Oztober 1973 20p

Digital voltmeter .
Multi-channel remote control

Australia 70 cents New Zealand 65 cents
Belgium Fr. 4.00 Nigz=na 55k

Cenada 90 cents Nerway Kr. 6.50 inkl Vioms
Denmark Kr. 8,00 REkcdes a 70 cents

Finland Fmk. .60 Scuih £frica 65 cents
Germany Dm. 3.50 Sgain Ftas. 55.00

Holland DA. 3.25 Swed2n Kr. 4.25 inkl n oms
Israel 1£, 2,50 Swikz 2rand Fr. 4.30

italy L 600 U.S.A. §1.00

Malaysia M¢ 2.30
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There’s a whole catalogue of The Bradley 232 is a

excellentreasons why you compact, highly-stable
should choose the new instrument that can replace a
Bradley 232 for your critical whole rack of conventional
AC calibration source gear, yetitcarries the
requirements. eminently reasonable price
To begin withit's of just £540in the UK.
exceptionally versatile, To find out more about the
suitable for a wide range of Bradley 232 AC Calibration
applications. First-class Source, please telephone
short-termstability (typically  Ashley Stokes on
20 ppm over 5 minutes) 01-4507811, extension 113.
make it ideal for calibrating Or write to him at the
digital and differential AC address below.
voltmeters or for checking Price quoted does not
frequency response of include VAT
multimeters and amplifiers.
'toffers a first-class Ourown BCS Certificate

performance over a wide
dynamic range. There are
five voltage ranges from 0.1
10 1000V and four current
ranges from 0.1 to 1.0A.
Frequency is continuously
variable from 30Hz to
100kHz internally, or can be
controlled from an external

is available.

oscillator.

You can take itto your G & E BRADLEY LIMITED,
productionline to setup AC Electral House, Neasden Lane,
attenuators quickly and London, NW10 1RR
easily —oruse itin your Telephone : 01-450 7811
developmentlab to probe Telex : 25583
breakdown factors in A Lucas Company

components and systems. = _
Couple two in tandem and BRADLEY
you can check power meters k electronics J

as well. — = z
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LOW COST
RC OSCILLATORS
1Hz TO 1MHz

A\

ELL

LEV

NOTE: All prices subject to V.A.T.

-
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| (VR transiston ‘
a ,") : DECADE CSCHLATOR TY3E 1Gash
e (oo (500 o Lot x (@ @-'
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%va1 -ng
@ Q=
s o e
gl » L2

e on
Lo (27

ANALOGUE | DIGITAL

FREQUENCY 1Hzto 1MHzin 12ranges. Acc. + 2% FREQUENCY 0.2Hzto 1.22MHz on four decade
+0.03Hz. controls.
SINE OUTPUT 7Vr.m.s.downto <200uV with Rs ACCURACY +0.02Hz below 6Hz
= 600 Q +0.3% from 6Hzto 100kHz
DISTORTION <0.1%to BV, <0.2% at 7V from 10Hz +1%from 100kHzto 300 kHz
to 100kHz. +3% above 300 kHz.
SQUARE OUTPUT 7V peak downto <200uV. Rise time SINE OUTPUT 5V r.m.s. down to 30uV with Rs=600Q
<150nS. DISTORTION <0.15% from 16Hzto 16 kHz.
SYNC. OUTPUT > 1Vr.m.s. sine in phase with output. <0.5%at1.5Hzand 150kHz.
SYNC. INPUT + 1% freq. lock range pervoltr.m.s. METER SCALES 2 Expanded voltage & —2/+4dBm.
input. SIZE & WEIGHT 7" highx 10} " wide x 7" deep. 12 |bs.
METER SCALES 0/2V,0/7V & —14/4+6dBm. on
TG200M & DM only.
SIZE & WEIGHT 7“highx 101" x5%" deep. 10 Ibs. mSees 16884

TG200 TG200D TG200M  TG200DM £120 £1 5 n
£42 £45 £52 £55 S milt:sriﬂlitntl.

Sine O/P Sine & Sq. O/P. §ine O/P Sine & Sq.0/P Prices include batteries with 400 hour life.
+meter.  + metsr. Mains power units £10 extra. Leather cases £6 extra.

Send for literature covering our full range of portable instruments.
M S , High B , Herts. EN5 568D
LEVELL ELECTRONICS LTD. 7e01-245 6028/420 8686

WW—004 FOR FURTHER DETAILS
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miniature rocke_rs and pilot
lights snap-in to action!

A good-looking lineup—the Arrow miniature rocker brigade! They're 16 AMP VERSIONS

reporting for 10A 250V ac duty, and just as soon as you call them up, they The single pole onfoff and some changeover
start saving you assembly time—and pane! space. They parade shoulder, versions are now available with a 16 amp rating.
to shoulder with their unique snap-in facility securing them tightly in an Send far further details.

instant. Eight single and eight double pole versions, 2 and 3 position switch-

,l’
ing with biased action, pilot lights, illuminated rockers—there’s a really [ # W ARROW-HART (EUROPE) LTD.
sie r

wide matching choice. Many to BS3955 and CEE24 standards, and re'ady IfLLYYMgg/T%GIELg?ﬁ/\?EIb;/%TL?d\;\fg
to face 100,000 ops and still come out switching! . ’

A | TEL: 0752 701155 Telex: 45340 Cables: ARROWHART PLYMOUTH
Ask for the full data on Arrow 1100 series rockers. Scottish Ottice: 13 Murray Place, Stirling Telephore: 0786 3823

Arrow switches right across the panel

U.K. Distributors ) = .. _and throughout the world
ITTELECTRONIC SERVICES LEIGH—Leigh 5211/2/3

COMWAY ELECTRONICS LTD. HARLOW—Harlow 26777 JOHNSTONE. Renfrewshire— COMBINED ELECTRONIC SERVICES LTD.

BRACKNELL—Bracknell 24765 SUTTON COLDFIELD—021-3554511% Johnstone 23457 CROYDON—O01-686 (505

Overseas Agents in Arabian Guif, Belgium, Ceylon, Denmark, East Africa, Eire, Finland, France, Greece, Holland, Hong Kong, India, Israel, italy, Kuwait,
Federation of Malaysia, Norway, Philippines, Portugal, Singapore, South Africa, Spain, Sweden, Switzerland, Trinidad and Western Germany.

WW—005 FOR FURTHER DETAILS
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Here

itis!

Our two new ranges of 75 ohm TV distribution
cables are now made on an extrusion line unique in
Western Europe.

We're one of the most technologically advanced cable manufacturers, usirg new
techniques to produce TV distribution cables at a consistently high standard to tolerances
much closer than previously possible. At very competitive prices.

Aerialite will specially
manufacture TV distribution
cables for any special TV
application—also, you can
make use of the Aerialite
free technical advisory
service to help you in the
selection and application of
distribution cables.

The two ranges:

Aeraxial Semi Air Spaced
Polyethylene dielectric copper
taped braided and polythene
sheathed television distribution
cables. Five cables in the range,
with inner conductor sizes from
1.27 mm to 3.05 mm.

Solid Polyethylene dielectric

copper taped and polyethylene

sheathed tzlevision distribution

cables. Fivz cables in the range,
with inner conductor sizes from
0.73 mm to 3.65 mm.

For further information, send for
Aerialite’s new pJblication
giving full technical
specifications of the latest range
of TV Distribution Cables.

To Aerialite Cables Limited:
Please send me your brochure

m ]
Aerl II entitled Aerialite Television Distribution Cables.
. NAME

Aerialite Cables Limited, a
Castle Works, ool WOl
Stalybridge. Cheshire SK15 2BS. COVIPANY

Telephone: 061-338 2223
Cables: Aercables, Stalybridge.
Telex: 669902

ADDRESS

"NW—006 FOR FURTHER DETAILS,
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SM 202 From £395.00
150 MHz Ultra High Performance

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

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

For the industrial user. Five or

optionally six decade display, two

channels. Total variable time
base range 1ps to 10 secs.
Frequency, count (totalize) time
interval & ratio modes. Stored or
non-stored display. Ultra low
cost.

7177848

| P
o

25 MHz Counter Timer

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

SM 201 From £265.00
100 MHz Universal Counter
Timer

Best value general purpose unit

of 6 decade 100MHz, capability.

Three channel input with seven
operational modes. Standard or
high stability versions.

wwWw.americanradiohistorv. com

Wireless World, October 1973

© SM200 From £175.00 ® SM 209 From £495.00

500 MHz DIRECT Frequency
Meter.

Nine full decade display. Input
circuit giving 1 Hz resolution
right up to 500 MHz. Optional
|.F. subtraction circuit. Ultra
fast warm up very high stability
oscillator. 10mV sensitivity. All
at a fraction of the price you
would expect.


www.americanradiohistory.com
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® SM 205 From £295.00
Automatic Universal Counter
Timer (70 MHz)
The Automatic one. Completely HIRE For a small charge you can hire any of the instruments shown here, singly or
auto-ranging in all frequency & as part of a system which we can design for you.

. ) If you decide later to purchase the equipment, we can refund part of the
time modes. 7 decade display hire fee to you.

with two channel input and 100 5 You save your capital and space. You beat obsolescence.
nano-second resolution. Remote Why notr./ng our Hire Department for details? )

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

EE Labs (EMI} Ltd.,

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

EMI A member of the EM! Group of Companies
International leaders in Electronics, Records and Entertainment

WW-—007 FOR FURTHER DETAILS
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BIG NEWS FROM BARR & STROUD

Modular hitering

ONE MAIN FRAME-MANY OPTIONS

MG pass f ren N

CuT-orr 0:01Mz.. ~10kMg

FREQUENCY e ) ‘
I&nn!. NORwAY, -,

e
R I o"‘"ﬁ"&"‘ i..hcm

Variable Filter gpy !

- o~ B, “’@C "‘°""‘°‘

s Cur- or:

[ S

High Pass/High Pas:

and that’s only the start!

Low Pass/Low Péss

Barr & Stroud’s new EF3 Electronic Filter System already available, provide filtering with variable cut-cffs
means No more compromises when you buy variable between 0.01Hz and 10.0kHz, stop-band attenuation
filters. Now you can get the filter you need today, of 48dB/oct. (96dB/oct. in cascade), and pass-band
and additional plug-in units tomorrow.-Today —the response from dc to 500kHz. Get full details of

basic main frame and your choice of two modules to EF3, the big breakthrough in electronic filtering

operate in fow-pass, high-pass, band:pass, band-stop, by using the reply card.

band-separate, band-combine or cascade modes. BARR & STROUD LIMITED

Tomorrow — other interchangeable modules to meet London Office:1 Pall Mall East, London SW1Y 5AU
your newest requirements. The first two modules, Telephone: 01-930 1541 Telex: 261877

‘ BARR AND ;

Glasgow and London

WW—008 FOR FURTHER DETAILS
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ANDERS MEANS METERS...

OXFORD LONG SCALE 250°

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

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

. OEM quantity prices extremely competitive
. 500pA upwards, DC or AC rectified
- Shadow-free dial—easy to read scale

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.

Vulcan Moving Iron. 4
models, 1:5”, 187, 2:77,
3-7” scales. Voltmeters,
ammeters and motor
starting meters.

N
<o

Kestrel Clear Front. 7 Profile 350 edgewise

models, 1-3"—5-25" 4-3" scale.

scales. DC moving coil, DC moving coil and AC

AC moving coil rectified, moving coil rectified.

AC moving iron. Horizontal or vertical
mounting.

ANDERS

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.

Crescent Long Scale 180°. Solicontroller Moving Coil
3 models, 4”7, 5”, 6-25" Relay. DC moving coil
scales. DC moving coil and AC moving coil

and AC moving coil rectified. 1 or 2 adjustable
rectified. Clear plastic. alarm controls.

Stafford Long Scale 240 Lancaster Long chle

6 models, 3-5"—11-5" 240°. 2 models, 47, 5-5”
scales. DC moving coil, scales. DC moving coil
AC moving coil rectified, and AC moving coil
AC moving iron. Also 98° rectified.

scale.

nnnEnS Elfﬂﬂnm[s llmlTEn 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

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

WW—009 FOR FURTHER DETAILS
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Strictly for the enthusiast. It’s time to take a fresh look at Garrard’s

Something to get really enthusiastic about. hi-fi deck range. You’ll discover these two

Garrard have some really good things to superb units offering highly refined

show you here. engineering, excellent value, plus important
And, as you might expect, something features including new belt drive.

designed to help you get more lifelike sound Go to your hi-fi dealer and discover

reproduction - to make life richer for you. how you can get more out of life.

Zero 100 SB Module
Automatic single player. One of the
world’s most sophisticated trascription
turntables, with unique tangential
tracking arm ; pivoting head reduces
tracking error and consequent harmonic
distortion. New belt drive system. Record
counter monitors stylus wear. Magnetic

bias compensation. Fingerlight tab controls.

12in, 10in and 7in discs can all be played

with automatic set down of pick-up arm.

All the best features in the present state of

the art. Low resonance aluminium-clad base

with hinged /lift off cover.

AP 86 SB Module
Automatic single player. Performance
sets a new standard in medium-priced
hi-fi, a heavy, machined diecast platter,
screened 4-pole synchronous motor,
and new belt drive, together give
highest standards in maintaining
constant speed. Wow and flutter
typically 0.129%, peak, rumble typically
—63 dB (DIN). Bias compensator
adjustable to match stylus force
separate scales for elliptical and conical
styli. Fingerlight tab controls. Low
resonance wood grain finish base with
hinged/lift off cover.

A PLESSEY QUALITY PRODUCT

Garrard, Newcastle Street, Swindon, Wiltshire England SWr1 1DA, WW—010 FOR FURTHER DETAILS
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Wayne Kerr TM30:

the high-speed circuit tester
that saves you high-cost time

The Testmatic TM 30 is, above all things, For more information phone Bognor Regis
simple. It has been developed for efficient (02433) 25811, or fill in the coupon.
circuit-board testing, in the light of operational
experience with the TM 60. It 1sd651gned to be = D D - -y

worked by people who-whatever other talents Please send details of the TM 30

they may have-need not be qualified electronics : ' :
engineers. In saving time it thereby saves you ; For the attention of Mr. i
money.

It will tell the operator where there is a J Companyname |
defective circuit point, as well as indicating | andaddress |
whether the value is high or low. And it can i j
handle 30 tests—in seconds. M I

WAYNE KERR . Post to Wayne Kerr , Durban Road, I
| Bognor Regis, Sussex PO22 9RL. ww-ocr |

amember of the Wilmot Breeden group

h-—--—-—_-—----—d
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Ask
about our

low-deposit
terms

sistor tester, plus many, many more Heathkit test instru-
ments — all designed for easy assembly and kit-form
savings. Send today for your FREE Heathkit catalogue, the

The FREE Heathkit Instrumentation Catalogue describes
the latest Heathkit solid-state oscilloscopes, 120 MHz
frequency counter with 8 digit readout, 34 digit multi-

meter for measuring AC and DC voltage, current and
resistance with automatic switching for DC polarity,

world’s largest selection of electronic kits — test, marine,
amateur radio, b/w television, stereo hi-fi, automotive, home

Portable FET VOM with 53 ranges on 4 scales, FET/tran- appliances, educational and more. .
FREE . -‘\‘ I—Piease send me the FREE Heathkit catalogue I
Heathkit Catalogue /&g |
ame
offers something for everyone.
Send for your copy today. I Address

VISIT THE HEATHKIT CENTRES /"

LONDON v/
233 Tottenham Court Road. .

' Heath (Gloucester) Limited
I Department Ww/10/73

HEATH .
Schiumberger-

R Cloucester GL2 6EE
GLOUCESTER (Factory & Showroom)
Bristol Road, Gloucester. L_T_ele_phﬂeﬁlSZ_ZQ‘l_S'l_ — — — — — — — — — — —

WW—012 FOR FURTHER DETAILS
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ACTUAL SIZE

The Dymar Lynx.
A mobile radiotelephone system so special
we put our own name on it.

This Lynx has a pedigree. Since 1964
Dymar has designed and built VHF
radiotelephones which have borne some
of the most famous names in the industry.

Now we have something special. A com-
plete VHF AM and FM mobile radio-
telephone system. It cost £100,000 to
develop. It's different. It’s our own. The
name is Dymar. The brand is Lynx,

Lynx mobiles come as local control units.
The entire circuitry, space for options
and a 5in elliptical speaker in a single
26.4in’ package. Or as extended control
types, when the panel unit demands only
6.75 x 3.5 x 2.3in of dash space and the
transmitter/receiver vanishes into the
boot or under a seat.

Selective calling, if specified, is one of the
options that gets built-in.

AM sets - 15/20W RF output standard-
are Low, Home Office, Air, Mid or High
band. FM cover Low, Home Office or High
at a standard 20/25W. One, six or I0
channel versions are available, with 12.5
kHz or 25kHz channel spacing.

Before specifying a VHF mobile, check
on the rest of the spec. The tough diecast
aluminium construction; the clever use of
ICs and FETs; the modular approach to
sub-assemblies and the accessibility of
components; the safety padding; the lot.

It’s all in the leaflet Lynx Mobile Com-
munication, and in a series of Data
Sheets. Use the Reader Enquiry Service
today, or write direct to Dymar.

m the name in radiotelephones

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

WW-—013 FOR FURTHER DETAILS
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MINIMOD

al3

ILATED POWER SUFPPLY

MODEL PU 04

210 -250v 50 -400 Hz

15-0-15v 200 mA

MANUFACTURED BY
RS Ltd. Christchurch England

Made in Britain by Gardners...

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

Minimod provides a choice of a standard

5 volt output (available up to 1 Amp) for digital
circuits or 12-0-12 or 15-0-15 volts for

linear circuits, using a 230 volt input.

Each unit is fully stabilised with fold back
current limiting, and in the case of 5 volt units,
over voltage crowbar is provided . . .

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

@rdl\@

Specialists in Electronic Transformers and Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Transformers Limited, Christchurch, Hampshire BH23 3PN
Telephone 02-015 2284 Telex 41276 Gardners XCH

WW-—(14 FOR FURTHER DETAILS
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SOUND SYSEEMS AND ELECTRONICS

TALK &t TOWN

insists on
quality from
stars and
equipment

Audix know-how and wide range of
standerd eaqu pm=n;:, inzlucing consoles,
modules, am3lifiars and loudspeaker
systems zomkine tc create 3 highly-
commer ded sound reinforaemen: system
for Lcncores 7amods theatre--estaurant.

Why ot cortact Audi»
hefore ard=ring vour
new sound system.

MXT-800 mode es
PA200 pcwe'” amips
cardioid speakzrs
16'sound coluims
foldback nontors

’ n MANUFACTURERS OF - AUDIX _IMITED - STANSTZD - ESSEX CM24 8HS
al I I X SOUND SYSTEMS AND TELEPFONE : BISHOP'S STORTFDRD 813132
ELECTRONICS (4Jin3s” (STD 0279}

‘WW—015 FOR FURTHEE. DETAILS
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Mullard r.f. power modules are the products of a real awareness of the
designer’s problems and a leading position as manufacturers of semiconductors
and hybrid circuits. We have been working with the major manufacturers

of mobile radio since its infancy.

Modules foc Mobile Radio

The awareness of the designer’s problems is
expressed in the way that these modules
simplify system design and assembly and

cope with the severe electrical and physical

stress associated with mobitle radio.

The Mullard range of u.h.f. modules for
mobile radio cove-s the band 380 to 512
MHz with outputs of 2.5, 7.0 and 17 W.

The 2.5W module requires an input of
50mW and provides an input for the other
two devices. They are compatible and all
have 50Q input and output impedances.

The modules will withstand load mismatch,

accept input overdrive and they will remain
stable even when the supply voltage sinks

to 10.5V or rises to 16.5V.

The inch-long devices are completely
encapsulated and ready for immediate use
without tuning or trimming.

To find out more akout these time and cost
saving components please ask for a copy of
our wallchart and the latest data.

Photographs by kind permission of New Scotland Yard.

Mullard Limited, Mullard House,
Torrington Place, London WCIE 7THD

Mullard components for communications \:'

BROADCASTING -TELECOMMUNICATIONS - RADAR - NAVAIDS - MILITARY

M638

VAV VST aaT2aldlas~Tals2TallalallwralaVaalalan)
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and Auxiliary Test Unit ATUL
for professional users

RTS2 Checks Amplifiers, ATUl Extends output level and
mixers, tape-recorders measurement sensitivity.

For F RespONSe Provides balanced
N Sirgrc]qglcjr:%ifse(ersa%%nlse input/output facilities.

Distortion - Cross-talk - Incorporates weighting
Wow & flutter - Drift filters, loading circuits.
Erasure - Sensitivity - Has built-in speaker
Output power - Gain for monitoring purposes.

Send for leaflets RTS2 & ATU1

FERROGRAPH

A member of the Witmot Breeden group
Ferrograph Company Limited Auriema House 442 Bath Road Cippenham Slough Buckinghamshire SL1 6BB Tel:Burnham (062 86) 62511 Telex:847297

WwW—017 FOR FURTHER DETAILS
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TONE Operated SWITCHING

in Monolithic Form

The FX-101L, FX-501 and FX-601 series of tone circuits are included on-chip and require only the
operated switches are designed for use as tone addition of simple external RC networks. Tone operating
receivers in Remote Control, Alarm, Automation, frequencies are adjustable between 10Hz and 20kHz
Communications and Telemetry systems. Each device and the devices incorporate input signal amplifiers for
incorporates a semiconductor switch which operates operation with low-level sine/square wave input signals.
when a specific input tone frequency is received. A Rated for operation over the temperature range —30°C
choice of Direct Acting, Bistable or Monostable to +85°C, the devices require only a single low current
switching functions are available according to the 8V/15V d.c. supply.

device type. All frequency discrimination and timing All three devices available from stock.

TONE BURST TONE BURST

=i N ——s—

Fx-101L __ | ON ON

DIRECT
SWITCH

FX-501

BISTABLE
SWITCH

Tomake your experimental breadboarding easy,

two P.C.8's are available- C-013L(for FX-101L)and FX-601
C-015(for FX-501 and FX-601). They aresupplied MONOSTABLE
ready drilled and with the positions of all external SWITCH
components screen printed. Components not included.

Frequency is CONSUMER
our business MICROCIRCUITS LTD.
Rickstones Road, Witham, Essex

Telephone Witham 3833 Telex 99382 {Reaction)
Send for fully detailed Data Sheets and information by circling the reader reply card number.

WW—018 FOR FURTHER DETAILS
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UMITS

* =3 KEF ELECTRONICS LIMITED
TOVIL MAIDSTONE ME15 6QP

Tel 0622 57258

Reg in England No 702392

Research based on the premise that loudspeakers could
be made to reproduce sound more accurately by the
efficient utilisation of plastics and metal alloys has enabled
KEF engineers to evolve the current range of chassis
speakers.

Results of research on these materials plus spin-off
from other technologies has enabled KEF to achieve
precise quality control in production, reliability and accu-
rate sound reproduction under wide extremes of operating
conditions.

Many of the world’s leading manufacturers recognise
these salient points and insist on using KEF drive units
in their equipment.

Full details of chassis speakers and dividing networks
are available on request.

WW—019 FOR FURTHER DETAILS
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Westinghouse TV
colour tubes
guarantee purity

in both colour
and black & white

Today's Westinghouse
Electric colour tubes, in
addition to offering recognised
excellence of colour définition,
have white field purity. . .vitally
important to reception of black
and white transmission.

Two 67 cmdiagonal versions
These improved Westinghouse
tubes are made availablein two
configurations — the standard
90° and the 10cm shorter pro-
file wide-neck 110° version.. .
permitting their compatibility
to the needs of the larger por-
tion of European TV set manu-
facturers.

Expanded European facilities
Pacing the growing demand in
Europe for Westinghouse tubes,
we have made a permanent
commitment to fully support
our customer. m With trained

technical sales personnel in .

major European cities. ®m With

warehousing and testing facili-
ties in Kassel, W.Germany and
Le Mans, France. = With a sus-
taining European oriented R&D
programme.

‘Customer oriented

In these ways—compatible pro-
duct availability—outstanding
development facilities—local
technical assistance. . \Westing-
house Electric respond to dy-

The110° ® AB67-140X TV colour tubeis 10 cm
shorter in profile than the 90° @ A67-120X
.. .both offer superb colour definition as
well as white fieid purity for black & white.

WW—020 FOR FURTHER DETAILS
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namic customer require-
ments — here in Europe and
throughout the world.

Westinghouse Electric S.A.
1 Curfew Yard, Thames Street
Windsor Berks.Phone Windsor
63392. Telex 8470609.

GENEVA FRANKFURT LONDON
MILAN PARIS STOCKHOLM

@)

Westinghouse Electric
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The best pick-up arm in the world

Whichever way you look at it

Write to SME Limited - Steyning - Sussex - England
Telephone: Steyning (0903) 814321 T S20

WW—021 FOR FURTHER DETAILS

wwWw-americantadiohistorv-com


www.americanradiohistory.com

Wireless World, October 1973 a2l

NEW! ADCOLA R500

ELECTRIC DE-SOLDERING INSTRUMENT

Removes unwanted solder!
ﬂsaa is Removable plug for holder
PURPOSE DESIGNED NOT S Sn el
oo AN ADAPTION T0 A . 3

SOLDERING IRON '

‘ NO AIR OR VACUUM LINES ;.2 f
ONE HAND OPERATION 4!Clear PTFE tubing. " ° "
ROBUST CONSTRUCTION “‘Q; T

DEPRESS BULB, PLACE BIT Lo -

DNUNWANTEOSDLDER EASY TO USE c .

S ool strong handle glass filled nylon.
OVERALL DESIGN GIVES 7 Trouble froe metal
g'LEEcAER VISION OF WORK 4’““9"“’ <4— "'A’” frame support for idling position.
nozzle.

WELL BALANCED i ADCOLA PRODUCTS LTD, ADCOLA HDUSE, DEPT. WW7, GAUDEN RD, CLAPHAM SW4 6LH.

AS SDLOER BE COMES TROUBLE FREE / REG. No. 442762 V.A.T. No. 235-6153-72

MDITEN RELEASE BULB § D Please send immediately an R500 De Soldering Instrument
ALL VOLTAGES AVA'LABLE ¥ cheque enclosed for £7.35 plus 10% V.A.T. (postage paid U.K. only) '

&£ D Please send further details
(Tick appropriate box)
: '» Y NAME
H'{, / »" . pOSt now to ADDRESS.. ... .
N - k e e ]

SHARPLY DEPRESS BULB

WW—022 FOR FURTHER DETAILS
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Telford %

Oscilloscope
cameras

Type A modular system with widest range of
film backs, lenses, viewing systems and adaptors
to meet virtually all requirements,

Plus inexpensive Type P (prices from £50) utilising
coaterless Polaroid ® film and Type C with
economical 35mm film for continuous feed.

}- ®Reg. Trade Mark.

More complete details available on request from:

Telford PRODUCTS LID.

WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND - Telephone:01-998 1011 Telex:935524 MELIZYU® 4 memeer COMPANY OF BENTIMA INDUSTRIES LIMITED

WW~—023 FOR FURTHER DETAILS
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Linstead
Laboratory
Instruments

WIDE RANGE MILLIVOLTMETER

High impedance millivoltmeter with 20 scales total
messurement range 60 micro-amp a.c. to 400 volts
d.c. 10 megohm input with overload protection and

frequency range of 500 kHz. £35 00
»
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WIDE BAND SIGNAL GENERATOR

Sine-square wave wide band high power signal generator.

10 Hz— 1 MHz, 06 volts r.m.s.. 2 watts into 5 ohms

incorporating short circuit protection. £32 00
L]

Y/ cl7/7-/ 4

means a good deal

_inelectronics
Linstead Electronics, Roslyn Works, Roslyn Road,
London N15 5JB. Telephone: 01-802 5144
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AMTRON
kits for the
Audio
Enthusiast

These kits have been selected from AMTRON's
vast range of electronic kits. Each unit comes
with all components, instructions, and solder.

UK187 HI-FI QUADRIC STEREO
AMPLIFIER 20+20W.
The UK 187 Hi-Fi Amplifier has an output of 20W per

channel plus a ‘quadric’ section feecing two groups of
speakers, front and rear.

" T C el

llm 5 gl

b ! t‘m e :: Aa"t’l i
" il

UK175 STEREO PREAMPLIFIER

WITH TONE CONTROLS

The UK 175 has been specially developed to be used
with UK 192 50W per channel ster2o amplifier.

THREE-WAY CROSS OVER

FILTER 12db/OCTAVE

The UK800 three-way cross-over fi ter with a 12db/
Octave roll off is a true separation 1or bass speaker, mic
range and tweeter units

THE BIG NAME IN ELECTRONIC KITS

aMmiRop
UES

487 CASTLE STREET,HASTINGS, SUSSEX TN34 3DY
TEL: HASTINGS 2875

WWW-americanradiohistorv com
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The Ultimate Diawsa Littde Closer

- How can the quaslities of the new
Gala GS40TA be conveyed ? Net in words,
certalnly. Te assess this new spaaker,
thers's nothing for it but to go along
to a dealer. He will tell you first that
the GS401A carries a sevan year guarantee.
Then. when you've admired the fandsome
exiarior created by Jon Bannenberg in
matt black and chrome, we suggest you
use some test equipment. All you have to
do-is take a good pair of eats. This
defieate apparatus will tall you that,
for a speaker anly 23% x 13 x 10% inches,
the GS4014 combines an unusually high
power handling with breathiaking clarity.

You will also need a favourite record.
Preferably the one you use to impress
your friznds with the quality of your
existing equipment. The one with
prominent percussion and a wide dynamic
range. We have only one serious anxiety.
With the GS401A being the breakthrough
it is, wa worry that you simply won't
believe the evidence of your ears.

At the time of going to press, the

Gale G3401A can be seen at the
following franchised dealers only.

Audio T 190 West End Lane London NW6

Design Audio 38 Marylebone High Street London W1
3rahams 86-88 Pentonville Road London N1

-ampstead High Fidelity 91 Heath Street London NW3
Thomas Heinitz 35 Moscow Road London W2

Henry's Radio 354-356 Edgware Road London W2

3.E.W. Audio Visual Co 146 Charing Cross Rnad London WC2
R.E.W. Audio Visual Co 266-268 Upper Tooting Road SW17
Studio 99 81 Fairfax Road London NW6

Audio T — Cantbridge 172-174 Mill Road Cambridge

f the nearest of these is out of reach,
write for literature to:

Gale Electronics & Design Limited

39 Uppet Brook Street London W1Y 1PE

WW—025 FOR FURTHER DETAILS
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ve grew up with the TVindustry;
So were pretty good
It meeting its requirements.

Mullard Blackburn have been
anticipating and meeting the
demand for TV components for
many years. Their capacity has
grown with the industry. Valves,
capacitors, delay lines; by the
million. Each and every one to
the stringent specifications laid
down for Mullard quality
components. Even today TV first
equipment uses some 9 million
valves a year and Mullard
Blackburn produce 7 million of

Y

them. Famous valves like the
PL504 output pentode and the
PCL84 triode-pentode.

And millions of capacitors.
Like the flat metallised-film
C280; still increasing in
popularity because of its
excellent CV/volume ratio. (The
hundred-millionth metallised film
capacitor came off the line last
year,) And, at the rate of a
million per week, Mullard's
efficient small and miniature
electrolytic ranges with their
many applications.

Blackburn make thousands of
delay lines every week (including

wwwweamericanradiohistornz. com

the latest and smallest DL50).
Increasing automation means
that this output is being stepped
up considerably . . .

Blackburn's job is to carry
on in top gear. Helping the
British TV industry to produce
the best sets in the world, and
to increase the already
imposing export performance

of Mullard Limited.

Mullard

M5
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Two big
advances in quality

COMMERCIAL
SOUND SYSTEMS

Welcome the new range of SNS PA
Mixer-Amplifiers. New? They’re all of that.
A new flexibility, new features which
incorporate 12W. or 40W. RMS output and 7
the latest integrated circuits used throughout
the pre-amplifier stage - in fact a new kind of
finesse in medium power Commercial
Sound Systems.

Link them to another big new range
SNS column and cabinet speakers. That’s a

5. -
seven league step forward! Put each range
together or use them apart. Quality marks
them both. Performance singles them out. '

Where else could they come from but SNS? — —
Of course, you need a trial to feel as s Ie I n
confident about them as we do. Call your SNS ; .

representative soon.

-

TELCON offers these simple answers

SMN'S Communications Ltd., 851 Ringwood Road, Standard shields
Bournemouth BH11 8LN . Tel: Northbourne (02016) 5331 Telcon Metals offer an extensive standard range of
high efficiency Mumetal shields, which fit most
cathode ray, photo multiplier and radar tubes,
together with a selection of boxes and cans for
microphones pick-ups, transistors and transformers.
These are normally supplied stove enamelled in
hammer grey externally and matt black internally.
Other finishes can be supplied by arrangement.

