OFFERS FOR
7400 14p | 7432 37p| 7486 410 | cA3046 Tramsistor Aray .. ... ............. DIODES DIODES DIODES POPULAR TRANSISTORS
7401 16p | 7437 37p | 7488 340§ 'M301 Op. Amp. with extarnal compensation BA100 10p § BY100 15p | 3.3V to 33V
7402 18p | 7440 2 7490 52p LM307 Op. Amp. with internal compensation BAX13 5 ¢ BY126 12p | 400mW 8p
7403 22p | 7441 T5p | 7492 680 | \FCB040 Electronic Attenuator . . BAX16 op | BY127  12p f 13w 18p
7404 18p | 7442 Top | 7493 55 | MFC8070 Zero Voltage Switch OA4T p | BY133 5p ] 175w 25p
7405 25p | 7445 216p | 74100 2000 § \EE36  FET Op. Amp. . . .. OAT0 o | BY210 38 [ tow “op
7406 42p | 7447 95p | 74107 45p | NEBS5 Timer 2pS to 2 hours . 0A79 10p § BYZ11 35§ cow 65p
7407 42p | 7448 T || LEAiEN] NE556  Dual 555 Timer ....... ......... OAS! sp | BYZ12  3m|°,
7408 20p | 7450 20p | 7412 760 | NES6Q  High Phase Locked Loop . . .. . .. OAB5  10p | BYZ13 38
7409 2Bp | 7451 20p | 74141 350 | NE5S62  High Phase Locked Loop with AM Demod L2900 | OA%0 7p | 1N4001T 55 | OTHER
7410 16p | 7460 20p {74142 200p | NESG2  High Phase Locked Loop with Vco . -2% § OAg1 7p | 1N4004  Bp
7412 30p | 7470 30p | 74145 150p | NESG5  Precision Phase Locked Loop . . .. .. ... ... 2900 | Oaos 10 [ tNa007 7, | DIODES
7413 28p | 7472 30p | 74160 160 | NESGE  Function Generator . ............... .. . 2000 | Saz00 sp | PL4004  10p § Tunnel
7414 90p | 7473 36p | 74161 180p { NES67  Tone Decoder . ................... 250p | OA202 10p { PL7004  20p | AEY1T  S50p
7416 33p | 7474 Hp | 74184 225p | 709 Op. Am. with external compensation . . .. .... 26p 1N914 ap Varicap
1417 38p | 7475 52p | 74185  225p | 710 Differential Voitage Comparator . ... ... ... a7 | 1N916 6p | LED BA145  15p
7420 16p | 7476 37p | 74190 220p | 741 Op. Am. with internal compensation ... ... .. 28p 1N4148 dp | TiL209 18n | BA148 13p
7422 g;p _;wo :,5,9 ;:19; gv 747 8ua| 141 gt .. s sssacigoonshog il ggp 0PTO ELECTHONICSI
7425 P | 7482 P 19 P | 74B p. Amp. with external compensation .. ... .. p o
7427 37p/{ 7483 120p | 74183  220p | ICLBO38 Voltage-Controlled Oscillator . . . . . . . 20 | apoto.Transist '-'0';;3:."’;:‘.‘""' .
7430 16p | 7485 u TRIACS OCP70 50p ORP12 50p The above offers are for a {imlted
SCR—THYRISTORS 100V 400V 500V OCPT71 85p ORPB0 55p perlod only AND subject to
BRIDGE RECTIFIERS 50V 100V 400V 600V 3 Amp 85¢ 99p 120p 2N5777 50p ORP61 55p present stocks being avaiiabie.
50V 100V 400V 600V 1 Amp - 42p p  G0p 78p 6 Amp 88p 120p 150p Light Emitting Diodes (LED)
250mA 16p — —  — 3Amp 43 4% T8 100p 10Amp 108p  154p  165p Red 18p Green 35p Yellow 40p TGS.GAS SENSOR
;:mp gg; g;l' ggﬂ ﬁ’l’ 1é:mp— i ] 1159 :]s‘A"‘P 1a5p * 180p 200p Seven Segment Displays Semlcgnductor
mp P P P mp — - er 3015F (Filament) 120, MAN-3M ata Sheet ....
Afme G '7538 g Other 40430 90p. 40486 T5p. (ki 1) 120p  MAN-3M (LED) 120p | D
mp  55p ] C106D 45p. 2N3525 91p. 2N4444 . X F
Tasp. ’ DIAC ST2. For use with above | FiXed o/p +-Ve - AUDIO & RADID ICS
triacs 21p. Voltage Regulators | CA3048  Four Independent Amplifiers . .. ... . .. 230p
AC125  1ip BC138  11p | BDI31  40p [ BFX83  24p OC74  30p 2N1304/5 21p | 2NOSB  15p ] 1A (Plastic) CA3089  FM IF Amplifier . ... ........ 250p
AC126 11p | BC137 17p | BD132 45p | BFY50 14p | OC81 12p | 2N1306/7 28p | 2N4059 10p MC7805 5V ...... CA3090 FM Stereo Multiplex Decoder . . . . .. .. 300p
AC127 11p | BC138 17p | BD153 85p | BFYS1 14p | OC82 12p | 2N1308/9 28p | 2N4080  13p MC7812 12V . LM377 2W/Channe|vs_tereoAmp ...... 300p
AC128 11p | BC142 35p | BD156 80p | BFY52 14p 1 OC83 18p | 2N1613 20p | 40360 35p MC7815 15V . . 140, LM380 2 Watt Amplifier .. ... . ... ... .. 140p
AC1a1 18p | BC143 35p | BDY60 5p | BSX18 18p | OCs4 180 | 2N1711 20p | 40361 3sp MC7818 18V ...... LM381 Stereo Pre-amplifier . ... ... ... ... 200p
AC142 18p | BC147 Tp | BDY6!  65p | BSX20  16p | OC200 50P | 2N2218  21p | 40362 38p || MC7824 24V ...... 140, MC1304 FM Stereo Multiplex Decoder .. ........ 170p
Agﬂg :in Bgitsc ;D g:};g §§v gﬁf:g zﬁ" 19|<;201 5’39 2"33;8 f‘;" 40409 goo MC1307 FM Stereo Multiptex Decoder 145¢
AC18 2p | BC149 P P P 41A P | 2N: P | 40410 0p A MC1310 Coilless FM Multiplex Decoder 24
AC188  11p | BCIS7  M4p [ BF170  23p ( MJ4o0  85p | TIP42A  88p | 2N2221  20p | 40411 200p | Variable o/p MC1312 Eou,c,,anne. SQ Dosodes 22?.',;
AD140  46p (BC158  12p | BF173  25p [ MJ48T  130p | ZTX107 12p |2N2222  20P | 40594 8p 4 yoltage Regulator MFC4000 }Watt Audio Amplifier 50p
AD142  55p | BC150  14p | BF177  26p | MJE340 45P | ZTX108 10p | 2N2369  14p | 40595 5p 9 ] TBABOO Watt Audio A i ‘t00p
ADM3  S0p | BCI6SC 120 |BFI78 280 | MJESTO 720 | ZTX109 130 | oN2ds¢  30p |40600  #8p | ML7232Vi037v g | TBAB0O 5w 1t Audio A 12
AD149 43y | BC171 12p | BF179 33p | MJE371 84D [ ZTX300 14p | 2N2904  20P | FETs TBAB20 2 (G (0 '°A"‘ 85"
AD161  36p | BC177  18p | BF180  33p | MJE520 88p | ZTX301 14p | 2N2905 18P |gF244 369 Watt Audio Am) r2 B g 0p
AD182 36 | BC178  17p | BF181  33p | MJES21 80P | ZTX302 18P | 2N2906 20 [mprioz  31p 4 ACCESSQRIES ZN414  TRF Radio Receiver . . . . 110p
AF114  13p | BC179  18p | BF182  33p | MJE2955 90P | ZTX: 15p [ 2N2926RB  Tp [ MPF103  31p |f DIL SOCKETS
AF115 13p | BC182 10p | BF184 22p | MJE3055 @5p [ ZTX304 24p | 2N29260  8p | MPF104 31p | 8pin 12p. 14 pin 13p.
AF116 13p | BC183 10p | BF185 22p | MPSAT2 50p | ZTX500  15p [ 2N2926YG 8P | MPF105 31p | 16 pin 14p. QUANTITY PRICES
AF117 13p | BC184 11p | BF194 11p { MPSA08 30P | ZTX501  15p | 2N3053 18P [ 2N3819  20p Mica Washers + 50/99 100+ Low Profile DIL sockets
AF118 50p | BC212 11p | BF195 12p | MPSAS6 32p | ZTX502 19P | 2N3054  45p | 2N3820 57p § 2 Bushes 5p 0, by Texas
AF121 33p | BC213 10p | BF196 14p | MPSUOS 62p | ZTX503  45p | 2N3055 40P | 2N3823 6lp | (TO3 or TOGE) 555 48p P 50/98 100+
AF124 30p | BC214 1 B8F197 15p | MPSUS6  78P | 2N404 26p | 2N3441 80p ( 2N5457 31p 723 48p 40p
AF125  30p | BC237  12p|| BF200  32p | OC26 atp | 2N696 15p | 2N3442  140p | IN5458  p 741 25p 23p 8PIN 11 10p
AF126 30p | BC238 11p | BF257 32p | OC28 550 [ 2N697 13p | 2N3702/3 11p | 2N5459 Data Sheets on adver'; 7490 4 3% 14 PIN 12p 11p
AF127  30p | BC239  12p [ BFR39  30p | OC35 48p | 2N698  30p | 2N3704/5 1P | MOSFETs tised I.C.s 10p eac 2N3819 19 18p 16PIN  13p i2p
AF138  33p |BC307 11p | BFR40  30p | OC36 52p | 2N706 12p | 2N3705/6 10p' | 3N140 i
AF181 45p | BC308 11p | BFR41 30p | OC41 15p | 2N708 18p | 2N3707 11p | 3N141 75p C-MOS LOGIC ICs
AF186  48p | BC309  12p | BFR79  30p | OC42 15p | 2NO14 18P | 2N3708/9  9p | 40603 58p CD4001 AE Quad 2i/p NOR Gate 50p CD4018AE Divide by N Pre-
AF239 38p [ BCY70 18p | BFR30 30p | OC44 11p | 2N918 40p | 2N3771  170P | 40673 80p CD4009AE Hex Inverter/Buffer 120p settable Counter  300p
BC107 8p | BCY7t  22p | BFR81  30P | OC45 11p | 2N920  20P | 2N3772  180p | UJTs CD4011AE Quad 2 l/p Nand Gate 50p CD4027AE Dual J-K Filp-Flop 176p
BC108 9p.| BD115 55p | BFX29 3o0p | OC70 11p | 2N930 18p | 2N3773 40p { TIS43 26p CD4012AE Dual 4 ifp Nand Gate 50p CD4028AE BCDto Decimal
BC109 10p | BD121  100p | BFX30 30p | OCTt 1P | 2N1131 18p | 2N3866 70p | 2N2160  B0p CD4013AE Dual 'D’ Flip-Flop ..120p Decoder ........ 0p
B8C115  20p | BD123 100p | BFX84  26p | OC72 11p | 2N1132  18p | 2N3903/4 15p ( 2N2646 CD4017AE Decade Counter/ CD4047AE Monostable Multi-
BC135 17p | BD124  65p | BFX87  20p ' OCT3 50p | 2N1302/3 17p | 2N3905/6 15p | 2N4871 31p Dlvider............ 300p vibrator  ........ $5p

Minimum Order £2.

Ail prices exclusive of V.A.T.
P. & P. 10p for orders below £5.
Export inquiries welcome.

All goods brand new.
Money refunded if not satisfied.
OEM. trade. colieges, inquirles welcome.

“TECHNOMATIC LIMITED

54 SANDHURST ROAD, LONDON NW9. Tel. 01-204 4333

www americanradiohistorv.com
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when reliability
and quality count

Suppliers of Television Valves, Picture Tubes,
industrial and Transmitting Tubes to the
Electronic Industry.
Available Ex Stock at advantageous prices.
Enquiries from
Agents and Importers welcome.

Redan House, 1 Redan Place, London W2 4SA
Telephone: 01-727 0091/2 Telex: 265531
Cables: Edicron London W2

WW—108 FOR FURTHER DETAILS

s T
“HSTI &

A
Tel: Horley {(02934) 5353 -
Telex: 87116 {Aerocon Horley) - Cables: Aerocon Telex Horley

EL GATWICK HOUSE, HORLEY, SURREY, ENGLANO

WW—026 FOR FURTHER DETAILS

sanuia

MULTI TESTERS

USED THROUGHOUT THE WDRLD, SANWA'S EXPERIENCE DF 3D YEARS ENSURES
ACCURACY, RELIABILITY, VERSATILTY. UNSURPASSED TESTER PERFDRMANCE
COMES WITH EVERY SANWA

6 Months” Guarantee Excellent Repair Service
MDOEL P2B £9.786  MDDEL FBDTRD £25.28
MODEL JPSD £11.58  MODEL AT45 £2152
MODEL BX 505 £29.12  MDDEL 380CE £29.12
MQDEL 360YTR £15.28  MDOEL M101 £31.81
MODEL U50DX £15.60 | MDDEL 460ED £3589
MODEL A303TRD £1745  MDDEL EMB0O £81.06

MODEL MODEL K30 THD £2401 ' MDDEL R1000CB £75.27

THESE PRICES ARE SUBJECT TD AN ADDITIONAL CHARGE OF 8% FOR V.AT.
U- SODX Cases extra. available for most meters. but not sold separately.

Please write for illustrated leaflet of these and other specialised Sanwa meters
SOLE IMPORTERS IN UK.

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KT1 1LP
Tel:01-546 4585

WW—013 FOR FURTHER DETAILS

a2s

TPA SERIES-D

integrated circuit
power amplifier

TPA 50 - D Specification
Power OQutput 100 watts rms into 4 ohms
65 watts rms into 15 ohms

Freq Response +0.1dB 20Hz to 20KHz into
15 ohms. -1dB at. 150KHz

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

Input sensitivity OdBm

Noise -100dB

Rise time 2 u seconds

Price £59 plus V.AT:

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

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS

STARWET

Spectrum Analyser
Module ST858

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 chm 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.)

For further details contact the sole distributors of
STARWET equipment:

CHILTMEAD LD

7-9 ARTHUR ROAD, READING, BERKS
(rear Tech College) Tel. Reading 582605
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BYWOOD ELEGTRONICS -
ONE STOP SHOPPING FOR -

Clock Chips With Products from —

Calculator Chips Beckman, Brown-Boveri, Cai-Tex,
Led Displays Diacon, E.R.G., Fuji, Futaba,
Liquid Crystals Imtech, Itoka, Jermyn, Litronix,
Phosphor-Diodes Mostek, National, RCA, Siemens,
Gas Discharge Swarovski, Texas, 3M

Display Drivers

MHI Kits

Digitronic Clocks

Customised Units

Just about all you need to go digital is some of our ICs, some of our digits and
drivers, some data and some advice. As they are all available at the end of a
telephone line it would make sense to ring 0442-62757 before doing anything
else.

Latest lists, prices and products are advertised each month in ETH.

EXTRACTUS DIGITUS, DIALUS and DIGITISE DIRECTLY!

BYWOOD ELECTRONICS

181 Ebberns Road
va D D D Hemel Hempstead, Hertfordshire

Tel: 0442-62757

WW-—143 FOR FURTHER DETAILS

TAKE A CLOSE LOOK How much does
Transit
Damage
cost you?

In damaged goods. In doubled
delivery charges. It need not cost
you a penny. Because it needn’t
happen. PROTECTOMUFFS
are tough, padded, weather-
proof, dustproof. They are
tailored to fit your product.
Slipped on in seconds by un-
skilled staff, they provide allthe
packing required. And because
they are re-useable again and again and again, packing costs
become a non-recurring item. Be like Hoover, Ferranti, Rediffusion
— use Protectomuffs and show your customers you care.

at a professional recorder that offers high performance,
excellent reliability and is very easy to maintain. Ask ==Lt ieH HIL/IIlP e~ |
yourself why so many commercial radio stations and Pl

recording studios are doing their best to wear them out, To JOHN EDGINGTON & CO. LTD

]

f
and not having much success. Decide if you need mono 1 . . )
or stereo, console transportable or rack mounting versions : 47 Oid Woolwich Road, Greenwich, London SE10 9PU (01-858 7014-6)
| Send me details of ProtectomyJs
|
|
|
|
|

and then inquire about prices.

We are sure you will be very pleasantly surprised. N e e A s o e 1 Pt e g R et e H

e T T s s ~ T A A :
BIAS ELECTRONICS LTD. 01-540 8808 1
572 KINGSTON ROAD, LONDON SW20 SDR e £2s o4 40 e e e e bad |
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I.L.P. (Electronics) Ltd

SHEER SIMPLICITY!

Tape o.p BASS
Tuner ..
Gram —_0 !
Tape ___
Fuse
Half HYS Half HY5 HYS50

TREBLE

\
A

BALANCE
VOLUME

Stereo.Mono switch

7ol
|

Ov

Mono electrical circuit diagram with interconnections for sterso shown

The HY5 is a complete mono hybrid
preampiifier, ideally suited for both

The HY 50 is a complete solid state hybrid

mono and stereo applications. internatly
the device consists of two high quatity
amplifiers—the first contains frequency
equalisation and gain correction, while
the second caters for tone control and
batance.
TECHNICAL SPECIFICATION
Inputs
Magnetic Pick-up 3mV.RIAA
Ceramic Pick-up 30mvVv

Microphone 10mvVv

Tuner 100mvV

Auxillary 3-100mvVv

Input impedance 47kQ at TkHz
Outputs

Tape

100mv

Main output Odb (0.775 volts RMS)
Active Tone Controls

Tieble +12dbat 10kHz

Bass *12db at 100Hz
Distortion 0.05% at 1kH2
Signal/Noise Ratio 68db
Overload Capability 40db on most

sensitive input

Supply Voltage +16— 25 volts.

PRICE £4.50 + 0.36 V.AT. P & P free.

TWO YEARS

|.L.P. Electronics Ltd,
Crossland House,
Nackington, Canterbury,
Kent CT4 7AD

Tel (0227) 63218

Hi-Fiamptifier incorporating its own high
conductivity heatsink hermetically sealed
in black epoxy resin. Oniy five connec-
tions are provided: Input, output, power
lines and earth.

TECHNICAL SPECIFICATION
Output Power 25 watts RMS into 8§2
Load Impedance 4—16§2

Input Sensitivity Odb (0.775volts RMS)
input Impedance 47k

Distortion Less than 0.1% at 25 watts
typicaily 0.05%

The PSUS0 incorporated a specially designed
transformer and can be used for either mono or
stereo systems.

TECHNICAL SPECIFICATIONS
Output voltage 50volts (26-0-25)

. 210-240volts
Signal/Noise Ratio Better than 75db
Frequency Response 10Hz —50kHz ! 3db Size L.70. D.90. H.60 mm

Supply Voltage ! 25 volts PRICE £6.00 + 0.48 V.A.T. P & P free.
Size 105 x 50 x 25 mm.

input voltage

PRICE £5.98 + 0.48 V.AT. P & P free.

GUARANTEE ON ALL OUR PRODUCTS

Please Supply
Total Purchase Price
| Enclose Cheque 00 Postal Orders 0 Money Order OO

Please debit my Access account O Barclay card account O
Account number
Name & Address

Signature

WW—086 FOR FURTHER DETAILS
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ELENTOF

You told us you enjoyed
Elektor 1

Don’t miss Elektor 2, out now

Elektor is a fund of well
thought-out and thoroughly
tested projects, new ideas using
modern electronic com-
ponents, objective comment
on new developments.

Try it
BLEMTINNF 2
Use the Elektor
mos tap . i i
L e printed circuit
dil logic probe board service
numeric displays for immediate
electronic delivery of high
loudspeaker quality epoxy
glass boards

for all major

projects.

In Elektor 2

t Electronic drum kit t Modulation systems — AM to
t Touch sensitive switches S
t DIL Logic probe t 7-segment displays

t High-quality T.V. sound

Write to us enclosing 35p P.O. or cheque for Elektor 2. If you
would like a subscription for the next seven issues (£3.60 till end
1975), send no money, write or phone for subscription card.

Elektor Publisheis Ltd.
6, Stour Street, Canterbury CT1 2XZ. Tel Canterbury (0227) 54439

www americanradiohistorv com
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naim audio

MANUFACTURERS OF AUDIO EQUIPMENT

ave

You can now find our factory and showroom at...
11 Salt Lane, Salisbury, Wilts, SP11DT
The telephone number remains the same....

SALISBURY 3746

WW—040 FOR FURTHER DETAILS

LOGIC PROBE 340

Generates a single minus pulse
of 020-05millisecond.
Built-in pulse generator

RED & GREEN-LED APPLIED LDGIC LEVEL INDICATOR

Forusein

jng TTL,
% Wrong polarity & overload protectors provided dﬂ;ﬁ, %’p.f/pp
% Detection of the peakvalue of input waveform and other pulse

#  Open circuit or faulty IC can be detected
& All fogic levels are visible at a glance
# Unique high/low level probe

ASSOCIATES LIMITED

areuits

.£14-00

including pp + VAT
Discounts for quantity

Bishop’s Stortford, Herts. Tel: 0279 56347. Telex: 81657 Jaylamps Stort.
e ——
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ANALOGUE &
HYBRID
COMPUTERS

C60 FEATURES:

Eight low drift. high gain, IC
operational amplifiers. 1%
accuracy. Automatic function
selection and meter switch-
ing. A four quadrant variable
multiplier. Individual pot-set
facilities,  built-in  stabifised
power supplies plus all of the features expected in our precision machines. Price
£475 complete with patching leads and instruction book.

We manufacture a wide range of analogue and hybrid computing equipment and can
produce special machines built to your own specification. You will be pleasantly
surprised at the cost of a computer built to your own requirements.

PHONE OR WHITE FOR OETAILS OF OUR ANALOGUE OR HYBRIO APPARATUS
PHYSICAL & ELECTRONIC LABORATORIES LTD.

MANUFACTURERS OF PRECISION ELECTRONIC INSTRUMENTS & COMPUTERS
28 Ath Road, Wh , Lond N20. Tel. 01-445 7683

WW-—134 FOR FURTHER DETAILS
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this is Otari

Otari DP4050

Ideal for 1 cassette copy or 10,000

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

Foolproof operation for non-skilled personnel.
Eight times copy speed.

Automatic cycle through Record-Rewind-Stop.

Absolute consistency in manufacture through
large volume production.

Modular construction.

Servo-controlled direct capstan drive.

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

L Saedicaady e il
R 1 1T
(1F! R . i ‘57--,;-’;:-- .
1 g v shifiees ’ ' "‘«““‘ ik ;

........

»»»»»»»»

‘e gaver Ry -7 a4t

v e s ik COMPLETE KIT AVAILABLE
: [ ; : | (AL, HiS OR P/C BOARD ONLY
...z -4 STOP PRESS!!
‘ OFFER LASTS ONLY
8 MORE WEEKS

st time available, the real T.V. game in kit form as supplied to the amusement trade with five bat angles, fully automatic ball, digital
score read out on screen and also simulated sound.

Please send stamped addressed envelope for details and prices to:
LOGIC LEISURE LIMITED, Kingfisher House, 68 Park Road, New Barnet, Herts.
Telephone: 01-440 9173/4, Telex: 264397.

s ————
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THE NEW NELSON-JONES FM TUNER

PUSH-BUTTON VARICAP DIODE TUNING
(6 Position) G
Exclusive Designer Approved Kits

What are the important features to look for in an FM tuner kit ? Naturally it must have an attractive appearance when built, but it must also embody

the latest and best in circuit design such as:—

MDSFET front end for excellent cross modulation pertormance and fow nolse.
VARICAB funig aloa I bk 10 back configuration for fow distorti
VARICAP tuning diodes In back to back configuration foriow distortion.
CERAMIC filters for defined IF response 1C STABILISED and S/C protected power supply.

INTEGRATED circult IF amplifiers for rslllabllity and excellent limiting/ AM rejection. CABINET double veneered against warp.
The Nelson-Jones Tunér has all of these features and many more, and more importantly the design is fully proven not just with a few prototypes but with many thousands

of working tuners spread across the world. l Typ. Specn: 20 dB quieting 0.75uV. Image rejection —70dB.I.F. Rejection —85 dBJ

PHASE LDCKED Stereo decoder with Stereo mute, see below
LED fine tuning indicators.
PUSH BUTTDN tuning{with AFC disable) over the FM band (88-104).

Basic tuner module prices start as low as £12.31, with complete kits starting at

£26.95 (mono) + P.P. 65p. and of course all components are available separately.

Our low cost alignment service is available to customers without access to a

signal generator. Please send large SAE for our latest price lists which details alt of
_ the many options and special low prices for complete kits. All our other products

remain available,

PORTUS AND HAYWOOD PHASE LOCKED DECODER (W.W. Sept. ‘70). Still the

lowest distortion P.L. decoder available. THD typically 0.05% (at Nelson-Jones

Tuner O/P level)! Supplied complete with Red LED.

Price £7.02 when bought with a complete N-J tuner kit or £8.29 if bought

separately {P.P. 21p.)

PLEASE NOTE. Existing tuners are‘readily convertible and kits/parts are available

for this purpose.

TEXAN AMPLIFIER. We have designed the tuner case and metalwork to
match the Texan amplifier (see photograph). Complete designer approved Texan kits
are available at £30.78 plus P.P. 65p including Teak Sleeve.

N EW LOW COST STE R E 0 TU N E R Available as basic or complete kits

No alignment required. Mullard LP1186 front end module used with Ceramic IF and
IC amplifier. Push button tuning (6 position) with Interstation Mute, restricted
-range AFC, single LED tuning indicator, phase locked IC decoder, and complete
metalwork and veneered cabinet. Complete with IC regulated PSU and full assembly
instructions. (Mechanically identical to N-J Tuner.) ) Access

2,V for 30dB S/N PRICE Complete stereo kit £28.42
Image rejection 40dB Complete mono kit £24.19
IF rejection 65dB VAT at 8% is included in all prices P. & P. 65p

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW Phone Swadlincote (0283 87) 5432 Telex 377106

Basic stereo tuner £15 post free.
Basic mono tuner £12 post free.
6 position push button units with
integral pots £2.92,

TYP. SPECIFICATION

TELEVISION CAMERA KITS

Complete kits are available for both ‘“Mullard” and "'P.E.”
design. Each kit includes a comprehensive construction
manual, and a completely FREE technical back-up service
to ensure your success. VHF and UHF Modulator Kits also
available to allow standard domestic T.V. to be used as
monitor.

All parts available separately, including a wide range of
lenses. vidicon tubes, special mains transformers and
focus/scan coils. Also available P.W. tele-tennis game.

Send 5”7 X 7" S.A.E. for full details or come along for a
demonstration and a chat with our technical staff.

CROFTON ELECTRONICS
124 Colne Road, Twickenham, Middlesex TW2 6QS.
Tel. 01-898 1569. Telex 934642 Cadanac LDN.

EEEEEEEEEESEEEEEENEEES
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SQ QUADRAPHONIC DECODERS ELECTRONIC ORGAN KITS

$Q the leading quadraphonic system. designed by CBS angineers, offers not only 4 channel ambiophony from the
fast expanding range of SQ encoded discs but also immensely incressed depth end fullness of sound from
Fowd 3 channele 2001000,

81 1000mV as from most i nto choice of any of our 3 decoders
2nd 1ake & Channels out with no ovoral signsl ievel raduction, On e fogic enhanced decoders Vorume, Fromt-
Back. LF-RF, LB-RB and Dimension controls can all be implemented by simple single gang potentiometers-—no

There are 5 superb models in
kit-form specially designed for
the D-I-Y enthusiast. With our
free and generous after sales
service you can build in sections,
and the whole project can be
extended over several months,
All specialised components can
be purchased separately.

We also stock keyboards, volume
pedals, MOS master oscillators,
ICs., transistors, ETC, for W/W
synthesiser and W/W electronic
piano. Send 50p for catalogue
and vouchers worth 50p or send

comj oniy—fibre glass circuit boards of professional quality designed for edge connector . 8l

resistors 2% metal oxide. all and i 6% or better and in decoder L2 ultra low

noise (MPS A18-0.5dB typ.) transistors used in esch amplifying stage. .

M1 Basic matrix decoder with fixed ‘10-40" blend. 10 Resistors. 14 Capacitors. 1 Integrated Circuit, Printed

Circuit Board. £8-54.