Fabricated shields

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

‘Telshield’ wrap around foil
‘Telshield’ is an easy to use, ferromagnetic shielding
foil, which can be cut with scissors, wound into
cylinders, cones, etc., and fixed with adhesive tape,
clips or spot welds, to provide a permanent efficient
shield. Itis economical to use, especially for
research, development and short-run applications
which do not merit the tooling involved in the
production of fully fabricated shields. ‘Telshield’
is supplied'in a standard thickness of 0-05 mm. in
it widths of 150, 50 and 25 mm in convenient packs
] | costing approximately £5. Other thicknesses and

widths are available by arrangement.

|

=il ,l{
il

I

"

Telcon Metals Ltd

Manor Royal, Crawley, Sussex
Crawley: 28800
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Accurate and direct
measurement of speed without

coupling to moving parts

EI®  TACHOMETER

FRAHM

resonant reed TAGHOMETERS

for hand use or permanent mounting
Ranges and combinations of ranges from 900 to 100,000 r.p.m.

Descriptive Literature on Frahm Resonant Reed Tachometers and
Frequency Meters available from the sole U.K. Distributors. Manufacture
and Distribution of Electrical Measuring Instruments and Electronic
Equipment. The largest stocks in the U.K. for off-the-shelf delivery.

ANDERS ELECTRONICS LUIMITED

48/56 Bayham Place, Bayham Street,
London NW1. Tel: 01-387 9092

VW TWVWW
POWER UNITS g

NOW AVAILABLE WITH 3 | |

Anders means meters

PRODUCTION TESTING
DEVELOPMENT
SERVICING VARIABLE OUTPUTS

EDUCATION

Type VRU/30/25 — £158.80

Input 200-250V. 50Hz é
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:

0-60V 12A.
0-120V BA. ALL CONTINUOUSLY
0-240V 3A. VARIABLE

SEND FOR FURTHER DETAILS
OF THESE VERSATILE UNITS TO

L
val'tadlo LIMITED, BROWELLS LANE,

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

WW—030 FOR FURTHER DETAILS
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The B.I.LE.T. guide to success
should be read by every ambitious engineer.
Do you want promotion, a better job, higher
pay ? “New Opportunities” shows you how to
get them through a low-cost B.I.E.T home study
course . There are no books to buy and you can
pay-as-you-learn.
Send for this helpful 76 page FREE book now.
No obligation and nobody will call on you. It
could be the best thing you ever did.

EENEECUT OUT THIS COUPONEE I IS

CHOOSEA NEW FUTURE NOW!

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

;d:dchEN:;ALh) & Wgr:sstudy O XONZTRU_ETIONAL
.M.S.E. (Mec " .M.S.E. (Civil
ggg’gng.‘cff_fts.g Management [J érq?ggecture !
abrication N uilding
Diesel Eng. g:ﬁ,UG"TSMAN Carpentry & Joinery
:n:: ;r:)gtb&llgch.lj AM.LED. 0 guvnl%Mutr_ncwlaéEng.
Mainfenance Eng.[] Electrical ) Cg:it:zgt;gga e
Mechanical Eng. E G[:;‘auzmsmanshmlﬂ Surveyors Institute
e O s il
:t:g}:'&ﬁ'&& Technical Drawing (] nlg_r%léléc:"de,s
AM.S.E.(Elec.) O RADIO & TELE- Inst. Clerk ot Works
C&GElec. Eng. [] COMMUNICATIONS Inst. Works&
C&GElec!inst. [ C&G Radio/Tv/ . Highway Supers.
C &G Elec. Tech. J Electronics (] F2"!N8 3 i
ComputerElec. [ C& G Telecomm. Struct [Eecora ing
ElectronicEng. [J Technicians (] 3 ructural kng.
ElectricalEng. [ Prac. Radio & Elec. urveying
Install. & Wiring [ - (with kit) (] GENERAL
MANAGEMENT & adiolmateurs Agricultural Eng.

PRODUCTION io Servicing & — Council of Eng. Tnst.
Computer Prog. [ RagiD Serw;ér;%ii [ General Education
Electronic Data Transistor Course (] Pract. Slide Rule

Processing [J TV Main & Serv. [ Pure&AppIie& \

a

Estimating

Foremanship O AUTO & AERO

Inst. Cost &Man..  Aero Eng.
Accountants [] A.M.I.M.I.

Inst. Marketing [] A.E.C. Cert.

Management

00000

0O0o0D 0000 000 O OOCJ0g O

Refrigeration
{7 Rubber Technology
| Sales Engineers
[] University Ent.
(] AutoEngineering [
Motor Trade Man. [] Auto Repair [
Network Planning [] C & G AutoEng. [

5 G.CE 580’ & X’
I Man. G
Production En. A aragl\ﬂeanagement [ | LEVEL SUBJECTS

Quality Contro %MAA/IMIDipIoma 7 | Over 10,000

Salesmanship Motor Vehicle
Storekeeping g Mechanics [ __G_"OUP Passes

Coaching for many major exams. inchuding C- & G. and also assistanre in
ONC/HNE

SEND FOR
YOUR FREE
BOOK NOW!
BRITISH INSTITUTE
OF ENGINEERING
TECHNOLOGY
BIET| DEPT.swwosALDERMASTON COURT, READING RG7 4PF

aL swqui

NAME .. i o e Bt A5 8P A ri o
BLOCK CAPITALS PLEASE
ADDRESS .o —

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

I
"EASEE
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individual requirements.

Prompt Prototype
Service available

MICROPHONE
TRANSFORMER IN
MUMETAL CAN

Telephon
Billericay

transformers

A wide range of transformers
manufactured to customers

Drake Transformers Limited

\

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

TRANSFORMER

WITH UNIVERSAL

END FRAMES AND

TURRET LUG CONNECTIONS

TRANSFORMER WITH
TWO HOLE CLAMP AND
SOLDER TAG CONNECTIONS

Kennel Lane,
Billericay, Essex.

e:
511556

/
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Everything

you asked
forina

VOM —

for only
£26-00

with test leads,
and spare fuse.

complete
batteries

The new RCA WV 529A
“Service Special’* VOM
features:

@ Taut-band meter movement with
mirror scale for accuracy. Diode
protected against burnout.

@ High-impact plastic case with
recessed panel for rugged handling.

® Measures up to 5,000 volts DC
without add-on accessories to meet
8 broader range of servicing neads.

sl

@ Input polarity reversal switch for DC
voltage and current measurements.
Also reverses battery polarity in
ohms function — aids in solid-state
servicing.

e
2

o AN

Al .
Y

< et WP

/7

L4

b vy
252

® Fuse-mounted on front panel for

easy access protects ohms
circuits.

AR &

Sttt SPetiaL
@ 3-colour coded panel and meter
face for faster indentification.

@ Convenient
{(VTVM-type).

3-to-1-step  ranges

@ One year guarantes.
Try the new RCA WV-529A today and
see for yourself why we believe it

offers the best price/performance
combination on the market. For more
information on this and other
electronic instruments in the range
contact

RCA Limited

Sunbury-on-Thames, Middiesex.
Engtand.

Tel: Sunbury-on-Thames 85511

Electronic
Components

WW—032 FOR FURTHER DETAILS
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Reach
for the
facts

The facts are never very far away when you've gotthe
latest Hi-Fi Year Book. Because it tells you everything
you need to know about the Hi-Fi equipment on the
market — what it does, what it costs, who makes it and
where to buy it. It's packed with all the information you
need to arrive at wise buying decisions — and it will save
you money and time. The 1974 edition is completely
updated, with extra pages and hundreds of new
illustrations and specifications. And there is a host of
absorbing articles on the latest Hi-Fi developments.
Order your copy right away.

SPECIAL
PRE-PUBLICATION PRICE
(effective until November 1)
£1.50 inclusive

& L]

= ORDER FORM ¥

=4 i To: Room 15, Dorset House. Stamford Street, i

i London SE19LU i

] Please send me.........copy(ies) of Hi-Fi Year Book 1974 i

] at £1.50 per copy inclusive.

§ | enclose cheque/p.o. value £..... .. .....payable to IPC

g Business Press Ltd. ]

= Signature . Date. =

Name
|9 4 = gé;%ééé'prlnt) =
ress

7 | I E

I ....... E

|

I Company registered in England No. 677128 I

l Regd. Office: Dorset House, Stamford Street, London SE1 9LU WwWw l
.-------------------------
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THE MINITEST
IS PREFERRED

The SEI MINITEST has made a remarkable impact in the
pocket-sized multi-range meter market, by making itself
a firm favourite with discerning people in the industry.
Let's look into the reasons why.

First,the appearance. Diminutive, neat, wipe-clean
plastic cover with pressed steel case.
Controls are simple and easy to use.
Second, the range. The Minitest
measures a.c. and d.c. voltages d.c.
current and resistance over 20 ranges
to a sensitivity of 20,000 and 2,000
ohms per volt d.c. and a.c. respectively. 'y T

Third, high voltage probes. These ¢ Y
extend the range to 25 or 30kV d.c. S i

Little wonder the Minitest is preferred! I,

SALFORD ELECTRICAL
INSTRUMENTS LTD

Peel Works, Barton Lane, Eccles,
Manchester M30 OHL

Telephone: 061-789 5081. Telex: 667711
A member company of GEC Electrical
Components Ltd.

SEC

PIYVE & €lABC. - w¥AC,

EXIYIX’
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1T 21,
THE TUBE
THAT GOES ON.

Youcould
design yourself a*
reputation around
thisM-OV tube.
e It’sthebest
beam tetrode you
canbuy.
o Offers lowest
possible cost per watt.
e Communications
transmittersall over the
world depend —and goon
depending — on the famous
M-OV TT21.

For more details, just ask us.

EEV AND M-OV KNOW HOW.

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE. E
Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London. 5. .

Qg

S
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METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London)

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

WW—036 FOR FURTHER DETAILS

4 Transducer and Recorder )

amplifiers and systems —

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

ELECTRONIC

SYIL D= LABORATORIES

a3l

A

WORLD-WIDE AVAILABILITY
Diecast in aluminium alloy, BS 1490 LM2

SIX SIZES
Cat. No, 7969P— 35 x 11 x17/s2in
(Nlustrated) 92.1x38.1 x31mm

Cat. No.7134P— 43 x22x17/3in
111.1 x60.3x31Tmm

4qn 16 X 311"15X 27 32in
119.1 x93.6 x56.4mm

Cat. No.6827P—  725/54x 4% /64 x 27/321N
187.3x119.1 x56.4mm

Cat. No.6357P—  725/54 x 4%5/g4 x 37 321N
187.3x119.1 x81.8mm

Cat. No.7970P— 72 x72x2%/3,in
187.3x187.3x67.5mm

(Ncminal outside dimensions)

Cat. No. 6908P-

Rugged. Corrosion resistant.

Self adhesive plastic strip available for
mounting PCB’s internally.

Easily Machined. Good Surface Finish.

16 Oakham Court Preston PR1 3XP
\_ Telephone 0772 57560 J

Ww—037 FOR FURTHER DETAILS

itlustrated brochure and information on your local
Distributor from:

Eddystone Radio Limited

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

A Member of Marconi Communication Systems Limited LTD/ED103

Ww—038 FOR FURTHER DETAILS
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_ Discon
_gives you the
slimmest possible
chance of failure.

When you use Jackson '‘Discon’ Trimmers
you're using the slimmest trimmers on the
market. With a maximum thickness of only
2.8mm, capacitance ranges up to 40pF, a

Wireless World, October 1973

Celestion Loudspeaker Engineering
advances the state of the art to a
new plateau.

Ditton 66
Studio Monitor

1.) Celestion’s new super

tweeter. 2.) New cesign
‘pressure’ mid-range unit,
| 3.) Ultra Linear 12~ Bass
drive unit, 4) AB.R.

Discon miniature ceramic dielectric trimmer i : ‘
capacitor is space saving, with a high h
capacitance per unit of volume.

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

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

Y >J

Catalogue No. 10,000

Write for fully illustrated catalogue:

JACKSON BROTHERS
(LONDON) LIMITED

KINGSWAY, WADDON, CROYDON CR9 4DG.
J TEL: 01-6812754/7. TELEX: 946849.

U.S. OFFICE: M. SWEDGAL
258 BROADWAY, NEW YORK, N.Y. 10007.

JB7
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|Celestion

ensures controlled bess
i down to 16Hz.

]
i

A new Loudspeaker of advanced design suitable for studio
use and for home installations of the highest quality.

UNITS: HF 2000 (dome ‘pressure’ type) MF 500 (Mid-range
Dome ‘pressure’ type) Ultra linear 127 bass driver and 12”
ABR. The crossover has resulted from considerabie re-
search and crossover points are at 500 Hz and 5000 Hz 80
Watts Maximum, 4-8 ohm. This monitar loudspeaker system

e S RES

~ has an exceptionally wide and flat frequency response.

Very low order harmronic and inter-mondulation distortson.
Precise response to transients. Beautitully maintained polar

5.) Precision crossover for
perfect system integretion,

response ensures absence of unwanted directional effects

ard provides a highly satisfactory stereo image throughout
the listening area. Matched pairs.
SIZE 40 x |5 x 1} Natural Teak or Walnut Cabinet

Loudspeakers for the Perfectionist

ROLA CELESTION LTD.

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

WW-—(40 FOR FURTHER DETAILS
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ETC/i Electronically
Temperature Controlled
System

CONQUEROR
Lightweight iron and
spring stand

LITESOLD High Quality
Soldering Irons,
10w to 60w

ADAMIN
Ultra Miniature Irons
15w and 18w

Suction
De-Soldering
Attachment
{fits ETC/I and CONQUEROR)

/ D.LL.IC.
De-Soldering Head

% (fits ETC/l and CONQUEROR)

Tweezers

/ Pliers 7 De-Soldering Aids De-Soldering Braid ’ /" Cutters

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

LIGHT SOLDERING DEVELOPMENTS LTD

28 SYDENHAM ROAD, CROYDON CR9 2LL Tel: 01-688 8589 & 4559

WW-—041 FOR FURTHER DETAILS
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for
you,

the
reward

for us,the award o

To B & W Electronics ‘
the Queen’s Award to Industry
for outstanding export achievement

1973
B&W electronics Meadow Road Worthing BN112RX Telephone (0903) 205611

WW—042 FOR FURTHER DETAILS
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Rohde & Schwarz offer
A fully transistorized S I G N A L G E N E RATO R

of high output power, with facilities for

swept-frequency and programmed operation

The newest signal generator from the Rohde & Schwarz range. the
SMLU uses the latest solid state techniques to give finest performance
combined with ruggedness and ease of use. Frequency coverage
25 MHz to 1000 MHz, output powers up to 2 watts with ALC and
calibrated attenuation. Sweepable or fully programmable using a single
15 bit DTL/TTL Compatibie BCD word.

This generator is especially suitable for measurements:

on power stages, frequency multipliers and power transistors

of antenna directional patterns and impedances without stray
field effects

of receiver overload capacity

of electromagnetic compatibility (RFI, EMC)

of intermodulation and crossmodulation at high levels

on attenuators and filters with high stop-band attenuation

of the attenuation, reflection coefficient and transfer impedance
of cables for feeding impedance meters

and for direct operation as well as in conjunction with Automatic
Test Systems

Please request our Technical Publication R26753 for a description

of intermodulation and crossmodulation measurements with this
unit.

Impedance and Transmission Measurements on Active Four-terminal Networks

The following diagram shows the SMLU used as a high-power signal generator in a test setup for determining the impedance and transmission
characteristic of power semiconductors such as transistors and varactors with a high driving level. A standing-wave detector in conjunction
with Selective Microvoltmeter USU 1 is used for measuring the input impedance. Power matching of the output is carried out with two
adjustable shorts. After removing the test item. the same setup can be employed for measuring the terminating impedance as a conjugate

complex value of the transistor output impedance.

25 to 1000 MHz

Selective
Microvoltmeter
usu1
SMLU
< ——— ——
g | gy
——— = —_— |
—— © | (44 ]
] Meter
O crTIIo @ NRS
Standing -wave detector t Adusiable shorts
J A A oL
- K -
@) AOHEE L Srew MELEKINER  PROVDLUNEEY M0 KON W5 L
o &
-
© .
JF
For full details and specifications apply to:
An excellent com,

AVELEY ELECTRIC LTD.

Roebuck Road, Tel: 01-397 8771
Chessington, Surrey Telex: Avel London 928479

Selective Microvoltn,
tuneable 30 MHz to )
with APC. Frequency )
is 20 to 130 dB (vV). Inte,

WW-—043 FOR FURTHER DETAILS
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SCOTT ALGNMENT /
TIME&COST

F.M. ELECTRONICS ALIGNMENT UNITS

This is a companion unit to the DR Alignment Unit and is
used to align the record and reproduce electronics of F.M
recording channels of multi-channel instrumentation tape
recorders conforming to the I.R.1.G. Intermediate and low
band requirements.

The two main functions in an F.M. recording system which
require periodical checking are:
(a) The accuracy and linearity of the Record
Modulator.
(b} The accuracy and linearity of the
Reproduce Demodulator.
i The F.M. Alignment unit checks both these
| functions by the use of a standard voltage and a
range of standard frequencies corresponding to
the tape speed carrier centre frequencies and
the +40% deviation frequencies for each
recording speed.

LT

WW—044 FOR FURTHER DETAILS
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THE JAMES SCOTT #
ELECTRICAL GROUP

2

PARKER

SHEET METAL

FOLDING MACHINES

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

One year's guarantee.
Money back if not satisfied.

MODEL
U-50DX

Send for details:

A. B. PARKER

BENCH MODEL

36" X 18 gauge capacity £35.00 carr. 75p

24" X 16 gauge capacity ... .. £32.00 carr. 75p

Also the weli-known vice modsl of B%kEDE{NGGEgngIS¥EEVEVTORKS' SOLE IMPORTERS N UK.
36" X 18 gauge capacity ... .. £17.00 carr. 50p | HECKMONDWIKE, YORKS.

24’ X 18 gauge capacity ... .. £12.00 carr. 38p

18" X 16 gauge capacity £12.00 carr. 38p
Add 10% VAT to toral price of machine and carriage

WW-—045 FOR FURTHER DETAILS

Telephone 3997

Please write_for itlustrated leaflet of these and other specialised Sanwa meters
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USED THROUGHOUT THE WORLD, SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY
RELIABILITY. VERSATILITY. UNSURPASSED TESTER
PERFORMANCE COMES WITH EVERY SANWA
6 Months' Guarantee Excellent Repair Service
MODEL P28 £6.67 MODEL AT45 £21.52
MODEL JPSD £8.00 MODEL 380CE £21.85
MODEL 360YTR £11.30 MODELN101 £25.41
MODEL US0DX £11.43 MODEL 460ED £29.72
MODEL A303TRD £15.04 MODEL EM80O £72.79
MODEL K30 THD £17.21 MODEL R1000CB £76.27
MODEL FBOTRD €18.73 THESE PRICES ARE SUBJECT
TO AN ADDITIONAL CHARGE OF 10% FOR V.AT.

Cases extra. available for most meters, but not sold separately.

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON-THAI\ES,SURREY KT1 1P

Tel:01-546 4585

/-14 DAYS SERVICE

TO SOLVE YOUR INSTRUMENT PROBLEMS
CONTACT

76-78 DEPTFORD HIGH STREET,
LONDON, SE8. TEL: 01-692 2689

GLADSTONE WORKS,

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

REPAIRS

LEDON INSTRUMENTS LTD.

FOLKESTONE, KENT. TEL: (STD) 0303 57555

OF ELECTRICAL
MEASURING
INSTRUMENTS

Industrial and Precision Grade

STOCKISTS

ALSO SUPPLIERS OF GEC
RISSO AND OTHER
MULTI-RANGE TEST SETS

GLADSTONE ROAD,

WW—047 FOR FURTHER DETAILS
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< INTERFACE 73"

The Texas Instruments Technical Seminar
will be at

Bristol 1st October
Edinburgh 2nd and 3rd October

In direct response to last years highly Every Interface 73 Delegate will receive:
successful Seminar, Texas Instruments take Semiconductor Circuit Design Vol. 2

pleasure in announcing INTERFACE 73. And (value £5), The new TTL Data Book (value £2);
what an “‘Even-better-than-last-time” show it a comprehensive Data Package containing

will be. This year we offer an even more information on the subjects discussed.
sophisticated visual presentation and a totally PLUS OF COURSE A SUPERB 3 COURSE
new broader based programme, as presented LUNCH.

earlier this year at London’s Talk of the Town.

Texas Instruments are continually reviewing Please return the order form below to

their Seminars. All material is updated month- Mrs Gina Penman Texas Instruments Limited
by-month to keep pace with advances in the Seminar Centre MS21 Manton Lane
rapidly developing semiconductor technologies. Bedford MK41 7PA

Their acknowledged expertise in this field

ensures a sophisticated presentation and the Telephone: Bedford 67466

calibre of speakers guarantees the depth and

authority of lectures.

o

Surname

L L]

o o ORDER FORM

| i P ing block itai
LILILLILLLL L St ke i

ENEEEE

company

Bristol 1st October

LD i b L] fn) Ednoush 2nd October

L1l ]]

Address 3rd October

Indicate number of tickets required in

AR

HEEEE

appropriate box

Town/County

llHllllllIHs

Llenc|ose Cheque/M.0./P.0. to the value or Please invoice my Company — the order number is

I— —————————————————————————————————————— =
|
|
|
l
|
|
|
|
!

s £10
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FEasy-handling,|

superb perform ncel’

PORTABLE VHF TRANSCEIYER

@ voracom

DAYE 87 SER ND
; MODEL ETH - 21

ARATSCy,
-

(1E0MHZz, 1W)

FEATURES:
® Three o2erating frequencies in any 2MHE:z segment of the
£2—172MHz rage may be selacted
® A mondlithc HCM filter preduced by our own crystal divi-
son is us2c in the IF ampli‘ier. Performanze znd selectivity
in th's si~gle superh2w%rodyne set are excellent.
&A light emitting diode is us23 to indicate the trar sr¥t output
level anc cond ticn of the kettery. This agproach impreovas
reliability and allows checks under poor lizhling ccnditiors.
@ Use .of a passtor eliminates the troublesome “use and al-
lev ates maintemance requirem=nts

& _ T0Y0COM

TOYC COMMUNICATICH
= EQUIPMENT CO. LYD.

EXPORT DEPAR™ MENT

TOYO BUILDING HC € 1720 (INGUUMAE
SHIBUYA KU TCP Y0 _A2AM

CABLE EXPORMs¢OC DM TDLYO

TEL (03) 406-33:2

TELEX 0242300

WW-—049 FOR FURTHER DETAILS
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THE HIGHEST PERFORMANCE DIGITAL FREQUENCY COUNTERS
AT THE PRICE |

THE WORLD EVERYBODY BUYS THEM

£75
£110

£160
£170

301 5 DIGIT 32 MHz
STABILITY 3 parts in 10¢
SENSITIVITY 50mv

401 6 DIGIT, 32 MHz,
STABILITY 1 part in 10°
SENSITIVITY 10mV

R et et g

501 8 DIGIT, 32 MHz,
STABILITY 3 parts in 10°
(crystal oven)

| SENSITIVITY 10mv

701 8 DIGIT, 50 MHz,
STABILITY 3 parts in 108
SENSITIVITY 10mV

e st s e O }

801A 8 DIGIT, 300 MHz,
STABILITY 3 parts in 10®
SENSITIVITY 10mV

PRICES EXCLUSIVE OF VAT

ELECTRONIC START/STOP version PLUS £10
MEMORY version PLUS £25
DIRECTLY COUPLED INPUT AND SPECIALS TO ORDER
Write for illustrated leaflet.
Supplied to and acclaimed by professional engineers everywhere
who have purchased our electronic instruments for the past 10 years.

Norwegian Agent: ELECTRO-TRADE, TRONDHEIM, NORWAY.
Australian Agent: ANELCO ELECTRONICS SOUTH AUSTRALIA 5049

‘ | » RCS ELECTRONICS, NATIONAL WORKS,
4
|

BATH ROAD, HOUNSLOW, MIDDX. TW4 7EE
b A
WW—050 FOR FURTHER DETAILS

Telephone: 01-572 0933/4

British Made

VOLTAGE to FREQUENCY CONVERTERS

15VF-1  Wide frequency range., floating output, in put neg.
15VF-2  pos. input accuracy 0.01% to 0.05%.

18VF-5 Audio range 0.01%, general purpose.

15VF-6 Low cost, general purpose.

15VF-8 High speed.

FREQUENCY to VOLTAGE CONVERTERS

15FV-3 Wide frequency range 0.02% to 0.05%.
15FV-4 Audio range, general purpose.
15FV-4a 0-500 Hz .2% accuracy.

15FV-7 .1%to 10 Hz.

TIME to VOLTAGE CONVERTER

15TV-7 Measures voltage free contact closure.

PERIOD to VOLTAGE CONVERTER

15PV-7 Measures interpulse periods.

AUXILIARY MODULES

TELEMETRY AMPLIFIERS Line transmission.
CLOCK MODULES Accurate pulses.

ancom limited .devonshire street cheltenham- 53861

WW—051 FOR FURTHER DETAILS
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Even with a perfect pickup, the
distortion from a gramophoneé record
for sounds of equal level increases very
rapidly at high frequencies, eventually

doubling for every major third increase
in pitch.

There comes a point when, to musical
ears, the distor:ion is increasing faster
than the musical quality. The QUAD
filter system is designed to enable
those with ears to hear to obtain more
of the music and less of the distortion.

QUAD

for the closest approach to
the origina! sound

Send postcard for illustrated leaflet to Dept. Ww
Acoustical Manufacturing Co. Ltd., Huntingdon, Tel:(0480)52561.  QUAD is a Registered Trade Mark.

WW—052 FOR FURTHER DETAILS
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Naval
supremacy

Redifon’s new Naval Radiotelephone equipment is crowded bands or hunt for those elusive coast stations.
now in Senior Service. Selected by the Royal Navy, Throughout the 1970’s the Redifon 643 wil| play
the 643 transmitter is the product of private initiative  a key naval role; not only for the Royal Navy but also
and development. With its companion CJP for all the most modern navies throughout the world.
general-purpose receiver, this new radiotelephone
has the vital responsibility of updating medium Redifon Telecommunications Ltd,
and long distance communications between Marine Division,
British warships of all classes and shore bases. Broombhill Road, London, SW18 4JQ

Despite its big task, the 643 can be operated Telephone: 01- 874 7281 Telex : 264029 b,
easily with minimum training. Operators can set ety
rapidly to pre-determined frequencies, search *A member of the Rediffusion organisation ss

RedifonTelecommunications Limited . <.

TO INDUSTRY

WW-—053 FOR FURTHER DETAILS
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Dixons Technical have something in
black and white to make
CCTVimporters green with envy.

e i

Mirage: new from Dixons Technical.

Dixons Technical have the largest range of also has a b monitorscreer. ItU's the perfect

CCTV equipment in the country. And now semi-professional studio camera.
they've added Mirage: their very own CCTV With both HD800 models, Plumbicon (R
system and Silicon tubes can be fitted without

Mirage is the all-purpose CCTV system modification to the circuitry.
comprising the finest components Every piece of equipmentis backed by
available. It can be used by schools, by Dixons Technical superb after-sales service.
industry, as an audio-visual aid, or with If you don’t wish to spend cash, no
Mirage automatic video, switchers and problem. The entire Mirage range Is
monitors, it's perfect for surveillarce available for hire, lease orrent.
purposes. T SST== = ==l==l=—i=—

The Mini 500is asmall, discreet camera To: Dixons Technical Ltd., 3 Seho Square, London, W.1.
specially designed for surveillance. It comes I TEISOTEASHESS Iy wwree |
complete with an f1-8lens. Please send me lots of information on the entire Mirege range.

The HD80O gives a high definition picture. l I
Incorporates a Mullard separate mesh tube. HEEE D.xonsl
And accepts external drives. . | Address . . s Technicalltd _ |

The HD80O VF boasts the same high B i i OESCRIDISGHARE - —
standard of specifications as the HD800, but l_'Plumblcomsthe registered trade mark of Mullard.  —

WW—054 FOR FURTHER DETAILS
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The sound of Martin Speakers can be as quiet
and irresistible as the gentle meeting of sand
and surf. Or vibrant and deepthroated as the
roar of thunder in the summer sky.

Martin Speakers, for people who are attuned

to the irresistible sounds of the audible universe.

Acos for sound enjoyment.

COSMVMIOCORD

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

k Martin speakers are distributed exclusively in the U.K. by Cosmocord.

WW—055 FOR FURTHER DETAILS
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BIAS ELECTRONICS

Excellent Performance
High Reliability

Mono or Stereo 5

4 track 1" versions

in console, rack mounting
or transportable form.

At very reasonable prices.

IMogIOOMI O~pDC-»w OO0O0O~mMWm

Phone or write to

BIAS ELECTRONICS LTD. 01-947 3121

UNIT8 COOMBE TRADING ESTATE
112-120 COOMBE LANE, LONDON SW20 OBA.

FOUR INSTRUMENTS FOR
THE PRICE OF ONE

oo - Vare ‘ng o 237

'W@ a

The new 237 offers
- — % Nuclear autoscaling
e * Timing
* Rate and frequency
IUERES measurements

For only £157

For full information:

ESI NUCLEAR LIMITED
2 CHURCH ROAD, REDHILL,
SURREY RH1 6QA
Tel: Redhill 64993

An associate company of Edwards Scientific International, Mirfield, Yorkshire

WW—114 FOR FURTHER DETAILS
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NEW STANDARD CASES from OLSON

NEW SERVICE FROM STOCK — DESPATCHED BY RETURN OF POST

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

TYPE | WIOTH | HEIGHT DEPTH FRONT PAN DIM. PRICE | LEG EXTRA very BREENVE
— - — —— chrome plated re-

21 3 43 43 6"x4 £2.65 60p tractable leg can be

22 83" 53" 531" 8"x5" £3.00 60p fitted as an optional

23 | 10} 61" 61" 10" x6" £3.60 65p gt

24 | 121" 7L 71" 127x7" £3.90 " 65p

Our Trade Counteris open for personal callers from 9 a.m. to 5.30 p.m. Monday-Friday

OLSON ELECTRONICS LTD., FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ.

POSTAGE EXTRA + 10% VAT
TEL: 01-739 2343

WW-—057 FOR FURTHER DETAILS
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What makes you think
that we think

you are thinking
about Terminal Blocks?

Actually, we were thinking

WE AREN'T that you might be thinking
YOU KNOW! of Indicator Lights.Voltage

Selectors, Connectors,
orperhaps Metal Pressings or Plastic Components. And
we were thinking that, even if you only wanted a few
of any or each of these, it would be a pleasure to do
business with you.

And you might find it a pleasure to do business with
us. especially as we can solve so many of your supply
problems.

For instance, suppose you did want just a few of
these or any other Cinch, Dot or FT components very
quickly, we could, as stock holders, have them on the
way to you the day we got your order.

Perhaps you'd like to put this promise to the test.

UNITED-CARR SUPPLIES
The single source
that simplifies.

Let us have your next inquiry — it will be dealt with
immediately

m @ STOCKISTS

United-Carr Supplies Ltd. _ n
Clifton Works, Frederick Road, %’
Stapleford, Nottingham.

Sandiacre 6003 STD 0602 39 6003 Telex No. 377117 A2
WW—058 FOR FURTHER DETAILS
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P.C.60RED?

— not with the

JEGON-
DAL
330

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.

e A

oo | &

NO MESS— NO MASKING
A perfect circuit every time !

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

: Please send me further details on the 33PC:

I Name e e e

|

— RS, ALY, T £+

| Postto: DECON LABORATORIES LTD.
I FREEPOST
I
I

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

WW-—059 FOR FURTHER DETAILS
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ARGAIN
OUNTER

A new high precisin low cost 560MHz frequency
meter from Racal Instruments

Racal believes that high
standards don't necessarily
mean high prices. So they're
introducing a new 560 MHz

Frequency Meter that embodies

Racal’s high standards of

workmanship and quality—at a

very low price.

The 9839 is a high precision

instrument with an unrivalled
price performance ratio and
offers these outstanding
features—

RIA/C/AIL |

The Electronics Group

O direct reading to 560 MHz
010 mV sensitivity
[ eight digit memory display

0 fast warm-up standard
1 partin 10" in 4 minutes

[ Ageing 5 parts in 10’ per day

0 up to 10 sec. count time

[J portable and compact

WW—060 FOR FURTHER DETAILS
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Use the coupon to bring you
more details of how you can
count on the 9839 to save you
money without sacrificing
quality.
- N I D SR S D

To: Racal Instruments Limited, Du::l
l Street, Windsor, Berks. SL4 1SB. I

Tel: Windsor 69811. Please send

I me details of your high quality, low
Y ghq
| price 9839 frequency meter.

l Name

I Position

: Company

' Address

b=
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POST TODAY FOR FREE DETAILS

* Quantity Surveyors

QUALIFY
TO EARN MORE MONEY

In abetterjob

Exciting new career opportunities! They’re just waiting to be
grasped — in the ever-growing industries of electronics, radio
and television. And with ICS behind you, you can soon win
the qualifications you need to assure your career success. Win
them in your own time. in your own home, by starting an ICS
learn-as-you-carn correspondence course now. You get personal,
individual attention from really expert and experienced tutors. We
teach you the theory, we teach you the practice. Books and components
are provided. So is all the assistance, all the backing you need.