L1 Fuli logic controlled dacoder with ‘wave matching” and “front-back logic’ for enhanced channel separation using

g:)r:ed :g;g%y designed Integrated Circuits. 24 Resistors. 42 Capacitors. 3 Integrated Circuits. Printed Circuit
rd, . o

L2 More advanced full logic decoder with ‘variable blend’, extended frequency response. increased front-back

separation. 43 Resistors, 44 Capacitors, 3 Integrated Circuits, 9 Transistors, 8 Diodes, Printed Circuit Board. £28.20.

Allkits include IC sockets and construction notes. Prices include CBS licence fee.

Plaase writa for further details in FREE UST,

United Kingdom: Post Free. Please add 8% VAT. Oversaas: No VAT. Please add {per kit) £1-50 p & p AIR MAlLor

80p p & p SURFACE MAIL.

' dedd=i]
12y ¥ your own parts list, enclosing
2N\ AMBIENTACCOUST] LLLLEI L e
& 0 50 300 4 CTRONIC MUSICAL INSTRUMENTS
ANDOVER, HANTS SP10 3EQ . ' lor 5. Tal: 01248 5624

London EB. :
- 10 a.m. o 7 p.m. Mon. to Sat. Closed all dsy Thursday. Open 10 a.m. to 1 p.m. Sunday.
WW—079 FOR FURTHER DETAILS = el
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We enjoy solving other peoples’ problems!

Jasmin take a slightly different approach to their customers and they are proud
of the rapport they attain with them. Research and development staff are
always available to offer advice on technical issues. This in turn means that Jasmin
are able to offer a unique service if you have problems in the following spheres
® Complex automatic text and evaluation apparatus. ®Digitalized video
and Ceefax/Oracle display equipment. ®Mini computer orientated systems.
e®Specialist contract engineering.

Jasmin

ELECTRONICS LIMITED

BOSTON HOUSE, ABBEY PARK ROAD, LEICESTER LE4 5AN
TELEPHONE: 0533-58128/9 TELEX: 341581

ARISTOCRATS IN CONTROL

WW-—144 FOR FURTHER DETAILS

HART ELECTRONICS Phoenix

Audio Kit Specialists since 1961 Electromcs

® % (Portsmouth) Ltd
w0y ‘r-“"ﬂ-.-f@ 139-141 Havant Road.
“&‘M ~ Drayton, Portsmouth, Hants PO6 2AA
e %
of J Full member of AFDEC—the industry’s association of
franchised electronic component distributors.

BAILEY/BURROWS/QUILTER PRE AMP This is the tone control section of the bést Our prices include VAT at the current rate—and carriage
pre-amp kit currently available. Consider the advantages:—*First quality fibreglass .
printed circuits with roller tinned finish and all component locations printed on reverse. on a” gOOdS 1S free.

*#low noise carbon film and metal film resistors throughout. *Finest quality low-noise
ganged controls with matched tracks and shafts cut to length. *Well engineared layout for

total bility. *Special d ling and earthing arrangements to eliminate hum loops. Send for our catalogue and price list—we’ll mail that to
*Controls, switches and input sockets mount directly on the boards to TOTALLY
ELIMINATE wiring to these components. (We know of one pre-smp kit which claims its you ffee, t00.

controls mount directly on the board—and so they do. by their shaft bushes! You still have
to wire them upl!)

*We incorporate the Quilter modification which is most important as it reduces distortion

and increases the bass and treble control range.

As can be seen from the photograph the tone control unit is very slim {only 13" from iz —_—
front to back) and may therefore be used in many other applications than our Bailey THIS MONTH s BARGAIN OFFER
metalwork which it is designed to fit. e .

METALWORK AND WOODEN CASES These have been under review for some time: V4 Rectifier kit.

please;:'ndsfor latest information. o 4 each—1N4148, AA144, 1N4004,
F.M. NER This latest addition to our range is designed to offer the best possible /

performance allied to the ease of operation given by push bt‘n!on varicap tuning. We 1N4006. 1N5402, 1N5406, SCR
have taken great care to look after the constructors’ point of view and there are no +

coils to wind, no RF circuits to wire and no alignment is required. in fact the whole unit OGA/ZOOV, B”dge 1A/4OOV + 4
can be easily completed and working in an evening as there are only 3 transistors, one {C voltages of 400mwW Zeners—cata-
and two ready built and aligned modules comprising the active components. We have

abandoned th!'? conca!‘)l of having a tuner as large as the amplifier anfd this new unit hlafs a y logue value £8.60.

frontal size of oniy in. X 4 in. It can be mounted on the side of our Bailey amplifier /

metalwork thus turning*:t into a tuner/ampiifier whilst only increasing its width by 14 in. / BARGAIN PACK PEP4A—£6.40
Cost of tuner chassis {no case) is £22 for mono. £25.45 for stereo. Metal case £3.55.

An extended wooden case to fit tuner and amplifier will be offered shortly.

STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to
convert any suitable quality deck into a very high quality Stereo Tape unit. Input and
oﬁput levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We can PI d t I u free '
offer tape heads as well if you want new ones. _— !
Al above kits have fibregtass PCB's. Prices exclude VAT but P&P is included. ea Se Sen you r Ca a og e

FURTHER INFORMATION ON ALL KITS FREE if yousendusa9in. X 4in. S.A.E.
REPRINTS Post free, no VAT.

Bailoy 30W 18p. Name .ooooviiiii Baoaoooooac
STUART TAPE RECORDER All 3 articles under one cover 30p.

BAILEY/BURROWS/QUILTER Preamp circuits. layouts and assembly notes 15p.

All prices exclude VAT. Ad d re £ 3 T R

Penylan Mill, Oswestry, Salop | | || o 7

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

WW—084 FOR FURTHER DETAILS
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'Eliminate
TV receiver
distortion with
Celestion TELEFI

TELEFI

At last you can enjoy TV entertain-

ment with the added pleasure of true

Hi-Fi sound. Telefi is a unigue electronic invention which
picks up VHF from the TV and relays this through your own
Hi-Fi equipment. Telefi ensures crisp, full-range, distortion-
free reproduction of music and speech providing an improve-
ment over ordinary TV sound which will amaze you. Telefi
is safe and requires no permanent connection to the TV set.
Telefi is indispensable to the TV viewer who requires
Hi-Fi TV sound.

‘As selected for The Design Centre. London'.

LOUDSPEAKERS

Celestion Loudspeakers are
engineered to the highest
standard and provide super-
lative sound reproduction.
The cut-away illustration
shows the high, mid and
bass speakers used in the
Ditton 44 Monitor, one of
the most popular loud-
speakers available to the
discerning listener.

A range of models is avail-
able to suit your personal
requirements, Celestion
Hi-Fi Loudspeakers carry a
five-year guarantee.

The Hadleigh loudspeaker, was
specially created to meet a public
demand for a high quality speaker
of compact proportions. Not a
difficult task for Celestion who
produce the most popular bookshelf
speaker ever (Ditton 15) — but we
set out not only to produce an
immaculate loudspeaker with a
sparkling performance, but to do so
at a budget price. For the enthusiast
seeking a really excellent Hi-Fi
system at reasonable outlay we
recommend without hesitation the
Hadleigh.

CelestionEI

Loudspeakers for the Perfectionist
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP.
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AUDIO MEASURING INSTRUMENTS

LOW DISTORTION OSCILLATOR SERIES 3

A continuously variable frequency laboratory oscillator
with arange 10Hz—100kHz, havingvirtually zerodistortion
over the audio frequency band with a fast settling time.

Specification:

Frequency range:

Output voltage:

Output source resistance:

10Hz—100kHz {4 bands)

10 volts r.m.s. max.

150 ohms unbalanced

{optional 150 ohms unbalanced.
plus 150/600 ohms balanced/floating}
0-100dB (eight. 10dB steps plus
0-20dB variable)

Output attenuation:

Output attenuation accuracy: 1%

Sine wave distortion: Less than 0.002% 10Hz—10kHz
(typically below noise of measuring
instrument)

Square wave rise and fall
time: 40/60 n.secs.
Monitor output meter: Scaled 0-3. 0-10. and dBV.
Mains input: 110V/130V. 220V/240V
Size: 17" (43cm} X 7” (18cm) high X
83" (22cm) deep
Price: 150 ohms unbalanced output: £250
150/600 unbalanced/balanced floating output: £300

DISTORTION MEASURING SET, SERIES 3

{illustrated above)

A sensitive instrument with high input impedance for the
measurement of total harmonic distortion. Designed for
speedy and accurate use. Capable of measuring distortion
products down to 0.001%. Direct reading from calibrated

meter scale.
Specification:

Frequency range:
Distortionrange {f.s.d.):
Input voltage measurement

5Hz—50kHz {4 bands)
0.01%—100% (9 ranges)

range: 50mv-60V (3 ranges)
Input resistance: 47K ohms on all ranges
High pass filter: 12dB/octave below 500Hz

Power requirement: 2 X PPY. included.

Size: 17" (43cm) X 7” (18cm) high X 83"
(22cm) deep
Price: £200

Now available in reasonable delivery time

RADFORD LABORATORY
INSTRUMENTS LIMITED

Bristol BS3 2HZ
Telephone 0272 662301

WW—049 FOR FURTHER DETAILS
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“of the coded items mentioned
sin the Editorial or Advertise-
-ment pages of this issue, please
complete one or more of the
-attached cards entering the
—refen:enceJnumber(s). Your
-enquiries will be passed on to
the manufacturers concerned
and you can expect to hear
from them direct in due course!
Cards posted from abroad

-require a stamp. These Service

Cards are valid for six months
from the date of publication.

Please Use Capital Letters

If you are way down on the
circulation list, you may not be
getting the information you
require from the journal as
soon as you should. Why not
have your own copy?

To start a one year’s
subscription, place a tick in the
box on one of the postage-free
cards opposite and fill in your

name and address. ‘
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The Telequipment D 61 Oscilloscope
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cost of £125* — a sum quickly recoverable

in the time saved by the simplicity

and reliability of its operation.

*Exclusive of VAT

A minimum of controls makes it extremely
simple to use and gives room for a large bright
8 x 10cm display. These features, plus the
superb triggering qualities built into the
instrument make the D61 ideal for the
discerning test engineer.

For full details contact

Tektronix U.K. Ltd.,
Beaverton House, P.O. Box 69, Harpenden, Herts.
Telephone: Harpenden 63141 Telex: 256559
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Measuring what we perceive

An electronic reproduction system does not end at the acoustic or visual transducer but
at the human brain, passing information via the human sense organs. Considering this,
it’s surprising how little work has been done on the psychology of perception in
relation to electronic systems. The most familiar psychometric tests are of course
the subjective assessment of sound quality from loudspeakers and of picture quality
from television displays. With loudspeakers the commonest method is to make com-
parisons between two speakers at a time and from these derive an order of rank of the
speakers under test. With television systems graded scales are often used, giving either
grades of picture quality from “excellent” to “bad” or grades of picture impairment
from “imperceptible” to “unusable”. The trouble is that there are so many methods in
use—for example eight different scales for picture assessment. It’s unlikely that we shall
make any important progress in the psychometry of electronic systems until international
standardization of techniques is achieved.

The greatest prize to be won by improved methods of subjective assessment is the
correlation of the subjective evaluations with objective data obtained from measure-
ments. The aim, of course, is to be able to measure quality—hitherto a human experience
—by instruments. With television systems this is not too difficult because picture
quality can be largely defined by the magnitudes of various effects (e.g. noise) seen on
the screen—which acts as a kind of oscilloscope—and these effects have direct electrical
counterparts. With audio systems, as everyone knows, it is much more difficult,
especially as subjective judgements are complicated by aesthetic responses of liking
and disliking certain characteristics of the sound. Recently, however, there has been an
interesting piece of research in Denmark* which claims to have derived two “psycho-
logical dimensions” from experimental data obtained through listening tests on loud-
speakers. These “dimensions” cannot be explained by the subjects but are nevertheless
composed of groups of the 35 subjective qualities (e.g. “brilliant™) used in the listening
tests. Correlations are claimed to exist between the subjective judgements made under
the two “dimensions” and the measured sound pressure, power and phase responses of
the loudspeakers.

Standardization of psychometric tests is needed first of all in the test conditions
(e.g. room lighting for television, room acoustics for audio). Secondly, it is needed in the
method of selecting subjects (e.g. whether experts or laymen or both). Then of course
there must be standardization of the qualities to be assessed and standard terms to
describe them, translatable into different languages. We also need standardization of the
grading of scales and of the numerical “scores” assigned to particular grades. Finally
there should be standardization of the statistical methods used, for example, to determine
the uncertainty of the subjective data and the dependence of this data on the subjects
and on the “programme” material. Only when such stringent controls are applied will it
be possible to establish relationships between the results of different workers and so
achieve real progress.

.

*Staffeldt, Henrik, “Correlation between subjective and objective data for quality loudspeakers.” J. Audio Eng., Soc.,
vol. 22, no. 6 (1974).
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Navigation by satellite

Ship poSitioh finding using hyperbolic system and Doppler shift
provided by orbiting satellite u.h.f. transmitters

By W. Blanchard

Redifon Telecommunications Ltd

Wireless World, February 1975

The US Navy’s navigation satellite system, using five "“Transit’’ satellites, has been in operation
for some years. This article, after explaining the basic principles of the system, describes modern
British ship-borne equipment for navigating by it and discusses accuracy and uses.

Many radio navigation systems have been
proposed in the last 50 years; quite a few
of them never got any further than the
files of patent offices, while of those that
were actually built only a small number
gained recognition as useful adjuncts to the
navigator’s stock-in-trade. Just about all
the possible combinations and permuta-
tions of land-based systems have been
investigated at some time or another, or so
it seems when one goes through the files,
and the emergence of a radically different
system is a very rare event.

Examination of systems in current use
reveals that as range is extended or
accuracy requirements increase the prob-
lems become severe, particularly where
both these features are demanded simul-
taneously. Very high accuracy at very short
ranges is possible; moderate accuracy at
moderate ranges is relatively easy; rather
poor accuracy at very long ranges is also
possible; but to give very high accuracy
at very long ranges is beyond the capa-
bilities of existing land-based techniques.
It is not difficult to see why this should be
so. The earth is approximately spherical,
and to achieve long ranges means that what-
ever radio frequency is used must be
capable of following the curve of the earth’s
surface. Medium and low frequency
ground-waves do this to some extent, but
changes in ground conductivity have a
perturbing effect that can ruin any preten-
tions to high accuracy, as well as making
sure that the wave does not get very far
anyway. lonospherically-reflected sky-
waves also can follow the curve, sometimes
without any great attenuation for many
thousand of miles, but now the great varia-
tion in the reflecting medium itself from
hour to hour is the agency that prohibits
any serious attempt at good accuracy. The
highest accuracies are obtained by the use
of radio frequencies sufficiently high to
operate in the space-wave mode, which by
definition cannot follow the earth’s curva-
ture and consequently have a very limited
range. So the would-be designer of a world-
wide high-accuracy system faces funda-
mental physical limitations that, until the

advent of satellites, were insurmountable.

Satellites opened up new possibilities.
Now it became possible to put u.h.f. trans-
mitters out into space where they could
“see” a large proportion of the earth’s
surface at one time, and the use of the
virtually unperturbed space-wave from
these transmitters allowed highly accurate
measurements. It was not long before an
experimental navigation satellite had been
launched, and by 1964 the first complete
system for marine navigation was in being.

Like so many other advances, the US
Navy Navigation Satellite System (NNSS)
did not happen as a result of an official
committee being appointed to study the
problem. Observation of the Doppler
changes in the signals from the Russian
Sputnik in 1957 (“Artificial satellites of
the earth,” Wireless World, December
1957, page 574) led to speculation that it
should be possible to establish the position
of the observer if the satellite orbit were
already known, and preliminary experi-
ments confirmed that this was indeed so.
There. were considerable practical problems
in implementing the basic idea, one of them
being the difficulty of designing an ultra-
stable SMHz frequency source for the satel-
lite that would survive the launch and
remain stable without human intervention
for years afterwards. Naturally, if the satel-
lite frequency was unstable, unpredictable
apparent Doppler shifts would be measured
by the receiver. The current satellites were
designed as a result of lessons learnt in the
earlier tests, and have proved to be very
reliable. There are five of them, orbiting
the earth at an altitude of about 600 miles.
The satellites are in polar orbits, and the
orbit planes are at angles of about 45° from
each other.

One way of describing the principles of
the NNSS system is by comparing it with
the perhaps better-known hyperbolic radio
systems, Loran, Omega, and Decca (see
“Hyperbolic radio navigation systems”
by F. S. Stringer, Wireless World, August
1969, page 353). In these the receiver
establishes a difference of range between
two transmitters by measuring the dif-
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ference in time of reception of radio signals
transmitted at precisely known intervals.
It is usually assumed that the speed of radio
wave propagation is known and therefore
that time can be translated into distance
(although this is not always a safe assump-
tion in practice). The operational dif-
ferences between these systems lie in the
actual modes of transmission, the radiated
frequencies, the format of the transmission,
and the way in which the signals are detec-
ted and used in the receiver—the underlying
principle always remaining the same. This
fundamental principle aiso applies to satel-
lite positioning systems. The earth-bound
systems usually have little difficulty in lo-
cating their transmitters to a high degree of
precision, but they have considerably more
difficulty in translating time intervals into
distances. Until comparatively recently
it was impossible to know precisely, at a
remote site, the exact time at which a
transmitter emitted (say) a pulse, absolute
time standards not being good enough.
Direct range measurements could not be
made, and a differential system requiring
two transmitters was necessary. Because
these two could only provide a single
position line, the familiar triplet came into
being to provide two position lines and
hence a fix. Again, because difference of
range was being measured the single posi-
tion line was hyperbolic in form, and it was
this that gave these systems their generic
name. It should be noted that the familiar
hyperbolae drawn on navigation charts
are actually only the intersection of
hyperboloids with the earth’s surface, and if
the receiver is not on the earth’s surface
the use of these hyperbolae can cause
errors.

The same principles can be applied to
satellite navigation by thinking of the satel-
lite as a moving transmitter successively
occupying the positions that the transmit-
ters of a hyperbolic system might have used,
as shown in Fig. 1. If the interval between
the “satellite’s positions P, and P, is two
minutes, then the “baseline” between P,
and P, is about 960km, and a measurement
of range difference between these points
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produces a hyperboloid exactly as for a
ground system. The intersection of two or
more hyperboloids will uniquely locate
the receiver, not only on the earth’s sur-
face, but also in the vertical plane (although
this last measurement is not particularly
accurate). Obviously, considerably more
than three satellite transmitter positions will
be available and the resultant fix will be
that much more accurate.

But some basic problems remain. How
do we know where the satellite is every two
minutes (or whatever interval we choose),
and how do we measure these range
changes?

Superficially, the determination of a
satellite’s orbit is not particularly difficult,
at least to the degree of accuracy sufficient
for pointing aerials, but when a fix accuracy
measured in metres is required something
rather better is necessary. In fact, four
tracking stations in the USA are engaged
solely on the job of continuously tracking
all the five satellites, known as Transit
satellites, in the system described here. The
resultant orbital data is used to compute,
for some 16 hours ahead, where each satel-
lite will be every two minutes throughout
this period—or rather to compute the
orbital parameters that will enable these
positions to be calculated. There would be
a massive logistics problem if this data had
to be distributed to all potential users
world-wide and renewed every few hours
—in fact it would be an impossible task.
So it is arranged that the satellites them-
selves broadcast the data. A ground station
injects into them their orbital parameters,
where they are retained in a store and
broadcast as phase modulation of the
transmitted carriers. Because of the bumps
and buiges on the earth’s surface, which
cause the satellites to follow a somewhat

wobbly path, there are two sets of numbers: .

a “fixed” set, describing the basic Keplerian
average orbit for the next 16-hour period,
and a second “ephemeral” set which
changes every two minutes and describes
the variations from basic at each two-
minute interval (Fig. 2).

The only other thing necessary for satel-
lite position determination is accurate
timing. With the satellite travelling at some
7ikm/s, a fraction of a second error could
throw the fix out by several kilometres.
It is “still not possible to ensure precise
absolute time world-wide to the required
accuracy, so the satellite provides its own
timing standard. Every two minutes it
transmits a series of 23 digital ones, fol-
lowed by a short burst of 400Hz audio

modulation. The transition between these

indicates an exact even minute of Green-
wich Mean Time accurate to within
33ps, reducing the residual error from this
source to the order of centimetres. This
audio “beep” can be heard quite easily on
the satellites’ transmission and is an easy
way of identifying the Transit satellites,
as well as being a very accurate time
check. The phase modulation is at a 50
bit/s rate, sounding rather like a subdued
mains hum.

The only other measurement to be made
is the difference of range. It might be pos-
sible to do this directly by using a pulsed

351003120 0757653
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Fig. 1 Hyperbolae representing range differences measured in a ship between *‘trans-
mitters’’ at P,, P, and P,, P;, which are in fact successive positions of an orbiting
satellite carrying a u.h.f. transmitter. Intersection of two (or more) hyperbolae locates the

ship’s receiver.

transmission but it would require the
ground station mentioned above to trans-
mit and would suffer the usual limitations
of all such co-operative systems. If the
ground station cannot transmit, the only
course left open is to use the Doppler
shift of the satellite’s transmitted frequency.
Since this is caused entirely by the motion
of the satellite relative to the observer,
integration over a fixed time period yields
the necessary change of range measure-
ment.

The requisites for this to work are
that (a) the satellite’s frequency does not
drift appreciably. over the measurement
period, (b) the receiver’s standard fre-
quency reference does not either, and (c)
the transmission path does not itself in-
troduce any Doppler shift. Both (a) and
(b) can be controlled to a sufficient degree
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Fig. 2 Real-time printout of orbital
parameters transmitted by a Transit
satellite.
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by careful design, but (c) cannot be con-
trolled and is actually, for daylight
satellite passes, the limiting factor on over-
all system accuracy. There are two causes
of such unwanted shifts: an effect propor-
tional to frequency caused by tropospheric
bending, and an effect inversely propor-
tional to frequency caused by the
ionosphere. The tropospheric effect is
unfortunately of the same character as the
wanted Doppler shift, and cannot be
separated from it, although a reasonable
correction can be made by measuring
local meteorological conditions and apply-
ing an empirical correction in the com-
puting process. Fortunately, the effect is
not very large and does not normally con-
tribute more than a few tens of metres to
the final fix error even without specific
correction.

The ionospheric effect, which can cause
much larger errors, is separable from the
wanted shift provided that measurements
on more than one frequency are available,
and to this end the satellites transmit two
frequencies. These two frequencies are
controlled by the same reference oscillator
and one is an exact multiple of the other
(8/3). The actual frequencies transmitted

are 400MHz offset by 32kHz (399.968 -

MHz), and 150MHz offset by 12kHz
(149.988MHZz). (The offsets are to prevent
operation near nulls on crossovers, which
would reduce the accuracy of the final
Doppler count.) Under extreme condi-
tions, a possible error of some 90 metres
can be corrected in this way.

It is interesting to note that the correc-
tion falls to zero. for most of the night
hours, and hence the system is actually
more accurate at night than by day—

the reverse of most other radio navigation

systems. When the system is being used
only for normal marine navigation it is
quite usual for only the 400MHz trans-
mission to be utilized since, without highly
accurate velocity sensors, the errors intro-
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Fig. 3 Doppler shifts for observers at three
different distances from the satellite’s
orbital path.

duced by unknown ships’ motion will

greatly outweigh ionospheric errors.

The actual Doppler shift to be expected
on each of the two frequencies is not dif-
ficult to calculate for the extreme cases
where the satellite is either directly ap-
proaching or receding from the observer.
If the average orbital height is 600 miles
(960km) then the orbital velocity will be
about 7.37km/s, and since a frequency of
400MHz is a wavelength of 0.75 metre,
the Doppler shift comes out at 9827Hz.
At 150MHz it will be 3685Hz. If the
observer were actually directly in the path
of the satellite (equipped with a space suit,

>
8]
z
w
>
¢}
w
& | Ni,j = Doppler count
fe = ground reference frequency
ft = transmitted frequency
fR = received frequency
t = time
—— fr
- Y ™
+ -+ +
g < <
+ + +
= o~ I
- + -
1 | L L I 1
TIME
-y approaching observer leaving observer ——

Fig. 4 Integrated Doppler count: [ is the satellite’s transmitted frequency; [ the received
Jrequency, [, the ship’s reference frequency; and N, , etc. the Doppler count (t=time).

Fig. 5 Basic structure of a Transit satellite.
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no doubt!) this shift would stay constant
at all times, the only change being a
sudden one from f+ D to f— D as it passed
him, as shown in graph 1 of Fig. 3. If he
is a little farther away from the orbital
path, the change would not be quite as
sudden (graph 2) and farther away still
it would start taking on the character of an
S-shaped curve (graph 3), until in the
limiting case where he is so far away that
there is no change of range at all, the
curve would be_a straight line. There is
obviously direct correlation between change
of range and the shape of this curve.

The transformation of these measure-
ments into position is as follows:
The satellite transmits a stable frequency
Jf, which is received by the ship-borne
navigator and designated f,. This is com-
pared to a stable local oscillator output
frequency f, to produce a frequency dif-

ference
A=fo—fr v, (0))
Fig. 4 indicates the relationship between
the frequencies. Over any time interval
the number of beat cycles of the fre-
quency difference are counted and inte-
gration accomplished.

From Fig. 4, using the first two
intervals:
12+ A2
N1,2= (fg—fr)dt:
i+ Al

=S =t )+ (6 —1)) ... 2
On the assumption that f,=f, then N, ,is
the Doppler count corresponding to the
first and second time marks. Further, the
time difference A¢,— A¢, is related to the
slant range between satellite and receiver
at P, and P,:

where ¢ =vacuum speed of e.m. waves

S;=slant range from ship to
satellite at P,
S,=slant range from ship to

satellite at P,
Substituting (3) into (2) and solving for the
difference in distance from the user to
satellite yields the effective baseline, i.e.

A8, ,=8,—8,=
SN, —(=Lyety—t) ... @
/s f;
Similarly
A48, ,=8,—8,=
fggNz, ,—(1 —f—;) c(t;—1) oenenn. )

Noting that ¢;,,—¢, wherei=1, 2,
multiplied by c is the distance travelled by
light in the time interval, allows some
simplifying assumptions to be made.
Further, note that f,=f,+ Af and 4f'is very
small compared with f;; thus, to preserve
computational accuracy, the above equa-
tions must be rearranged to avoid calcula-
tions of the form AfJf,. This is easily
accomplished by wusing an additional
point P,. Manipulating a third equation
which is similar to the two above yields

—S,+252—Sj=j% N, ;—Ny ) e, (6)

g

~S,+ 2S,—S4=f£ Ny =Ny oo )

4
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where S, are functions of the ship and
satellite positions at each point i where
i=1,2, ........ 9. Hence two equations in
two unknowns allow the determination of
the ship’s two unknown co-ordinates,
latitude and longitude.

A usable maximum of nine two-minute
data points is available during optimum
satellite passes. However, many factors—
low elevation, interference, etc.—can cause
data to be missed or be invalid in this basic
two-minute Doppler, least squares formu-
lation. The situation can be improved by
dividing the two-minute period into smaller
data intervals, when temporary loss of
data would only involve discarding one of
the smaller data intervals instead of the
whole two minutes. Thereby the number of
data intervals is increased, and the in-
herent noise rejection properties of the
least squares formulation permit a more
accurate position computation, provided
that the interval chosen is not too small.
The optimum interval appears to be about
23-30 seconds, and when such an interval
is chosen, it is known as the short Doppler
formulation.

The “Transit’ satellites

The five satellites, launched into nearly
circular polar orbits by Scout rockets,
orbit the earth at heights from 450 to 700
miles. The choice of orbit is determined
by the need to maintain them in almost
a circular path to minimise acceleration
and deceleration characteristics of non-
circular paths, and to negate the pre-
cession of orbital planes towards eventual
overlap which might occur with non-polar
orbits.

Each satellite contains a command
receiver; a data decoder; switching logic
and memory banks; readout control cir-
cuits, digital data to phase modulation
encoder; stable 5SMHz oscillators; and
13-W 150 and 400MHz transmitters.
They weigh about 150 pounds and
measure 18in X 12in excluding solar
panels and a stabilisation boom. The
last-mentioned is necessary to ensure that
the satellite is always oriented with its
aerials pointing at the earth, eliminating
unwanted modulation effects and enabling
the use of simple aerials for ships’ re-
ceivers. It also allows the use of a
directional aerial on the satellite itself
which radiates a circularly-polarised signal
with some concentration of power towards
the edges of cover.

Primary power is provided by a set of
nickel-cadmium cells, recharged by the
solar panels, providing about 30 watts of
power at launch, dropping to some 25
watts after five years. Mechanical design is
relatively simple, with no moving parts
other than a few relays which operate only
very infrequently. There are no tape
recorders, television cameras, or anything
like that, and reliability has been very
high, as is shown by the fact that three of
the five satellites now in use have been
operating uninterruptedly for over six
years.