We also have a complete range of courses at the ready for people
keen to score success in other fields. Whatever qualification you’re
after, we can help you get it, whether you’re pushing ahead where
you are or switching to something completely new.

Take your first step now towards a better paid, more assured
future. Send for your FREE Careers Guide today.

Take one of these

courses

Society of Engineers Graduateship (Electrical Engineering)
C & G Telecommunications Technicians Certificates
C & G Flectrical Installation Work
C & G Certificate in Technical Communication Technigues
C & G Radio Amateurs
MPT General Certificate in Radio Telegraphj
Audio. Radio and TV Engineering & Servicing
Electronic Engineering Maintenance. Engineering systems
Instrumentation & Control systems
Computer Engineering & Technology
Electrical Engineering, Installations. Contracting. Appliances
Self-build radio courses

or take one of these if your future lies i1 other iields

GCEO and A Level
Basic foundation for success is a thousand
and one careers — recognised by everybody.

Managemeni. Marketing and Business
Instruction in the tajest proved principles
and techniques used in each highly

All Boards — 64 subjects specialised area.
* Personnel
* Administrative
Building * Works
Tuition for recognised technical * Transport
qualifications in all fields. Business
Architecture Industrial

Builders Quantities Sales
Carpentry. Joinery Marleting
Draughtsmanship * Advertising
* Marketing

Clerk of Works * Public Relations

Heating. Ventilating Sales
Business
Engineering Computers

* Purchasing

* Book-keeping

* Work Study
Storekeeping

Theoretical and practical Luition geared
cither to professional and technica!
examinations or (o vocational (non-exam)

courses, N

Mechanical. Motor. Diesel. Chémical gmalllBusiness(Owners

Welding Fire Serviec

Refrigeration % Promotion and Institute of Fire Engineers
Draughtsmanship Police

Garage Management % Entrance and Promotion

% Courses for appropriate professional ex:uns available in addition to 1CS Diploma courses.

your key to a
brighter better future

To: International Correspondence Schools, Dept. 234U, Intertext
House, Stewarts Road, London, SW8 4UJ.

nNombrex

MODEL 42
R.F. SIGNAL GENERATOR
Price £17.50 + V.A.T.

Wide Range 150 KHz-300 MHz.
Accuracy 2%
R.F. Output 50 millivolts minimum
A.F. Qutput approximately 1 voit at 800 Hz
Fully transistorised circuitry
Powered by 9V battery
Provision for external supply
Trade and Export enquiries welcome
Send for full technical leaflets
Post and Packing 35p extra per unit

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

WW-—061 FOR FURTHER DETAILS
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INSIST
oo KNG
VERSAIOVWER

Acclaimed as the World's leading
telescopic tiltover tower in the
field of radio communication
Models from 25" 16 120"

£

Look for the name
STRUVIECH

Strumech Engineerning Co Ltd
Coppice Side, Brownhills, Walsall, Staffs

a
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The busy retailer needs quick
answers. This is the book that’s
got them. In a moment you can
put your finger on a manufacturer,
wholesaler or service depot;
check a specification or a
telephone number. The 1973
edition of the Electrical and
Electronic Trader Year Book has
been thoroughly updated to
provide the most comprehensive
reference to the trade available.
At £2.25 inclusive you can’t
afford to be without it.

Contentsinclude:
Legal guide
Rates cf pay

P.O., government and
other licences

Station guide and contour maps
Directory of trade organizations

Specifications (TV, radio,
tape recorders, etc.)

Battery equivalents

Valves and transistors
Technical literature
Wholesalers

Service depots

Proprietary names directory
Buyers’ guide

Trade addresses

ELECTRICAL AND
ELECTRONIC TRADER
YEAR BOOK 1973

. N s e I L -
MAIL THIS COUPON NOW
IPC Electrical-Electronic Press Ltd., General Sales Dept., Room 11, Dorset House, Stamford Street, SE1 9LU

I Please send me copies of the Electrical and Electronic Trader Year Book 1973. 1 enclose cheque/p.o. number
to the value of (£2.25 per copy inclusive). Cheques made payable to IPC Busingss Press Ltd.

I Name
Address

Company registered in England. Registered address : Dorset House, Stamford Street, SE1 3LU. Registered number: 522305

--‘
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Now a very sophisticated
Hi-Fi stereo tape recording deck and
pre-amp unit from Philips.

3 heads.3 DC motors.Tip-touch Solenoid operation.
Remote controllable. Every facility.

This is the N4510 — the tape deck
from the Philips range of advanced
Hi-Fi stereo tape recorders.

It easily surpasses the DIN Hi-Fi
standard, and in every detail of styling
and construction will satisfy the most
critical user. It is ruggedly built, gives
you every facility and precision control
of sound, and is of such sophisticated
design that operation is simple. Here
are the most important features:

4 tracks. 3 speeds — 74, 33, 1 ips.

Suitable for stereo and mono
recording and playback, multiplay,

echo during recording, A-B monitoring.

Three motors — two DC motors for
reel drive, one DC capstan motor
electronically governed to keep tape
speed constant.

Tape tension comparators for
constant winding torque.

Three magnetic heads — one each
for recording, playback and erase.

Detachable lower head cover for
easy editing and cleaning.

For control of transport functions
and recording mode, illuminated tip-
touch controls are linked to solenoids —
giving easier, quieter and more reliable
operation.

Remote control unit (extra) with
same tip-touch buttons as recorder.

Sliding switches for function

selection—selected function i1lluminated.

Precise sliding faders for two
microphones and another signal
source.

Separate volume control for each
headphone channel.

Recording stand-by (level
adjustable with tape stationary).

Two illuminated calibrated VU
type meters for recording/playback.

4-digit counter, zero reset, and
on/off Autostop to halt tape at
pre-determined position.

Reels lockable by means of metal
hub locks.

Sockets for headphones and
microphones easily accessible at front,
concealed under sliding lid.

Removable transparent lid.
Frequency response:

40-20,000 Hz at 73 1ps

40-15,000 Hz at 33 ips } DIN 45 500

60— 8,000 Hz at 14 ips

Wow and Flutter less than 0-159,
at 71 1ps.

See your Philips dealer for a
demonstration. And for a free book on
all Philips Hi-Fi stereo tape recorders,
write to Philips Electrical Limited,
Dept SP, Century House, Shaftesbury

Avenue, London WC2H 8AS.
PHILIPS

Simply years ahead.
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the best VAnS:V?;eE EF::LQ ”’i \«

value in

variable

ﬁltCl‘S .

Look, for instance,‘ at these three features of the ) 0 Mode switching without use of external links
Barr & Stroud solid state EF2. [ Digital selection of cut-off frequency giving accurate

repcatability
Response switchable to ‘normal’, ‘narrow’, or ‘damped’
condition

00 Two independent lowpass/highpass filter channels
O Attenuation slope 36 or 72 dB/octave

O 6th order response through computer-aided design

. . e s .
Then add all these other features and we think you will Up to .20 dB &L vl SRleln “TEfy g SondiEon :
agree the EF?2 is worth a closer look. [J Operation from internal power supply or external batteries

[0 Frequence range from 0-1 Hz to 100 kHz in five decades 0 Ourput protected against short circuit

F | 5 limi Price: £450 + VAT
- req.uency o eranc‘c cxcept at range Limits Further details in pamphlet 1652/ avzilable on request.
0 Maximum attenuation greater than 75 dB

Barr and Stroud also design and build special filters to individual
O Combined channels provide band pass, band stop or band customer requirements. Extensive use of computer facilities ensures
separation modecs

economical and accurate realisation of the desired characteristics.
; BARR AND ;
DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

BARR & STROUD LIMITED

Anniesland, Glasgow, G131HZ. Telephone: 041-954 9601 Telex: 778114
Kinnaird House, 1 Pall Mall East, London, SW1P 1RT. Tel: 01-930 1541 Telex: 261877
WW-—064 FOR FURTHER DETAILS X150

J ES AUDIO INSTRUMENTATION

.
i
G

s
"

e, llustrated the Si452

. Distortion Measuring Unit
—low cost distortion

measurement down to

‘ " .01% £30.00

P, \ Si451 £35.00 Si453 £40.00

‘ﬁk&-ﬂ Comprehensive Millivoltmeter Low distortion Qscillator

. 4 350u Volts 20ranges  sine square RIAA

BRITEC LIMITED, 17 Devonshire Road, London SE23 3EN
Tel: 01-699 8844 Telex: 896161

prices plus VAT
J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (09762) 2501
CARR STREET, CLECKHEATON, YORKSHIRE.

WW—065 FOR FURTHER DETAILS
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for Me profeesional

contact Derek Owen at 01-874 9054 or Telex 923455

LEEVERS-RICH

| EQUIPMENT LMITED |

Agents in Scandinavia, Eastern and Western Europe, Middle East,

LEEVERS-RICH EQUIPMENT LIMITED
319 TRINITY ROAD - LONDON SW18 3SL
Telephone 01 874 9054 - Telex 923455
Cables LEEMAG LONDON

Africa, Australasia and the Far East.

A MEMBER OF
THE MCP GROULP
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OMPREHENSIVE HOME CONSTRUCTOR KITS

as speciFiep INTHE P.E. ROND(

COMPLETE QUADRAPHONIC HI-FI SYSTEM

CBS SQ MATRIX DECODER

*REGD. CBS INC

POST FREE INCLUDING CBS
COMPLETE KIT = LICENCE FEE+80p V.A.T.

PREAMPLIFIER BOARD
COMPLETE KIT £3 .00 POST FREE+30p V.A.T,

MASTER/VOLUME TONE CONTROLS/4 CHANNEL
BALANCE CONTROL BOARD

COMPLETE KIT £8' 50 POST FREE+85p V.A.T.

POWER AMPLIFIER BOARDS AND HEATSINKS

(EACH BOARD CONTAINS A STEREO PAIR OF AMPLIFIERS)

COMPLETE KIT PER BOARD £7- 50 POST FREE+75p V.A.T.

ALL OTHER KITS AND COMPONENTS USED IN THE P.E. RONDO WILL BE AVAILABLE AS
THEY APPEAR IN. THE SERIES IN “"PRACTICAL ELECTRONICS",

KITS ARE COMPLETE IN EVERY DETAIL (RIGHT DOWN TO THE SOLDER) AND USE ONLY
TOP QUALITY COMPONENTS AND FIBREGLASS P.C.Bs.

TRADE ENQUIRIES WELCOME

Please send me:
Please tick

GBS SQ DECODER [m} CHEQUE
Ta PREAMPLIFIER BOARD [m] P.O.
4 ELEGTR“N'GS MASTER VOL/TONE/4/CHANNEL BOARD 0O MONEY ORDER
POWER AMPLIFIER BOARD(S) O MONEY ENCLOSED £...............

SPENCER HOUSE’ BRETTEN"AM ROAD’ EDMONTON 3= 1 - R TRPPNN
LONDON, N.18 TEL. 01-807 5544

BLOCK CAPITALS PLEASE
WW10
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THERMOCOUPLE
POTENTIOMETER

TYPE P4/E
FOR

TEMPERATURE MEASUREMENT
RECORDER CALIBRATION

Get to grips

with your problem <3 WITH
by using WCL ELECTRONIC
electrolytic NULL

capacitors

NOWY

DETECTOR

BLORE-BARTON LTD
Reedham House
Burnham Bucks
telephone Burnhiam 5524

%’ EX-STOCK

This is a robust portable instrument suitable for
temperature measurement with all thermocouples
and for calibrating the indicating instruments that
are used with thermocouples.

Two ranges are provided: 0-105mV for use with
base metal couples, and 0-21 mV for precious
metal couples.

An auxiliary potential divider included provides
an adjustable potential which can be injected into
external instruments for calibration purposes.

CROYDON PRECISION

INSTRUMENT CO.

HAMPTON ROAD, CROYDON
CR9 2RU
Telephone: 01-684 4025 and 4094
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//Gonuert your stenes W to & Queeherhonic Sound Sustemi

2 Detocards

first pair of a set of three pairs

Free in the next three issues of PRACTICAL WIRELESS
will be a set of invaluable Datacards giving you at-a-glance, technical
information that is a must to all radio and electronics enthusiasts. This
month's free cards are — 1. Standard Resistor Values and Colour Code

2. Common Capacitor Values and Colour Code
The second pair will be given away in November issue end the third pair in the
December issue.

NEW SERIES! EXPERIMENTAL WORKSHOP

First of a new series offering a new approach to learning how circuits operate by
making up simple working projects and experimenting with
the.component values to alter their function.

Build the

PROJECT Q4

Now, at very low cost, you can convert your stereo system
to reproduce quadraphonic sound! Starting in this
month’s PRACTICAL WIRELESS is a great new series which
will show you how to build an exclusively designed
decoder.

CD-4 Victor-RCA discrete system

RM Regular,Matrix surround sound

Qs Sansui system

SQ CBS system
Q4 is a first time exclusive to PRACTICAL WIRELESS that
enables you to play any current stereo or quadraphonic
recording through your hi-fi system.

OCTORER ISSUE OQUT NOW-20p

PRACTICAI—

WIRELESS

STEREO IC DECODER HYBRID AUDIO CONTROL MODULE
HIGH PERFORMANCE PHASE LOCKED LOOP MODEL HM80
(as In ‘W.W.’ July ‘72)
MOTOROLA MC1310P EX STOCK DELIVERY % 24 Pin D.l.L Package.
SPECIFICATION % Built-in coupling and decoupling capacitors.
Separatlon: 40dB 60Hz-15kHz. Distortion: 0-3% % Zeroto 40 db GAIN,
I/P level: BEOMYV rms O/P level : 485mV rms per channel. * 7 to 40 db ATTENUATION
Input impedance : 50kS2. Power requirements: 8-18V at 16mA Ze;‘o g oA AN
Will drive up to 76mA stereo ‘on’ lamp or LED. : o '1(30 o Si)Ogh A pedance
KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY e ";‘L“V“T e e f '
(Roller tinned), Resistors, I.C., Capacitors, MORE? * 4.5t0 olts neg. ground supply.
Preset Potm. & Comprehensive Instructions £3-40 post free, * Excelient quality and reliability.
LIGHT EMITTING DIODE (Red) ONLY * Extensive application report. .
Suitable as stereo "on’ Indicator. For above 2 « Free of charge design for your particular
with panel mounting clip and instructions 9P plus p.p. application.
MC1310P only £2:77 plus p.p. 6p THE IDEAL WAY FOR BUILDING SUBSONIC. AUDIO & SUPERSONIC
NOTE PROFESSIONAL EQUIPMENT INVOLVING THE LEAST POSSIBLE EXTERNAL
As the suppller of the first MC1310P decoder kit, of which we have sotd Ilterally thousands, COMPONENTS. SUPERIOR QUALITY, RELIABILITY. AND EASY
our customers can benefit from our wide experience. MAINTENANCE.
V.A.T. ]
From Aprll 1st add V.A.T. at the standard rate to all prices APO LLO E LE CTRO N Ics
FI-COMP ELECTRONICS 96 MILL LANE, LONDON N.W.6 1NQ
BURTON ROAD, EGGINTON, DERBY, DES 6QY Tel' 01_794 8326
WW—07T FOR TURTHER DETAILS WW—072 FOR FURTHER DETAILS

The New Loudspeaker Range...

The sound of music, from the lowest frequency to the highest is now brought to the connoisseur of quality
in sound reproduction with the new, Vitavox Power Loudspeaker Range

The Range blends four superb units into one matchiess composite, or each element as a separate unit avail -
able for use with other systems. The range gives exceptional quality of sound reproduction and handles up to
100 watts of musical power. The four units are: a High Power, High Frequency Pressure Unit and a High
Powe' Bass Loudspeaker, each designed to give increased power handling capacity without sacrificing either
efficiency or frequency response . a High Frequency Dispersive Horn, designed for use with the Pressure Unit —
matching accurately the Unit's output characteristics and giving superb sound dispersion; a High Power
Dividing Network for use in both high and low power systems and which ensures correct allocation of the
frequency spectrum between high and low frequency units.

Carrying the Vitavox stamp of quality, this s the Range which brings you . ..

I | |
e i - WL The GGreat Sound of
Vitavox

Company —
Westmoreland Road, London NW9 9RJ Telephone:01-204 4234

Address
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1gyoure thinking
of looking

for trouble

do it with this
Special Extra
4-page Pull-out
Supplement

Presented as a special extra to all its
readers, TELEVISION has produced this
basic colour TV faults guide — the first of its
kind ever devised for a British magazine.

An outstanding feature of the supplement
is the reproduction of full-colour
photographs taken direct from the
television screen, showing basic colour
television fault conditions.

Faults are explained and guidance is given
on where to look for the trouble in the
receiver.

Other special features include

“110°” COLOUR TV CHASSIS — a
look at the new techniques involved in
receivers for 110° colour tubes . . .
PLUS up-to-the-minute coverage of
television technology in depth.

Special emphasis on colour and
servicing techniques together with the
latest advances and developments . . .
equipment, components, and
instruments.

ELEVISION

MAGAZINE

OCTOBER ISSUE ON SALE — NOW! 20p
ORDER FROM YOUR NEWSAGENT TODAY

Wireless World, October 1973

IIGIRATCHRD AR DSE:
low cost, high
performance units

Limrose's new family of low-cost universal mounting
boards, plug-in cards and breadboarding systems is useful
for development work, device testing and circuit
evaluation.

Delivery is usually ex-stock. For prices and other
information please contact

LIMROSE ELECTRONICS LIMITED
8-10 Kingsway, Altrincham,

Cheshire WA14 1PJ.
limrose el 061928 8063

WW—074 FOR FURTHER DETAILS

Maxi-Super HT 1810 and
TW&EIEW Maxi-Mini HT 1800
so Solder Sippers

SIPPERS
MAKE DE-
SOLDERING
QUICK &
EASY

Designed for use when working
or re-working P.C. Boards. Per-
mits removal of molten soider
from Multi-leg components, en-
abling easy extraction. The sol-
der is “sipped’ through the noz-
zle, and automaticaily.ejected
whenthe instrument is next used.
A Swiss precision instrument
manufactured to a high degree
of accuracy.

The anti-corrosive outside casing
has a knurled finish for more
positive grip, and encases plated
internal parts.

The Maxi-Super has been design-
ed with a 3.5 kg. spring action
recoilless plunger, whilst the
Maxi-Mini with its conveniently
shaped operating button, has a
2.5 kg. spring action plunger,
protected by a channel guard.
Both models have been designed
with an easy-to-replace ‘dupont’
teflon screw-in nozzle.

L K N _§ N N N R _N_R_ R _N_ |
PLEASE FORWARD PLEASE SUPPLY  PLEASE SUPPLY

T e——

WLoncsLYO. W

Longs Ltd.
Hanworth Lane
Trading Estate
Chertsey Surrey
KTi69LZ.

without obligation Maxi-Super HT Maxi-Mini HT
Ifurther details. 1810 at £6 .60 1800 at £4.95 l
|enclose chequevalue £ _ I
I NAME POSITION e

I COMPANY__ I

I ADDRESS I

J— SIGNED
Prices include VAT Reg. England 6849(“
[ B N =B B N - - N | L BN N |
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N-CHANNEL
DUAL-GATE
MOSFETS
FROM STOCK.

MEM 616 series: MEM 630 series dual
gate MOSFETS with gate protection diodes
available now. 20p to 29p (100 up).

Another 122 MOSFETS available. Will
second source RCA, Motorola, Siliconix, and
Texas types at competitive prices.

General Instrument Microelectronics Limited,

57-61 Mortimer Street, London W1N 7TD.
Telephone: 01-636 2022

Distributors:
Semicomps Ltd. 01-903 3161, Semicomps (Northern) Ltd. Kelso 2366
SDS Components Ltd. Portsmouth 65311, Semiconductor Specialists W. Drayton 46415

Agents in France, Germany, Italy. Belgium, Holland, Denmark, Sweden, Norway, Finland, Spain, Austnia, Israel.

WW—077 FOR FURTHER DETAILS

Philips Variable Transformers and Stabilisers

If You Use Variable Transformers Contact Us For Low Prices
And Ex Stock Delivery.

PHILIPS VARIABLE TRANSFORMERS

® A choice of 280 models with ratings from 0.5 to 132 amps
(0.16 to 31.8 KVA) 50—400Hz.

® Skeleton, incapsulated open and enclosed models.

® Single and three phase manual or motorised with traverse
times from 6 secs to 5 days.

i @ Silver alioy plated track with long life floating brushes.

@ Laboratory models with meters, fuses and carrying handles.

PHILIPS STABILISERS

® A choice of over 80 models with ratings from 0.29 to
81.0 KVA.

® Open or enclosed models.

® Adjustable output.

® Stability + 1 volt.

® Single or three phase with single or three phase sensing.

" ® No wave form distortion.

S ﬁ X ® Unaffected by load variations.

! % qups
;» RILTON ELECTRONICS LIMITED
: 13 Harecombe Rise, Crowborough, Sussex.

WW—078 FOR FURTHER DETAILS
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From Goldring.

Wireless World, October 1973

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

The Theory is perfectly simple.

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

The Practice is a little more difficult.

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

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

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

The 820 - one of
the modelsin
the new range.

Performance
characteristics: S
Sensitivity @
5cm/sec-1Khz:5mV.
Separation @

1 Khz:20dB.
Recommended playing wt. ~
2 grammes.
Stylus point radius: -0006” 154,
Frequency range: 20hz-20Khz.

It brings advances in every aspect of design.

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

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

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

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

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

The new 820 series
The experts cartridge by Goldring ®©

Goldring Limited, 10 Bayford Street, Hackney, London E8 3SE. Tel: 01-9851152

WW—079 FOR FURTHER DETAILS

TEST

for logic
CIrCuits

including PP +VAT

Discounts for,
quantity

High-Low Level Probe
(2-colour indication)
Uses L.E.D.

Reverse Pole Protected
Very fast response

50 nano seconds

* %% % % %

Associates Ld.

Up to 12 MHz
Cricketfield Lane,
Bishop’'s Stortford, Herts.

Telephone: 0279-56347 Telex: 81675 JAYLAMPS STORT

VARI-STAT

THERMOSTATIC

SOLDERING IRON

HIGH PRODUCTION MINIATURE
MODEL D. 50 WATT

% Weight 2 oz.

. Heating time 50 secs.

~ Bit Sizes L An due am

Nickel or Iron Plated Voltage 250 to 12 volts

Price £4

HIGH PRODUCTION INSTRUMENT
MODEL H. 150 WATT

Weight 6 oz.
Heating time 1 min. 45 secs.
Bit Sizes &
Nickel or Iron Plated, Voltage 250 to 12 volts
Price £5.75
e

OTHER VARI-STAT IRONS:—
Miniature Model M 50 watt Push-in Bits &",1". "

Instrument Model B 70 watt Bit Size 11"
Industrial Model I 500 watt Bit Size "

Model D and H now incorporate a modified bit which can
be split open in the event of seizure and allows the bit to
be removed without damage to the element block.

i CARDROSS ENGINEERING CO., LTD.

Woodyard Road, Dumbarton
¥ Phone: Dumbarton 62655

(3215 jieH) NOYI HNLVINIW
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Vortexion 50/70 WATT ALL SILICON AMPLIFIER

WITH BUILT-IN 4-WAY MIXER USING F.E.T.s.

This is a high fidelity amplifier (0.3%
intermodulation distortion) using the

BASS TREBLE e

circuit of our 100% reliable 100 Watt e e .
Amplifier with its elaborate protection O ) - -
against short and overload, etc. To 3 K ., K . o f

this is allied our latest development of

&

FET. Mixer Amplifier, again fully |} ‘ 179/ =
protected against overioad and com- o R 3 e |
pletely free from radio breakthrough. - -

The mixer is arranged for 2—-30/60£2 balancec line microphones, 1-HiZ gram input and 1-auxiliary input followed by bass
and treble controls. 100 volt balanced line output or 5/15 £ and 100 volt line.
50/70 WATT ALL SILICON AMPLIFIER WITH BUILT-IN 5-WAY MIXER USING F.E.T.s.

This is similar to the 4-way version but with 5 inputs and bass cut controls on each of the three low impedance balanced line
microphone stages, and a high impedance (10 meg) gram stage with bass and treble controls plus the usual line or tape
input. All the input stages are protected against overload by back to back low self capacity diodes and all use F.E.T’s for
low noise, low intermodulation distortion and freedom from radio breakthrough. A voltage stabilised supply is used for the
pre-amplifiers making it independent of mains supply fluctuations and other stabilised supply for the driver stages is
arranged to cut off when the output is overloaded or over temperature. The output is 75% efficient and 100V balanced line or
8/16 (2 output are selected by means of a rear panel switch which has a locking plate indicating the output impedance selected.
The mixer section has an additional emitter follower output for driving a slave amplifier, phones or tape recorder, output .3V out
on 600 ohms upwards.

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

THE 100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4 channel F.E.T. mixer,
2-30/60 2 balanced microphone inputs, 1-HiZ gram input and 1-auxiliary input with tone controls and mounted in a standard
robust stove enamelled steel case. A stabilised voltage supply feeds the tone controls and pre amps, compensating for a mains
voltage drop of over 25% and the output transistor biasing compensates for a wide range of voltage and temperature. Also

available in rack panel form.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own
battery and automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs
for 8 ohms—15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 4 low mic. inputs.

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

Since we have been supplying professional

mixers for 25 years we have delayed the

introduction of solid state units until

they were at least as good as their valve

counterparts. (Which will continue where
F.E.T. MIXERS and PPMs. required) .

The various sections of the FET
mixers and BBC type PPM’s have been
performing successfully for several years
in other equipments with complete reli-
ability. The PPM also uses an FET in
its time constant circuit so that polyester
capacitors can be used. The response
from the 6008 output (2502 source
impedance) is level 20 Hz to over 30 kHz
with very low intermodulation distortion
to zero level + 12dB. The input signal
voltage range is over twice that of the
valve unit and the noise at least halved.

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, S.W.19
Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: “Vortexion, London S.W.19"

WW-—095 FOR FURTHER DETAILS

wwWWeamericanradiohistorv. com


www.americanradiohistory.com

as58 Wireless World, October 1973

Radio and Line Transmission, Vol. 2—2nd Edition
George L. Danielson MScTech, BSc, CEng, MIEE and Ronald S. Walker CEng, MIERE
The second in a series of three books written to meet the needs of the technician specialising in Radiocommunication in the
City and Guilds Telecommunication Technicians’ Course. The volume covers the revised syllabus of Radio and Line Transmission B,
and is suitable for third-year students on a part-time course or for second-year full-time students. Though written primarily for
students on technician courses, the work will provide a background for those engaged in more advanced studies.

304pp illustrated 0 592 00067 2 1972 (2nd Impression 1972) £1-60

Radio and Electronic Laboratory Handbook—8th Edition

M. G. Scroggie BSc, CEng, FIEE

This completely revised edition of a book which has been a standard work of reference within its field for over thirty years contains
much useful new information. There are new or extended sections on microelectronics, integrated circuits and operational amplifiers
and a fuller treatment of the use of transistors in instrumentation. Sl units are now used throughout the book.

628pp illustrated 0 592 05950 2 1971 (2nd Impression 1972) £5-25 |

Operational Amplifiers

G. B. Clayton BSc, FinstP

This text is designed to provide an insight into the capabilities and applications of the modern operational amplifier. As it is simpler
and potentially more reliable to work with operational amplifiers than using only the traditional discrete components, the non-
specialist should find it easier to design his own measurement systems if he makes use of them, either in modular or in integrated
circuit form. Practising instrumentation engineers and research workers using electronic instrumentation techniques will all find the
insights afforded by the text of great practical help in their respective programmes.

244pp illustrated 0 408 70202 8 1971 £3-50

110 Integrated Circuit Projects for the Home Constructor

R. M. Marston

Integrated circuits are the most important new semiconductor devices to have been developed within the last decade. They are
compact, easy to use and less expensive than their discrete transistor-resistor equivalents. This work gives an entirely practical
introduction to these devices by describing one hundred and ten constructional projects in which they can be used. The book will
be of great value to and a fruitful source of ideas for the professional engineer, the student and the amateur constructor. Like the
author's other books, such as the successful 20 Solid State Projects for the Home and 20 Solid State Projects for the Car and
Garage, this volume is written in a clear and straightforward manner which makes this important subject accessible even to those

with little technical knowledge.
138pp illustrated 0 592 00063 X cased 1971 £1-80 0 592 00058 3 limp £1-20

Available from leading booksellers or T he Butterworth Group
88 Ki ngsway, London WC2B 6AB. showrooms and Trade Counter, 4-5 Bell Yard, LondonWC2

Purpose-built servo and actuator
systems using standard components

> . " £ . The illustration shows a selection of

: e J modules from the Mclennan standard
range which are available as individual
items or can be supplied engineered to
custom-built systems.

Such a system could be complete in itself or
form part of your own design.
Typical examplesinclude :

Camera positioning : Plotting Devices:
Self-steering Systems: Sig-
nal-seeking Aerial Drives:
Professional Tape Drives:
Automated Production
Lines.

Stimulation of output
position or velocity may
be by optical, radio,
electrical, mechanical,
pneumatic or hydraulic
signals.

Control Amplifier

g ¢ Low Typical precision gears
Inertia DC motor

»

McLennan have considerable
experience in the solution

of actuator and servo
problems using synchronous,
stepping and D.C. motor
techniques as well as solonoid
-powered types. An important
facet of our skill lies in

Gearhead with
integral feed-back Potentiometer

purpose-designing around standard ST MCLcnnan Engineering Ltd

components for speed and economy feed 35
of building. ced upto 3 Servos Control Systems and Components
Kings Road, Crowthorne, Berkshire. Tel: Crowthorne 5757/8.
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THE NEW NELSON-JONES FM TUNER

PUSH-BUTTON VARICAP DIODE TUNING
(6 Position)

Exclusive Designer Approved Kits

The Nelson-Jones Turner is now available as a complete kit with all Metalwork, Printed and anodised Front Panel and Teak veneered
cabinet. A Six Position push-button unit is used with each pre-selector button fully tuneable wiih its own scale and pointerand incorporating

AFC disable for fine tuning.
Provision is also made for a Stereo LED, (RED or GREEN). Stereo Decoder, Internal PSU and Fine Tuning indication (Meter or LED type).

Push-button switches are also used for Stereo Mute and Mains On/Off. All sockets, board standoffs and panel mounting fuse are supplied.
The tuner is available in two gain versions, and our alignment service is available to customers without access to a S|gnal generator.

Prices for complete kits start at £23+*75 (mono) plus p.p. 45p.,
and of course all components are available separately.

Please send large SAE for our latest price lists which detail all of the many
options and special low prices for complete kits. All our other products remain
available e.g. The Portus and Haywood Phase Locked Stereo Decoder
Kit,

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 £28.50 plus p.p. 46p including a Teak Sleeve.

OPTO-DEVICES
A  Panel mounting LED's. 7 Sec. LED’s

0-325” RH Dec Paint.

e,
‘ - N30 J0NS TBNED

st 3 CuE S ]
TS

Eot_;_c'an ﬁrderthesAe goods RED 1-9 29p 10-24 23p | Common Anode 1-4 £2-46; 5-24 £2-10.
y Telephone on Access ) 23 K. ]
Simply quote your GREEN  1-9 69p 10-24 59p | SommonCathodel 2 £3.:33 (5-24£1:93

Access Number

V.A.T. Please add V.A.T. at 10% to all prices for U.K. orders.

INTEGREX LIMITED, P.0. Box 45, Derby, DE11TW

Phone Repton (028389) 3580

cavern elecironics o

We have moved to:

94 STRATFORD ROAD, WOLVERTON,
MILTON KEYNES, BUCKS. MK12 5LU

* * *
RETAIL COUNTER NOW OPEN
Mail Order Service for those who cannot visit us
Please send stamp for our Component Lists
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CHECKMATE PROFESSIONAL
CROSSHATCH GENERATOR

The unigue test card edge enables the completely accurate alignment of colour
and monochrome receivers without the need of a broadcast test pattern. The
crystal derived patterns and waveforms make extensive use of digital i.c. logic.
| The stable and reliable 625 line high resoution patterns are crosshatch dot and
plugs and jacks white field. full 2:1 interlace with complete synchronising and blanking

Audio Connectors

Broadcast pattern jackfields, jackcords,

waveforms. Continuous tuning over all channelsin each band B.N.C. video outputs

Quick disconn i
ect microphone connectors into 75 ohms available for CCTV use on all medels.

Amphenol (Tuchel) miniature connectors e e . | fratoo
with coupling nut Madal CCH-V VHF Band 1 £70.00
Hirschmann Banana plugs and test probes Model CCH-V2 VHF Band 11 £70.00

Model CCH-V3 VHF Band 111 £70.00

XLR compatible in-line attenuators and
® reversers

Low cost slider faders by Ruf
Future Film Developments Ltd.
90 Wardour Street,

London W1V 3LE

01- 437 1892/3

@

U.K. Customers add VAT. Overseas Customers CIF at cost.
Send for further information from the sole agentis.

MANOR ENGINEERING,

The School House, Crookham Common,
Newbury, RG15 &EJ, England.
Telephone: Headley 487.
Telegrams: MANORENG, NEWBURY.
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IJUA SWEEP S$24

8 G o

CLightweight T150MHz bandwidth at Smv/div

COimv/div at BMHz 3% accuracy  LlMlixed sweep

JCalibrated sweep delay

Gated trigger

Bright 8x10cm display
A new Dual Trace,

50MHz

Portable Oscilloscope for £420

Yes indeed! A 5B0MHz dual-trace  value when compared with
instrument costing you only £420.  similar 50MHz instruments.

(Exclusive of VAT )

15kV, and dual-trace operation in
alternate and chopped modes

And it's portable too —the light- The outstanding specification of with 5mV/div all the way up to
weight. comfortable-to-carry. the D75 includes a wide-range 50MHz.

take-it-anywhere kind of portable.  dual timebase incorporating sweep  Write or telephone now for the
Developed by engineers for intensifying. delaying. mixed specification and a demonstration,
engineers this newcomer from sweep and single-shot facilities, and prove for yourself that the

Telequipment offers unprecedented . an 8 x 10cm CRT operating at
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D75 is the oscilloscope for you.

Tektronix U.K. Ltd.
Beaverton House, P.O. Box 69,
Harpenden, Herts.

Telephone: Harpenden 61251
TELEQU'PME”E Telex: 25559
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Never have so few words said so much about sound system installations.
The truth is that a carefully chosen, top-quality microphone makes a measur-
able difference in sourd system quality—regardless of the other components
in the system. It is false economy at it worst to be a microphone miser. Install
Shure Unidyne or Unisphere microphones—for installations with a marked
superiority in voice intelligibility (and fewer service calls due to microphone
problems).

Shure Electronics Limited |
Eccleston Road, Maidstone ME15 6AU ] SHUReE

WW—088 FOR FURTHER DETAILS

WWW-americanradiohistorv com


www.americanradiohistory.com

Wireless World, October 1973

Editor:
TOM IVALL, M.1LE.R.E.

Deputy Editor:
PHILIP DARRINGTON

Technical Editor:
GEOFFREY SHORTER, B.Sc.

Assistant Editors:
BILL ANDERTON, B.Sc.
BASIL LANE

Drawing Office;
LEONARD H. DARRAH

Production:
D. R. BRAY

Advertisements:

G. BENTON ROWELL (Manager)

Phone 01-261 8339

KEITH NEWTON
Phone 01-261 8515

A.PETERS (Classified Advertisements)

Phone 01-261 8508 or 01-928 4597

Wireless World

The Educated Ear

In our July issue we published a letter bewailing the lack of a *figure of goodness™ for
f.m. tuners. In the August issue J. R. Stuart’s article on amplifier design told of the
attempt to find a co-relation between objection measurements and subjective tests of
harmonic distortion. These passages, and no doubt the unexpressed thoughts of many
audiophiles, indicate a yearning for that mysterious formula, an objective standard of
quality in reproduced sound. In its absence we must make do with subjective assess-
ments. Fortunately, for those in mental distress, there are plenty of people around
who will give you a subjective assessment at the drop of a hat. There are those who
can tell the difference between “transistor sound” and “valve sound”, those who can
distinguish between a high quality Class B amplifier and a high quality Class A one,
and above all there are the reviewers of equipment in the audio magazines.

One presumes that these people (especially the reviewers, who publish their con-
clusions) have a highly discriminating sense of hearing. Perhaps they were born with
it, but at any rate we are told that whatever the initial state of the faculty it can be de-
veloped by training — the ear can be educated. But what exactly is the nature of the
training. what are the criteria for an educated ear. what levels of aural education are
attainable, how do we know what level a particular assessor has reached. and to what
extent can we relv on the judgments resulting from the training? In fact we know very
little about these qualifications. It appears that the training is self-administered and
consists largely of constant listening, straining to distinguish minute differences of
sound quality, development of a good aural memory, and familiarization with the aural
correlates of engineering measurements such as distortion. From advertisements in
which items of audio equipment are endorsed by famous musicians we are led to
believe that these powers of assessment are normal attributes of musically trained
people — and, perhaps conversely, that equipment reviewers and other assessors
have musical ability of the kind possessed by professional musicians. But this is
dangerous territory — a quagmire of subjectivism.

For those who feel lost in such considerations it is comforting to know that there is,
at least, an objective standard of audio equipment performance. This is the group of
specifications, DIN 45 500, issued by the German standards institution Deutscher
(Industrie) Normenausschuss, which lavs down in quantitative engineering terms the
minimum performance requirements for domestic equipment that will permit it to be
described as “high fidelity”. Regrettably the British Standards Institution does nothing
equivalent (only recommended methods of measurement), so those British audio
manufacturers that are interested are making use of DIN 45 500. For the customer
who does not have an educated ear but does have a highly developed sense of value
for money it must be some satisfaction to know that what he has bought is, in a sense,
sound of guaranteed minimum quality. The conformity to DIN 45 500 and the
figures contained in the specifications do not tell him the nature of this sound quality
he has bought but, whatever it is, he does know that he has got it.
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Dual-polarity Digital Voltmeter

1 — Circuit operation

Wireless World, October 1973

a 3} -digit instrument for alternating and direct voltages

by A. J. Ewins

This article describes the design and con-
struction of the electronics of a 33-digit,
dual-polarity digital voltmeter for measur-
ing alternating and direct voltages in the
range 200mV to 400V full-scale. It is cap-
able of an accuracy of +0.05%; of full-scale
which in practice is limited by the precision
of the input attenuator resistors and the
accuracy of the a.c. rectifier circuit. A rela-
tively inexpensive attenuator system is
described which is capable of being ad-
justed to an accuracy of +0.1% giving an
overall accuracy to the d.c. ranges of
+0.1% of reading, +0.05% of full-scale.
For the a.c. ranges the accuracy is further
limited by the rectifying circuit but never-
theless an-accuracy of +0.5% of reading,
+0.05%, of full-scale is achieved over a fre-
quency range of 30Hz to 100kHz. The full-
scale reading of the d.v.m. is 1999 (with
suitable positioning of the decimal point)
and an overload indication is given for
readings in excess of this value. In spite of
the overload indication it is possible to
interpret readings up to an indication
equivalent to 2500.

An additional feature of the d.v.m. is its
ability to operate in either an automatic or
a manual mode. In the auto. mode the
d.v.m. continually samples the input voltage
but can be made to “hold” and display the
latest reading by depressing a sample/hold
switch. In the manual mode the d.v.m. holds
and displays the latest reading of the input
voltage but can be made to further sample
it by depressing the sample/hold switch,
after which it again holds.

Details of the construction of the elec-
tronics on suitable circuit boards only is

given, it being left to the reader to devise
a suitable cabinet construction.

Design principles

The d.v.m. operates on the by now well-
known dual-slope integration method. Two
previous designs presented in this journal'*?
operate on this principle and a detailed
account of the theory was given in Wad-
dington’s article, “Digital Multimeter”!.
However, for those readers who missed both
previous articles and are unfamiliar with
the technique a brief description of the
principle will be given.

Single polarity. With reference to the block
circuit diagram of Fig. 1, a capacitor C, is
charged (negatively) by connecting the posi-
tive input voltage, V;,, (via the electronic
switch) to the resistor R for a known time.
The resistor R, capacitor C and the high-
gain operational amplifier form an integrat-
ing circuit with highly linear character-
istics. At the end of this time the voltage on
the capacitor will be V,, given by the ex-
pression:

1

v, = (l/RC)J V,.dt = V,.1,/RC.

0
The electronic switch now connects the
resistor R to the accurately known negative
reference voltage and the capacitor is dis-
charged (positively) until ¥, reaches the
value it was before it was charged (usually

,zero volts). Thus,

12
0= K—(l/RC)j V,.di
0
= Vc_Vn’f‘tZ/RC-

.C. clock - +10
il (z00kHI [ ;
+Vin —i—i R
electronic AAA
switch — main
~Vret—— control counter
logic (+2,000)
- & store
integrator
A comparator IYYYyY
Y
display
Fig. [. Block diagram of integrating dual-
slope digital voltmeter for single-polarity inputs.
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Hence, V,,.t,/RC = V,;.1,/RC and V,, =
Veer - 12/11.

The value of 1, is determined by the fre-
quency of the clock oscillator and the divide-
by-10 and 2000 counters. (The divide-by-
ten counter has been introduced to ensure
that the control logic operates at a speed at
least ten times faster than the time repre-
sented by the least significant digit of the
main, divide-by-2000 counter.) At the be-
ginning of the charging process these two
counters are set to zero. The logic is so
arranged that when the divide-by-2000
counter reaches a total count of 2000 (after
20,000 clock pulses, and hence after a time
2x 1077 x 10* = 100ms) the charging pro-
cess is stopped and the discharging process
begun (by disconnecting R from V, and
connecting it to —V,,). The divide-by-
2000 counter now counts the number of
clock pulses (divided by ten) received in the
time it takes to discharge the capacitor to
zero volts. The comparator, of Fig. 1,
detects the zero voltage level and transmits
a pulse to the control logic, commanding
the transfer of the time indicated by the
main counter to the display. Immediately
after the transfer, the divide-by-10 and 2000
counters are reset to zero and the resistor
R reconnected to +V;,. A new measure-
ment cycle then begins. (N.b., there is no
need to reset the divide-by-10 and 2000
counters to zero at the end of the charging
process because they automatically recycle
at the end of this period.) Because the full-
scale of the main counter is effectively a
display of 2000, the value of ¥, may be read
directly in terms of #, if —V,, is given a
value of —2 volts, i.e. V,, = 1,.2V/2000.
This is the case of the d.v.m. described in
this article and the basic range is thus
2 volts.

The beauty of the dual-slope integration
method lies in the fact that the long-term
stability of the clock oscillator and the
precise values of R and C are unimportant.
Providing they are stable over the short-
term (not more than 200ms for a full-scale
reading) which may more than reasonably
be expected, the accuracy of the system is
theoretically only dependant upon the ac-
curacy of the reference voltage.

As has already been mentioned, the
divide-by-10 and 2000 counters are reset to
zero immediately after the time 7, has been
transferred (o the display. This is unhke the
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previous designs described in this maga-
zine, which had a “dead period™ at the end
of the discharging process, whilst the main
counter continued towards a total count of
2000, before reconnecting the input to the
integrator to V,,. The modification to this
design allows readings in excess of full-scale
(up to a limiting value discussed later) to be
accurately interpreted and is one of the
reasons why existing large-scale integrated
circuits were not considered for the control
and display logic. The main reason, at the
time of construction, was one of cost and
availability. The article, “Digital Panel
Meter”?, published in this journal, amply
illustrates the advantages to be obtained
from using l.s.i.cs. However, while the use
of individual logic circuits may be cheaper
than the large-scale ones (if considerably
more bulky) the author has taken advantage
of the opportunity to “stamp’ his own orig-
inality upon the design of d.v.m. circuits.
Eventually, when the cost of l.s.i.cs become
really low, the designer will no longer be
free to indulge his own whims and fancies
upon the basic designs, but will have to be
content to accept the designs of others.
The lack of a “*dead period” in the opera-
tion of the d.v.m. measurement cycle does
have one other advantage in the simplifica-
tion of the switching circuitry when only one
resistor is used in the integrator. If more
than one resistor is used, say, one for + V,
and one for —V¥,,, a possible source of
error is introduced due to the differing
ageing characteristics between resistors.

Dual pelarity. The principle of operation
of a dual-slope integrating digital voltmeter
so far described has only been for a single
polarity type. For a dual-polarity type, some
modification to the basic block diagram of
Fig. 1 is necessary. Fig. 2 is a block diagram
of the dual-polarity principle adopted by
the author. The method of conversion of
voltage into time is exactly as described
before. However, the capacitor C will be
charged negatively or positively as deter-
mined by the polarity of the input voltage.
Thus two reference voltages, of equal mag-
nitude but opposite sign, are needed to
discharge the capacitor, positively or nega-
tively as appropriate. Two comparators are
also required to detect the direction of the

charge on the capacitor and hence select the
appropriate reference voltage for discharg-
ing. Except for the addition of polarity
detecting logic, the operation of the control
and display logic remains unaltered.
Initially the capacitor C is discharged
and the output from the integrator, V,,
will satisfy the following condition; —2mV
<V, < +2mV. The output from comparator
1 will therefore be logical *“1” and that of
comparator 2, logical zero. Due to the
inversion of the logical level at the output
of comparator 2 by inverter 1, the input to
the control logic and from the AND gate
will be logical “1”’, which is the same as for
the single-polarity d.v.m. of Fig. 1. This is
thus the beginning of the measurement
cycle and the control logic connects the
resistor, R, via the electronic switch, to V,.
Providing that the magnitude of V;, is
greater than zero, the capacitor C will be
charged. If V, is positive, C will be charged
negatively and the output of comparator |
will become logical zero. Comparator 2
remains unaltered at the logical zero level.
The output from the AND gate thus
changes to logical zero. Similarly, if V,, is
negative, C will be charged positively and
the output of comparator 2 will become
logical “1””, comparator 1 remaining at the
logical “1” level. Once again, the output
from the AND gate becomes logical zero.
At the end of the timing period, the control
logic commands the connection of one of
the reference voltages to the input of the
integrator. The reference voltage selected is
dependant upon the logical states of the two
comparators fed-back to the electronic
switch. If the output from both comparators
is logical zero, — ¥, will be selected and if
they are both logical “1”, + V¥, will be
selected. The logic of the electronic switch-
ing circuit is so arranged that a logical zero
at the output of either comparator inhibits
the selection of + V., and a logical “1” at
the output of either comparator inhibits the
selection of — ¥, .. Because of this it is im-
possible for both reference voltages to be
selected simultaneously. Having connected
the appropriate reference voltage to the in-
tegrator the capacitor is discharged until the
voltage across it again satisfies the con-
dition, —2mV<V,<+2mV. When this
occurs, the output from the AND gate

Fig. 2. The system of Fig. I adapted to accept dual-polurity inputs.

comparator
—-2mV

+V, 2
! electric R : !
) - AN —4 -
th switch A
~Vret — p
integrator
+2mV L~
A A
comparator

1 »-
C & contl_"ol (+2,000)
—{H + \—D_ logic & store

471

again becomes logical *‘1”, commanding
the control logic to transfer the time ¢, from
the main counter to the display, reset the
divide-by-10 and main counters to zero and
reconnect the input of the integrator to V.

Polarity indication is achieved by detect-
ing the logical states of the two comparators
at the end of the initial timing period. If at
the end of this time the outputs of both
comparators are logical zeros (when V,, is
positive) the J input to the J-K flip flop will
be logical “1” (due to the inverting action
of inverter 2) and the K input will be logical
zero. A pulse from the control logic, trans-
mitted at the end of the timing period, trans-
fers the logical “1” at the J input to the Q
output, which in turn operates drivers in the
display unit to indicate the positive sign.
Similarly, if at the end of the timing period
the outputs of both comparators are logical
17, then the J and K inputs will be logical
zero and ““17, respectively, and a logical ““1”
will be transferred to the O output. Thus
the negative sign will be displayed. When
the input voltage is zero, the outputs of both
comparators remain unaltered, from their
original conditions, at the end of the initial
timing period. Both J and K inputs are thus
logical zeros and the polarity sign indicated
1s that of the last input voltage greater than
zero. In this manner, the sign indicated by
the display remains illuminated until an
input voltage of opposite polarity is applied.
By shorting the ¥, input to earth, the
polarity indication may be used to accur-
ately set the zero reading of the d.v.m.

The —2mV and +2mV reference volt-
ages applied to the negative inputs of com-
parators | and 2, respectively, are necessary
in order to define clearly the discharged
state of the integrating capacitor. It would
not be possible to do this if both reference
inputs were connected to earth. In practice
it is sufficient to separate the reference
levels of the comparators by such an
amount as to guarantee the discharged
state to be clearly defined, allowing for tem-
perature drift of the differential offset volt-
ages of the comparators. The fact that the
two comparator reference levels are at dif-
ferent voltages in no way impairs the ac-
curacy of the system. However, the closer
the two reference levels, the easier it is to
assess a true zero condition in the absence

clock
(200kHz)

4
-
o]

main counter

A

¥ ¥ Yivyly
Y|y
J o1 +
CP display
K ap—np—>—-
J-K tlip-flop
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of an input voltage, and 2mV represents a
resolution of less than the least significant
digit displayed.

Basic d.v.m. circuit

For convenience the basic circuitry of the
d.v.m. has been split up into two. Fig. 3isa
detailed circuit diagram of all the analogue
circuitry of the d.v.m. plus the electronic
switching circuitry and the polarity logic.
Fig. 4 is a detajled block circuit diagram of
the control and display logic. It will be seen
“that the total circuitry uses only well known
and easily obtainable, inexpensive, opera-
tional amplifiers, transistors and t.t.1. digital
circuits.

Analogue circuit. Examining first of all the
circuit of Fig. 3 1t will be seen that Z,,
which is fed with a constant current of
about SmA by Tr, and its associated cir-
cuitry, provides a reference voltage of +5.6
volts. This large positive reference voltage
is converted into a smaller positive one of
2 volts, with low output impedance, by /C,
and its associated circuitry. It is similarly
converted into a —2 volt reference level,
with low output impedance, by the invert-
ing action of IC, and its circuit. Variable
resistors, R, and R,, allow for a precise
setting of these two reference levels. ICs
provides a buffer input for V,,, has unity
gain and a low output impedance. The out-
put from IC; is voltage limited by zener
diodes Z5 and Z, for the protection of

the transistors used in the electronic switch.
R, allows the output from IC, to be ad-
justed precisely to zero when the input
voltage is zero. IC, is the integrating opera-
tional amplifier and /Cg and ICy are the
comparators, 1 and 2, respectively. 77, is
the transistor switch for +V,,, Tr, the
switch for — 1V, and transistors 7r, and
Tr;, in parallel, the switch for V. The
operation of these transistor switches is
controlled by /C, and IC, and the outputs
from the two comparators via the diodes
D, to Dg. The operation of these tran-
sistors as switches may be unfamiliar to
some readers and will therefore be ex-
plained. Figs. 5(a) and 5(b) illustrate, respec-
tively, the conventional use of a transistor
as a switch and the more unconventional
mode as used in this d.v.m. In Fig. 5(a),
when a sufficiently large current is applied
to the base of the transistor, it saturates
with a collector-emitter voltage of typically
200mV, which varies little with varying
supply volts, V,, providing the collector
resistor is of a reasonably high value. This
offset voltage is very high when compared
with a resolution for the d.v.m. of lmV and
makes the use of a transistor as a switch, in
this mode, quite unsuitable. It is a curious
fact, however, that when the same transistor
is turned upside down, see Fig. 5(b), (V,
must not now exceed the V,, breakdown
voltage of the transistor) and a sufficiently
large current is applied to the base of the
transistor, it saturates, this time with an
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emitter-collector voltage of only a few milli-
volts. Experiments with n-p-n and p-n-p
transistors, types BCI82 and BC212 re-
spectively, in the test circuits of Figs. 5(c)
and 5(d) (which are effectively rearrange-
ments of the circuit of Fig. 5(b), allowing
for transistor types), yielded the results in
Table 1.

Table 1
v, V,, (mV)
(volts) BC182 BC212

+2 +33 +2.1

+1 +15 +13
0 -03 +0.3

-1 -1.7 -1.0

-2 28 25

The above two transistors were selected
randomly and others of the same two types
produced only slightly different results.
From the above results it was thought quite
satisfactory to use a BC182, in this switch-
ing mode, for switching + ¥, and a BC212
for switching — ¥, .. The very small voltages
dropped across the collector and emitter of
the transistors are easily allowed for in the
adjustment of the two reference levels.
Neither of the two transistors was thought
ideal for switching the input voltage be-
cause, although the small voltages dropped
across the transistors at V, equals zero
could be allowed for in the zero adjustment

p-n-p transistors BC212

+12V o _os Rs n-p-n n BCI82
11k 1k diodes INS14 or equivalent
Rg
390 L1 o
2v7 4
Py P
Tr5
V.
= +5v
3
Rio —
K5, Rig  Rao Q Q] Ras
7, 2k2  2k2 7472 2k23
2 4
5v6 F = KCPJ
30 4 A
10
N A
NN 2 4 >—01v
—p—]

9 10 R Ny
Vin 2p 1éi Vo
PPt

Rns
390
P
\ =
¢ L. Rwo
R34

Rg 103
k2
-12v

Ra7 R32
56k 220k
VAA
¢ —12v
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Fig. 3. The unalogue circuitry.
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of the input op-amp, the relationship be-
tween V,, and V,, were not exactly linear.
However, the author discovered that if both
types of transistor were used (by connecting
them back-to-back as in Fig. 5(e)) and were
switched on simultaneously, a nearly ideal
switch was produced. Using the same two
transistors, as tested above, in the experi-
mental circuit of Fig. 5(e) produced the

results in Table 2.

Table 2
V,, (volts) Vv, (mV)
+2 +2.7
+1 +1.4
0 ~0
-1 -13
=2 -2.7

The two transistors were thus acting to-
gether to produce a switch with very nearly
zero offset voltage and an effective “‘on”
resistance of (2.7mV x 20kQ)/2V = 27Q. A
parallel combination of a BCI82 and a

BC212 is thus used as the switch for V,,. The
above table of results is interesting in view
of the fact that the two transistors used were

not precisely matched, except for their
values of V,, at zero input voltage. The

author, therefore, feels fairly confident that
any pair of transistors, types BC182 and
BC212, should function satisfactorily in
this manner without the need for special

matching.

(a)

+10V

—10V

(d)

overioad
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+Ve

+10V

20k

(e)

—10V

Fig. 5. (a) Conventional and (b) inverted transistor switches. Test circuits, using n-p-n and
p-n-p devices are shown in (¢) and (d) and (¢) in the final form using both types.
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Fig. 6 illustrates the complete switching
circuitry of the d.v.m. and, remembering
that the outputs from the two comparators
(ICg and IC,) and IC, and IC, are either +
or — 10 volts (approx.), operates as follows:
At the onset of the measurement cycle (i.e.
V., connected to the input of the integrator)
the voltage at the output of ICg is +10V,
that of IC,, — 10V that of IC,, — 10V and
IC,, +10V. The voltage at the junction of
the diodes, D, D, and D, is thus approx.
— 10V and Tr, is OFF, the voltage at the
junction of the diodes, Dg, D, and Dy, is
approx. + 10V and Tr, is OFF; the voltage
at the base of 7r, is negative of its collector
and therefore it is ON, and the voltage at
the base of Tr; is positive of its collector
and therefore it is also ON. At the end of the
timing period the voltages at the outputs of
IC, and IC, reverse, to become + 10V and
— 10V respectively, turning transistors 77,
and Try OFF. In the absence of any feed-
back from the outputs of the two compara-
tors, transistors Tr, and Tr, would simul-
taneously be turned ON, shorting + V.,
and -V, together. However, with the con-
nections as shown and assuming a positive
input voltage, the output of comparator
one (ICy) will have become — 10V by the
end of the timing period, the output of
comparator two remaining — 10V. The
junction of diodes Dg, D, and Dy is thus
free to swing in a negative direction at the
command of IC, and Tr, is turned ON
connecting — ¥, to the input of the inte-
grator. — 10V at the outputs of both com-
parators prevent Tr, from being turned
ON. If the input voltage had been negative,
the output of comparator two (/Cg) would
have become + 10V by the end of the
timing period, the output of comparator
one remaining +10V; the junction of
diodes D,, D, and D would then have been
free to swing in a positive direction at the
command of /C, and Tr, would have been
turned ON, connecting + V,,, to the input
of the integrator. +10V at the output of
both comparators prevent Tr, from being
turned ON. The diodes D, D,, D5 and Dy
prevent breakdown of the emitter-base
junctions of the transistors Tr; to Tr,,
respectively, when they are held in their
OFF states.

The switching currents feeding into the
bases of the transistors Tr; to Tr, to turn
them ON are of the order of 300nA to
500uA, and it is because of this relatively
heavy current that the output impedances
of the sources of +V,,,, — V,,, and V;, must
be low. A higher output impedance would
result in these voltage levels being altered
in the presence of the switching currents,
impairing the accuracy of the d.v.m.

Returning now to Fig. 3, it will be appre-
ciated that the outputs from the two com-
parators (either + or —10 volts) are not
compatible with t.t.l. digital circuit logic
levels. (For the t.t.l. circuits, logical
0 = 0.2V and logical 1 = 2.5 to 5.0V)

Transistors Try to Try are included to
achieve this conversion in voltage levels and
to provide the inversion function of the in-
verters 1 and 2 of Fig. 2 and also to provide
the function of the AND gate. Thus, when
the output from /Cy is + 10 volts, the col-
lector of Trq is about 0.2 volts and hence the

+Vrei

ICq

(compurutor 2)
r— —

output to
integrator

—j—P—<-

(comparator 1)

Tr4
BC182
“Vret
o,
Fig. 6. The compleie analogue switching
circuit.

J input of the J-K flip-flop is logical “0”;
when it is — 10 volts, the collector of Tr,
and the J input are at about 5 volts, i.e.
logical ““1”. Similarly, when the output
from ICy is — 10 volts, the collector of Trg
is about zero volts and hence the K input to
the J-K flip-flop is logical ““0”; when it is
+ 10 volts, the collector of Trg and the K
input are at the logical ““1” level. When the
outputs from ICg and ICy are + 10 volts
and — 10 volts respectively, the output to
the control logic, ¥, (the junction of the
collector of 7r, and the emitter of Trg), is
at the logical ““1” level. If either ICg is — 10
volts or ICy is +10 volts, the output, V,,
becomes logical zero.

IC, and IC, are included for similar
reasons to the transistors Trg to Try; they
convert the t.t.l. logic level from C to the
necessary plus and minus 10 volt levels for
the operation of the electronic switch cir-
cuitry. The positive input of /C, and the
negative input of /C, are held at a voltage
level of about +2 volts. A logical “0” at the
C output from the control logic thus pro-
duces voltage levels at the outputs of /C,
and /C, of +10V and — 10V, respectively.
Logical “1” at the C output produces volt-
age levels of —10V and + [0V at the out-
puts of /C, and IC,, respectively.

It has already been stated that the inclu-
sion of zener diodes Z; and Z, is to
limit the output from /C, for the protection
of the switching transistors. The necessity
for this protection can best be understood
by assuming that a voltage much greater in
magnitude than 2V, say +4V, were applied
to the input of /C;. Since it has unity gain,
the voltage on the collectors of Tr, and Tr;
would also be +4V. Now, if the input of the
integrator were connected to — ¥, then the
voltage on the emitters of Tr, and Tr;
would be —2V and the emitter-base junc-
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tion of Tr, would be in danger of breaking
down, since ¥, for all four transistors is
only rated at 5 volts. (N.b., a transistor with
a reverse voltage connected across its
emitter and collector can only withstand a
voltage equivalent to its V,, breakdown
voltage plus the voltage across the forward
biased collector-base diode.) Similar danger
would be experienced if V,, were —4V and
the input to the integrator connected to
+ V,er (+2V); the emitter-collector junc-
tion of Try would then be threatened. The
emitter-collector junctions of Tr; and Tr,
could also be threatened if the input to the
integrator were connected to V;, when it
was at a level of +4V or —4V, respectively.
Z, and Z, limit the voltage on the col-
lectors of Tr;, and Tr; to approx. +3.3 volts
so that the magnitude of the maximum
possible voltage across the collector-emitter
Junctions of all four switching transistors is
5.3 volts.

The variable resistors R, and Rs, of Fig.
3, allow the short circuit and open circuit
input offsets of the integrating op-amp
IC,, to be set to zero.

The action of IC,, together with Tr,,
and its associated circuitry, allows the out-
put of the integrator to be held at the zero
volt level by shorting the integrating capa-
citor. This circuitry is used in conjunction
with the auto/manual facility of the d.v.m.

Control logic. The inter-connections be-
tween the various t.t.1. digital circuits of the
control and display logic are shown in the
block diagram of Fig. 4. The second, third
and fourth decade counters and the divide-
by-two flip-flop form the basic divide-by-
2000 counter. 4, B, C, D, E, Fand G are all
J-K flip-flops and are contained in four t.t.1.
circuits, type SN7473. Not shown are the
connections between the outputs of the
divide-by-two flip-flop and the clock pulse,
C,, input of flip-flop 4, and the output of
the F flip-flop and the C,, input of flip-flop
G. The six inverters, which are buffer/
drivers with open collector outputs capable
of sinking 40mA, are all contained in the
t.t.l. circuit, type SN7416. The four duai-
input NAND gates are all contained in the
t.t.1. circuit, type SN7400, and the four dual-
input AND gates in the t.t.l. circuit, type
SN7408. The clock circuit is made from
a t.t.l. dual-Schmitt trigger circuit, type
SN7413, together with a resistor and a
capacitor. The circuit is shown in Fig. 7.

The binary outputs from the three decade
counters of the main counter are transferred
to suitable decoders via three quadruple
latches, t.t.l. circuits type SN7475. In a
similar manner, the outputs from the
divide-by-two flip-flop and the A flip-flop
are transferred to the inputs of two inverter
buffer/drivers via a dual-latch, t.t.l. circuit
type SN7474. Three other inverter buffer/
drivers accept the outputs of the polarity
flip-flop (see Fig. 3) and drive the hori-
zontal and vertical bars of the polarity
display. The sixth inverter buffer/driver is
used to provide increased power for driving
some of the C, inputs of the latches.

In order to understand the operation of
the control logic, and hence the operation
of the d.v.m., Table 3 has been drawn up. It
shows the logical states of the outputs of
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the relevant elements of the control logic
for various steps in the operation of the
d.v.m. For the moment the functions of
flip-flops Fand G have been ignored and the
logical state of the output of NAND 1 is
assumed to be a permanent logical “‘1”’. For
the initial conditions it will be assumed that
all the logical elements are in such states as
at the beginning of a measurement cycle.
This is as in step O of the above table. No
clock puises have as yet been generated, the
first decade counter and the main counter
are all set to zero and the output C is a
logical ““1”’. The output ¥, is also a logical
one. The input of the integrator is thus con-
nected to V,, which is assumed to have a
magnitude greater than zero but less than
2 volts. The clock is running and the first
decade counter and the main counter start
to count up to a total of 20,000 clock pulses
(a period of 100ms). At some time during
this period the output F, will become
logical *“0” and the outputs of the various
logic elements become as in step 1 of Table 3.

At the end of this period the state of the
main counter is again 0000 (2000 = 0000)
but the output of 4 will be logical “1”, see
step 2. On receipt of another clock pulse,
step 3, several things happen. Output B
changes from “0” to “1”’; D from “1” to
“0”, resetting output 4 to “0’; and C
becomes 0 connecting the input of the in-
tegrator to the appropriate reference volt-
age. The resetting of 4 to “0 transmits a
pulse to the polarity flip-flop of Fig. 3,
transferring appropriate logic levels to the
outputs P; and P,. A further clock pulse,
step 4, resets D to logical “1”. The main
counter now continues counting and noth-
ing further happens to the logic until ¥,
again becomes logical ‘17, indicating the
end of the measurement cycle and the fact
that the integrating capacitor has been dis-
charged, see step 5. Immediately ¥, becomes
logical ““17, the k input to flip-flop B be-
comes logical *“1”°. B, is the latch pulse and
a logical ““1” is immediately transmitted to
the latches via AND gate 4, NAND gate 3
and inverter 3. The logical states of the out-
puts of the main counter and flip-flop 4 are
thus transferred to the three decoders and
inverter buffer/drivers 1 and 2, indicating
the count reached by the main counter and
whether there is an overload or not. Since
the magnitude of V,, was assumed to be less
than 2 volts the counter will not have
reached 2000 and the output of 4 will be
logical ““0”, indicating no overload. On
receipt of the first clock pulse after ¥, has
become logical 1, step 6, again a number of
things happen. Output B, and thus its input
B, (the latch pulse), changes from logical
“1” to “0’’; output £ changes from “1” to
“0”, setting output D and the output from
the divide-by-two flip-flop to “0” and also,
via NAND gate 2, resetting all four decade
counters to zero; and output C changes
from logical “0” to ““1”, reconnecting the
input of the integrator to V;,. Since output
D has become ““0” output A will also be set
to “0” if it were a logical “1” before. A
second clock pulse, step 7, resets £ from
“0to “‘1”, releasing the first decade counter
and the main counter (allowing it to begin
counting again) and flip-flop D. A third
clock pulse, step 8, resets D from “0” to “1”,
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Table 3. Sequence of logical states of control logic elements

Step CP Count. A V, B, B B C C C D, D D E E E
0 0 0000 o 1 0o 0 0 017 1 0 O 1 0 0 1
1 K ?? o 0 o 0 0 0 07 0 O 1 0O 0 1
2 0 2000 Tt 0 1 0 0 1 0 1 0 1 1 0 0 1
3 1 0000 o 0 06 0 1 0 0 O 1 O O o0 0 1
4 2 0000 0 0o 0 017 0 0 0 0 0 1 0 0 1
5 0 77 0o 1 0 1 1 0 1 0 0 O 1 0 1 1
6 1 0000 c 1.0 0o 0 0 1 1 1 0 O 1 0 O
7 2 0000 ¢ 1. 0o o 0o 0 1 1 1 0 O O 0 1
8 3 0000 ¢ 1 0 o o oD 1 1 0o 0O 1 0 0 1
9 0 2000 11 1 0 o0 o0 1 1 0 1 1 0 0 1

10 1 0000 c 1 0 1 1 0 1 1 1 0 0 O 1 1
11 2 0000 ¢ 1+ 0 o o 0 1 1 1 0 O 1 0 O
12 3 0000 ¢ 1. 0 0 0 0 1 1 1 0 0O O 0 1
13 4 0000 o 1 0 0 0o 0 1 t O O 1 0 0 1
14 0 2000 T 0 1 0 1 1 0 0 O 0O 1 0 0 1
15 0 200+ 1 1 1 1 1 1 1 0 0 0 1 0 1 1
16 1 0000 o 1 0 0 0 o 1t 1 1 0 O 1 0 O
17 2 0000 c 1 0 0 0 O 1 1 1 0 O O 0O 1
18 3 0000 o 1. 0 0 o o0 1 1 0 O 1 0O 0 1

In terms of logical levels: B, = A, B, = B.V,; C,; = AV,; Co=V,; D;=D; D, = AC E,=E

Ex =8V,

leaving the outputs of the various logical
elements exactly as at the beginning of the
measurement cycle. A new measurement
cycle was, in fact, begun at step 7, the
moment the main counter was released after
being reset.