Electronically, they are quite sophisti-
cated, containing some 35,000 magnetic
store cores and 6,200 other electronic

Fig. 6 Phase modulation patterns for
transmitting orbital data from satellite to
ship in binary digital form. Patterns
representing 1 and 0 digits are: 1, the (a)
pattern followed by (b) pattern; 0, the (b)
pattern followed by (a) pattern. These
choices, avoiding (a) (a) and (b) (b), keep
sidebands at a safe separation whatever
bit sequences occur.

Fig. 7 Satellite navigation receiver
(Redifon RSN-1) showing computer
keyboard and printed circuit board.
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components. Of the 46,000 permanent
joints, 40,000 are welds, and only 6,000
are solder connections. Generally, except
for certain telemetry functions that could
be lost without destroying operational use-
fulness, redundant wiring and solder
connections are used, and where plugs
have to be used, complete redundancy is
provided.

The injected orbital data is stored in a
magnetic core memory and transmitted
as phase modulation on both frequencies
that are radiated, these frequencies being
derived from the stable SMHz oscillator
that provides the basic timing and
frequency for the satellite. This phase
modulation is symmetrical so as not to
introduce offset errors in the Doppler
measurement, typical waveforms being
shown at Fig. 6. The memory, read out
every two minutes, contains 156 words
of 39 bits each, plus an additional 19 bits.
There are 11 semi-fixed parameters de-
scribing the satellite’s orbit, and a further
eight words that are used to describe the
corrections that must be made to these 11
parameters, as described earlier.

Receivers. At one time receivers for the
system tended to be rather large and
bulky, the practice being to include the
receiver, computer, power supplies and
controls within a standard 6-ft 19-in rack.
This approach is now obsolete, the same
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Fig. 8 Aerial used with receiver in Fig. 7.

facilities being obtainable within a much
smaller space, as demonstrated by the
Redifon equipment shown in Fig. 7. This
requires only a single unit 19in wide and
10in high in addition to the aerial unit.
The aerial itself sometimes surprises
those who imagine that all satellite
operations require aerials of the Goon-
hilly type, being only a small quarter-
wave whip and ground plane (Fig. 8).
Installation is correspondingly easy.

A block diagram of the receiver is
shown in Fig. 9. The antenna signal is fed
to a 400MHz filter with a bandwidth of
5SMHz which is used to reject spurious



www.americanradiohistory.com

56

Y

Wireless World, February 1975

400MH; > cosine

filter toop |

doublet >
Y v and
sync
to
400MHz m‘:;iige . computer
pre-amp | Doppler - |
centre counter L bus >
voltage
q . hase frequency
1st. it > Lt phase > P »—{ controlled > G
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- oscillator L decode

Fig. 9 Simplified receiver block diagram.

and unwanted signals. Signal output from
the filter is received and amplified by a
400MHz amplifier with a gain of 30dB,
a bandwidth of 15MHz, and 2.5dB noise
figuré. The overall sensitivity of these
sub modules is — 135dBm.

The i.f. section of the receiver is com-
posed of two if. amplifiers. The inputs
to the first, double balanced, i.f. amplifier/
mixer are: (a) the received signal (400MHz
—32kHz + Doppler shift); (b) a 360MHz
reference signal, and (c) an a.g.c. signal
with 70dB range. The output of the
module is therefore a signal of 40MHz—
32kHz + Doppler shift. The second i.f.
stage has a gain of 65dB and a 65dB a.g.c.
signal. The output of this stage is an
i.f. signal at a frequency of 15MHz+
Doppler shift. The crystal mixer con-
tained within this module has a 1.5kHz
bandwidth. This is followed by a phase
detector, the output of which is a signal
representing the Doppler shift frequency,
the input signal from the second i.f. stage
being compared to a 15MHz—32kHz
reference signal. The bandwidth of this
stage is less than 3MHz but is immaterial
as the overall bandwidth is controlled by
the crystal mixer. The phase modulated
data transmitted from the satellite is now
detected and phase quadrature signals
generated. The phase and correlation out-
puts are transmitted to the “cosine loop”
and phase lock loop amplifier, respectively.

The phase lock loop amplifier inputs are
the correlation and phase signal outputs
of the phase detector and a d.c. to 200Hz
reference signal. The primary purposes
of this amplifier are to null the difference
error of the phase detector input and
provide the acquisition control signals.

This module is designed for either
automatic or manual tuning.

The voltage controlled oscillator func-
tions as a combination of a v.c.x.o.
amplifier and an oscillator/multiplier

section. The bandwidth of the v.c.x.o.
and amplifier is 20Hz with a second order
loop implemented.

The basic functions of the cosine loop,
message syne counter, doublet and sync
modules, are to take the delayed acquisi-
tion, fast acquisition and correlation out-
put signals from the phase lock loop and
phase detector and to generate the
demodulated signal information as well
as forming the timing (or synchroniza-
tion) signal. The cosine loop contains a
phase locked crystal oscillator and a
digital phase detector. The basic phase
output frequency is 101Hz. The output
of the doublet and sync module is the
basic satellite orbital data signal at a
SOHz bit rate.

The frequency standard for the
satellite receiver and the external real-
time clock is a SMHz crystal oscillator,
featuring good short-term stability, low
phase noise and ageing as low as 1x 10~°
per day. It employs a SMHz, third over-
tone metal-enclosed crystal mounted in
an oven.

The software is responsible for the
formation of the satellite message word
and Doppler count accumulation. Some
of the salient interface features include
computer control via a strobe and clear
command and a “hold while data trans-
ferring” feature to eliminate the possibility
of writing one bit over one being
transferred.

The computing operations for the
Redifon satellite navigators are provided
by a Data General Nova computer, fitted
with memories appropriate to the user’s
requirements. This is a general purpose
computer with a 16-bit word length and a
1.2 microsecond memory cycle time. It is
organised around four accumulators, two
of which can be used as index registers,
providing efficiency and ease of pro-
gramming. As part of its standard con-

www americanradiohistorv com

figuration, it has a direct memory access
data channel in which data passes to the
memory without having to go through the
central processing unit. With its console
removed, the Nova is operated as an
integral part of the satellite navigator, and
is controlled by the operator via a small
keyboard on the front panel of the main
receiver unit (see Fig. 7). This eliminates
any need for a teleprinter to be installed
for the sole purpose of “talking” to the
computer, and does not presuppose any
expertise in computer operation on the
part of the operator. The most-used
functions are given separate keys—
latitude, longitude, GMT, etc.—while the
inclusion of numerical keys allows the use
of auxiliary functions.

Operation. Due to the Doppler shift the
received frequency can be anywhere
within a 20kHz band centred on the
actual transmitted frequency, and with
only a 1.5kHz bandwidth provision has
to be made for sweeping over the band of
possible frequencies. This is done by
applying a ramp signal to the voltage
controlled oscillator, which is locked out
when a transmission is detected. Lock-on
is indicated both by a light and by the
meter. Also incorporated in the receiver
is a small loudspeaker to give aural indi-
cations. Once the signal is locked, the next
step is to synchronise with the satellite
message. Obviously, large errors could
occur if the data stream were entered at
the wrong point. This is done, as
described earlier, by sensing an end-of-
message signal. When this is achieved, a
green lamp lights and the computer begins
message acquisition. Every two minutes,
the data stream is repeated, the number
of repetitions actually received depending
upon the length of time the satellite is
above the horizon. At least three repeti-
tions are required by the computer before
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it will process the message, in order to pro-
vide a measure of redundancy in the face
of possible noise bursts. Therefore, if
part of one message is destroyed by noise
it can be filled by a subsequent repetition,
and even if lock is completely lost on the
satellite the computer can still derive a fix
provided either that lock is regained sub-
sequently on the same satellite, or suf-
ficient repetitions have already been
received. The period of lost lock can be as
long as four minutes.

The Doppler count itself is performed
by the computer in 30-second blocks (see
Fig. 2). Older equipments used a full
two-minute period, which meant that fewer
counts were obtained in any one pass and
that the final fix was more liable to
degradation due to noise. This 30-second
count period has enabled a much higher
proportion of satellite passes to be used
than formerly.

Once the satellite signal is lost the
computer suspends operations while the
receiver searches for the signal in case
the loss of lock has only been due to
noise. After four minutes, if no signal
reappears, the computer declares “end-of-
pass” and starts to calculate the fix,
although it has first to decide whether
it has sufficient Doppler and orbital in-
formation. If not, it will not proceed
further.

Initially, the programme uses the dead-
reckoned position already stored in the
computer as a starting point to calculate a
Doppler shift curve, using the orbital
parameters received from the satellite. This
is compared with the curve actually
measured, and unless they coincide, a new
curve is computed using a slightly different
position. This goes on until the two
curves do actually coincide within certain
limits, and the last position is assumed to
be the actual true position. This takes no
more than a few seconds, and the final fix
is displayed to an accuracy of one-
thousandth of a minute of arc (about 6
feet) of both latitude and longitude,
together with the time of fix to one second.
The fix can thus be plotted directly on to
normal marine charts, without any need
for special charts or conversion tables.

The part played by the operator in all
this is quite small, since the receiver itself
operates without intervention and the
computer needs only a few initial settings
when first switched on. The most impor-
tant of these are approximate latitude,
longitude, and GMT. None of these need
be very accurate—latitude and longitude
need be only within 3° (about 120
nautical miles at 50°N)—and time within
15 minutes.

After this, there is no absolute need for
operator intervention at all. The navigator
equipment can be switched into the “auto”
mode, wherein it will produce GMT,
latitude and longitude, updated every 18
seconds. The first usable satellite pass
after switch-on will produce an accurate
fix which will re-set the navigator’s
estimate to precise position—provided the
two are not widely different (Fig. 10). This
feature is incorporated so that in cases
where a large difference exists the navigator

Ss01

+051,27.3457, -000,11.9570

FREQ + 1324443

ITER 0003

RES. 000y

11E4 1111 1111 1111 1000 Q000 0000 0000
LLAT + 0000034 LLUN - 0000270

Fig. 10 Satellite fix message: top line,
satellite fix; second line, offset frequency;
third, number of iterations; fourth, highest
residual; fifth, Doppler string; bottom line,
difference between dead reckoning and
satellite fixes in feet.

can make his own decision whether or not
to accept the satellite fix. There are other
reasons why the computer may not auto-
matically update the dead reckoned
position, since it is programmed to perform
mathematical tests on its computation
and, if not satisfied, it will present the
calculated fix together with an indication
why it was not used for updating. The
reason may be excessive noisiness of the
data, inability to make calculated and
actual Doppler curves fit precisely, in-
sufficient data, and so on. But the navigator
can always make the final decision.

System accuracy. Somebody once said
that accuracies are just a matter of
statistics, and after all the arguments
about whether error curves have a
Gaussian, exponential, square-law, or
what-have-you distribution, or whether
r.m.s., c.e.p., mean or standard deviations
should be quoted, there sometimes seems
to be little point in quoting anything at all.

But, anyway, of the ultimate accuracy
of satellite navigation, it can be said that
when used as a survey tool, put into a
fixed position, and averaged over a period
of some days, the repeatability accuracy
has been shown to be better than 5 metres.
Naturally, a receiver on board a moving
vessel is not going to get anywhere near
this figure, and it is interesting to see how
the error budget is built up.

One of the errors used to be a rather
imperfect knowledge of the earth’s
gravitational field, leading to errors in
prediction of satellite position, but this
knowledge has now been refined a great
deal—over 415 parameters are now
recognised as important in this respect—
and this factor alone has led to a doubling
of system accuracy over the last six years.
Errors due to this do not now exceed 30
metres maximum for a single pass.

Another effect is refraction in the
ionosphere and atmosphere, already men-
tioned. Tropospheric refraction is rela-
tively unimportant, contributing only about
30 metres to the finai error under worst-
case conditions, but ionospheric refraction
is more important, contributing about 90
metres error if uncorrected.

The major source of error for a ship at
sea is uncertainty of the ship’s velocity,
particularly when this is in a north-south
direction, and we are talking here of
velocity over the ground, not through the
water. Where greater accuracy is necessary,
velocity-over-ground inputs are usually
obtained either from Doppler sonar, or
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from hyperbolic radio systems such as
Loran-C. '

One other correction has to be made,
for aerial height. Actually, this is aerial
height above the spheroid being used for
calculation, and not simply height above
sea-level, but the difference can be read
directly off simple maps.

Usually, static accuracies of about 150
metres from a single pass for a single
frequency, and about 50 metres for two-
frequency equipment can be expected.
Differences between individual equipments
are very small—less than 15 metres.

Where a vessel is under way the
additional errors due to movement are
more complex to evaluate, but where
sophisticated velocity-over-ground sensors
are not installed, and only the standard
ship’s log and gyrocompass are available,
a degradation of accuracy to some 500
metres may be expected. When these
sensors are available, the accuracy reverts
almost back to the static figures.

Uses. The strength of satellite navigation
lies in its ability to provide virtually
world-wide fixes to a high degree of
accuracy, and its weakness in the fact
that these fixes are not continuously
available. The Redifon satellite navigation
receivers overcome this latter problem by
carrying on dead-reckoning between fixes,
so that a position is always available.
Provided that accurate inputs of speed
and heading are available to the computer
the accuracy of dead reckoning can be
very high, but it is always time-dependent.
Therefore satellite navigation becomes of
less and less use as the vehicle velocity
gets higher, and aircraft, for instance, make
virtually no use of the system at all.

But slower vehicles such as ships are
making excellent use of “satnav” for
normal navigation as well as for the very
demanding purposes of seismic and geo-
physical survey work. There is a growing
trend for ships to carry automatic naviga-
tion systems to lessen the workload of the
relatively few skilled officers they now
carry, and satnav is an important ingredient
of all such systems. In the field of geo-
physical exploration,-the integration of a
satellite navigator with hyperbolic systems
is now common practice, the satnav pro-
viding ambiguity resolution for the hyper-
bolics. Satnav is even being used to
provide remote location of buoys, a “bare-
bones” receiver on board the buoy record-
ing the Doppler curve as the satellite goes
over, and transmitting it in digital form
back to shore via another satellite link or
via an h.f. link, where a central processor
turns it into position.