When the input voltage is zero or its mag-
nitude is greater than 2 volts, the operation
of the control logic is slightly modified.
When V,, is zero volts, ¥, does not become
logical ““0” so that when the main counter
reaches 2000 the conditions of the various
logic elements become as in step 9. After a
further clock pulse the output of B becomes
logical “1”, so that B, also immediately
becomes logical *“1”” and a zero count is
transferred (remembering, 2000 = 0000) to
the decoders. Simultaneously, the output of
D becomes “0” and 4 is reset to zero, pre-
venting an overload indication being given.
At the end of three more clock pulses, steps
11, 12 and 13, the initial conditions, at the
beginning of a measurement cycle, are
arrived at once more.

When the magnitude of ¥, is greater than
2 volts, the counter will become 2000 for a
second time before ¥, has become logical
“1”. The conditions of the outputs of the
logic elements when this state is reached are
as shown in step 14. Having passed 2000 the

+5v
(o}
SN7413
1A Vee
1B 2D
430 2C
1C
1D 2B
I\ 1Y 2A
output
o Gnd 2Y p—tP—>
10n ::

Fig. 7. Clock pulse generator, using a dual
4-input Schmitt NAND.
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counter effectively starts counting again
from 0000. Nothing further happens to the
logic until eventually ¥, does become
logical 1, step 15. Immediately, B, becomes
logical *“1”* and the state of the main counter
is transferred to the decoders, etc., together
with the overload information on flip-flop
A. Three more clock pulses, steps 16, 17 and
18, reset all the logic elements to their initial
conditions. Since the overload indication
represents a count of 2000, it may be added
to that shown by the display to indicate a
reading in excess of 2000,

The upper limits for reliable readings in
excess of 2000 are determined by the precise
breakdown voltages of zener diodes Z;
and Z,, and the reverse breakdown volt-
age of the holding transistor 7r,, across
the integrating capacitor. When V,, is nega-
tive, the integrating capacitor charges posi-
tively so that Tr,, will breakdown if the
voltage across the capacitor exceeds about
5.7 volts (V,, = 5V). The integrating capa-
citor charges up to a voltage level, V,
equivalent to

100ms

(1/RC) V,.dr.
1]

ie. V. = V,,.100ms/RC, and since RC =
20kQ x 2.2uF = 44ms, V, = 2.27V,,. Theo-
retically then, the upper limit for reliable
readings in excess of 2000, when ¥, is
negative, is, 5.7V/2.27 = 2.500. When V,,
is positive, the upper limit for a reliable
reading in excess of 2000 is the breakdown
voltage of Z; plus the forward diode voltage
drop across Z, which in total, is about
3.300. -

Having discussed the operation of the
control logic of the d.v.m. in its Auto mode
(by neglecting the operation of flip-flops F
and G) it is now time to consider the func-
tion of the Auto/Manual and Sample/Hold
switches and flip-flops F and G in conjunc-
tion with the hold circuitry, /C5 and etc., of
Fig. 3. As shown in Fig. 4, with the Auto/
Manual switch in the Auto position and the
Sample/Hold switch as indicated, the out-
put of flip-flops F and G are held at logical
zero and hence the output of NAND gate 1
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1sa logical ““1”. The operation of the control
logic and the d.v.m. is therefore as described
above, providing a continuous sampling of
the input voltage. If now the Auto/Manual
switch is switched to the Manual position,
flip-flops F and G begin to count the main
counter’s resetting pulses transmitted by
flip-flop E. After three such pulses the out-
puts of both F and G become logical **1”
and hence the output of NAND gate 1
becomes logical “0” and that of NAND
gate 2, logical “1”. The main counter is
thus held permanently reset and no further
pulses are transmitted by flip-flop E. Simul-
taneously, the logical ““0” level at the out-
put of NAND gate | switches the output of
IC; to — 10V, switching T#,, ON and hold-
ing the voltage across the integrating capa-
citor to zero volts. The d.v.m. remains in
this state, holding the last reading of ¥, on
the display, until either the Auto/Manual
switch is switched back to Auto, or the
Sample/Hold switch (which is a simple,
returning, push-button changeover switch)
is depressed. If the Sample/Hold switch is
depressed and released, the outputs of F
and G are cleared to zero and the d.v.m.
operates for a further three cycles until F
and G are once more logical ones, when it
again holds, displaying the latest reading of

V... If, when the Auto/Manual switch is in
the Auto position, the Sample/Hold switch
is depressed and held down, the d.v.m. will
hold its reading, after three further cycles,
until the Sample/Hold switch is released. In
this manner the d.v.m. can be made to con-
tinuously sample ¥, and hold the infor-
mation for as long as is desired by depressing
the Sample/Hold switch, or sample V;, only
on demand when the Sample/Hold switch
is momentarily depressed.

Having described the operation of the
d.v.m., there are now but a few points to
clear up concerning the analogue circuit of
Fig. 3. As mentioned earlier, the two com-
parators, 1 and 2, are ICg and IC, respec-
tively. The two reference voltages, —2mV
and +2mV, applied to the two comparators
are provided by the two 100-ohm preset
potentiometers and their associated cir-
cuitry. Each 100-ohm pot. provides an out-
put voltage in the range of +12mV to
—12mV, approximately. This allows for
the offset tolerance of the 709 op-amps,
used for the two comparators, of about
+8mV. The output of the integrating op-
amp connects to the non-inverting (positive)
input of each comparator vig a 10-ohm
resistor. A very small amount of positive
feedback is applied to each comparator by
feeding their outputs back to their respective
positive inputs via a 220kQ resistor. In
practice this results m about 2mV of
hysteresis in the switching action of the two
comparators. The output of comparator 2
changes from + 10V to —10V when the
output from the integrator exceeds about
+3mV, and changes back again to + 10V
when the integrator output falls to about
+ IlmV. Comparator 1 (/Cy) operates in a
similar manner about levels of —1mV and
—3mV. This small amount of positive feed-
back results in a more positive switching
action of the comparators without impair-
ing their resolution. The output from the
integrator is about 227V, thus 2mV

hysteresis represents a resolution of about
0.88mV, which is less than the resolution
of the display (1mV).

This concludes the description of the cir-
cuitry and operation of the basic d.v.m. The
rest of the article deals with the description
of the a.c. rectifier circuit, a suitable input
attenuator and buffer stage, power supplies
and, finally, circuit board layouts and a
discussion on some of the components.
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Correction

In the article “Frequency Shifter for ‘Howl’
Suppression” by M. Hartley Jones (July
issue, pp. 317-322) the following corrections
should be made.

Appendix (p. 321)
In Fig. 8, the point where the ¢, curve
crosses the frequency axis should be labelled
fo1 instead of f,,.

The line immediately after equation (2),

should read
N a2+ﬁ2
T\ a? 452

Components list (p. 322)
Unfortunately there was a duplication of
resistor numbers in Fig. 4 and Fig. 6. The
values given in the list refer only to Fig. 4.
The following additions are necessary:

Components in Fig. 4

Rys 6.8kQ

ICs, IC, Motorola MC1495L or

Silicon General SG1495D.

Components in Fig. 6

Ris. Rys  12kQ

Ry6 560

C,, 470nF

2

v.

In the article “F.M. Tuner Design—Two
Years Later” by L. Nelson-Jones (June
issue, pp. 271-275), the 68pF capacitor
shown connected to the tap of L; in Fig. 2
should be connected to the emitter of Tr;—
as in the original article.
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H. F. Predictions
for October

Magnetic disturbances at 27-day intervals (one
solar rotation) have been clearly evident since
January of this year. Comparison with the pre-
vious sunspot cycle minimum period (as was
done for the solar index in last month’s notes)
shows that the current disturbances are several
days longer lasting than in the corresponding
year of 1962. The intensity of current
disturbances has dropped over the past two
months, a feature also found in 1962 when,
after two or three quiet rotations, the dis-
turbances appeared consistently with each
rotation for the following two years. The next
most likely period of magnetic disturbance is
September 23rd to October 7th.
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News of the Month

Fifth Intelsat 1V satellite

The latest Intelsat IV communications
satellite to be launched has undergone two
weeks of testing before being placed in
commercial service. The fifth to be put
in orbit, it is positioned over the Atlantic
Ocean and has a capacity to provide an
average of 5,000 two-way telephone calls
or 12 simultaneous colour television
programmes. By the end of this year 91
aerials at 73 earth stations in 55 countries
are expected to be operating with the five
Intelsats.

The first two Intelsat IVs were launched
in January and December 1971 over the
Atlantic to provide commercial services
between the U.S.A. and Europe. The third
was launched over the Pacific in January
1972. The fourth was launched last June
over the Indian Ocean. Each satellite is
designed to have a life of seven years.

New laser-induced electrical

effect discovered
An unusual and totally unexpected
electrical effect has been discovered by
Robert J. von Gutfeld and Eugene E.
Tynan at I.B.M’s Thomas J. Watson
Research Centre at Yorktown, New York.

Von Gutfeld and Tynan have found
that when the surface of a thin film of
a metal such as molybdenum or tungsten
is irradiated with brief pulses of laser light,
voltage pulses of up to 50mV are generated
in the plane of the film, for 1kW of
incident power. Such pulses can readily
be detected without special amplification,
and the planar direction of the voltage
makes for simple attachment of electrical
connections on the film surface.

Exploitation of the new effect could
result in inexpensive arrays of fast photo-
detectors responsive over a broad optical
spectrum and operable over a wide
temperature range. Moreover, detectors
based on the new effect would be resistant
to the heat-degradation characteristic of
such now-common photodetectors as
silicon-based devices. Some experimental
detectors based on the effect in fact show
an actual increase in sensitivity with rise
in temperature.

The new phenomenon was discovered
during studies of heat conductivity in
which a pulsed laser was used to “inject”

bursts of thermal energy into small
samples of various materials under con-
trolled and monitored conditions. A
temperature gradient through the depth
of the irradiated films does appear to play
a central role in giving rise to the voltage,
at right angles to the gradient.

At least as surprising as the voltage
direction is the fact that the voltage
polarity remains the same, for fixed
contacts, no matter how one rotates the
film in its own plane around the axis of
the laser beam. The only way to reverse
polarity for a sample to which measure-
ment contacts are fixed is to shine the
laser beam on the other side of the film.

In a paper in the August 15 issue of
Applied Physics Letters, Dr. von Gutfeld
suggests, that underlying the newly found
effect is an asymmetry within the films
themselves — microscopic distortion
caused by such factors as stress arising
while the film is being deposited and/or
misplacement of atoms as they stack up
while the film is being Yormed. This type
of asvmmetry would be independent of
rotations around the laser-beam axis and
could result in the “crosswise” voltage
observed, as von Gutfeld shows by an
analysis of the so-called Boltzmann
transport equations,  which  relate
symmetry structure to electrical and
thermal parameters. The voltage would,
in fact, be a photo-induced transient
thermoelectric effect.

Alphanumerics on a TV
picture

A new modular Series 204 “Display con-
troller” from Ann Arbor Terminals, Inc.,
Ann Arbor, Michigan has been developed
speciiically for superimposing alpha-
numeric data on an ordinary TV picture
in cable TV, closed-circuit TV, video tape
recording, and annunciator applications.
The 204 has an alphanumeric display
repertoire of 64 alphanumeric characters.
Up to 16 lines with 32 characters per line
may be displayed, and all 512 characters
are stored in an internal m.o.s. dynamic
shift register memory. Character size is
proportional to screen size, and is typically
0.22in on an llin screen. The controller
accepts either picture video or composite
sync from the video source. A choice of
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three output signals is provided:
alphanumerics added to the picture; alpha-
numerics added to the composite sync; or
synchronized non-composite alpha
numerics that can be mixed externally with
other video signals.

A switch is provided which allows the
full screen of alphanumeric data to be
added to the video for data display and
annunciator applications, or 1, 2, or 3
lines near the bottom of the picture for
titling applications.

Congress on Acoustics —
1974

Environmental acoustics will be the theme
of the Eighth International Congress on
Acoustics, to be held at Imperial College,
London, on 23-31 July 1974. The main
address at the opening plenary session, to
be held in the Royal Albert Hall, will be
given by R. H. Bolt (U.S.A.). This address
will be on the general subject of acoustics
and the environment. Other invited
speakers will be continuing this theme in
a series of lectures designed to review par-
ticular aspects of the subject. Offers of
papers for the sessions of contributed
papers are now invited, and full details
on the submission of these are contained
in the Second Circular, which is available
from The Administrative Secretary, 8 ICA
1974, 47 Belgrave Square, London SW1X
8QX.

Spacelab — new agreement

Six member states of the European Space
Research Organization (ESRO) have
recently signed the “Arrangement between
certain member states of ESRO and
ESRO” for the development of the Space-
lab that forms the European contribution
to the American space shuttle programme.
The financial contributions of the six
member states concerned represent 76%
of the overall sum that Europe will devote
to the Spacelab programme.

Berlin highlights

The Berlin radio and television exhibition
is without doubt the largest and most
influential entertainment electronics show
in Europe. Its strength lies not only in
its size — 600,000 visitors, 88,000 sq.m
area and 253 exhibitors — but also in
its multi-level scope. It attracts top
management, marketing executives,
broadcasters, designers, dealers, enthu-
siasts and the public from all over Europe;
indeed many came from Japan and the
U.S.A. But despite its huge size it is
relatively easy to find ones way about
because of the superb organisation; more-
over most of the 1973 exhibitors occupied
the same places as they did in 1971.

There was much talk about a new mag-
netic video disc. Thought up by a private
inventor earlier this year, it is presently
being developed by Bogen in Berlin. Basic
idea is to produce a disc that will record
and playback pictures on a conventional
turntable. In this idea, scanning is
achieved by a record/playback head
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attached to an arm that is guided by the
conventional stylus-in-groove. technique.
Roughly half the disc has a spiral groove
to guide the arm, the remaining area being
treated with chromium dioxide and
scanned with 0.1 4 m-gap head attached
to the arm.

So far, with a rotational speed of 156
rev /min (chosen so that 78 rev /min strobo-
scopic markings could be used) a playing
time of 5 min and a bandwidth of about
2.5MHz has been achieved (this is about
four months) and work is now directed
at achieving a 12-min playing time with
a speed of 78 rev/min and a bandwidth
of 3MHz.

Not a challenge to the Teldec video
disc yet because the TED system, as it
is now called, is well advanced and will
be sold in Germany this coming January,
the greater challenge coming from the
Philips long-playing disc (see page 474,
1972), about which more next issue.

RCA’s SelectaVision MagTape system
was given its European premiére. In this
2-in system, tape is retained in the
cassette (called a cartridge by RCA) which
means that the elaborate and no doubt
expensive tape extraction mechanism of
other systems is avoided.

In surround-sound systems it seems any
question of standardization is being left
to the market place to decide; but unfor-
tunately not all systems are built into the
hardware available. One system is not yet
launched, though it was given its first
public demonstration in Berlin. This is the
“New Discrete” or QMX system, devised
by Duane Cooper and developed by
Nippon Columbia. It has the feature that
software for it can be played in two quad-
raphonic modes, one using an inexpensive
decoder and relying on the two audio
channels on discs to give a very satis-
factory performance. For better image
definition a demodulator for two carrier
channels can be added, the two additional
audio channels having the feature that
they are narrow bandwidth and as a conse-
quence the highest frequency on this disc
is around 36kHz rather than the 45kHz
of the CD-4 system. Both mono and stereo
compatibility sound excellent.

Meanwhile, more makers on the
Continent are fitting the Motorola i.c.
SQ decoder in their equipment.

Further details of these developments
together with a brief look at some other
areas of activity will be published in the
next issue.

Toshiba subsidiary in U.K.

It’s not well known that Toshiba first
produced surround-sound equipment in
1964 — called “dynamic stereo”. Lack
of public interest meant shelving the
development, but Toshiba haven’t been
slow in introducing other innovations,
like a photoelectric cartridge, an i.c.
cartridge and an electret capacitor
cartridge. When the Japan market was
ready for surround sound, Toshiba
introduced their own matrix known as

Much smaller than
the grain of salt

to its right, this
solid-state laser
(small rectangle on
top of block) may
hasten the day
when the laser
proves to be
sufficiently
reliable, efficient
and economical for
a future optical
communications
system. Bell
Laboratories’
scientists have
developed a system
which has
operated a
batterv-powered
semiconductor
laser continuously
Jfor over three
months.
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QM and, more recently, they have devel-
oped a new stylus shape that gives similar
advantages to the JVC Shibata stylus.

Now, of course, QM has given way
to RM and the current Toshiba equipment
is fitted with RM and SQ decoding
functions.

The range of equipment now available
through 600 U.K. dealers (50 being “hi-fi”
specialists) comprises 34 products. It
includes two and four-channel amplifiers
and tuner-amplifiers, a matrix decoder with
rear amplifiers, a stereo tuner, two open-
reel tape decks (one four-channel), four
cassette decks (one with Philips and two
with Dolby noise limiters), headphones
(one with a crosstalk switch), loudspeakers
and “unit audio” systems. As well, there
is an 18-in solid-state colour television
receiver (Toshiba have a PAL licence) at
£295, three u.h.f. black and white receivers
— one 14-in model using a 110-degree
tube — in-car equipment, and a few other
items. An unusual feature on the amplifiers
is a choice of turnover frequencies for bass
and treble controls of 400Hz and 1kHz.

There is only one sad point about
Toshiba’s entry to the U.K. market. Data
sheets we have that were printed in Japan
show performance curves of equipment,
but the U.K. printed ones don’t.

Toshiba (UK) Ltd are at Toshiba House,
Great South West Road, Feltham, Middx,
telephone 01-751 1281.

Miniature Solid-state
TV Camera

An all solid-state television camera using
an array of 10,000 photosensors with
charge coupling, assembled on a 24-pin
dual-in-line package, has been demon-
strated in the United States. Developed
by the Fairchild Camera and Instrument
Corporation, it measures 34in X l3in
X 24in, weighs six ounces and has
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a power consumption of about one watt.
The camera will work in conditions
ranging from bright sunshine to subdued
room lighting. Accessories include an
optical viewfinder, tripod, monitor, pistol
grip, a range of lenses and a separate
unit providing battery power and radio
transmission up to 100 feet. The camera
is a commercial product and Fairchild
say the price and availability will be
announced later this year.

Solid-state miniature television camera
made by Fairchild.

Briefly

Enter the consumer. “Consumerism is
noi a fad,” says Nathan W. Aram,
a Zenith Radio Corporation vice president.
“Ignoring it will not make it go away.
In fact we shouldnt want it to go
away, rather let’s accept consumerism.
Serving  today’s consumer is an
opportunity for all of us.”
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Multi- channel Proportional Remote Control

Use of t.t.l. in low cost system giving nine channels

by M. F. Bessant*

The introduction of inexpensive Sservo
torque units and integrated-circuit pulse-
width servo amplifiers has opened up new
possibilities in the field of low-cost propor-
tional remote control for general laboratory
or industrial use. Unfortunately the associ-
ated drive circuitry available commercially
is intended for model radio control, and is
often built on the same printed-circuit cards
as a 27MHz transmitter and receiver. The
cost-effective application of torque units
and amplifiers to a system not requiring &
radio link therefore depends upon the user’s
ability to construct suitable drive circuitry.
This article outlines a remote control
system offering a maximum of nine fully
proportional channels, using medium scale
integration t.t.1. to obtain a low component
count and level of wiring complexity, at a
lower cost than currently available con-
struction kits.

Coder

The purpose of the coder is to scan sequen-
tially nine parallel input commands (from
potentiometers for fully proportional in-
formation and switched resistors for “go/
no-go’ or multi-step information) and
present them to the single-line data link as
a series of nine varying width pulses
followed by a fixed width synchronisation
pulse.

To understand the operation of the coder
shown in Fig. 1, it is advisable to start on
familiar ground with the collector-coupled
astable multivibrator formed by transistors
Tr,, Tr,, and Trj, then assume that on the
initial application of power the decode
counter holds a number between 0000 and
1001 (i.e. a b.c.d. number), say 0001. This
will result in charging current being *‘pulled
down” through channel 1 command re-
sistor R; via pin 2 of the open-coliector
b.c.d.-to-decimal converter, thereby allow-
ing astable action to commence. The coder’s
first output pulse (taken from the collector
of Tr3) will be in the 1-2ms range with an
exact duration determined by the setting of
R;. The positive transition produced at
the collectors of Tr, and Tr, by the termina-
tion of this pulse clocks the counter into the
next state (0010) and after a 0.25ms delay
fixed by the CR time constant at the base of
Try, the second coder output pulse is
generated (the duration of which will this
time depend upon the setting of R,). All
the command resistors will be sampled

*University of Bristol.

sequentially in this manner until a count of
0000 is reached, when a 0.5ms sync pulse is
generated, thus ““labelling” the next output
pulse as a command function corresponding
to channel | (or 0001 again).

When displayed on an oscilloscope the
repeating train of nine 1-2ms varying-width
pulses, with equal 0.25ms spacing, has a
distinctive “‘concertina” appearance (see
Fig. 2(a)), with each command function
being sampled approximately every 20ms.
(This coding is compatible with commercial
radio-control equipment should interfacing
become necessary.) In the event of a non-
b.c.d. number being held in the counter at

“switch on”, resistor R; will enable the
astable to free run at a low clock rate until
one of the b.c.d.-to-decimal converter out-
puts goes low, preventing the system from
locking up.

Fig. 1 shows channels 1-6 as fully pro-
portional and channels 7-9 as “‘go/no-go™
functions. This is only to illustrate the idea,
in practice any mix of commands can be
used, depending on the application.

Decoder

The decoder accepts the serial information
from the coder (viu some form of data link)
and by detecting the sync. pulse, passes the

-O +5V {max)

Try
ZTX501
Try

ZTX501

Tra
ZTX501

220k 10k 4 10k§ 10k§

output to
data link
10k
. \?, g’ ) A il e o e ‘El S g —
> (sync)
Swg Swg Sw-,
R

SN74145N
b.c.d.-to-decimal

Fig. 1. Nine-channel coder.
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nine individual commands to their respec-
tive servo amplifiers. It can be seen from
Figs. 2(b) and 3 that the operation of the
coder and decoder is in many ways similar
due to their both being effectively clocked
by opposite collectors of the same astable.
Both b.c.d.-to-decimal converter outputs
will therefore be almost identical (the
decoder output has a 0.25ms “offset”) pro-
viding the counters are locked in step by the
sync. detector clearing them both simul-
taneously. A change in the value of ¥R, for
example will result in a corresponding
change in the duration of the negative going
pulse fed to channel 3 servo amplifier via
pin 4 of the decoder’s b.c.d.-to-decimal
converter.

Detection of the synchronization pulse is
achieved by comparing the length of in-
verted input pulses with the output of a
0.6ms monostable reference. Fig. 4 shows
that as the minimum length of all command
pulses exceeds 0.6ms only the 0.5ms sync.
pulse presents the counter’s internal “clear”
NAND gate with two high inputs simul-
taneously, thus clearing the counter to 0000
before the arrival of the next channel 1
command pulse. A similar combination of
reference monostable and gating could be
used after the decoder to detect the “go/
no-go” information pulses.

Data Link

If the data link between the output short-
circuit protection resistor R, (Fig. 1) and
the decoder’s input consists of more than a
simple cable link (optical coupling etc.) then
care must be taken not to subject the
decoder t.t.l. inputs to voltages outside the
decoder’s supply rail limits. Transistor Tr,
(Fig. 3) has therefore to serve the dual
purpose of logical inverter and voltage
clamp.

Data link bandwidth limitations present
no critical problems to decoder operation
for the following reasons:

(a) command pulse width information is
carried on positive transitions only;

(b) these transitions are reshaped before
clocking the counter by the sync. detector’s
Schmitt/monostable. Deterioration of the
incoming pulses will not, therefore, result
in reduced counter noise immunity, al-
though excessive “pulse rounding” will
eventually lead to reduced servo resolution.

Compared with the widely used technique
of cascading discrete-component mono-
stables to produce ‘“‘concertina” pulse
trains which are then decoded by some
form of shift register (s.c.r. etc.), the ap-
proach described in this article offers many
advantages. One advantage not already
stated is the ability to reduce the size or
power consumption of the decoder simply
by substituting the standard t.t.I. shown in
Fig. 3 with low power or flat pack versions
where appropriate.

Servo amplifier in t.t.].

The system for driving six servo torque
units from the m.s.i. decoder is based on
torque units originally designed to provide
radio control models with a reliable method
of converting electrical commands into
proportional mechanical movement.

A typical unit costing five pounds would
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sync 1 2 3 4 S 6 7 8 9 sync 1 etc.
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Fig. 2. Timing diagrams for (a) coder output, top, und (b) decoder output, bottom.

Fig. 3. Nine-channel decoder.

puise width commands to servo amplifiers
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contain within its matchbox-size case a low
voltage d.c. motor driving a reduction gear
train, the final shaft of which connects at
one end to a positional feedback potentio-
meter and at the other to mechanical output
coupling. Backlash on this shaft would be
less than 1° and stall torque approximately
150z/in. Unloaded full drive transit time
for 300° travel would be in the order of a
second. These basic characteristics are com-
patible with low-cost, light laboratory/
industrial servo applications.

The principle of pulse proportional servo
control is now well established, with the
most popular types of commercially avail-
able “amplifier” (for driving the motor in
the required direction to cancel errors
between command and feedback pulse
length) falling into the following two
categories:

(a) Discrete amplifiers using push-pull
motor drive that require a centre-tapped
supply. Apart from the high component
count (typically ten semiconductor devices
plus associated passive components) these
amplifiers can, in the event of power supply
voltage differences, have the added dis-
advantage of lopsided response.

(b) Integrated circuits, custom built for
radio control servo manufacturers (i.€. not
available directly from semiconductor
manufacturers) have the obvious size and
reliability advantage over discrete counter-
parts, plus in some cases a bridge motor
drive. They are, however, rather specialized
and not easily adapted to different motor
voltage, gear ratio and potentiometer re-
sistance combinations. Both fully assembled
amplifiers cost between five and six pounds.

The amplifier shown in Fig. 5 is based on
a t.tl pulse width comparator feeding a
discrete bridge motor drive circuit. This
combination offers a reduced component
count compared with totally discrete am-
plifiers and improved flexibility (with com-
parable complexity) compared with custom
i.c. amplifiers. A considerable cost saving
can also be achieved if the components for
all six channels are mounted on the same
card (see Fig. 6). Under these conditions
each t.t.1. servo amplifier will cost approxi-
mately £1.

Circuit operation

The position of the torque units output shatt
determines the value of Ry which together
with C; and a 2kQ resistor, form the feed-
back monostable’s timing elements. De-
coded command pulses trigger the mono-
stable vie an inverter and are compared
with the resultant Q and O outputs. If the
position requested by the command pulse
differs from the output shaft’s present posi-
tion an error signal proportional to the
difference in pulse lengths will appear at the
output of either G, or G, open collector
NAND gate depending on whether the
feedback is longer or shorter in duration
than the command (see Fig. 7). Provided
that this error exceeds the drive amplifier’s
“turn-on pedestal”, one side of the bridge
will be turned on and the motor driven in
the required direction (assuming the *“sense”
of the feedback is correct) to reduce the
error below the turn-on level. When this is
accomplished neither side of the bridge
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Fig. 5. Servo amplifier using 1.1.1.

conducts and negligible current is drawn
from the motor supply.

Expansion and deadband
considerations

After being time-division multiplexed by
the coder and decoder, an individual
1.25ms-2.25ms command will only appear
at the input of its allotted servo amplifier
approximately once every 20ms. In order
to sustain motorcurrent between commands
it is therefore necessary to expand the pulse
length of any error produced by the com-
parator. As the value of the expansion com-
ponents Rz, Cp and R, must be equal for
symmetrical servo operation only one side
of the bridge will be referred to below.

The pulse expansion ratio N depends
on the charge and discharge time of Cp,
together with the turn-on pedestal and is

N RZ,, 1
Z.+R: Rp
where Z,, is the drive amplifier input im-
pedance above the pedestal. In practice N
musi be a compromisc between servo res-
ponse time and “pile up” at the higher com-
mand repetition rates (i.e. all commands set
to minimum width).

Resistor R, defines the minimum error
pulse capable of charging Cg to the drive
amplifier’s turn on pedestal and thus cause
motor current to flow. An error below this
level is usually referred to as being within
the “deadband”. In the circuit of Fig. 5 the

wwaLamericanradiohistorv. com

% = motor commutating capacitor

width of the deadband ¢, is

CeRp
2.

The minimum usable deadband width is
limited by the motor and gear box inertia,
which may be sufficient to cause “hunting”
(oscillation about the requested position).
The deadband is often expressed as a per-
centage of command pulse modulation. For
the values given we have r, approximately
equal to 50us with ims modulation; the
servo is therefore said to have a 5% dead-
band.

Although the expansion and deadband
component values shown are not critical
and can be used with most commercial units
in a multi-channel system, some trade off
between response time and deadband may
be necessary to optimize the servo for a
particular application.

4~

Complementary bridge

By using the complementary bridge con-
figuration shown in Fig. 5 a wide range of
motors can be driven (in either direction)
from a single supply, and as any variation
in this supply can only result in symmetrical
changes in servo response time, the two
main disadvantages associated with push-
pull centre-tapped amplifiers has been
eliminated. With the values shown the
bridge is capable of saturation with motor
stall current of up to 300mA (typical
“motor run” current is approximately
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Fig. 6. Layout of components for least cost.

Books Received

Transistor — TV’ Servicing Guide by Robert
G. Middleton. The first chapter covers the
overall subject of transistor servicing, test
procedures, test equipment and basic circuit
functions. Succeeding chapters describe the
various picture and/or sound symptoms that
may be encountered. A list of various circuit
defects that could produce a particular symp-
tom is presented, with procedures for analysing
and isolating each effect. Price £2.25. Pp.128.
W. Foulsham & Co. Ltd, Yeovil Road, Slough,
SLI 4JH.

Understanding Electronic Circuits by Ian R.
Sinclair explains amplifying, oscillating, switch-
ing and logic circuits, and deals extensively
with the subject of integrated circuits, their
merits and limitations in different applications.
The level has been set for those who have some
circuit wiring experience but may be uncertain
of how the circuits function. Although this
book is designed as a self contained work on
modern circuitry, it has been written partly as a
companion volume to “Understanding Elec-

A

tronic Components” by the same author. The
two books between them offer a compact
treatment covering the field of electronic com-
ponents and the circuits built around them.
from a practical and a theoretical point of
view. Price £3.50. Pp.205. Fountain Press,
Model & Allied Publications Ltd, Book Divi-
sion, Station Road, Kings Langley, Hertford-
shire.

Electrical Engineering Principles and testing
methods by Rhys Lewis covers fundamentals of
a.c. and d.c. circuits, including network
thedrems, three-phase a.c. systems, trans-
formers, d.c. machines, amplifiers, instruments
and principles of testing and testing methods.
the latter including the basic essentials of qual-
ity control techniques. The book is for people
undertaking courses leading to technician and
technologist status in electrical and electronic
engineering. The latter part of the book covers
the common testing methods syllabus of the
City and Guilds of London Institute. Much
thought has also been given to the presentation
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Fig. 7. Pulse-width comparator logic.

15mA). Small plastic-cased transistors are
quite adequate even at higher stall currents
due to the very efficient saturating nature of
the bridge. In order to accommodate motor
voltages in excess of the SN7410N S-volt
limit, as SN7401 AN must be used, which
has an open-collector rating of 15 volts. If
the torque unit is capable of operating from
the t.t.l. supply, decoupling between the
motor and logic must be included to avoid
instability.

of transformer theory. Price £4.00. Pp.289.
Applied Science Publishers Ltd, Ripple Road,
Barking, Essex.

Lightning Protection by J. L. Marshall is an
examination of the phenomenon which
maintains a balance in the global electrical
system. It is a collation and consolidation of
available information on the nature, effects and
principles of protection against lightning. Its
nine chapters discuss: losses resulting from
lightning; the nature of lightning; magnitude
of the lightning discharge; the earth as a
discharge terminal for the dissipation of energy;
types of protective grounding systems and
methods for measuring their effectiveness;
specific measures for the protection of human
life; grounding communication towers and
systems; protection systems for buildings and
finally protection of power-transmission
systems. Bibliographies are provided at the end
of each chapter. Price £7.50. Pp. 190. John
Wiley & Sons Ltd, Baffins Lane, Chichester,
Sussex.
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Preparations for sound broadcasting service opening in October

Commercial “Independent Local Radio™
services will open in London in October
with a general programme provided by
Capital Radio and a special news service
by the London Broadcasting Company.
These will be the first two of what
may eventually be as many as 60 different
I.L.R. programmes in the U.K., each
transmitted on both v.h.f. (Band II) and
m.f. By about next spring, the London
services will be joined by those for
Birmingham, Manchester and Glasgow,
with two more — one for Swansea,
the other for Tyneside and Wearside
opening in the summer of next year.
Then over the next two years stations
are likely to be opened in Bradford,
Edinburgh, Ipswich, Liverpool, Notting-
ham, Plymouth, Portsmouth, Reading,
Sheffield, Teesside and Wolverhampton,
though not in that order. Stations are
also being planned for Belfast, Blackburn,
Bournemouth, Brighton, Bristol, Cardiff,
Coventry, Huddersfield and Leeds. These
27 stations should provide services for
just over half of the population of the
UK.

For all these services the controlling
body is the LB.A., which will build
and operate all the transmitters and,
in conjunction with the Post Office,
provide the distribution links. The studios
and studio equipment will be the concern
of the programme companies, although
these are required to operate within the
technical characteristics set out in a
detailed I.B.A. code of practice.

The planning and engineering of an
entirely new series of broadcasting services
is not something that happens every
day — and sound radio has a life
style very different from television. The
problems include:

1. The search for suitable frequency
allocations with the need to achieve
close co-operation with the existing
users of the crowded frequency spec-
trum.

2. The search for suitable transmitter
sites  (with  relatively large areas
needed for m.f. aerial systems) close
to major cities.

3. The provision of balanced coverage
on both m.f. /a.m. and v.h.f. /f.m.

All these problems need to be solved
without making the whole operation so
costly that it would be no longer viable.

Before the Sound Broadcasting Act
1972 (now consolidated into the Indepen-

dent Broadcasting Act 1973) reached the
statute book in July 1972, preliminary
planning was undertaken by the Ministry
of Posts and Telecommunications, and
two LB.A. engineers -— J. B. Sewter
and F. Wise — were temporarily seconded
to M.P.T. to help in this work.

The problems of planning frequencies
and coverage areas were formidable. For
many years the medium-wave band in
Europe has appeared to be grossly over-
crowded -—— and this is certainly the
case after dark. Yet in daytime listeners
have not been well served in programme
choice compared with what is theoretically
feasible. So what chance was there of
setting up a whole new network —
each carrying a different programme —
without finally breaking the camel’s back?

N

b
A t

Then again many of the views on what
constitutes an adequate m.f. signal in
urban centres dates back to the days
before the widespread use of steel-framed
buildings and car radios. And although
superficially Band 1I might appear less
crowded large sections were then occupied
by police, ambulance and similar two-way
mobile communications services. Further,
there were some anomalies in the B.B.C.
network — for example the use of Wenvoe
to carry both Welsh and West regional
programmes — that proved to have
serious repercussions on the planning
of L.L.R. stations. Again, the widening
use of stereo, with its added susceptibility
to adjacent channel interference, tends
to emphasize the complexity of the
problem. Yet another restriction arises

i L e

o

1.B.A. transmitter for v.h.f. coverage in London.
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from the need to avoid harmonics of
the 10.7MHz if. channel used in v.h.(f.
broadcast receivers.

For m.f. only one main “U.K.-assigned™
channel (261m, 1151kHz) is being made
available exclusively for I.L.R. stations;
1546kHz (194m) will be shared with
B.B.C. stations; other frequencies will
be those internationally agreed under
Article 8 of the 1948 Copenhagen Con-
vention and Article 9 of the Radio
Regulations.

Despite these various limitations, the
I.B.A. engineers felt that the setting up
of a new system provided an unusual
opportunity to look afresh at the technical
side of sound broadcasting. Much of
the standard work in this field dates
back to the ‘thirties before the
“distraction” of television.

A small team from what was then
still the LT.A. visited North America
to investigate recent experience in
designing and operating local radio
stations in the United States and Canada.
What they found made a profound im-
pression. For example advantage was being
taken by many v.h.f. stations of mixed
polarization — circular or slant polarized
signals — to provide a better and more
homogeneous coverage for car radios and
portables using telescopic v.h.f. whip
aerials; again, on m.f., there was growing
use of complex directional transmitting
aerials using quite large numbers of mast
radiators and capable of producing deep
nulls in the radiation pattern to Ilimit
interference with co-channel stations. It
was also noted that American practice
aimed at providing relatively strong signals
in the centres of towns to overcome
local screening. It is not unusual to
find American planning based on pro-
viding m.f. field strengths of 50 or even
100 mV/m in city centres. One result
has been that after many discussions,
the contour of 3 mV/m has now been
adopted for the planning of m.f. stations
for the I.L.R. system: it is no secret
that higher figures were proposed.

The combination of strong signals and
multiple use of the same channel may
seem mutually contradictorv — and this
would certainly be the case were the
network to depend on omni-directional
transmitting aerials. By opting for three-
and four-mast radiators, the I.B.A. are
planning to use 1151kHz in London,
Birmingham, Manchester and Glasgow.

This again imposes important restric
tions on the choice of m.f. sites. In
the London area no less than 200 different
sites were investigated. The need to reduce
radiation towards Birmingham points to
a site to the north-west of London from
which signals can be directed over the
main London area while minimized in
the Birmingham direction.

Such sites are difficult to find — an
even greater difficulty is that of obtaining
planning permission for their use. Local
authorities and local opinion are acutely
conscious of questions of “environment”
and they approach any suggestion of
a site requiring the erection of a number
of moderately high aerials with more
than a little misgiving. It soon became

—my :‘"mu;me '
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Working on the London v.h.f. transmitter.

clear to the LB.A. that permission to
use any of the possible sites in north-west
London would take time, and might
delay the start of the service. For that
reason the decision was taken to find
a temporary site where an omni-directional
acrial would prove reasonably effective.
This has resulted in the m.f. station
at the London Transport Executive’s
power station at Lots Road, Chelsea,
where the tall chimneys provide supports
for a simple wire T aerial. The aerial
has a 212ft twin-wire top loading section
with a 275ft vertical radiating section
in conjunction with a very effective earth-
ing system which benefits from the
presence of the Thames. The same aerial
is used simultaneously for transmissions
on 557kHz and 719kHz to be used
by Capital Radio and London Broadcast
ing Company respectively. Despite the
low power — less than 500 watts e.r.p. —
the coverage achieved by this station
is extremely good.

Clearance for the use of 557kHz
was sought in the summer of 1972
when the interference levels in the London
area were shown to be low; subsequently
the unauthorized ship station “Radio
Veronica” off the Dutch coast moved
on to this channel. Veronica causes some
interference in the eastern part of the
London area and more especially in areas
beyond the intended coverage. .B.A. hope
to transfer these services to the permanent
site at Saffron Green, near Barnet, towards
the end of 1974,

For v.h.f. coverage in London a suitable
site exists at the I.LB.A. 405-line television
station at Croydon. This introduces to
the London area the problem of v.h.f.
broadcasting from different sites (the
B.B.C. station is at Wrotham, Kent) but
it was felt that the more central site
offered significant advantages. To over-
come the problem of “swamping” local

WWW.americanradiohistorv.com
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listeners a special transmitting aerial with
a narrow beam in the vertical plane
has been adopted (see April 1973 issue,
p.175). The aerial — the first broadcast
aerial in the U.K. designed for circular
polarization — is of six tiers, with the
result that all homes less than about
a mile away “see” less than 100 watts
er.p. compared with the 2kW in the
main lobe.

Surveys made since the start of some
preliminary tests in July-August 1973
suggest that generally there is less than
6dB difference between horizontal and
vertical components of the signal. with
a tendency for the vertical component
to be slightly stronger towards the north.
American  experience  suggests  that
although  polarization is  relatively
unimportant in cluttered surroundings,
the use of circular polarization can in
clear sites give an advantage of between
6 and 12dB where reception is on
portable or car receivers. The LB.A.
intend to use circular or slant polarization
at all stations where new v.h.f aerials
are installed; generally circular polari-
zation will be used.

The v.hf. stations are designed for
pilot-tone stereo and a stereo link is
being provided between the local studios
and the v.h.f. transmitters — because
of the local nature of this operation
the problems associated with nation-wide
stereo distribution do not arise. It is
expected that the programme companies
(other than the special news station)
will make considerable use of locally
originated stereo. In addition, the studios
will be linked by a monophonic “music”’
line to the local m.. station. There
will also be a monophonic distribution
link between the London news station
and all stations requiring a news feed.

The engineering of L.L.R. has meant
the setting up of a new local radio
planning group within the I.B.A. Engineer-
ing Division and a local radio section
within the existing station design and
construction department; most of the other
work has been achieved within the struc-
ture established for television.

What is regarded as a most important
engineering pre-requisite has been the
drawing up and issue of a detailed Code
of Practice for the technical performance
of studios and the specification of audio
distortion  measurements.  This  has
provided the various programme com-
panies with a clear idea of the technical
standards expected from them. It includes,
for example, sections on studio acoustics,
in terms of reverberation time and ambient
noise levels. It is part of the determination
that I.L.R. broadcasting will be based
on up-to-date engineering techniques and
equipment.

Clearly companies will need some time
to gain experience of their facilities —
time scales are such that some equipment
for the London operations is likely to
arrive only hours away from the start
of service. But once the settling down
period is over it will be fascinating
to see what new head of steam is given
to sound broadcasting in the United
Kingdom.
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Electronic Sound Synthesizer: Part 3

Final circuit details, interconnection of functions by patch-panel,
keyboard and joystick control

by T. Orrt *B.Sc. and D. W. ThomasT Ph.D., MLE.R.E.

The final part of this series describing the
construction and operation of a sound
synthesizer completes the circuit functions
provided with sample and hold, noise
sources and the waveform generator cir-
cuitry.

Sample and hold

It is very useful to have an analogue
memory function, for use in such cases as
a long fadeout where a constant control
signal may be required throughout. One
method of implementing this requirement
is to use a sample and hold device with the
following characteristics. The output should
have a very small offset voltage coupled
with a low output impedance; also a long
storage time, so that the output voltage will
only drift by a few per cent per minute; and
a high accuracy over the specified input
range. The sampling period is relatively
short, being initiated by a positive-going
pulse. Also, there is no input buffer because
the output impedance of all the units of the
synthesizer is low. The input voltage range
is approximately —0.5V to +6.5V, being
deliberately limited by D, (Fig. 28).

The signal is stored on C;, a low leakage
capacitor, which is connected to the input
voltage by an f.e.t. (Tr,). This transistor is
used as an analogue gate and is controlled
by a monostable (Trs¢ ;). During the
monostable period, the gate is opened and
the signal is sampled. The voltage stored on
C, is monitored by Trs, a current-driven

Noise souices

The noise sources fill two functions, firstly,
a source of noise that can be filtered and
modulated, and secondly, a low {requency
source that can be used as a randomly
fluctuating control voltage. This was
achieved by constructing a white noise
source and injecting the output into a spec-
trum shaping network and a low pass filter.

White noise source

The major difficulty in producing a simple,
reliable white noise source is the very nature
of noise itself; it is non-deterministic.
Several methods were available, but the
simplest and cheapest seemed to be the use
of the leakage current Icu, of a faulty
(high leakage) germanium transistor. How-
ever, this approach requires that the leaky
transistor is specially selected, or even
manufactured by gentle frying! A suitable
device (Tr,) Fig. 29, should produce an
average noise level of approximately 40mV
pk-pk, when used in the configuration
shown. The white noise generator consists
of three parts; the noise source Tr;, an
equalized high gain amplifier, and an output
buffer. A high gain amplifier is used because
the signal level from Tr, is relatively low,
thus particular care must be taken to

Fig. 28. Circuit providing the sample and
hold functions. Resistors are 5%, 3 W,
capacitor Cy should be u polyester low-

isolate Tr, and the input of the amplifier
from any power supply fluctuations. Preset
R, is adjusted to give a suitable output level
of between 2 to 3V pk-pk average.

Coloured noise source

Coloured noise is produced by driving a
spectrum shaping network with white noise,
this network being a Baxandall tone control.
Preset R,, is adjusted so that with both
tone control pots at maximum the output
shows no signs of clipping.

V.L.F. noise

Very low frequency noise is extracted from
the white noise source by two low pass
filters, only one of which is available at one
time, the selection being made by operating
switch S, Fig. 29. One of the drawbacks of
this method of producing v.Lf. noise, is
that very little signal remains after filtering,
the amplitude rapidly diminishing with de-
creasing cut-off frequency.

Preset R,, is adjusted so that the two
v.1f. outputs have the same amplitude, of
approximately 3V pk-pk average.

Waveform generator

The waveform generator produces a control
voltage that may be used to either frequency
or amplitude modulate other units. The
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5009 source resistor, the spread in Vg may Vin jao MEFAL
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its saturation region, and maintaining /p
virtually constant, variations in Vg can be
kept very low for considerable changes in
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start of the waveform is initiated by a pulse
input, the output rises “‘exponentially” and,
after a predetermined period, falls “ex-
ponentially” (Fig. 30). Three controls are
provided, attack, duration and decay and
the pulse may be introduced electronically
or from a manual pulse source.

The circuit operation is as follows (see
Fig. 31). The first section is a current driven
monostable, the monostable period or
duration being controlled by the current
drive which is proportional to the wiper
setting of Rs. The monostable is triggered by
either a positive going input pulse or from
a manual pulse upon release. The square
wave produced is then fed into the attack/
decay section where a capacitor is charged
via the attack control R, and diode D;.
When the monostable period is over, the
capacitor discharges viu R,,, the decay
control, and D,. The potential across the

capacitor is monitored, and an attenuated
and buffered output signal is produced. A
choice of duration times is available (C, or
C3+ C, with S, closed) and also a choice of
time constants (Cg or C¢+C, with S,
closed).

Joystick control

The joystick is a mechanically controlled
voltage source having two degrees of free-
dom, and thus generating two independent
control voltages, which are proportional to
the stick’s position. The device is essentially
a position transducer (Fig. 32) with two
sense pots (R, and Ry, Fig. 33) mounted
orthogonally. The range of the joystick is
limited by the rectangular opening in the
front panel giving approximately 90° of
freedom in both the x and y directions. An
extra pot can also be seen (Fig. 32) but this
is used only as a spindle. The connecting
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cable should be thin and flexible so as to
present as little restriction as possible to the
stick’s movement. Also, this cable should
be firmly held by two ‘P’ clips, one on the
Joystick assembly and one on the front
panel so as to stop continual wear on the
soldered connections.

The circuit function is illustrated in Fig.
34. A constant potential is maintained
across the control pots R, g, in Fig. 33 and
by the zener diodes D, 3. Also, the potential
of these pots relative to OV may be shifted
by presets R, 6. Wiper crackle is attenuated
by capacitors C; s and the wiper is buffered
to the output by 7r, 5 and Trs ¢. With the
Jjoystick in the bottom left hand corner of
its range, the two outputs x and y are zeroed
by adjusting R, ¢; movement of the joystick
in the x and y directions will then produce
corresponding positive increases in the
potential of the respective outputs.

Keyboard

The keyboard generates a control voltage
that is linearly proportional to the status of
the key that is pressed. This voltage is pro-
duced for the duration of the key’s de-
pression, returning to OV when the key is
released. If two or more keys are pressed,
the highest frequency key is selected auto-
matically. Also, when a key is pressed, a
pulsc is generated, this being intended to
trigger the waveform generator or the
sample and hold unit. However, if the
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Fig. 30, Quipurs available from the
warelorm generator.

Fig. 29 Noise source circuitry which
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production of this trigger pulse is required,
then care must be taken when playing the
keyboard to ensure that each key is released
spare pot

before the next key is pressed. If this pro-
cedure is not observed, then, even though
the control voltage does change correctly,
no pulse will be generated. The result is the
production of a signal somewhat different
to that intended.

The keyboard control circuit is shown in
Fig. 35. A constant potential is maintained
across resistors R; to R,g5, and as all these
resistors are the same, they form a potential
divider composed of equally spaced steps.
The switches S, to S, are operated by the
keyboard and form, with diodes D, to D,
and resistor Rs,,a “Minof” analogue gate.
Thus, whatever combination of switches are
pressed, the most negative voltage is
selected, this voltage appearing at the
emitter of Tr,. Note that when no switches
are pressed, the emitter of 7+, rises to nearly
+ V... This voltage must be modified so that
it is in a suitable form to act as a control

connecting wires
should begfirrnly T
clamgped by two P chlips
the connecting wire should
be thin and flexible

used as a spindle

/
joystick assembly
mounted on two

supporting brackets
fixed to front panel

Fig. 32. Mechanical assembly of the joystick conirol.
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Fig. 33. Circuitry assoctared with the joystick conirol. Resistors are 3%, W

wwww americanradiohistorvy. com


www.americanradiohistory.com

488

preset
bras

1OVI

control
pot

10V

buffer

—Vee

Fig. 34. Hllustration of the joysitick control
circuil function.

Fig. 35. Keyboard control circuit. Switches
S, 10 Sy9 are operated by the keyboard and
Jorm with diodes D to Do and resistor
Ry, a “*Minof™ analogue gate. Resistors
are 5%, LW,

signal. It is attenuated (R,s), inverted and
its d.c. level is shifted (Rso) so that the
range of outputs is from 0V to +3V. Also,
the feedback around IC, is such that when
no keys are pressed, and the emitter of 7,
rises to nearly + V., the output (V) is pre-
vented from going negative, and stays at OV,

It is required that a pulse is generated at
the moment when a key is pressed, but not
when it is released. This would be a simple
response to achieve (by detecting the tran-
sition direction of the “Minof”" voltage) if
it were not for the phenomenon of contact
bounce. The spikes produced by the
bounce can be largely suppressed (C,)
but there is still a possibility of generating
a pulse by mistake. One method of over-
coming this dilemma is to use a Schmitt
trigger with a sizeable hysteresis loop, so
that, as the ““Minof ™ signal plus spikes rises
or falls, it causes the Schmitt to change state
only once. The direction of this change is
determined by whether the input is rising
or falling (i.e. whether the key is being
released or pressed) and can thus be made
to produce a pulse only on the falling
transient.

Some applications of the keyboard are
given in Fig. 36. Fig. 36(a) shows a patch
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diagram of simulated piano sound. A
sinusoidal signal is given a fast attack and a
slow decay. Note that the control output
(V,) from the keyboard is modified by the
exponential converter, so that an equally
tempered scale is produced. However, if the
key is prematurely released, the output
promptly changes frequency. Fig. 36(b)
overcomes this difficulty, by using the
sample and hold circuit to store the con-
trol signal. Also, reverberation with a slow
sinusoidal modulation has been added pro-
ducing a pleasant effect similar to a xylo-
phone. Fig. 36(c) shows a network tor
producing bell-like “*clanging’ noises.

Patch panel

To provide a flexible means of program-
ming the synthesizer, a patch panel similar
to the type used in analogue computers has
been included. As the input and output
impedance of all the units is low, it was
possible to use an unscreened system. In
fact, ordinary 4mm banana plugs and
sockets were eventually chosen, this deci-
sion being greatly influenced by cost factors.
This choice, however, presents a danger of
damage due to misuse. If two outputs are
connected together, then it is possible that
some damage will eventually occur, al-
though how long it takes is difficult to
predict. Certainly, from previous experience
of a similar synthesizer, no lasting damage
was seen to occur when an error of this sort
was made. To minimize this danger the
sockets are coloured, all the inputs being
yellow, the outputs being any other colour.

The synthesizers on the market appear to
have overcome this difficulty, but at some
cost. One method is to employ a series of
horizontal and parallel conductors, one set
being the inputs, the other set the outputs.
Pins are then plugged in to make a connec-
tion between an input and an output, thus
the danger of an ““output to output” never
arises. Other methods are to use switches
or jack plugs instead of pins. These systems
are all pre-wired and so another problem,
that of the “birds’ nest™ of patch cords (an
all too familiar sight to those who have ever
used an analogue computer) has also been
eliminated. However, this advantage has
been gained at some expense.

The layout of the patch panel was
determined on a logical basis; that is, all the
oscillators on one section, the v.c.as and
v.c.f. in another, the noise sources in one
block etc. Also, to make connections with
an external amplifier, a coax. socket was
included as well as two sockets which were
connected to ‘“‘ground” potential, these
being used as a OV reference point for
external equipment such as voltmeters or
oscilloscopes.

Power supply

Many units of the synthesizer are sensitive
to power supply fluctuations and so a
stabilized supply is desirable. The circuit
diagram of the supply used is given in
Fig. 37. Without this suppression it is
possible to trigger a response by switching
on and off unconnected (except viu the
mains) equipment. Care should be taken in
constructing the power supply to avoid
introducing any high current paths that
might adversely affect the circuit operation.
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Appendix
Voltage controlled filter

Consider a bandpass filter consisting of a
series LCR network. The behaviour of this
system is characterized by a linear second
order differential equation with constant
coefficients. Using analogue techniques,
it is possible to model this system, but
more important it is possible to make
the coefficients variable, in fact, voltage
controlled.

The general equation of a linear second
order system is

F(1) = %+ 2kw,%+w,’x

Where , is the undamped natural fre-
quency, k is the damping factor (note, the
quality factor Q = 1/2k), and F(1) is a
generalized forcing function. The solution
of this equation consists of two parts; the
particular integral that depends on F(z),
and the complementary function that de-
pends on the solution of the right hand
side only. Using the network shown in
Fig. 38(a) it is possible to implement the
complete solution. Different forms of F(z)
can be inserted, and by varying pots 4 and
5, the values of »,? and 2kw, can be modi-
fied. By monitoring the voltage at the output
of integrator 1(— x), the response of a band-
pass filter, with the same coefficients, under
the influence of the same forcing function
F(1), is observed. (The coefficients for a
series LCR circuit would be w, = 1/LC
and k = R/2 C/L). By monitoring x, a low
pass response would be seen, and X a high
pass response. If pot 4 were an electronic
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Fig. 36. Three examples of how the paich-board can be programmed for a particular sound
synthesis. See text for explanation.
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Fig. 37. Power supply circuil. Note the use
of the suppressor capacitor C, to reduce
any impulsive inierference present on the
mains. Resistors are 5%, W except Ry,
and R, , which are IW. Heat sinks are
required by Tre (0.6 W dissipation) and
Trs and Try (both 14W dissipation). Dy,
is a bridge rectifier 100 p.i.v. ar 2A4.
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(@ l 5 One method of curing both of these
-2Emn% effects is to use two multipliers Fig. 38(b).
2Ewq It is casily shown that there is a linear
s relationship between the control voltage V,
n and w,. Also the Q factor is invariant with
inverter resonant frequency changes (assuming mul-
tiplers 7 and 8 are matched), and the
Ve Omq dynamic range of the filter is equal to that
S L l multiplier of one of the multipliers. It would also be
i i i et
- ‘ i . possible to ccl)m'rol the O factor \Aflth ye
6 7 8 9 another multiplier, but the use of multi-

(b)
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(c) r Gﬁ -0

k2

Lig. 38. Programunes for solving the second order differential equations of the form
F(1) = ¥+ 2¢w,X+,%x where Q = 1/2¢ (see appendix).

multiplier, then w, (and hence k) could be
voltage controlled. Now 1/2k = Q, so it is
thus possible to control both the resonant
frequency and thus the quality tactor. Two
points are immediately noticeable; one, the
Q factor increases with frequency. This is
because if pot 5 remains constant, we have

2kw, = constant

1 w,
] = constant.

20070

Fractional changes in pot 4 i.e. ®,2, result
in the square root of that change in w,.

but K =

WWW.americanradiohistorv.com

pliers is both expensive and introduces com-
plications. It was tor these reasons that the
configuration shown in Fig. 38(c) was finally
chosen. Hence, the relationship between V,
and w, is “linear”, the dynamic range is
nearly 10 to | and the Q tactor increases
with frequency. The variation of the Q
[actor is not as disturbing an effect as it may
appear to be, especially when it is considered
qualatively.
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Capacitor ratings

Voltage ratings of electrolytic capacitors
shown in Figs. 28-38 are as follows:
Fig. 28—C,/35V.

Fig. 29—C,/25V, C5/10V, C,/10V,
C,/10V, Cg/25V, Cy/25V,
Cio/l6V, Cy,/40V, C,,/40V,
C,/16V, Co/16V, C,,/16V,
C,,/10V.

Fig. 31 —C3/40V, C,/16V, C,/40V,
Ce/40V, C,/25V, Cg/25V.

Fig. 33—C,/25V, C,/25V, C4/10V,
C,/25V, C4/10V.

Fig. 35—C,/25V, C,/25V, Cg/16V.

Fig. 37—C,/40V, C,/16V, C,/25V,
Ce/25V, C,/16V, Cg/40V.
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An approach to audio amplifier design

3 System design, applying the figure of merit.

by J. R. Stuart, B.Sc. (Eng), M.Sc., DIC, M.1.E.E.E.

In the second part of this series, the dis-
cussion of an approach to the design of an
amplifier as part of a system led to a detailed
analysis of the application of negative feed-
back loops. Highlighted in this analysis was
the way in which the open loop charac-
teristics of an amplifier need to be related to
the closed loop operating conditions in
order to achieve the correct compromise of
phase, transient and steady-state distor-
tions.

Steady-state distortions

The transistor parameters which contribute
to non-linearity have been listed in part 1,
as follows.
® The exponential form of the relationship
between i, and V,, and of },, with tem-
perature.
® Variations of A, and Agg with collector
current i, with collector-emitter voltage
V.. (Early effect), and with temperature.
At high frequencies other effects are in
variations of C,,, C, and C, with chip
temperature, V,, and i.. Apart from control-
ling quiescent conditions, the major free-
dom available to the designer in defining
the forward or open-loop characteristics of

*Lecson Audio Ltd.

(a)

(b}

an amplifier is the choice of source and load
impedance for each stage and of the amount
of local feedback to be applied.

The two most useful techniques for re-
ducing distortion introduced by device non-
linearities are local emitter feedback (in a
common emitter amplifier) and the cascode
configuration. Fig. 32 shows a simple
common emitter amplifier with and without
local feedback supplied by R,, and the small
signal equivalent circuit for each.

We have for the case with local feedback,
the trans-impedance

Vo _ hyRRs
is  hyy+Rs+Ro(hy +1)

R, =

Setting R, — 0 gives the case of no feed-
back Fig. 32(a)

Vo _ hy.RuRs

Roi= =2 =
is Rs+hy,y

a
By partial differentiation the sensitivity
of R, and R, to device parameters can be
shown, e.g. for change of A, for whatever
reasons we have:
Case (a) no feedback

OR, B R, R
Sh;,  hy +Rs
ip
hfeib

" Ji

Fig. 32. Common emitter amplifier drawn (a) without feedback and (b) with feedback

together with their small signal equivalents.
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Case (b) with feedback
SR, R.Rs
Shpe  hyy+(he+ DR+ R

o
hiy+ (e, + DR+ Rg
This represents an improvement in gain
stability of: )
[hys + e+ DR+ RsJ?

(hy +Rs)(hy 1+ R+ Ry)

Analysis will show the same improvement
for many device parameters and a similar
form of improvement in high frequency
effects.

The cascode arrangement shown in Fig.
33 allows the common-emitter stage to be
virtually freed from the Early effect and
modulation of C,,, as the device is allowed
to operate at constant V,,; this clearly also
allows a higher bandwidth to be achieved
by the stage for given source and load im-
pedances as the Miller effect is considerably
reduced.

Design of a system

The preceding arguments in parts 1 and 2
indicate that an amplifier designed to sound
very good cannot necessarily be synthesized
from the basic specification:

1. Output power in excess of 40W.

2. Power bandwidth 20Hz - 30kHz +
1dB.

3. Very low noise and hum, say —80dB.

4. t.h.d. less than 0.19 at all frequencies
and power levels in the bandwidth.

5. i.m.d., however measured, less than
0.1%.

6. Low output impedance, say 400mQ.

However it seems reasonable in the light

of the preceding discussions to propose a
starting point specification for very good
quality as below.

1. Output power in excess of 40W.

2. Power bandwidth 10Hz - 30kHz+
1dB.

3. Very low noise and hum, say —80dB
flat, —80dB C.C.I1.R. weighted.

4. Weighted total harmonic distortion
less than 0.1% at all frequencies and
power levels: i.e. 10Hz—20kHz, 0-40
watts.

S.1.m.d., however measured, less than
0.1%.

6. Low output resistance, say 400mQ;
10Hz— 20k Hz.
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7. Open loop frequency response—any

loop —3dB at 20kHz min.

8. Feedback factor —40dB any loop.

9. Phase accuracy +10° 20Hz—20kHz.

10. Accurate overload characteristic inside

the loops.

A typical audio amplifier system will be as
shown in Fig. 34; here three major negative
feedback loops are isolated. These are
around the low noise input amplifier, in
which equalization may be applied, the tone
control stage and the power amplifier. In
addition there is the volume control and a
stage of filtering which need not be achieved
by feedback loops.

It has been shown earler that for any
single stage to have a phase shift of 2° at
20kHz then the minimum —3dB closed
loop bandwidth for that stage is 570kHz;
three such stages cascaded would have a
total lag of 6°. It has also been demonstrated
that it is not desirable to drive any audio
feedback amplifier significantly above its
open-loop bandwidth; therefore if the signal
can be restrained to say 45kHz in the filter
stage, then the open-loop response of the
two stages following the filter should be as
similar as possible, thus giving a guide to
the feedback factor that can be applied for
a given overload margin.

The choice of 45kHz for a passive roll-off
is a compromise between the phase distor-
tion introduced by such a filter and t.i.d. in
the power amplifier. It is not in any way a
magic number and may be different in every
design.

At this stage the designer runs seriously
short of information, in particular the extent
to which phase shift can be traded off for
incipient t.i.d., and this is discussed later.
However, it seems reasonable to me that in
view of the poor phase performance of parts
of the audio chain outside direct control.
e.g. the recording studio. and in view of the
high apparent sensitivity of the ear to t.i.d.,
that it would always be preferable to err on
the side of a lower passive roll-off and
higher phase shift—but as a compromise-
not a rule.

A recent design. A commercially available
amplifying system* designed by myself is
shown in block diagram form in Fig. 35.
A low-noise high overload input stage is
followed by an active volume contol, filters
and tone control; in each case the open-loop
bandwidth and feedback factor, FdB, is

a third-order Bessell roll-off which intro-
duces a lag of 12° at 20kHz.

It is clear from the arguments presented
that, for an unconditionally stable char-
acteristic in an amplifier which exhibits no
transient distortion effects in the signal
bandwidth, a low feedback factor is neces-
sary. This is because any increase of feed-
back factor must be accompanied (in the
general and practical situationt) by a re-
duction of open-loop bandwidth, w,,. The
consequences of this are a rise of steady-
state distortion starting below w,; and an
increased possibility of t.i.d. Therefore, in
order that the amplifier should also have a
weighted t.h.d. of less than 0.1 at any
frequency or power level, it was essential
to achieve a low open loop distortion figure.

The final power amplifier design, which is
shown in block diagram form in Fig. 36,
uses a new configuration which is the
subject of a British patent application.

Use of local stage feedback combined
with a complementary form and output
triples operating in class AB gives an open-
loop bandwidth of 17.5kHz and distortion
of 0.29%. The application of 32dB of feed-
back reduces the weighted t.h.d. well below
0.19% and gives an unweighted t.h.d. of
0.005%; between 100Hz and 3kHz.