Surveyors are using it, particularly in
remote areas, for the location of control
points. A portable receiver is set up at the
point to be checked and records all
satellite passes over perhaps two or three
days. Later analysis results in a precise
position that can be as good as 5 metres,
referred to another known point. If a
number of passes can be analysed, it
is even possible to derive height above
sea-level with a reasonable degree of
accuracy.
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Transformer phase reversal

An experimental demonstration for schools

by T. Palmer, B.A., Assoc. |.E.R.E.

Acton Technical College

After reading Cathode Ray’s article*,
I repeated some experiments I had
performed on transformers at very
low frequencies (0.1Hz) using centre-zero
meters. Ordinary transformers do not
have enough inductance to show the
desired effects at 0.1Hz but a 45,000H
coil sold by Unilab is satisfactory. It
has two windings, A and B. Winding A
has 20,000 turns and sits on one limb of
a C-core. B has 17,000 turns and sits on
the second limb. Coil A is used as the
primary of a transformer.

The first step is to determine the sense
of the windings. The C-core has a portion
at the top, which I shall call the cap; it
can be detached from the main body of the
core. When this has been removed, and
the transformer is placed in a horizontal
position, we can use a compass needie to
find that current entering the primary at
P gives clockwise flux in the core; so
does current entering the secondary at C.
Since flux is the most important feature
of a transformer, terminals P and C were
regarded as analogous.

An advantage of using centre-zero
meters is that we do not know how to
connect them until we have thought about
conventions. Here are mine: Primary
voltage is positive when P is positive
to Q. Secondary voltage is positive when
C is positive to D.

Now we know how to connect the
voltmeters in a consistent way: the positive
terminal of the primary voltmeter, V,, is
connected to P; that of the secondary
voltmeter, ¥V,, is connected to C, as
shown in Fig. 2.

In later stages of the demonstration, we
shall wish to connect centre-zero micro-
ammeters. Secondary voltage is positive
when C is positive to D. Secondary cur-
rent will be regarded as positive when
current is flowing from C through the
secondary load. We connect the positive
terminal of the meter which measures
secondary current, 4, , to C.

Conditions are not the same in the
primary. The reason why current flows
at all in the primary is that an alternating
voltage is applied to it. We regard the
applied voltage as the “prime mover” and
connect the positive terminal of the
primary current meter to P, and the
negative terminal to P.

*Cathode Ray, “Transformer
Wireless World, June 1971.

phase reversal”.

Of course, no claim is made that these
are the only suitable conventions; I think
Cathode Ray would regret that they have
been mentioned; but in demonstrations
at 0.1Hz they seem unavoidable. Perhaps
this is an argument for not performing
experiments at low frequencies; but, by
now, I am hooked.

With voltmeters ¥, and V, connected
as shown in Fig. 2, when an alternating
voltage is applied to the primary, it is easy
to see that ¥, and V, swing in phase. On
the basis of our conventions, there is no
phase reversal.

Primary current shown on A4 , lags volt-
age by about 90°.

It is found that when the transformer
is horizontal, compass needles placed at
the junction of the cap and the main body
of the core have sufficient leakage flux
surrounding them to reverse their directions
as the primary current passes through
zero. It was the main purpose of the
original experiments to draw attention to
the alternation of the flux, which seems to
me to be the most important feature of
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Fig. 1. Arrangement of Unilab
transformer windings.
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Fig. 2. Connection of meters to the
transformer.
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transformer action that should be under-
stood by elementary students. After the
alternation of the flux has been shown by
the compass needles, the transformer
should be put in a vertical position. The
weight of the cap reduces the minute
air-gap at the junction and reduces leakage
flux. When the transformer was horizontal,
the cap had to be supported by a book at
the correct height.

We can now go on to show that as the
resistance of a secondary load is reduced,
the secondary current increases, and so
does the primary current. It must be
admitted that the resistance of the
primary and secondary windings does not
allow a very large increase of primary
current; but it can be seen.

Having shown the effects on centre-
zero meters, with no electrical con-
nection between primary and secondary,
it seemed a pity not to show the wave-
forms for primary and secondary voltages
on a double-beam oscilloscope. The
Airmec display oscilloscope 252, with a
very slow time base, is suitable. Since
terminals Q and D on the transformer
are analogous, they were strapped
together and connected to the earth
terminal of the scope. The input terminal
for one trace was connected to P; that for
a second trace, to D. The centre-zero
meters can remain in circuit and the
meters and the oscilloscope tell the same
story in their own ways.

Almost the same story.” The scope -
shows that secondary e.m.f. leads primary
voltage by an angle too small to be detected
on the meters. It is no doubt due to the
voltage drop across the resistance of the
primary winding (about 4kQ). The small
phase difference does not seem large
enough to worry elementary students who,
initially, are not concerned with primary
resistance.

The oscilloscope shows that to avoid
distortion in the transformer, the peak
value of the voltage applied to the
primary should not exceed 4V.

To appreciate the phase relationships
on the centre-zero meters, it is con-
venient to have edgewise meters
mounted one above another on a panel.
We have a panel with four 50-0-50 pA4
meters. To use a meter as a voltmeter, a
220kQ resistor was connected in series.
To measure primary current, a meter was
shunted by a 47Q resistor.
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News of
the Month

BBC demonstrate matrix
system

Research Department work at the BBC
into quadraphonic (four-speaker) surround-
sound systems was made public at an
“exposition of quadraphony” during
December. Organised by the IEE elec-
tronics division, demonstrations were given
in separate rooms by the four commercial
surround-sound proponents as well as by
the BBC. Concentrating initially on two
transmission channels, the research depart-
ment have studied the commercial matrix
systems (SQ, QS, BMX), finding that they
suffered from poor stereo or mono com-
patibility or both. This led to the develop-
ment of a matrix system that is similar to
the Cooper/Nippon Columbia BMX matrix
but modified in the light of experiments on
directionality of the hearing system. The
BBC say the coding gives improved stereo
compatibility over other systems.

@® We hear from Nippon Columbia that
the BMX matrix is to be altered slightly,
reducing the phase difference between
channels for a centre front signal and
improving stereo compatibility.

EEA promotions for
1975

The Electronic Engineering Association
in the continuance of its policy to support
industry operations concerned with over-
seas markets, will again sponsor and
co-ordinate participations with the support
of the British Overseas Trade Board
during 1975. EEA-sponsored projects for
UK based electronics companies will be
on a world-wide basis. On the American
continent groups will be organised to
show at IEEE INTERCON in New York
in April; The National Association of
Broadcasters event, Las Vegas in April;
SEMICON V, San Mateo in May and the
WESCON Show, San Francisco in
September. In late October there will be a
group in Toronto attending the Inter-
national Electrical-Electronic Conference
and Exposition in October.

Other group participations are sched-
uled to be held at the Japan Electronics
Show and Conference, Osaka in October;

in the same month a group will show at the
Australian International Radio Electrical
and Electronics event being held in Sydney
in August. Nearer home, EEA will sponsor
groups to Moscow Communications
Exhibition, the Montreux TV event; both
shows being held in May. In September
another UK contingent will exhibit at
MICROWAVE °’75 due to take place in
Hamburg. Further information can be
obtained from The Electronic Engineering
Association, Leicester House, 8 Leicester
Street, London WC2H 7BN.

et =
Troposcatter equipment
for PO

-~ ]
Equipment has been ordered for two new
radio stations to be set up near Peterhead
in Aberdeenshire and on South Shetland
to provide reliable high-quality world-
wide communication for oil production
platforms operating out of sight of land.
The stations ordered from Marconi Com-
munication Systems by the Post Office
are expected to come into operation during
October. The contract covers erection of
12 large dish aerials—four of 12m and
two of 18m diameter near Peterhead and
two of 12m and four of 18m diameter on
South Shetland as well as the transmitters
and receivers, switchgear and control
equipment for operating a quadruple-
diversity, space polarization system (see
“Electronics in Oil” published in the Janu-
ary issue). The Frigg, Beryl, mid-pipeline
and Piper platforms will act as “master”
platforms in the North Sea network, pro-
viding communication for other platforms
in their areas over microwave links.

The troposcatter links will operate in
1° beams between onshore aerials with a
gain of 47dB and offshore aerials with a
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41dB gain. At the distances to be bridged
by the troposcatter links, the common
volume or that part of the troposphere
“visible” to the transmitting and receiving
aerials, lies about lkm above sea level.
Attenuation of the signal is about 210dB.
Tropospheric turbulence varies almost
continuously and the level of signal re-
ceived is on average 130dB below 1W.

Miniature solid-state
TV camera

A miniature solid-state television camera
has been introduced which is the second in
a planned series using charge-coupled
device technology. The camera has a
cylindrical body, three inches in diameter
and just under two inches deep while the
weight is 11 ounces. The usual, com-
paratively bulky Vidicon tube used in TV
cameras has been replaced by a compact
image-sensing device which contains
10,000 photosensors on a standard 24-
pin dual-in-line integrated circuit unit.

Power consumption of the camera is
1.5 watts and it responds to illumination
levels as low as two lux and is suitable for
low-light applications such as night
security and surveillance. Other applica-
tions include remotely piloted vehicles,
space systems, periscopes and process
control. Low geometrical distortion of the
c.c.d. system allows its use in scientific
measurement, medical instrumentation and
microscopy.

The camera has a spectral response
extending almost into the infrared range.
It has a 100-line horizontal resolution
and a bandwidth of 1MHz. Although a
five-inch TV monitor adapted to the 123
frames per second c.c.d. camera
sweep-rate is supplied as standard equip-

Sound outside broadcast van during its test programme before shipment by Pye TVT to
Sierra Leone. The vehicle is equipped with an eight-channel mixer, two transcription
units, two tape-recorders, u.h.f. outside broadcast link, radiotelephone and is fully
air-conditioned.
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ment, the camera may be interfaced with
any conventional monitor by a simple
adjustment of the sweep-rate.

Operation is up to distances of 100

feet from the monitor and an optional

battery pack is available when complete
portability is required. The new camera is
designated type MV101 and supersedes
the MV100 which was introduced about
18 months ago by the Fairchild Camera
and Instrument Corporation. (The MC100
was described in News of the Month,
October 1973)

Monitoring
monitors

The US Electronic Industries Association
announces the availability of two new
standards for television monitors. They
are RS-375-A, “Electrical Performance
Standards for Direct View Monochrome
Closed Circuit Television Monitors 525/60
Interlaced 2:1” and RS-412-A, “Electrical
Performance Standards for Direct View
High Resolution Monochrome Closed
Circuit Television Monitors™.

These new standards replace the earlier

versions, RS-375 and RS-412, which were
the first developed by any standards
organization relating to monochrome
closed-circuit television monitors. They
outline significant parameters describing
the operation of closed-circuit monitors
and also the minimum levels of perfor-
mance desirable to develop an acceptable
display. The standards will promote inter-
changeability of products from different
manufacturers, thereby eliminating con-
fusion on the level of performance that can
be expected from an appropriately
specified device. They will also assist the
purchaser in selecting and obtaining the
proper product for a particular need.

—— =
Electronics industry

surveyed

]
The eighth edition of the annual statistical
survey of the electronics industry* has
been published by the Electronics
Economic Development Committee. This
charts the industry’s progress in 1973
revealing that total sales reached over
£2,600 million, a 12 per cent increase over
1972. After a brief pause in 1971/1972

Operating the control panel during a run of what is believed to be the first Briiish
all-solid-state precision 300kV d.c. power supply developed by Wallis Electronics. The
high voltage assembly contains the r.f. power source and, in the tank, the voltage
multiplier and feedback resistor chain. The high voltage output is available via a
screened polythene cable.
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the industry’s expansion resumed but at
a slower rate than before. Nevertheless it
is clear that the industry’s output has more
than doubled since 1968.

The survey shows that the electronics
industry’s renewed growth was led by the
components sector with an 18 per cent
growth rate and the consumer goods
sector with a 16 per cent rate.

While the industry re-established its
pattern of growth in 1973, the home mar-
ket underwent enormous expansion. The
resulting trade deficit was £268 million,
almost a four-fold deterioration over 1972.
The largest deficits were in consumer
goods (£219 million), active components
(£68 million), and computers (£52 million).
None of the sectors with positive trade
balances improved their position although
the instruments sector exported a slightly
higher proportion of total sales.

Millbank Tower, Millbank, London SW 1P
4QX, price £1.

ﬂ

New trade
exhibition

The Board of the Association of Manu-
facturers of Domestic Electrical Appliances
(AMDEA) and the Executive Council of the
British Radio Equipment Manufacturers’
Association (BREMA) have recently de-
cided to sponsor atrade exhibition at the new
National Exhibition Centre near Birming-
ham. The trade exhibition will open on
Sunday May 23,.1976.

It will be organized as a single event, with
separate exhibits for domestic electrical and
electronic goods in adjacent halls with free
access between the two areas. The BREMA
section of the show will also be opened to
the public for four days at its conclusion.

AMDEA’s and BREMA’s intention is to
create a national electrical and electronic
consumer goods trade show, of interest to
retailers throughout the United Kingdom
and which will also be of international
standing to provide a world showcase for
British goods.

AES Convention 1975

The fiftieth convention of the Audio
Engineering Society will take place at the
Cunard International Hotel, Hammer-
smith, London W6, from Monday, March 3
to Friday, March 7, 1975. A compre-
hensive programme of technical papers on
subjects connected with audio engineering
and acoustics is being arranged. Anyone
wishing to present a paper atthe Convention
should in the first instance submit an
abstract of 200-250 words to: Dr J. M.
Bowsher, Audio Engineering Society,
Department of Physics, University of
Surrey, Guildford, Surrey, England.

An exhibition of professional products
will also be held at the Cunard Inter-
national Hotel.
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Charge-coupled devices

3—Signal processing

by D. J. MacLennan
University of Edinburgh

Previous articles in this series have dealt with the basic operation of the c.c.d. as an analogue shift
register (Dec., 1974) and the techniques for c.c.d. fabrication (Jan., 1975). This article outlines
some of the primary considerations in designing c.c.ds for signal processing, with some simple
examples taken from the radar and -communication fields. Comparisons with the alternatives to
charge-coupled devices are made.

When charge is transferred from one
capacitor or gate to the next, a small frac-
tion of this charge is left behind under the
previous gate. The result of this charge
transfer inefficiency is a ‘“smearing” or
bandwidth reduction. This may be
visualized by considering an impulse or a

strates the time sequence of charge packets
at the output as

s, 6ea,21€%a%,. ..