A figure of merit

Earlier I put forward the idea of a figure
of merit which describes the quality of an
audio chain or a link of that chain. This is
a number derived from a weighted sum of
undesirable characteristics, measured in
terms of the critical parameters. This figure
of merit (f.0.m.) may be time variant; that
is, an amplifier may have for example a
rating of 0.8 (1971) and 0.7 (1973).

It was further proposed that by using
collective subjective results, any parameter
could be assigned a measure of significance,
and further that the starting points for each
parameter would be the thresholds of per-
ception and objection—the latter Mantel®
calls “the threshold of non-neglectability™.

Successive experiments may then show
improved accuracy in the choice of para-
meters, defining thresholds and curve fitting
between the thresholds.

low noise
il input stage
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In this article I propose to outline a work-
able f.o.m. which is based on current know-
ledge as outlined, in the hope that its
defects can be improved upon by large-scale
experimental work.

The working of an f.o.m. Let us consider that
the figure of merit for a chain or item in the
chain be M, where M is the probability that
a person will not be able to detect a short-
coming in the sound. This could be restated
as M = probability of non-detection of a
shortcoming by a member of the population
chosen at random. Therefore an ideal audio
system would have an M = 1 and a poor
system M = 0.

For each stage in the chain of » elements
we propose m; (i = 1,2 ... n) such that the
total figure of merit for the » cascaded stages

is M. = [] M, a;, where 2, is a weighting
factor. '

Each partial f.o.m. M, is composed of a
weighted product of factors believed to in-
fluence the quality of the sound, such that
M shows the joint probability that any one
factor may be detected as a shortcoming.
Therefore in a simple example, if M, con-
siders only the terms
® p(d) the probability of detection of %,
weighted t.h.d., and
® p(n) the probability of detection of #dB
s/n ratio
then we may write

M; = g(d).q(n)
where g(d) = 1 —p(d)
g(n) = 1—p(n)

Fig. 33. The cuscode circiit.

shown. Care has been taken to ensure that ] —
. A " . . ) gy e ower
no transient distortion effects can arise with filters i il > Gpmp“,,er —
an audio signal, and the signal bandwidth )
- a a . equahzation
of the system is constrained to 45kHz with
*The Lecson ACT+AP1 ) ) .
tgiven output transistors Fig. 34. Block diagram of a typical audio amplifier.
ey
AC1
p —A- -~ AP1
f low noise == . . tone » o
INn O— - - - @ power
input stage Zgrl\t:; hilteming control // amplifier gut
®g, = 35kHz ®oL = 35kHz @ = 23kHz ®e =17-5Hz
F = 42d8 F variable F =43dB F = 32dB

Fig. 35, Block diagram of the Lecson system showing the bandwidih and feedback faciors for each section.
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Now this is clearly a simple example and
does not take account of perception
thresholds or interactions of parameters
and masking effects. It will not be sufficient
to write, for example, p(n) as the probability
of detection of ndB signal to noise ratio, but
possibly as a conditiona! probability of
detection of weighted noise—say C.C.1.R.
weighting—given a specific bandwidth.

So an f.0.m. which would be useful in the
predictive design of audio components
could be made up from tables of conditional
probabilities and give a performance mea-
sure of universal use.

In this analysis I propose to use the
thresholds of perception and non-neglect-
ability (p(x) = Oor 1) for all the parameters
discussed so far and to discuss interpolation
between these points.

In Table | a list is given of these para-
meters, and of thresholds which seem to be
reasonable in the light of current know-
ledge.

Frequency response is treated by con-
sidering the two roll-off points—items 1
and 2—and determining a rough measure
of g(w,) and g(wy) from Fig. 6 which are
from results produced by Snow. Thus a
response 20Hz — 20kHz has a partial M of
1 while 100Hz— 10kHz has a partial M of
0.9x%0.95 ~ 0.86. Phase and amplitude
linearity have been considered as being
logarithmically interpolated in the absence
of any other information— the same method
has also been used by Mantel®.

Steady state distortions are again inter-
polated logarithmically; this being chosen
as a reasonable assumption in the absence of
further knowledge. The whole basis of this
experiment is to test the values and curves
I have offered as a starting point.

[ would suggest that at this starting point
in the derivation of an f.o.m. the a priori
measure of the likelihood of t.i.d.—the
transient intermodulation index—be used,
and the interpolation is as shown in the
Table.

Signal to noise ratio is shown weighted
according to the C.C.1.R. standard, and it is
intended that this should include only hum
and noise and not measures of crosstalk or
other interfering signals.

Other parameters which have not been
listed but are clearly essential when discus-
sing elements of the chain other than ampli-
fiers include a frequency modulation
measurement to include wow, flutter and
Doppler effects.

A review of the f.o.m. In the form proposed
here it is possible to produce a single number
which is intended to describe the subjective
sound quality of a piece of equipment
derived from objective measurements based
on the following suppositions:

(i) it is possible to tabulate a conditional
probability for the -detection of any
single shortcoming in terms of popu-
lation.

(ii) that this ‘probability will move in
some way from 0 to | between the
levels of perception and objection.

In order that a number may be derived,

and that the behaviour of the f.o.m. may be
investigated, I have used the thresholds dis-
cussed in this article, and tentatively pro-
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Table 1

Measurement p(x) =0 px) =1 Interpolatién

gx)=1 q(x)=0

1. Amplitude-frequency response N

lower —3dB point w 20Hz 1kHz | : .
2. Upper - 3dB point oy 20kHz  1kHz | See Fig. 6 rating /10
3. Amplitude linearity +.dB” 0.25 30dB p(L) = 0.48 log,, (4L)
4. Phase linearity +0° 5° 100° p(8) = 0.77 log,, (0.20)
5. Maximum weighted thd. orim.d.” d% 0.1% 50% p(d) = 0.37 log,, (10d)
6. Transient intermodulation index

(tii)y o 0.1 100 p(d) = 0.33 log;o (10t)
7. Rise-time 118 5us 1ms p(1) = 0.44 logqo (0.27)
8. C.C.I.R. weighted s/n" n 70dB 30dB p{n) = (1—(n-30)/40)
9. Cross-talk ¢ 60dB 0dB p(c) = (1—n/60)

*In tke band 20Hz-20kHz or @ —w whichever is the smaller. Note 0 < p(x) < 1 only.

Fig. 36. Simple block diagram of the
Lecson power amplifier.

Fie. 37, Circuit swirching arrangements for
listening tests.
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posed others with an interpolation. Clearly
if such an f.o.m. is shown to give accurate
results then it would be of great use to de-
signers and users of audio equipment.
However, in order that a f.o.m. of this kind
can evolve, very extensive listening tests
should be carried out. These are probably
best controlled by and published through a
respected journal such as Wireless World.
[We are considering this. -Ed.]

The figures tabulated in Table 1 indicate
that an amplifier which equals or betters the
perception threshold for every parameter
would have an M, = 1. This rating would
reduce to 0.9 with a low frequency cut off of’
10GHz, or an amplitude deviation of 0.4dB
or a phase deviation of 8° etc.

Some experiments

The author has recently carried out some
listening experiments in an attempt to
measure the significance of t.i.d. in high
quality power amplifiers and, while the

wwaLamericanradiohistorv.com

tests are not completed, some preliminary
results have been obtained which are of
interest.

The approach has been to use the basic
Lecson AP1 power amplifier design and to
vary only the open-loop bandwidth and
feedback factor.

Three amplifiers were used:

1. The standard amplifier with an open
loop bandwidth of 17.5kHz and feedback
factor of 32dB as summarised earlier.

2. A modified version with an open-loop
bandwidth of 4kHz and feedback factor of
40dB. This amplifier exhibited amplitude
and phase responses identical to the first
example, within the accuracy of the mea-
surements (0.25dB, 2°), and showed t.h.d.
results within 10% weighted of the first
example.

3. A modified version with an open-loop
bandwidth of 17.5kHz and a feedback
factor of 6dB. This amplifier exhibited t.h.d.
of 0.11% S0Hz— 3kHz, rising to 0.189; at
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Appendix

The three amplifiers used in these listening
experiments were all of very high quality
showing an f.o.m. based on the routine of
Table 1, of 0.9, 0.82 and 0.83, for the
amplifiers A, B and C respectively.

Test 1. The test routine was performed
using a panel of 8 listeners. Programme
was derived from a very high quality disc
playerand monitor-standard loudspcakers
employed (Spendor BC3).

Comparison A and B. On all programme
material chosen, amplifier A was pre-
ferred by 87° of the listeners. The reaction
of all listeners subjeetively defined a clear
difference, A being preferred for greater
clarity at high frequencies. On switching
to B the impression was obtained of a veil
being drawn over the sound, particularly
with strings or percussive material.

Comparison A and C. All listeners ob-
served audible differences; C was pre-
fecred by 629 on all programme material
and by 75% on folk music or percussive
music. The overall impression was that C
handled transient material very well but
showed slight high frequency colouration,
possible due to the weighted distortion.

Comparison B and C. Of the total audience,
75% preferred C on all material. Of par-
ticular interest in this test was that the two
amplifiers showed subjectively different
balance, C sounding to have less high
frequency content than B. Also it was
noted that B showed up background noise
on the disc—hiss, clicks and pops—much
more than C.

Test 2. A panel of 4 listeners using a high
quality disc source and monitor-standard
loudspeakers (Lecson HL1).

Comparison A and B. All preferred A tor
reasons of high frequency clarity.

Comparison B and C. This test produced
contusion, nodirect results were applicable
as preference depended upon the material
used. The faults ot amplifier B on transient
sounds scemed to be contrasted with a
slight lack of clarity on high notes with
amplifier C.

Tests 3 and 4. Devised as a control test for
the comparison Band C. Two panels took
part, consisting of three and seven listeners
respectively. Again a disc source was em-
ployed and small loudspeakers used
(Spendor BC1). In the first test C was
unanimously preferred, to the second—as
before, preference depended to an extent
on the source material.

A working hypothesis to explain reac-
tions to amplifiers B and C could be, that
subjectively the amount of t.i.d. produced
by B was as significant as any high
frequency t.h.d. or i.m.d. produced by C.
However these listening tests are only the
beginning of a serious programme of tests
which will aim to establish significance
over a much wider range, and so these
results can only be considered to be pro-
visional. For example no attempt has been
made to establish an f.o.m. for the loud-
speakers used in these tests or to calculate
or measure any interactions in the repro-
ducing systems.

20kHz, 35W r.m.s. The distortion was such
that the second harmonic was 40dB above
any other so the weighted t.h.d. was below
0.29; at all times.

In each case the output impedance at the
terminals of the amplifier was less than
250mQ 20Hz —- 20kHz, so any effect that a
change of feedback factor may have had on
this, was swamped by the 3m long loud-
speaker leads used.

Three experiments were conducted, two
formal, one informal. In each case the
amplifying equipment was arranged as Fig.
37, only two amplifiers are used in any one
test and both are driven continually by the
pre-amplifier. Instantaneous comparison
on programme is made by switching the
loudspeakers between the two power
amplifiers.

In accordance with the testing procedures
laid down by Percy Wilson the participants
had no knowledge, until the end of the
experiments, of the nature of the differences
between the amplifiers (if any) nor of the
kind of subjective difference (if any) to
expect. At no time was it asked which of
the amplifiers sounded most natural, but
simply “which of two, X or Y, do you
prefer?”.

The results of the tests are summarized in
the Appendix. It is clear that. between am-
plifiers which are otherwise extremely good,

despite relatively small changes to the t.i.i.
performance, differences can definitely be
detected by the ear as changes in the clarity
and tonal balance of sound.

In a future article the author intends to
describe further listening and objective tests
and procedures in an attempt to quantify
t.i.d. in absolute terms within the f.0.m. and
with respect to t.h.d.

Conclusions

In these articles the author has attempted to
study the relationships between objective
tests made on amplifiers and the subjective
results. Many aspects of amplifier perfor-
mance have not been covered, the discussion
concentrating more on distortions.

While it has been possible to outline in
detail the rigorous compromises that face
the designer of negative feedback amplifiers,
the way in which each of the subjective
effects trade-off is still not precisely known.
A figure of merit calculation is given which
makes an inquiring step in this direction,
butitisclearly necessary that a programmed
and controlled series of tests be carried out
on a large scale.
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Sixty Years Ago

From time to time over the years, successive
editors of Wireless World have taken issue
with the Post Office on the subject of
licensing, especially when it has been con-
sidered that the Postmaster-General has tried
to overstep the bounds of reason by claiming
a proprietorial interest in the forces of nature.
A correspondent in 1913 obviously felt very
much the same way. . . . “We have heard lately
of bedsteads and gas pipes being successfully
used as substitutes for receiving aerials.
Suppose I go a little further and discover that
I get Paris, using only domestic appliances
(such as a bedstead on an upper fioor as an
aerial, the wires of a piano suitably connected
as a tuning coil, a nest of cake tins with
buttered paper between them as a condenser,
a piece of washing soda and a darning needle
as a detector, and my tongue in place of the
’phones), must I obtain a licence from the
Postmaster-General before I dare use such
apparatus to get the time from E.L.? A few
more discoveries(!) in “wireless and we shall re-
quire to get a licence from the Postmaster-
General before we furnish a house, and we shall
have inspectors inspecting our pots and pans
to see that they conform to the wireless
regulations!”

Darts Game Calculator

Apprentices at the Guided Weapons
Division of the British Aircraft Corpora-
tion, Bristol, have built an experimental
automatic darts game calculating system
which registers and keeps scores. It
comprises a special dartboard with sensing
devices, and a computer-controlled display
unit which acts as the scoreboard. This
unit, using 120 integrated circuits, shows
the running totals for the competing
teams and adds up each individual score.

The dartboard is designed with each
segment internally divided and connected
to the display unit. Impact of a dart
on each segment causes an electrical
signal to be sent to the computer in
the display unit. The conclusion of an
individual three-dart score is signalled
by the removal of the darts from the
board. The system is then re-activated
by the next player standing on the
throwing mat, under which is concealed
a proximity detector. This causes a bulb
on the display unit to be lit, showing
that the system is ready to accept the
next score.

Any variation of the game can be
fed into the display unit before the
game starts, so that the starting total
could be set at, say, 1001 or 301 depending
on the type of game to be played.
If a double is required to start the
game, then a “double” light is switched
on and the system ensures that electrical
signals from the dartboard will not alter
the setting until the first double is obtained.

The apprentices were given just 13
weeks to design, build and test the project
and were allowed to spend no more
than £100 on materials.
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Circards — 10

Micropower circuits

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams*

Think small! In tune with the broadening
of the frequency spectrum, so has the range
of powers grown at which electronic circuits
may be coerced into functioning. Within
modern integrated circuits it is common to
find individual transistors operating at
microampere currents, with device p.ds of a
volt or so. Discrete transistors can retain
useful gain at currents several orders of
magnitude less at room temperatures (even
with silicon transistors leakage current
imposes constraints on the usable current/
temperature combinations). Since the leak-
age currents may be markedly reduced by
controlling the doping levels and depth of
penetration, by attention to surface im-
purities and by reduction of device area, it
is difficult to define this lower limit. Collector
currents of InA at 20°C and 1uA at 100°C
are possible, though it would be foolhardy
in the extreme to suggest that these could
not be improved on — undoubtedly before
publication some brilliant new process will
appear capable of improving on these
figures by a factor of ten or more!

The position is quite different in respect
of minimum operating voltages. Fig. 1
shows the variation of I. and I, against
Vpe for a low-leakage planar silicon tran-
sistor operated at constant V.. No matter
how low the current is reduced the funda-
mental relationship I. oc exp Vp, ensures
that the value of V), changes at a much
slower rate. For example, a ten-fold re-
duction in /, corresponds to a reduction
of approximately 60mV in ¥V, at room
temperatures. Since the minimum value of
I. is likely to be fixed by load requirements
etc. no amount of juggling can reduce
the minimum supply voltage below that
of the corresponding V., and in most
circuits the supply voltage will have to
be significantly higher. Excepting special
cases such as certain complementary
oscillators where only one of a comple-
mentary pair needs to conduct at a time,
the minimum supply voltage will be greater
than 1V and may have to be greater than
1.5V for op-amp type circuits.

In the above discussion no mention
has been made of constraints imposed by
transistor V. At low currents the value
of Ve (say is very much less than the V,
values above, though it must be observed

*All with Paisley College of Technology.

that V. (qr often rises with temperature
while V), always falls (typically the tem-
perature coefficient of ¥, is —2mVK-").
At high current densities the bulk resistance
of the semiconductor comes to dominate
the junction characteristics and the mini-
mum p.ds may well exceed a volt for both
base and collector-emitter paths. Self-
heating will cause the value of V', to fall
somewhat but the effect should be neglig-
ible for circuits coming under the
micropower heading.

The use of germanium transistors to
minimize voltage requirements is well
known, but the leakage currents are such
that high temperatures are inconsistent
with micropower operation. When using
diodes, an intermediate region is provided
by Schottky-barrier devices. As shown in
Fig. 2, these have a p.d. appreciably less
than that for a silicon diode, and can be
used as bias elements as well as for
rectification.

The interpretation of this term “micro-
power” has been made a generous one in
this series because the techniques used in
micropower circuits can be usefully applied
in many other fields. For a given speci-
fication of load resistance and the required
voltage or current swing, the minimum
theoretical voltage can be determined
assuming a volitage supply (if the circuit is
to be supplied from a constant current then
it is the minimum value of current that is
defined). If this voltage is significantly
greater than the minimum operating p.ds
of semiconductor devices as discussed
above, then standard circuit configurations
may well give satisfactory results. At lower
load p.ds new circuits are necessary to
allow operation from correspondingly low
supply voltages. As a rough guide, it is now
possible to produce a.c. amplifiers, oscil-
lators both RC and LC, voltage regulators,
and astable and monostable circuits that
will operate from supply voltages in the
region of 1V, though with obvious
limitations on output voltage swing and
with reduced stability against supply/
temperature variations. Other circuits such
as power amplifiers and operational ampli-
fiers may require somewhat higher voltages
but nearly all functions can be provided
while operating from a single dry cell. In
designing these circuits a critical parameter
is the minimization of wasted voltage, and
this is equally applicable to conventional
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Fig. 1. Variation of I, and I, against

Ve for a low leakage planar silicon

transistor operated at constant V.
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Fig. 2. The Schottky-barrier diode has
a p.d. appreciably lower than that of a
silicon diode.

(a) (b)

Fig. 3. Replacement of a complementary
pair of emitter followers (a) by common
emitter stages with emitters taken to
opposite sides of the supply (b).
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circuits where the Joad-swing is to approach
the available supply voltage. A good ex-
ample is the replacement of a comple-
mentary pair of emitter followers Fig. 3(a)
by common emitter stages with emitters
taken to opposite sides of the supply
Fig. 3 (b). In the former case, since the
bases can only be driven with difficulty
to within hundreds of millivolts of the
supply, then the output suffering an
additional Vp, loss may be up to 1V less
than the supply at both extremes, i.e. the
output has a peak-peak value up to 2V
less than the supply voltage even at rela-
tively low currents. In the circuit of
Fig. 3 (b), though the drive conditions
may be more difficult to meet, only the
transistor V. (s appears in series with

the load, and outputs to within a couple
of hundred millivolts of the supply are
feasible. It is for the same reason that the
series-pass transistor is in the common-
emitter mode in voltage regulators where
minimum  input-output  differential . is
important.

Two other related parameters that may
be important in micropower circuits are
maximum efficiency and the minimum
quiescent power. As discussed in the
article Power Amplifiers (June issue),
these two conditions are often associated,
as, for example, in class B power amp-
lifiers. For minimum distortion it may
be necessary to increase the quiescent
power. Where the amplifier normally
operates close to maximum output then
this contribution to the power consumption
is negligible. Conversely if the amplifier
operates at full output only for short
periods, then the mean power is strongly
dependent on the quiescent power. In
summary, for continuous operation at
maximum outputs, saturation voltages
will be the limiting factor, while the
quiescent power needs most design
ingenuity for large peak/mean ratios in
output.

A different problem arises when
efficiency at maximum output is really
critical. Then the need to saturate the
output transistor(s) to minimize lost
voltage would bring the corresponding
disadvantage that the base current becomes
a large fraction of the load current. The
combination of high current gain together
with low saturation voltage is not an easy
one, though at least high breakdown volt-
ages are not required of the device.
Special transistors called “super-f§ ”
devices are now used as the input stages
for high input impedance operational amp-
lifiers. These have a very thin base region,
achieve gains in excess of 1,000 but have
very low breakdown voltages. They are
the extreme examples of another source
of the trend towards low-power operation
— in this case for the higher input imped-
ance that it brings rather than for the
low power itself.

The definition and control of operating
current becomes difficult at low currents
because of the high-value resistors needed,
which are not compatible with monolithic
processing in its most economic form.
Circuit techniques based on the current-
mirror have mitigated this problem, so
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Fig. 4. At high frequencies the gain-
bandwidth product of a transistor is an
almost linear function of quiescent current.

that all the currents in an amplifier are
controlled by a single low-current source.
Recent micropower op-amps leave this
to the choice of the user, with a single
external resistor programming the operat-
ing currents of all the transistors in the
i.c. At low supply voltages the p.d. across
any such resistor, whether internal or
external, becomes temperature-dependent
and the design problems multiply.

Temperature problems are even more
severe in low-voltage/low-current voltage
regulators since conventional voltage ref-
erence elements cannot be used — the
lowest zener diode has a breakdown volt-
age of approximately 2.7V. Combinations
of dissimilar diodes (e.g. Si and Ge) can
be produced that have a.voltage difference
which is almost temperature compensated,
while i.c. designs have exploited the prop-
erties of forward-biased silicon p-n
junctions to achieve the same effect.

The one area of operation where the
inherent limitations of micropower opera-
tion have not been overcome is the high-
frequency region. As the quiescent current
in a transistor is reduced, so the rate at
which it can charge its own internal and/or
external stray capacitances falls. The
gain-bandwidth product is an almost
linear function of quiescent current (as
shown in Fig. 4) with an upper limit to
this parameter short of its maximum
operating current for most devices. Thus
a device normally thought of as a “100MHz
transistor”, when operated at collector
currents below l1uA may have a cut-off
frequency of less then 10kHz. Clearly it
becomes of critical importance to mini-
mize the stray and load capacitances in
such . applications. For micropower opera-
tions at high frequencies, transistors with
the very highest quoted gain-bandwidth
products should be selected — even 1GHz
devices are not out of place provided they
can sustain current gain at these low
currents. Low-voltage operation brings
increased problems since, for example,
the collector-base diode has increasing
(non-linear) capacitance as the p.d.
approaches zero and eventually becomes
slightly forward biased.

A major area of concern is in the digital
field, where ever larger numbers of gates
and other functions are being concentrated
into single monolithic i.cs. These ls.i.
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(large scale integration) circuits are
limited in complexity by two mechanisms
— the number of external connections,
and the total dissipation. Complemen-
tary m.o.s. with its extremely low standby
power is the ideal logic family from this
latter standpoint and is likely to dominate
the market. The dissipation is significant
only where high-speed operation is de-
manded, since then the charge/discharge
of internal capacitances dissipates power.
Since the choice of circuits available in
this family is growing so rapidly, the user
is best advised to refer to the manufac-
turers’ data sheets, while the properties
of the basic gates will be discussed in the
following article.

How to get Circards
Order a subscription by sending £9
(UK. price; £10.50 elsewhere) for a
series of ten sets to:
Circards
1.P.C. Electrical-Electronic Press Ltd
General Sales Dept.
Room 11
Dorset House
Stamford Street
London SE1 9LU
Specify which set your order should
start with if not the current one. One
set (normally 12 cards) costs £1 UK.
and £1.15 elsewhere, postage included.
Cheques should be made payable to
LP.C. Business Press Ltd.
Topics covered in Circards are
1 active filters
2 switching circuits (comparators &
Schmitts)
3 waveform generators
4 a.c. measurement
S audio circuits (equalizers, tone
control, filters)
6 constant-current circuits
7 power amplifiers (classes A, B, C,D)
8 astable circuits
9 optoelectronics: devices and
applications
10 micropower circuits
Subsequent issues will cover logic gate
circuits, wideband amplifiers, alarm
circuits, digital counters, pulse modulators.
Introductory articles in Wireless World
indicate availability of Circards, which
are normally ready for despatch on the
Ist of the month, and the Circard concept
was outline in the October issue, pages
469/70.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Breakdown of c.m.o.s. devices

I was very interested to read the article
“Complementary m.o.s. Integrated Cir-
cuits” in the August issue. However,
on page 396 there was the statement
“To avoid failures due to destructive
breakdown of the gate insulation, possible
with such high impedances . . . etc”.

Motorola in a recent leaflet entitied
McMOS state that stress voltages can
be caused by improper testing and even
more likely causes are random electrostatic
charges. They suggest that all leads are
shorted together, antistatic clothing should
be worn, personnel handling c.m.o.s.
should be electrically grounded, equipment
which comes in contact with finished
pieces of equipment should be properly
grounded — and yet they fit input
protection diodes.

RCA claim to have fitted protection
devices to the inputs of their devices
which will have a controlled breakdown
of something of the order of 30V-100V
in the reverse direction, and have given
figures for the maximum voltages which
can appear between pins on the i.c.

SGS also fit input protection diodes
but, so far as I can ascertain, make
no claims one way or the other.

This problem of breakdown due to
static build-up appears to be a serious
drawback to the large-scale use of c.m.o.s.,
or mavbe 1 am looking at the wrong
manufacturers’ data sheets!

Can any of your readers enlighten
me as to whether I can safely wear
my nylon coat when using c¢.m.o.s. or
do I have to chain myself and all my
test gear solidly to earth?

Peter Seddon,
Rugby,
Warwickshire.

Tuner front-end devices

I have recehtly read in Wireless World
two articles which have raised some rather
large doubts in my mind as to the
best device available for the reduction
of cross- and inter-modulation.

In June there was Mr Nelson-Jones
employing dual gate m.o.s. f.e.ts in his
v.hf  tuner which, with a sensitivity
of the order of 1 microvolt, one hopes

will pick out a weak v.hf signal in
the presence of strong local nearby
frequencies.

In August P. Antoniazzi and A. Mauceri
were saying the dual gate m.o.s. fet.
is not the answer and the bipolar transistor
has a better performance, achieving a
40dB suppression of signals with a 4MHz
separation at S00MHz. When used as
the v.h.f. part of their tuner I deduce
they will claim a similar performance.

I do not have available the data sheets
for the BF479; however, those for the
40673 show that careful selection of
bias and a.g.c. is needed to get the
best out of the m.o.s. fe.t.

The problem I wish to pose is essentially
how does one receive a ! microvolt
signal, which obviously cannot produce
much a.g.c.,, in the presence of strong
nearby v.hf. f.m. transmissions which
can easily be of the order of hundreds
of millivolts.

Could these respected authors clarify
this point, which is becoming a real
problem with the almost saturation of
v.h.f. frequency spectrum? The published
literature is full of wavetraps and heli-
coidal filters which unfortunately are to
some extent attenuators for weak signals.

Even better still would be an article
from some brave soul on the relative
merits of bipolars and m.o.s. f.ets in
weak signal conditions. I am sure such
an article would fill a gap in a little
discussed but very real problem.

F. F. Maher,
Madrid,
Spain.

Record equalization

In response to Mr Ewer’s letter on record
equalization (August issue) I would like
to point out some factors which he
has overlooked or perhaps does not know
about.

First of all I must hold up the record
companies’ flag by saying that discs are
recorded to the BS 1928 equalization
standard and that there is no equipment
“penny-pinching” when Neumann or
Scully cutting lathes are in use.

The reason behind the apparent lack
of extreme bass on some records is not
due to the use of a modified equalization
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characteristic. Despite what J. L. Linsley
Hood and others say, it is due to the
fact that extreme bass signals, of even
moderate amplitude, can (a) damage, very
easily, delicate stereo cutter heads
(especially if present as a difference signal)
and (b) result in groove wall breakdown,
i.e. “groove-jumping”. To prevent cutter
head damage, fast, accurate stereo limiters
are employed, but to avoid the triggering
of these too often a careful watch must
be kept on peak levels and difference
channel levels at all frequencies, with
the result that occasionally a modicum
of “cut” must be applied at selected
places within the audio spectrum.

There are several ways to prevent
(b): (i) a deeper cut — impractical because
many cheaper arms and cartridges would
fail to track it; (i) wider minimum groove
spacing (before use of variable groove
spacing unit) — a possible solution but
it conflicts heavily with the amount of
time needed per disc side for a given
piece of music (Varigroove is not always
the answer!); and (i) a “roll-off” of
extreme bass to allow a more normal
groove spacing.

So, Mr Ewer, don’t blame the cutting
engineers or their equipment: blame the
totally conflicting elements of time and
fidelity required from a poor httle piece
of black plastic and just turn up the
bass!

Robert L. Arthurton,
London, N.16.

VAT and prices

Like your correspondent W. B. Henniker
in September’s letters, I have fallen foul
of the “VAT addition” thing in your
advertisements, in one case with further
complications since by the time the VAT
had been received the goods had become
exhausted. At least I think they were,
because I have heard nothing since the
fourth of July.

Your advertisers in general were very
slow to respond to VAT, and in some
cases were showing advertisements in
the May issue which were not clear
about the tax addition.

If Wireless World depends on advertise-
ments for a living, or if the advertisers
depend on advertisements for a living,
then someone will have to brighten their
ideas — and their conceptions of service.
J. R. Dykes.

Winsford,
Cheshire.

Inverter for fluorescent
tubes

I was very sorry to read in the September
issue of the trouble that Mr Chappell
has had with the heaters of his fluorescent
tube in my circuit (August issue).

I can only plead that I tested the
circuit with at least three different tubes
and that none of them showed any
sign of the discharging from which he
has suffered.

This type of tube was, of course,
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designed originally for operation from
the a.c. mains, and the circuits in which
they are normally used arrange for the
feed to the heaters for starting up to
be essentially the same defined current
as is used in normal running. In such
a circuit discharging across the heaters
is no disadvantage as the power dissipated
is reduced rather than increased. Further-
more there is no reason why the heater
resistance, and hence its working voltage,
should be tightly controlled for such
service. The value may, in fact, vary
appreciably from one manufacturer to
another.

Mr Chappell’s suggestion of the inser-
tion of a ten ohm resistor in series with
each heater looks like a very satisfactory
solution to the problem.

I am sorry that I missed this point
and I hope that no other readers have
suffered similar trouble.

I must apologize also for the fact
that Figs 3 and 4 of my article as
published had the positive power supply
point omitted. This should, of course,
have been at the centre-tap of the
transformer just as it was in Fig.1 (b).

K. C. Johnson,
Cheadle,
Cheshire.

Printed circuits the
easy way

My own resists are invariably photograph-
ically produced, so I cannot speak to
the drawing technique which is described
by J. Ferguson on page 332 of the
August issue. But it ought to go on
record that the only reason commercial
etching .of copper is done with ferric
chloride (the commercial grade of which
usually contains a variable proportion
of free hydrochloric acid) is that this
chemical is relatively inexpensive. In
amateur printed circuit work there may
well  be other solutions which have
advantages over it.

1 pass over nitric acid, since it emits
brown choking fumes when attacking
copper. But its action is very swift,
and those whose resist can stand up
to its onslaught might feel it worth
trying, in 10% concentration in the open
air.

My own choice would be 10% am-
monium  persulphate in water. This
dissolves copper very well, though perhaps
a little slowly, but the solution stays fairly
clear and the submerged board can be seen
pretty clearly. If about 5% by volume of
strong ammonia solution is added to the
persulphate, action is accelerated consider-
ably, but the solution turns deep blue very
quickly as copper is dissolved, and the
effect on submerged pieces cannot be so
easily seen.

Though I have not personally tried
it, there would seem to be something
in the electrolytic method of etching.
Assuming that the unwanted copper areas
of the board can be commoned, they
can become an anode of the electrolytic
cell, while any odd piece of scrap brass
of roughly the same area can be used

as cathode. All that is now needed is
a source of 6 volts 4 amps d.c. which
nearly everyone must have at hand these
days.

Quite a number of possible electrolytes
suggest themselves, but for first trials
I would suggest 10% common salt in
water. If too little current passed —
a board 4 X 4 inches would probably
need some 4 amps of current to dissolve
the copper reasonably fast — the addition
of a little vinegar (i.e. dilute acetic acid)
should increase the conductivity to some
extent. But it will not have anything
like the effect that a few ml of a
strong acid, such as hydrochloric acid,
will produce.

P. C. Smethurst,
Bolton,
Lancs.

Electronic music

Having been interested in the use of
electronics for musical experiments, I
would like to hear from any readers
who have had experience in this field.
I am particularly referring to the music
synthesizer using voltage controlled osci-
llators as well as other voltage controlled
functions.

The purpose of this is to collect any
ideas for the design of a small synthesizer
capable of fairly advanced work while
still retaining its low cost.

G. Wade,
Knowle Orchard,
Churchill,

Nr. Bristol.