As demonstrated by Vanstone? et al, this
sequence is independent of the number of
clock phases used, to a first approximation.

bandwidth of the device is not only limited
to half the sampling frequency by the
Nyquist sampling criterion, but also by a
factor depending on the ne product, Fig.
2(b). It is thus obvious that an appro-
priate ne product must be specified for

single “one” being applied to the input of The size of the trailing pulse relative to the

the device. The output should ideally  required pulse is a function of both the ELTS'; g g lbal gl g

consist of one pulse. Due to the transfer inefficiency and the number of transfers. —

not being complete, however, there will Fig. 2 demonstrates the effect of in- element 1l 2 13 |4 | s | 6 |oup

be trailing pulses which corrupt the output efficiency on both impulse and frequency :

signal. The magnitude, and hence the response of a device. As can be seen, for —T .

degradation in the signal quality, is a ne<l, the pulse immediately after the ; -

function of the charge left behind at each required signal is the largest residual, and G B

transfer, or the transfer inefficiency. In its magnitude relative to the required signal Oiscrete | € | 3€7a] Sea’| o

simple mathematical terms"?, if we is ne. The ne product may thus be used time | € | 4eSajBe’a?|dea’| at

assume a fraction of charge € is left as a criterion for device performance. €% | 5etaj10e3aZ0ead(beat | ab

t-"ind. then the fraction of charge trans- As an example, consider a device with €% | BeSa|15e4a2poeda’5ela’|Bea® | af
1is given by ne =0.1 used in a pulsed radar system. At €’ | 7e8al21€5a235et a5l a2l €2 af| Ge af

a=1—¢€

where @ is known as the transfer efficiency,
and € the transfer inefficiency. Fig. 1,
which shows the charge distribution within

the output there will be an echo of any
return at a level of 20dB below the required
signal, making it impossible to distinguish
any target smaller than this within that
range bin. For an application where pure

€l | 8ela 28e5a2¥56e5a170e‘a 6e3aslelal

Fig. 1. Charge distribution within a six-
element, single-phase c.c.d. when a single
packet of charge is clocked from input to

a susole-phase, six-element c.c.d., demon- analogue delay is required, the actual output.
10
ne€ =0-0
1-0
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S
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T 208
. J
< : a
w ok - 2
w
1 i w06
=) 1 7]
o : 3
[aRURY
T 5
= 8 0-4]
< N
Zo2 §
o
x 0-2
=z o
- z
[s) S S S W
1T 2 3 4 1 2 3 a 1 2 3 4 1 2 3 4 . . . . ,
(iyn€=0-0 (i) N€= 01 (il n€=05 (iv) N€E=1-0 ) 01 02 03 04 05

(a)

FREQUENCY NORMALIZED TO
SAMPLING FREQUENCY (f/fs)

(b)

Fig. 2. Impulse response of a c.c.d. analogue delay line with varying ne product (a). Frequency response modification for a c.c.d. analogue

delay line with varying ne product (b).
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any given system application.

Transfer inefficiencies of the order of
10-° have been obtained at frequencies of
MHz and 10~* at 125MHz. It should thus
be possible to fabricate linear (meaning
serial) devices with up to several thousand
storage elements, which operate at several
tens of MHz.

In addition to the incomplete transfer of
charge, a small amount of charge is lost
at each transfer due to recombination.

Device input
Several methods exist for putting charge
into the c.c.d., each having its own advan-
tages and disadvantages. All commonly-
used techniques consist of a diode as a
source of minority carriers (signal charge)
and some form of gate structure, as in the
m.o.s. transistor, to control the amount of
charge, or the instant at which charge
enters the c.c.d. register. A typical input
structure for the linear injection of charge
into a c.c.d. is shown in Fig. 3*. Opera-
tion of this input structure is as follows.
The input signal, V', is applied to the
input gate, When the first transfer electrode,
¢;, is pulsed on the input diode is held at a
voltage, V;;, which saturates the potential
well under the first transfer electrode. The
input diode voltage is then modified to
empty the well. When the surface potential
under the first electrode is equal to the
surface potential below the input gate, no
more charge will leave the well, thus
setting the surface potential (and hence
signal charge) under the transfer electrode
to the potential under the input gate.

Signal detection
There are many methods for converting
the signal charge stored in the c.c.d. to an

b1 b2

Vid Vig

AR

oxide
depletion diode trapped
layer ditfusion signal charge, Qgq¢
boundary

"’”L‘u L

v

|| —

QSLJ\"T—T ai“ (1“

! f f

Fig. 3. Technique for the linear injection
of charge into a c.c.d.

electrical signal. As for the input structure
case, each technique has its own particular
advantages and disadvantages. In this
article it is intended to concentrate on
three particular circuits. The first is in
common use as an output circuit in the
simple analogue delay type of applications.
The second is for use in situations where
multiple outputs with fixed weighting
coefficients are required from the device,
as in matched filtering applications. The
third is similar to the previous method, but
in this case the weighting coefficients are
electrically programmable.

Floating diffusion reset. In this detection
method*, a diode diffusion is reverse-
biased by being charged to some appro-
priate potential, V,,, through an m.o.s.
transistor, Fig. 4.

Assuming negligible leakage current,
the diode will remain at this potential when
the charging transistor is switched off. If
a charge signal is now clocked into the
diffusion, at the end of the ¢, pulse, the
potential on the diode and sensing tran-
sistor will change due to the new charge
distribution. This change may then be
amplified by the sensing transistor. A
reset pulse is then applied to the charging
transistor prior to the arrival of the
succeeding charge packet.

Split gate tapping. This technique for
sensing the signal charge being clocked
along a shift register is attributable to
Buss® ef al. When charge is clocked
under one of the split electrodes (Fig. 5),
the current in each of the clock lines
supplying this electrode is measured, i.e.
I and I ; output is proportional to the
difference between the two. The magnitudes

VQQ
Vad
reset O IE
gate .
sensing
,J amplifier
¢1 ¢2 ¢3 Vog

Vou L

e/ 1 [

Vgg ----1

Fig. 4. Floating diffusion reset method
of converting the charge present in a c.c.d.
to an electrical signal.
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of the currents are directly proportional to
the quantity of signal charge present; the
voltage on the gate is maintained constant
and thus current must be supplied from
the clock source to maintain charge
equilibrium. The difference between the
currents, for a given quantity of charge,
is determined by the position of the split
in the electrode. The smaller area “sees”
a lesser portion of the signal than the
larger area and as a result requires less
current to maintain charge equilibrium.

A means has therefore been realized for
not only sensing the signal charge
present in the device but also for multiply-
ing this signal by some fixed weighting
coefficient. The usefulness of this tech-
nique is discussed later. One of the limita-
tions is that the weighting coefficients
cannot be modified subsequent to device
fabrication. However, in situations where
many identical filters are to be realized
with fixed responses, this type of device is
likely to be extremely useful.

Biased floating gate. This technique is
basically similar in operation to -the first
technique, except that instead of charging
a diffusion, a gate electrode is charged to
an appropriate d.c. level, V,, (Fig. 6).

When the preceding clock electrode, ¢, ,
switches off, signal charge is injected into
the depletion; well below the charged gate.
The resultant redistribution of charge in
the capacitive network results in a
potential variation on the charged gate
which may be sensed and amplified by an
m.o.s. transistor. When the next clock
electrode, ¢;, is turned on, the gate
potential reverts to its original potential.
It is thus not necessary to reset the gate
at every clock period. The signal charge
is not destroyed or degraded, allowing
other outputs to be taken at tapping
points further along the register.

The moving target indicator

In many systems, it is required to monitor
targets which are moving relative to the
transmitter but may be surrounded by
stationary objects. For this type of system
it is necessary to eliminate the stationary
clutter from the observer’s display. To
perform this a measurement of the phase
changes due to Doppler shift in the fre-
quency of the return signal in succeeding
radar returns is required. It is therefore
necessary to store one radar return,
compare this with the succeeding
return and subtract the two signals.
Alternatively, in the frequency domain, it
is necessary to build a notch filter which
rejects frequencies of zero and multiples
of the radar pulse repetition frequency.
Both these methods of visualizing the
problem are in fact identical and may be
implemented as shown in Fig. 77. Fig. 8
shows the performance of such a filter
both in the time and frequency domain.
The filter used was more complex than

"the simple schematic of Fig. 7—to obtain

improved cancellation of clutter, steeper
sides were required on the notch filter
and this was achieved using three c.c.d.
shift registers as delay elements in a
three-pole Chebychev filter. The filled-in
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Fig. 5. Split-gate tapping technique for the fabrication of fixed weighting coefficient

transversal filters.
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effect of the Doppler pulses on the simu-
lated clutter cancellation photograph are
due to many oscilloscope traces being
photographed. As can be seen, the clutter
has been effectively cancelled by the
filter, there being >30dB of clutter rejection
available.

Frequency filters
The filtering capabilities of a filter may be
obtained by taking the Fourier transform
of the time domain response, i.e. the
response of the filter to an electrical
impulse. It is thus possible, knowing the
frequency response required of a filter, to
define the necessary impulse response.

If we now consider a c.c.d. analogue
delay line, constructed so that an output

Fig. 6. Biased-gate tapping technique for
the fabrication of transversal filters with
electronically-variable weighting
coefficients.

s
reset]

gate __I_/_l_/—l_/_

L
i NamWam
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VVgg ___-/—I u N

may be taken at each bit without degrading
the signal being clocked along the device,
and connect each of the outputs as shown
in Fig. 9, the response of this device to
a charge impulse, will be the sequence of
pulses

hlsthhj,h4,-..h".

This device is more commonly known as
a transversal filter and by controlling the
weighting coefficients at each tapping
point, it is possible to fabricate a
virtually infinite number of different filters.
Unfortunately, the impulse responses to
many desirable filters are of infinite dura-
tion and therefore have to be truncated
in such a device—only a finite number
of coefficients are available—resulting in
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Fig. 7. Schematic diagram for the
implementation of a m.L.i. filter.

10us /div

Fig. 8. Swept frequency response (i) and
simulated clutter cancellation (ii) of a
moving target indicator using c.c.ds.
(Lower trace: filter input; upper trace:
filter output.)

a non-ideal frequency response for the
filter. In many cases, it is possible at
the design stage to determine the impulse
response required of any particular filter
and ascertain the number of weighting
coefficients necessary to specify the
frequency response to any desired
accuracy. Techniques are also available
whereby the end weighting coefficients
may be reduced to an insignificant level
by speeding up the decay time of the
impulse response.

This is not the only type of frequency
filtering structure that may be realised
using c.c.ds. The moving target indicator
is an example of a recursive filter. In these
types of filters the poles and zeros in the
frequency domain response are determined
by the weighting coefficients applied to the
feedback loops used. In many situations,
the loop feedback coefficients are critical
to filter performance, leading to a require-
ment for extremely stable gain-in the loop.
Applications of c.c.ds in recursive filtering
applications would at present appear to be
limited and their use as transversal filters
much more promising. The primary
advantages in using a recursive filter rather
than a transversal filter are that an infinite
impulse response is achievable, because
of the feedback, and a smaller number of
delay elements is required using this tech-
nique. These advantages are at present
offset by the need for highly stable on-
chip amplification in a technology com-
patible with c.c.ds.
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input aelay \2 Va Vi (A ' intermediate frequencies. The linear fre-
O D, D, Dy [~~~ D D, M quency-modulated matched filter has in

particular been extremely successful in

radar applications and a television if, filter

has also been fabricated. However, at low

h, P hn_ Rn-1 hn frequencies and large time delays, acoustic
surface-wave filters become impractical.
Hence, at base-band, the c.c.d. has to com-
pete with digital matched filters in cost,
performance, power, weight, reliability
and flexibility.

A comparison of the advantages relevant
output to the adoption of either c.c.d. or digital
filiers in system implementations is given
in the following table:

Fig. 9. Schematic diagram of a transversal filter.

Charge-coupled versus digital devices

12 1=11 1=t} 1] -1

put sequence is the autocorrelation func- - akailaftall ¢

tion of a 13-bit Barker coded sequence S

-1
1
i
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1
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10,1,0,...0,13,0,1,...0,1. e ki

One of the most important aspects of
matched filtering is the improvement in
signal-to-noise ratio obtained over con-
ventional processing techniques.

Consider the filter described above with
an input signal which includes white addi-
tive noise. The output noise power is the
product of the number of taps (13) and the
input noise power; the noise at each tap
is summed. The output signal power how-
ever is proportional to output signal volt-
age squared. Hence the output signal to
noise ratio has been improved by a factor
of 13. Typical waveforms for this situation
are shown in Fig. 11, where the received
Barker sequence is totally immersed in
noise. The output correlation peak from
the c.c.d. matched filter can clearly be
identified in the upper trace.

1
1
|
'
'

[N

Matched filtering simple lumped element filter, for example,
In matched filtering, a special case of along with some more exotic devices such ccop Digital
transversal filtering, the signal is coded to as acoustic surface wave and digital filters. Low cost Flexible
increase its bandwidth by some predeter- The simple lumped filter is not discussed Small size Longer time delay possible
mined amount prior to transmission. On further due to its limitations with respect Low power Proven technology
reception the signal is decoded in a trans- to critical alignment and bulk. Acoustic High reliability
versal filter which is matched to the coded surface-wave devices have in the past few Standard m.o.s
waveform. As an example of matched fil- years created a visible impact on the radar ~ Sraacaron
tering, consider the transmitted sequence and communications field at radio and
as being
L1,1,1,1,—1-1,1,1,—1,1,—1,1. output
This sequence is common]y known as time, clock cycles k|112]3]|415|6|7[8|9l10]11]12]13 thka
the 13-bit Barker code. 1‘ I e 1h=‘ B R S SRR t
_ The impulse response of the filter which 2 149141 1-14 1l 1)1 .
is matched to this waveform is the time 3 T 11 11 1] 1] 1] 1
reverse of the transmitted sequence, i.e. 4 T 1T A a1 0
the weighting coefficients 4, to 4,; are = O e | i e e l
ivenb these uence [S) 11 1010 1 Aalap1f1{1] 111 o]
g y q 7 1-1 11 1 1Al 1111 1
— — — 1 — 8 1T 1 1 falap] 1111 0
L—L1L,—1,1,1,— I,— L,L,L,L1,1. 2 Rt B S B ¢
Fig. 10 shows the effect of passing the 10 1A A=) 1)) 0
received waveform into this filter. The out- i R I A R e R R i
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Fig. 10. Schematic of the operation of a matched filter when coded with a 13-bit Barker
sequence. At clock cycle 1, the received sequence has just entered the matched filter. As
the sequence progresses through the receiver filter, the auto-correlation function is output.

Charge-coupled or digital filters?

Some potential uses of charge-coupled
devices have been discussed briefly in
simplified terms. The fine detail of the
design processes have been omitted in the
interest of clarity and brevity.

It is essential at this stage to discuss
the relevent advantages and disadvantages
of the c.c.d. with respect to other tech-
niques for performing such basic filtering Fig. 11. Correlation of a 13-bit Barker sequence immersed in white additive noise.
functions as described in this article—the (Lower trace: input to c.c.d. matched filter; upper trace: filter output.)
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Charge-coupled device performance

Sampling rate = 10MHz
> 100MHz with some
techniques
Time delay uptols
No. of storage elements > 10% tinear
> 10%in array form
Transfer inefficiency < 10~ *at 10MHz
Signal/noise ratio > 70dB for a 256-bit
linear device
Harmonic distortion < —40dB
Time-bandwidth product > 10°

The potentially low cost of c.c.ds empha-
sized in this table is attributed to the in-
herently high level of integration obtain-
able. Elimination of analogue-to-digital
and digital-to-analogue converters is one
of the more obvious cost benefits along
with a potential reduction in the number
of packages required to implement a
system.

Performance parameters for c.c.ds
given above are typical of their present
capabilities and the c.c.d. designer should
be prepared to meet specifications within
these capabilities.

The c.c.d. is an extremely high packing
density, low power consumption, analogue
shift register which is rapidly becoming
accepted as an extremely useful device in
many signal processing applications. In
reasonable quantities, it is expected to be
extremely cost effective. It can be con-
sidered as a means for realizing systems in
other implementations. Commercial appli-
cation potential in the signal processing
field alone is enormous. Ability to produce
lower cost, higher quality filters—both
recursive and non-recursive—is of prime
importance in the manufacture of modems.
The c.c.d. can also potentially perform
functions in the field of sonar similar to
those performed by acoustic surface-wave
devices in radar systems.

References

1. Joyce, W. B. and Bertram, W. J., Bell Syst.
Tech. J., vol. 50,1971, p. 1741.

2. Vanstone, G. F., Roberts, J. B. G, and
Long, A. E., Solid-State Electronics, vol. 17,
1974, p. 889.

3. Tompsett, M. F. CCD Applications Con-
ference, San Diego, 1973, p. 147.

4. Kosonocky, W. F. and Carnes, J. E. [EEE
J. of Solid-State Circuits, vol. SC-6, 1971,
p.314.

5. Buss, D. D., Collins, D. R., Bailey, W. H.
and Reeves, C. R. IEEE J. of Solid-State
Circuits, vol. SC-8, 1973.

6. MacLennan, D. J.,, Mavor, J., Vanstone,
G. F. and Windle, D. J. Elect. Lett., vol. 9,
1973, p. 610.

7. Bounden, J. E. and Tomlinson, M. J. Elect.
Lett., vol. 10, 1974, p. 89.

Letters to
\the Editor

__—'_
P s s E— v —— T —

QUAD BROADCASTING—
AN ALTERNATIVE VIEW

With reference to the article by Messrs
Carey and Sager on quadraphonic broad-
casting (Nov. 1974 issue) I would like to
discuss one or two of the points that
were raised. ’

To say that the problem of quadra-
phonic broadcasting is where to put the
third and fourth channels is to virtually
ignore the many suggestions for matrixed
quadraphony systems (4-2-4) that only
require two broadcast channels. In con-
trast broadcasters must give 4-2-4 systems
very careful consideration as they might
be able to provide a relatively inexpensive
and more immediate answer to the
problem. Not until it has been shown that
all 4-2-4 systems are clearly incapable of
providing both satisfactory quadraphony
and compatibie stereophonic and mono-
phonic reception, can such systems be
cast aside in favour of the more techni-
cally difficult and expensive 4-3-4 and
4-4-4 systems. .

Why are the 4-3-4 and 4-4-4 systems
more difficult and expensive? In the first
instance if the transmission occupies the
same r.f. channel bandwidth and uses the
same transmitter power then the overall
signal-to-noise ratio for the listener is
likely to suffer. While in the “fringe
area” there might be a relatively slight
loss of signal-to-noise ratio for the mono-
phonic listener, the loss could be
significant for the stereo listener and,
in many cases, quadraphonic reception
might not be worthwhile. The exact figures
will depend on the system being broad-
cast, the mode of operation of the
receiver (mono, stereo or quad), and the
relative depth of modulation associated
with each component of the composite
signal. In this matter Carey and
Sager’s estimates may not be too far out.

On the other hand in the present cir-
cumstances, quadraphonic listeners might
also be at risk from adjacent channel
interference. Messrs Carey and Sager state
that 4-3-4 and 4-4-4 systems “do not
inhibit the optimum use of bandwidth by
other stations™. I agree that the addition
of the second 38kHz channel or even

l
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the 76kHz channel may not very greatly
increase the maximum bandwidth occupied
by the transmitted signal. However, this is
not the whole story. For mono and stereo
listeners with conventional receivers
there would be an increase in the sensi-
tivity to co- and adjacent-channel inter-
ference similar in magnitude to the
decrease in signal-to-noise ratio, and
largely for the same reason, viz. the
reduction in the modulation depth of the
components of the signal to which their
receivers respond, and which has to be
made to accommodate the additional
quadraphonic information.

The corresponding increases in sensi-
tivity to interference for the quad
listener are less easy to predict but it is
estimated  that, relative to stereo
reception of the existing pilot-tone
system, quadraphonic reception of 4-3-4
would require about 6dB greater pro-
tection against co-channel and adjacent-
channel interference at either 100kHz or
200kHz frequency spacing. With a 4-4-4
system, the increase in the required
protection ratio against the adjacent
channel could well amount to about
15dB. This particularly large penalty
associated with the 4-4-4 system results
not so much from the change in the
transmitted signal spectrum as from the
fact that the quadraphonic receiver is
equipped with a 76kHz subcarrier
detector. This produces an audible out-
put from interference components in the
range 61-91kHz to which a conventional
stereo receiver does not respond.

The other technical difficulty which
was unfortunately overlooked in the
article is the problem of compatibility
between the suggested new broadcast
format and existing v.h.f.  stereo
receivers: in particular there is the
problem of crosstalk between the two
38kHz subcarrier channels. In existing
stereo receivers the phase accuracy of the
regenerated 38kHz subcarrier determines
the accuracy of eventual decoding but
it is not very critical. If for example
the phase error is 20°, this would intro-
duce crosstalk between the left and right
stereo channels at only —30dB, which is
negligible in this context. If, however, the
same receiver were used to receive stereo
from a quadraphonic transmission using
two quadrature 38kHz channels, the
crosstalk between these for a phase error
of 20° would be —9dB. The effect of this
would depend on the design of the
receiver. With an idealized square-wave-
switching or synchronous-detector decoder
the crosstalk would be substantially
linear and the effect might be only a
change in disposition of the audio images
across the stereo sound stage; with many
practical decoder circuits however the
crosstalk could be appreciably distorted
with rather more serious consequences.

With regard to cost, the susceptibility
to noise and interference of the 4-3-4
and 4-4-4 systems implies that, with the
present transmitter network, the stereo
coverage of service areas could be pre-
judiced and, for quadraphony, may be
appreciably less than that required. A
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substantial increase in transmitter powers
could avoid the degradation caused by
random noise but it would not solve the
interference problem within the UK and
could give rise to interference problems
internationally.

These, then, are some of the reasons
why a broadcasting organization may not
readily ~share Carey and Sager’s
enthusiasm for the immediate adoption of
a three or four channel solution to the
quadraphonic broadcasting problem. If,
however, further studies show that a
4-2-4 system cannot provide a sufficiently
good quadraphonic service, whilst main-
taining the present stereo and mono
standards, then it may well be necessary
to think again.

The other aspect of the article by
Carey and Sager dealt with the possi-
bility of a three-dimensional surround-
sound system, ie. quad plus height.
Whilst it appears to be true that four
suitable microphones arranged in a tetra-
hedral cluster can pick up and record the
three dimensions of the original sound
field, it is very doubtful whether four
loudspeakers are sufficient to provide the
wanted subjective result.

D. J. Meares,

BBC Research Department,
Tadworth,

Surrey.

USE OF LEDs

AS PHOTO-CELLS
———
Light-emitting diodes made from gallium
arsenide-phosphide or gallium phosphide
have recently become available and are
being made in very large numbers for sale
at low prices. The question arises whether
these devices can be used as photo-cells
since they contain a semiconductor
junction in an encapsulation designed to
transmit visible light. It is not suggested
that they are likely to perform better than
property designed cells; only that they may
be more readily available to many readers.

Electrically the junctions have normal
shaped diode characteristics but with
forward conduction starting in the region
of +2 volts, due to the wide energy-gap of
the material, and reverse voltage limited to
about —3 volts, since no special care is
taken to prevent breakdown. The leakage
current at this voltage, however, is ex-
tremely low provided the devices are kept
dark. When light falls on them the leakage
does indeed increase as expected, although
the value must still be measured in nano-
amps rather than milliamps.

The sensitivity varies considerably be-
tween different types of device, but every
sample so far tested shows the effect to
some extent. The diagram shows how two
ordinary silicon transistors can be used
as a simple Darlington pair to amplify the
current and turn on a third transistor.
Such an arrangement can be expected to
switch tens of milliamps in the load with
a threshold at about the normal indoor
light level. The dark current of this sort
of circuit is particularly low as the tran-
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+
N
l.e.d.
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100
10k
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sistors lose gain at low currents, but. the
frequency response is poor as the stored
charge can only be removed by internal
recombination. There is no problem,
though, in devising faster amplifier circuits,
particularly if d.c. response is not required,
and the inherent speed of the le.d. can
be expected to be high.

The theory of energy levels tells us that
the spectral response of the devices as
photo-cells will be fairly broad and will
lie on the high frequency (blue) side of the
emission colour. If the normal emission
process involves two or more quantum
jumps in sequence, as I believe it does,
then the absorbtion peak may be consider-
ably more towards the blue than the
emission. This leads to the idea that the
major cause of the variations in the
sensitivity between different types may
perhaps be nothing more fundamental than
the absorbtion characteristics of the dye
which is put into the plastic lens to
improve its appearance. There does seem
to be some evidence that devices with paler
plastic work better as photo-cells, and the
manufacturers might perhaps consider
this when selecting the mixture to be
used in future designs.

K. C. Johnson,
Cheadle,
Cheshire.

_— - —
KEYPAD LAYOUT:

TELEPHONES AND
CALCULATORS

e ——
Mr Harold Barnard (Letters, December
issue) is not justified in taking the Post
Office or industry to task for the keypad
layout of telephones.

Confusion is not likely to result from
the co-existence of two different layouts.
The great majority of telephone users are
not, and never likely to be, users of
calculators in close proximity to a tele-
phone. For those who are, the British Post
Office foresaw a potential clash between
the requirements for the two devices be-
fore either keypad layout had become
standardized. In consequence, the Post
Office sponsored a research project at the
Medical Research Council’s Applied Psy-
chology Unit at Cambridge.

The results (available in 1966 and con-
firmed by a further study carried out inde-
pendently by the same body in 1968) pro-
vided significant evidence in favour of the

i
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present telephone keypad layout. They
showed that although there was little to
choose between one arrangement and
another in respect of keying speed, there
was a statistically significant advantage
in keying accuracy from the version in
present use—even when users had already
been conditioned to some other layout
(such as the calculator layout standard-
ized by I1SO in 1967).

A standard layout for telephone key-
pads throughout the world is clearly
desirable because of the growing volume of
international travel. The International
Telegraph and Telephone Consultative
Committee recommended the current lay-
out (which was already in use in America
and due for early introduction in Japan
and Latin America) and the British Post
Office observes this international agree-
ment.

R. E. Abbiss,

Director, Public Relations,
Post Office,

London, W1.

OPTICALLY COUPLED

VFO

e
I was most interested in A. K. Langford’s
article in the November issue, “Optically
coupled v.f.0.”. What a perfect way to
isolate a v.f.o., and a fairly cheap one at
that! I was, however, a little unhappy
about the idea of using the 5082-4350
optical isolator at SMHz and above. There
are two basic modes which the output
transistor of the isolator can operate in:
common collector, as used by Mr Lang-
ford, and common emitter. The former is
only really suitable for low-frequency-
operation, and the response of the
isolator in this mode effectively drops to
zero by 3MHz, according to the spec.
It is very likely that most devices will be
comfortably within this spec., and will be
usable at SMHz, but it is not good design
practice to assume this.

The common emitter mode, on the
other hand, gives a usable response in
excess of 10MHz with the same load
resistor (470 ohms). So, I suggest the
470-ohm pot. is transferred to the collector
circuit, and the emitter grounded. Assum-
ing the gain and bandwidth of the output
amplifier is sufficient, I see no reason why
the circuit should not be used up to
15MHz reliably. Mr Langford does men-
tion the common emitter mode, but in
using the common collector mode, which
offers no advantage in this circuit, he does
not seem to have allowed for worst-case
conditions.

Apart from that minor detail, I like it!
Richard Sterry, G4BLT,

Reading,
Berks.

Mr Langford replies:

I appreciate Mr Sterry’s concern over the
configuration of the isolator output tran-
sistor that was used in my final design.
There were two reasons for choosing the
common collector mode. First, the output
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using the “high frequency” common
emitter configuration offers no advantage
when working into the low impedance
broadband amplifier, and at SMHz the
output is actually less than that obtained
using the “phototransistor” mode, with a
crossover point at about 2MHz. Secondly,
the high output impedance at the collector
made matching into the broadband ampli-
fier difficult, and susceptible to stray
pick-up unless the connection was very
short. Using the low output impedance of
the common collector configuration
eliminated this problem; which is very
important if good isolation is to be
achieved without having to contend with a
critical layout.

However, as mentioned in the article,
with a tuned circuit in the collector of the
optically coupled isolator the useful output
can be extended well beyond 5.5MHz.

—_—————
FRONT PANEL
LETTERING

For “one-off” jobs, the production of a
nicely-lettered front panel is a considerable
problem. One solution is the use of trans-
parencies of the kind that are used on so-
called overhead projectors in classrooms.

The transparency is made from a pencil
drawing of the front panel lettering by pass-
ing this drawing and transparency film
through a special heater. (One example is
the 3M “Thermofax” machine.) The trans-
parency may then be sandwiched between
a thin, clear Plexiglass sheet and the metal
front panel of the equipment. The Plexi-
glass sheet is retained on the panel by the
potentiometer and switch fixing nuts.

The advantages of the pr