Projection television

I was most interested to find reference
to my old company, in conjunction with
the other old stalwarts of projection
television, in G. W. Tillet’s Letter from
America in the September issue.

It may be interesting to mention that
much of the original work, culminating
in the formation of White-Ibbotson Ltd,
took place while 1 was with E.M.I. and
was based on 3in. c.r.ts designed by Drs
Broadway and Cairns, and using all-glass
Schmidt lenses designed and made by
Optical Works Ltd of Ealing. When EM.I.
decided not to proceed with the venture,
I left and formed W.I. Ltd — the directors
of EMM.IL. giving every assistance and
helpful co-operation.

Thus, we were not altogether tied to
the disadvantages that Mr Tillet states
applied to the Philips unit. However, I
must hasten to add that neither system
suffered from the dust occlusion problem
mentioned if the systems were put together
with proper precautions to exclude dust.
In fact, the most serious problem with
either the E.M.I. or the Philips c.r.t. was,
in my experience, that of X-ray staining
of the face glass. This could cause a 50%
light loss in a few hundred hours running.

So far as viewing “under cinema con-
ditions™ is concerned, again I must cross
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swords with Mr Tillet. It is a matter of
history that we had a 4ft X 3ft back
projection picture running under 2.5kW
of exhibition lighting at Earls Court with
a very good viewability for the passing
public — and this was with a standard
Philips unit. Obviously we used our lenti-
cular screen but this provided a good
horizontal angle of view and, by limiting
the vertical angle to about 15° (ample
for normal viewing with this size of
picture), we had a minimum of projection
light waste and a maximum rejection of
overhead lighting interference.

It may also be interesting to record that
we found a French optical company who
made ordinary convex lens systems for
the Philips tube with similar efficiency to
the Schmidt, and at very little extra cost,
which clearly avoided many of the dust
exclusion /cleaning problems inherent in a
basic Schmidt.

At that particular time Mullard’s proved
a point of view that I had always held,
namely that projection would come into
its own with the advent of colour. They
used three primary-coloured monochrome
tubes and three Philips’ Schmidts. Such
tubes are much less expensive to produce
than the traditional panchromatic black
and white tubes. The results were start-
ingly good but orientation of the Schmidts
with dichroic mirrors etc. was far from
practical. Had there been colour trans-
mission at that time, we would have used
the French lenses and I think a commer-
cially viable result would have been
obtainec.

It’s a great pity that we have had to
leave it to the Japanese, yet again, to
appreciate the advantages and go-ahead.
However, I think that Sony have gone
to a great deal of trouble in the wrong
direction — if, of course, ours and
Mullard’s experiments meant anything.

H. Ibbotson,
Penryn,
Cornwall.

Reflex Circuits

1 was delighted to read John Scott-
Taggart’s letter in your September issue.
First, to discover that he had not departed,
nor lost interest. Second, to acknowledge
his very generous final paragraph. It was
all the more generous in view of the fact
that 1 have been known to indulge in a
little thinly disguised leg-pulling about
such things as the celebrated ST 100
(younger readers will have to ask their
elders to explain). And still more generous
after I had forgotten his pioneer work on
the reflex circuit. For this I must plead
age, not ignorance, as I will now make
clear, And I hope it will also go some
way towards atoning for my sins of
commission and omission as I reveal for
the first time that the very book from
which he quoted (Thermionic Tubes in
Radio Telegraphy and Telephony)
provided the foundation for my knowledge
of the subject, since the degree course in
electrical engineering at Edinburgh in
1921 was all “heavy”. During one par-
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ticular course of lectures by a notoriously
ineffective expositor, while most of the
inflated intake of students after the War
were amusing themselves at his expense
I sat in the back row, where the signal/
noise ratio was fractional so did not break
through my concentration, and read S-T’s
book from cover to cover.

As it was one of the very few “his-
torical” books that survived my drastic
pruning on moving recently to smaller
premises, [ really have no excuse for not
refreshing my memory from it.

So far as I was concerned the Scott-
Taggart ubiquity to which I referred in
August was mainly in print. I can recall
only two sightings: one was when he came
to Edinburgh about 1923 to explain and
demonstrate his “Negatron™; the other was
22 years later in the Air Ministry. I am
glad to acknowledge my debt to his books
in the days when reliable sources of infor-
mation were scarce.

M. G. Scroggie,
Bexhill,
Sussex.

“Empty” cassettes wanted

The remedial reading department at this
school uses a number of devices to
encourage pupils who find difficulty in
learning to read.

Our most recent innovation is a tape-
loop which runs for about 18 seconds
and on which "are recorded about half-a
dozen words containing the same sounds.

The tape-loop is housed in an ordinary
cassette by fitting additional rollers. Our
difficulty is obtaining cassette cases. We
cannot afford to purchase cassettes at
normal price and then to modify them.
Would any reader having empty or
broken cassettes please send them to me
at the school? Postage would gladly be
refunded.

C. S. Smith,

The Walmer Secondary School,
Salisbury Road,

Deal,

Kent.

New names for old devices

The headline in Electronics Weekly of
August 8th reads, “Amorphous Devices
Seeking a Role”. Forgetting the updated
terminology, these devices seem to be little
more than the original coherer used in
the early days of wireless to “detect” a
signal. The r.f. signal fused iron filings
in a tube, causing the passage of d.c. to
indicate that a signal had been detected.

Newly fledged engineers should perhaps
be reminded that we might never have
developed an electronics industry but for
Amorphous Devices.

Some readers may be interested to know
that they can construct an amorphous
memory device with a piece of wood, two
pins and a blob of aluminium paint. The
pins should be hammered into the wood
about {in apart. A thin layer of paint
is applied between the pins and allowed

to dry. Apply about 20 volts via a few
kilohms to limit the current and the
aluminium particles in the paint will link
together and close a “switch” capable of
carrying perhaps 1 amp. Apply about 6
volts without a current limiting resistor
and the switch opens. It is rather like
blowing a fuse. There is one difference

— it can be mended again by applying

the 30 volts activation supply for a
moment.
I once caused great mystification

amongst colleagues at the Emley Moor
transmitting station with a little device
able to switch a torch bulb on or off
without using a switch or other familiar
device. Readers wishing to repeat the
experiment should beware of vibration; it
will disturb the coherer link. In the event
of failure please consult the paint manufac-
turer rather than myself.

P.J. Unwin,

Rochdale,

Lancs.

‘“*Communications74”’
— call for papers

An international conference, Communications
74, is being organized by Electronics Weekly
and Wireless World, and will be held at the Metro-
pole Convention Centre, Brighton, 4-7June 1974,
in cornjunction with a Communications 74
exhibition. Suggestions for papers are now
invited.

The conference will be divided into two
parallel sessions on each of the four days, one
session being on user topics and the other on
technical topics. Afternoon sessions, for the
presentation of short papers, and evening
meetings are also being planned.

The four main subjects of the conference
will be: data communications; mobile radio
communications; fixed radio communications;
and defence communications. Suggested topics
for papers include the following:

Transmitter and receiver circuit techniques;
propagation;  error  correction; facsimile;
antennas; cables, recording systems; test
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equipment; components and ancillaries.

Data networks; message switching; modems;
data terminals; telemetry systems.

Mobile radio equipment and systems for
land, sea and air; selective calling; radio paging;
frequency allocation and channel spacing;
traffic control and vehicle location systems;
radio navigation receivers and systems.

Radio communications equipment and sys-
tems for fixed applications;, point-to-point
links; remote control systems; digital encoding
systems: tropospheric scatter.

Special techniques associated with military
systems; electromagnetic compatibility;
routing  problems; equipment parameters
for future requirements; underwater com-
munications.

Microwave communication systems; micro-
wave antennas, ground stations and receiving
systems; waveguide communication systems.

Original papers are invited from industry,
government departments, the armed services,
universities, etc. In the first instance, authors
should submit summaries of 200-300 words
(in English), describing the subject and scope
of the paper, to: The Editor, Electronics
Weekly, Dorset House, Stamford Street,
London SE| 9LU.

Deadline for the receipt of summaries is
October 26, 1973. Speakers will be notified
of acceptance by December 31, 1973. Final
drafts will be due by March 11, 1974.

John Gilbert retires

After being associated with the Northern
Polytechnic (now The Polytechnic of North
London) for 39 years, 22 of them as head of
the Department of Electronic and Communi-
cations Engineering, J. C. G. Gilbert, F.LLE.R.E.,
F.R.S.A. has retired. Perhaps best known
to the public for his part in the television
programme “Inventor’s Club”, his major
contributions have been in the world of audio.

He was educated at Westminster City School
and went on to part-time courses while, at the
same time, studying music at Trinity College
of Music, London, giving broadcast piano
recitals between 1924 and 1928. He became
interested in radio while still at school and,
in 1934 joined Partridge & Mee of Leicester
on the strength of two articles on disc recording
published in Wireless World, and that summer
was in control of the installation of the public
address system at the Regent’s Park Open
Air Theatre. In September of that year, Mr.
Gilbert joined the “Northern Poly” as part-
time lecturer on radio servicing and in 1935
became the first full-time lecturer in radio and
kindred subjects. He also took up the position
of technical editor of Music Trades Review.
During the war years he worked under Sir
Robert  Renwick in the Directorate of
Communications Development at M.A.P.
and, on return to the Polytechnic, became
senior lecturer and, in 1951, head of
department — a position he held until August
this year. He has been chairman of several
societies, among them the British section of
the Audio Engineering Society, was chairman
of several B.S.I. committees and is technical
consultant to the journal The Gramophone,
where he continues his work. He has written
several articles for Wireless World. We wish
him a long and happy retirement.

Synthesizer Keyboards

The following company has informed us that
they can supply keyboards for the Wireless
World sound synthesizer (see pp.485-490
this issue). Elvins Electronic Musical Instru-
ments, 12 Brett Road, London E.8. Tel. 01-
986 8455.
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October Meetings

Tickets are required for some meetings: readers are advised
therefore to communicate with the society concerned

LONDON

9th. AES — “The integrated circuit in audio
systems™ by Jonathan A. Dell at 19.15 at the
1EE, Savoy PL., WC2.

10th. IERE — Colloquium on *“Electromagnetic
compatibility or confusion on land, in ships and
in aircraft” at 14.30 at 9 Bedford Sq.. WC 1.

10th. IEE — “Computers and communication —
convergence or conflict?” by J. R. Pollard at
17.30 at Savoy P, WC2.

17th. IERE — “The feedback classroom” by
K. Holling at 18.00 at 9 Bedford Sq., WC1.

18th. 1IEE Grads. “The computer-oriented
research laboratory by G. M. Rhodes at 18.30
at Savoy Pl, WC2.

22nd. IEE/L.Mech.E. — *“Sequence control of
analogue computers” by Dr. G. C. Barney and
Dr. D. Miller at 17.30 at Savoy Pl.,, WC2.

23rd. 1IEE — *“TV supply by a combination
of omnidirectional 12GHz transmission and cable
distribution networks™ by Dr. J. Feldmann at
17.30 at Savoy P, WC2.

23rd. IEE Grads. — “Frequency synthesizers”
by Dr. P. N. Nield at 18.30 at the Polytechnic
of the South Bank, Borough Rd., SE1.

25th. IERE — AGM at 18.00 followed by
presidential address by Dr. 1. Maddock at 18.45
at London School of Hygiene and Tropical Medicine,
Keppel St.. WCI.

26th. IEE Discussion on “Stripline and
microstrip techniques for antennas” at 17.30 at
Savoy PI., WC2.

30th. IEE/I.Mech.E — Discussion on “Remote
measurement and control using Post Office data
transmission facilities” at 17.30 at Savoy Pl.. WC2.

30th. IEE — Discussion on “Making the most
of airborne frequency allocation” at 17.30 at the
Royal Aeronautical Society, 4 Hamilton Pl., W1.

3ist. IERE — Colloquium on “Remote control
system organization” at 10.15 at Middlesex Hospital
Medical School, Mortimer St., W1.

ABINGDON
10th. IEE — “Electricity in medicine” by Dr.
D. W. Hill at 19.00 at Culham Laboratory.

AYLESBURY

16th. TEE — “Recording and reproducing
quadraphonic sound” by J. C. G. Gilbert at 19.30
at Aylesbury College, Oxford Rd.

BATH

18th. IERE/IEE “Optical fibre communica-
tions” by F. F. Roberts at 18.00 at Lecture
Room 4E3, 10, the University.

BELFAST

10th. IERE — Northern lIrcland section AGM
followed by “T.Eng. and all that” by J. T. Attridge
at 1830 at the Board Room, Ashby Institute,
Queens University.

BIRMINGHAM
3rd. IEETE “Technician engineers and tech:
nicians — in the EEC, and elsewhere in the

world” by E. A. Bromfield at 19.00 at Midlands
Electricity Board, Summer Lane.

29th. 1EE/I.Mech.E. —Discussion on “Applica-
tions of multivariable control theory” at 18.00
at the Midlands Electricity Board, Summer Lane.

BOURNEMOUTH

17Tth. IEETE — “Stereo broadcasting” by J.
H. Brooks at 19.30 at The Tralee Hotel, West
Hill Road, West CIiff.

BRADFORD

18th. IEETE — “The present state of colour
television” by Prof. G. N. Patchett at 19.00 at
the University.

20th.  Sept. 1ERE ~Modern developments
in hi-fi reproduction” by Dr. A. R. Bailey at
19.00 at the University.

CAMBRIDGE
17th. IEETE — “Technician engineers and
technicians — in the EEC, and elsewhere in

the world™ by E. A. Bromfield at 19.00 at the
University Centre, Mill Lane.

25th. IERE/IEE — “Situation display — a
new and unique approach to radar presentation”
by F. K. H. Birnbaum at 18.30 at the University
Engineering Laboratories, Trumpington St.

CARDIFF

10th. IERE “New integrated circuits for
television receivers” by G. Baskerville at 18.30
at Dept. of Applied Physics, UWIST.

CHATHAM

3rd. IERE — “Recent advances in radio naviga-
tion” by J. E. Viles at 19.00 at Medway and
Maidstone College of Technology.

CHELMSFORD

25th. Sept. IERE/IEE — “An anti-collision radar
employing storage of radar pictures on tape” by
J. Watt at 18.30 at the Civic Centre.

CRANWELL

24th. IERE — “Space instrumentation”™ by R.
Young and B. R. Kendall at [9.30 at the RAF
College.

DURHAM

17th IEETE — “TV and stage lighting” by
E. Birch at 19.30 at the Lecture Theatre, Science
Site, Durham University, South Road.

EVESHAM

20th Sept. IERE — “Colour television displays —
the next stage” by W. W. Wright at 19.30 at
the BBC Evesham Club.

FARNBOROUGH, Hants
24th. IERE — “Multiphonic organs” by J.
H. Asbery at 19.00 at Queen’s Hotel.
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GLOUCESTER

18th. IERE — “Provision of communications
for remote clustered visual display units” by F. B.
Sanders at 19.30 at the College of Technology.

IPSWICH
17th. IERE/IEE “Radio astronomy” by Dr.
R. S. Booth at 18.30 at The Civic College.

LEICESTER

10th. IERE — “Delta modulation systems” by
R. Steele at 19.30 at the Lecture Theatre ‘A’,
Physics Block, the University.

LIVERPOOL

17th. IERE — “The semiconductor story” by
Dr. K. J. Dean at 19.00 at the Dept. of Electrical
Engineering and Electronics, the University.

MANCHESTER

15th. IEETE “An engineer behind the Iron
Curtain” by Prif. M. G. Say at 19.30 at Reynold
Biilding, UMIST.

NORWICH

24th. IERE/IEE — “Sonar and underwater
communications” by Dr. V. G. Welsby at 19.00
at Assembly House.

PORTSMOUTH

24th. IEETE/IEE — “The engineer in Europe”
at 14.00 at the Polytechnic, Anglesea Road.

3ist. IERE “Exploring the deep oceans”
by K. Haigh at 18.30 at the Polytechnic.

READING

10th. IERE — “Digital phase lock loops” by
K. Thrower and P. Atkinson at 19.30 at J. J.
Thomson, Physical Laboratory, University of Read-
ing. Whiteknights Park.

REDHILL

24th. IEE — “Solid state radars by K. L.
Fuller at 19.30 at the Mullard Research Labora-
tories, Cross Qak Lane, Salfords.

SOUTHAMPTON

17th. IERE — “Charge couple devices” by
J. D. E. Benyon at 18.30 at the Lanchester Theatre,
University of Southampton.

SWANSEA

24th. IERE/IEE — “Recent developments in
the design of transfer function analysers” by W.
A. Evans at 18.15 at University College.

WOLVERHAMPTON

16th. 1IERE “The clectronic control and
communication network employed on the Midland
links motorways by W. A. Hambrey at 19.00
at RAF Cosford, Albrighton.
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Surveillanceequipment must bereliable. EEV vidicons
give you tubereliability you can depend on.

Reliable operation - hour after hour,

year after year —isessential for closed
_ circuit cameras. You’re more likely to

get thiskind of consistent reliability
with tubes from the vidicon
experts: EEV.

EEV vidicons coverall TV
pick-up applications, in mono or

with a range of photo-
surfaces. Special rugged
typesare available to with-
stand shock or vibration.
The EEV vidicon range is wide.
And it grows. And every tube
offers you the benefitsof EEV ex-
perience : good picture geometry and
colour, for most cameras —in resolution and a long life expectation.
electrostatically focused and ! Write for type lists: orif you have a
magnetically focused types S problem, call our camera tube engineers
(separate orintegral mesh) /% at Chelmsford.

EEV AND M-OV KNOW HOW.

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. F.&.C. E
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In the power
usiness,others
follow our lead.

When it comes to the power devices, Motorola
has every application buttoned up.

Automotive. Motorola transistors for high voltage
ignition and seat belt interlock systems lead the way
to safety and pollution control, while transistorised
voltage regulators help to improve reliability.

Computers. Motorola’s low cost Darlingtons permit
CMOS and MOS to interface with large current/voltage
devices - from milliamps to Amps easily.

Consumer. Motorola leads again with plastic and
metal transistors for T.V. convergence, deflection and
power supply stages. Our NPN and PNP Darlingtons
are suited to the fully complementary designs of
today’s audio amplifiers.

Industrial. Motorola high voltage power transistors
make for smaller more efficient switching power
supplies. And we are still very much committed to
Germanium - the most economic solution for low
voltage/high current applications.

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

So you see in the power business we lead and
others follow.

For full further details press the Motorola power
button — write or phone your nearest Motorola
distributor or get in touch direct.

@ MOTOROLA Semiconductors

Motorola Semiconductors Ltd., York House, Empire Way,
Wembley, Middlesex. Telephone: 01-903 0944.

European manufacturing facilities at Toulouse and East Kilbride.
Distributors: Celdis Ltd., Reading, East Kilbride; GDS (Sales) Ltd.,
Slough, Dublin; Jermyn, Sevenoaks; Lock Distribution,

Oldham; Semicomps i.td., Wembley.
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Realm of Microwaves

6. Microwave antennae

by M. W. Hosking,* m.Sc

Microwave antennae, although no different
in principle to other types, are much smaller
in size for a given gain. This is because of the
relatively small wavelengths involved. mak-
ing it possible to use aerial dimensions tens
or hundreds of times the wavelength. It thus
becomes more convenient and realistic to
talk about an aerial aperture for transmit-
ting or receiving power rather than an
effective height for coupling to the electric
field. Before discussing individual aerials it
will be as well to start off with some basic
definitions.

An isotropic source is an origin of energy
which radiates uniformly in all directions.
Placed at the centre of a sphere, the power
density anywhere on the surface of the
sphere would be constant. Needless to say,
such a radiator is not realisable in practice,
but the concept is used as a point of refer-
ence for comparing the performance of an
aerial.

Gain and directivity

There are two measures of aerial gain
related by the efficiency of the aerial. The
power gain G is defined by

radiated power density

power density from isotropic source

This is the figure usually quoted as it in-
cludes all the losses and imperfections
associated with the antenna. Usually, gain
is expressed in dB and often quoted without
reference to direction, when it is then taken
as applying to the peak of the main beam.
The second type of gain is the directivity
D and can either be calculated or measured
from the polar diagram. It is defined as

maximum power density

average power density

and as this does not take into account the
effect of any losses it represents the ideal
case. From the polar diagram of Fig. 1, the
maximum of the pattern is readily seen and
the average value is obtained by integrating
the power density over the full 360° to give
the directivity in that particular plane.
Further, as the directivity is a ratio, it is
not necessary to know any absolute values;
when working out the directivity from a
polar piot, one reads off the peak value as a

*British Aircraft Corporation

unit of length and divides it by the mean
value obtained with the aid of a planimeter.
Directivity and gain are related by G = nD,
where n is the efficiency of the antenna.
Depending on type and quality of manu-
facture, the efficiency of most microwave
antennae lies between 50 and 757.

From the definition of directivity, it is
possible to obtain a “rule of thumb”
estimate of the gain of an antenna from its
3-dB beamwidth. It is necessary to assume
an equivalent polar diagram in which the
radiated power is confined to within the
solid angle formed by the product of the
beamwidths in two orthogonal planes. One
plane is usually taken as that parallel to the
radiated electric field vector—the E-plane—
and the other as parallel to the magnetic
field vector—the H-plane. So if this pattern
has an amplitude of unity, the maximum
power density is 1/0g8;, 6, and 6, being
the half-power beamwidth in radians. The

s
TR Y

QN
e\ %
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~

Fig. 1. General polar diagram showing the
directive type of main beam that can be
obtained in the microwave region.
Parameters such as gain, beamwidth and
side-lobe level are within the control of the
designer.
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average power density is simply 1/4zw and so
the directivity is 47/0g0y, or 41,253/0.0,
with the beamwidths in degrees. To obtain
the gain an estimate must be made of the
efficiency.

Sidelobes

The great majority of polar patterns consist
of a single main beam and a series of minor
beams which occur at certain angular
positions and the amplitudes of which
decrease as the angular distance from the
main beam increases. The presence of
radiated power in these sidelobes is wasteful
and gives a reduction in efficiency, so effort
is made to reduce them. In addition, many
radar systems these days have to operate in
environments where they may be electrically
“jammed” and the presence of high side-
lobes would make them that much more
susceptible. For use in low-angle tracking,
high sidelobes could give rise to spurious
and misleading echoes from the ground.

Antenna aperture

It is convenient to consider microwave
antennae as having an effective area which
collects the incident power. Such a concept
is reasonable in the case of dish types, but
not so obvious for, say, a dipole. Where
there is a physical aperture to measure, the
effective area is less than the geometrical
one by a factor which takes into account the
efficiency of the aperture as a radiator. The
effective area A, is related to antenna gain
by G = 4nA,/i%. The isotropic radiator,
having a gain of unity, has an effective area
of A%/4x.

Impedance is important from the point of
view of maximum power transfer, either
transmitting or receiving, and of therefore
obtaining a good match. It happens that
this parameter is exceedingly complex to
determine and, apart from a few very simple
antennae, it has not been possible or worth-
while to compute the impedance of all
types. Instead, the quite-satisfactory process
of empirical matching is carried out when
needed.

Having thus established some of the main
parameters used to describe the perform-
ance of an antenna, this article concentrates
on a widely-used type in the microwave
region which radiates from an area aperture.
An interesting fact about the polar pattern
produced from such a radiator is that
besides the gain being governed by the
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Beam dimensions from open-ended rectangular and circular \ﬂ/aveguides

3-dB beamwidth

Width to first null

Directivity E-plane H-plane E-plane H-plane
T
10.2 ab A i b
Rectangular = 3 50° - 65° 2sin"1(A/b) 2 sin” '(31/2a) '
= je—a—
2.87D * i p : '
Circul —-29.4° —-50° in"1(1. in"'(1.74
ircular 2 5 294 b 50 2sin"'(1.224/D) 2sin”'(1.74/D) L*DAJ

physical size, both the gain and the sidelobe
level are functions of the electric and
magnetic field amplitudes across the aper-
ture. One can consider the whole area to be
made up of a large number of small,
individual radiators, each of which is
supplied with its own electromagnetic fields.
By varying the field strength by different
amounts at different points, it is thus
possible to taper the overall aperture field in
any desired way. When all radiating points
have the same amplitude, the aperture is
called uniformly illuminated and has its
maximum gain.

(a)

(b)

(c)

(d)

Fig. 2. Main types of waveguide horn
formed by flaring the waveguide walls in a
controlled fashion(a) E-plane sectoral horn,
(b) H-plane sectoral horn, (¢) pyramidal
horn, (d) conical horn.

However, this distribution also gives the
highest sidelobe level. By illuminating the
aperture in various non-uniform ways and
accepting a slight decrease in gain, together
with widening of the main beam, the side-
lobes may be reduced. A widely-used
distribution, for instance, follows a cosine
law, the electric field being zero at the edges
of the aperture and rising to a maximum at
the centre. In this case, a reduction in side-
lobes of about 10dB together with a
decrease in gain of 1dB would be obtained
compared with a uniform illumination on a
rectangular aperture.
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Fig. 3. For a fixed length of horn, directivity
increases as the aperture widens and passes
through a maximum value. Composite plots
are shown here of the directivities of

(a) E-plane and (b) H-plane sectoral horns
having various lengths. Dimensions for an
optimum horn can easily be seen.
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A practical form of antenna, often used as
the feed for a larger reflector-type, is simply
open-ended rectangular or circular wave-
guide. In this case, the aperture distribution
is governed by the field pattern within the
waveguide, which in turn depends on the
particular mode it is supporting. Usually
the dominant mode is the one of interest
and the Table (p. 502) lists the main beam
dimensions for rectangular and circular
guide when just the dominant mode is
present. Both gain and beamwidth of the
waveguide radiator are proportional to the
area of the aperture, so that to obtain a
narrow beam or high gain, a large wave-
guide would be needed.

As shown in part 2 of this series (March)
once a certain, fairly limited, range of wave-
guide dimensions had been exceeded, then
higher-order modes can propagate. So that
using oversized waveguide to obtain a
larger effective area is not recommended;
any higher modes appearing would serve
only to waste power and to distort the
radiated pattern. Instead, the technique
used is to flare out the waveguide dimen-
sions in a controlled way to form a wave-
guide horn. If only two sides of a rectangular
guide are flared, this is called either an E or
H-plane sectoral horn as in Fig. 2; while
flaring in other directions as well produces
pyramidal and conical horns.

Higher-order modes can be generated at
a discontinuity in a transmission line,
although in the case of a guide below cut-off,
they are rapidly attenuated. The horn flare
angle must be chosen so that any higher-
modes generated at the throat of the horn
are suppressed by the time they reach horn
dimensions wherein they can propagate.
Within this constraint, the gain of a sectoral
horn increases with increasing aperture
area.

If the axial length L of the horn is kept
constant, together with the height b (in the
case of the E-plane horn), and the aperture
then widened, the gain steadily increases,
passes through a maximum and then
decreases. Horns with dimensions corre-
sponding to this maximum are called
optimum horns and Fig. 3(a) shows the
variation in directivity of the E-plane
sectoral horn for various axial lengths.
Similar results obtain for the H-plane horn
with constant L and a, and are shown in
Fig. 3(b).
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By combining the E and H-plane flares,
the pyramidal horn is produced and, because
the radiating mechanism is well-understood,
enabling the gain to be accurately calcu-
lated, this type of horn is often used as a
gain standard. Theoretically, the directivity
of the pyramidal horn can be obtained from
the sectoral horn directivities, D, and Dy
and is DyDynA?/32ab. Optimum dimen-
sions for this type of horn are summarized
in Fig. 4(a). For example, a horn with a
25-dB directivity and of optimum propor-
tions would have a length of 20 wavelengths
and an aperture of 8.3 by 6.7 wavelengths.

Finally, circular waveguide can be used
to produce the conical horn, the optimum
dimensions versus directivity of which are
plotted in Fig. 4(b). The dimensions of
pyramidal and conical horns are very
similar for a particular gain so, in that
respect, there is no advantage of one over
the other. The conical shape is more suited
10 a circularly-polarized antenna, but the
useful waveguide bandwidth is lower in
circular than in rectangular guide.

Reflector antenna

A widely-used class ot antenna fully exploits
the advantages of the small microwave
wavelengths to produce a highly-directive
narrow beam from a conveniently-sized
aperture. This is the reflector antenna and
consists of a small radiator called the
primary source or feed, which is used to
illuminate a large reflecting dish which
reflects radiation into space in the form of a
concentrated beam. The feed can be of any
convenient design, but the pyramidal or
conical horn is widely used. For the main
dish a paraboloidal contour finds most
application, the geometry of the system
being shown in Fig. S together with some
important relationships.

The parabola has two important pro-
perties which account for its wide usage.
Firstly, with the feed placed at the focus of
the parabola, reflected rays are concentrated
within a beam parallel to the axis. Con-
versely, when used as a receiver, the incident
radiation on the main dish will be focused
to the one point on the axis. Secondly, the
path lengths of rays from the focus to the
reflector and out into the distance are the
same. This means that, for a small feed and
large dish, the feed appears as a point source
with a spherical wavefront which is con-
verted by a parabola into a plane wavefront
having a uniform phase. Because the reflect-
ing dish is usually several tens of wave-
lengths in diameter high gains can be
achieved, 30 to 45dB being typical, resulting
in beamwidths of less than 2° and making
the system eminently suitable for target-
tracking radar or as part of a low signal-
strength receiver.

When designing a parabolic reflector, one
of the first parameters to settle is the ratio
of focal length to dish diameter (F/D). This
is determined by both mechanical and
electrical considerations, a small ratio
meaning a deep dish and a large ratio
meaning a very shallow one, both have
their problems when it comes to mounting
both dish and feed. In addition, the small
diameter, large focal length dish requires a
larger feed to produce the narrower illu-
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Fig. 4. In similar fashion to the sectoral
horns, the pyramidal and conical versions
also have optimum aperture dimensions for
a fixed length. Directivities are plotted for
(a) pyramidal horn and (b) conical horn.

Fig. 6. For a quick estimate of feed-horn
performance, this graph presents the half-
angle \ as a function of F/D ratio.

minating beam, thereby introducing more
aperture blocking, while the large dish
makes feed design difficult in obtaining a
uniform phase. Generally, parabolas have
an F/D ratio of between 0.3 and 0.5.
Another important factor in this type of
antenna and one which affects the overall
efficiency is the variation in field amplitude
across the aperture of the reflector. For
maximum gain, a uniformly illuminated
aperture is required, and to obtain that with
this system, a paraboloid with large F/D
ratio and a very wide-beam feed would be
needed. With such a feed, a lot of the radi-
ated power would spill over the edge of the
reflector and be lost, defeating the object.
On the other hand, the dish diameter could
be increased, giving a small F/D ratio and
intercepting more of the feed radiation.
Efficiency would then fall because of the
departure from a non-uniform field distri-
bution. There would thus seem to be a com-
promise situation between these two effects
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and it is found in practice that optimum
efficiency occurs for a reflector illumination
such that the power level at the edge is 10
to 12 dB below that of the centre. In this
case, the level of the first side-lobes below
the main beam 1s about 23 dB.

Often, maximum gain is not all-important
and a lower side-lobe level is desired, so for
a sacrifice of 1 to 2 dB of gain, decreasing
the edge illumination to 20 dB gives a side
lobe level of about —26 dB. Clearly then,
the radiation pattern of the feed is of utmost
importance in controlling the efficiency of
the system.

When assessing the design of a para-
boloidal reflector, some useful relation-
ships can be presented in graphical form.
Equation 2 of Fig. 5, for instance, is plotted
in Fig. 6.to give the subtended half-angle of
the feed on the dish. Having chosen F/D,
the half-angle can be used to determine the
radiation pattern of the feed required to
produce a particular illumination taper.
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First, a correction factor must be applied.
Referring to Fig. 5, the path length of a ray,
r, increases as its axial angle # increases. So
as the power level of a spherical wavefront
varies as the inverse square of path length,
there is already some aperture taper across
the paraboloid. The amount of attenuation
is 20 log, o (r/F) which from equation 1 can
be written as 20 log,, sec? (6/2) and is
plotted in Fig. 7.

Suppose we had a paraboloid with an
F/D of 0.35 and we require an edge taper
level of — 15 dB. Fig. 6 shows that the sub-
tended half-angle is about 71°, resulting in
an inverse-square attenuation of 3.6 dB.
This means that 3.6 dB of the required 15 dB
is inherent in the system and, therefore, the
feed has to have a radiation pattern which
is only 11.4 dB down on its peak at an angle
of 71°.

By taking into account the E and H-plane
radiation characteristics of the feed, to-
gether with the dish illumination required,
it is possible to define an overall directivity
for the reflector system. The useful expres-
sion emerging is D = D + Dy, +10 log,,
A/% (dB) where 4 is the area of the reflector,
and equals nD?/4 for a circular parabola.
Directivity factors Dy and D, take into
account the illumination taper and the type
of feed. A popular feed is the pyramidal
horn and for this case the directivity factors
are plotted in Fig. 8. Thus, if the reflector
of the previous example was required to
have a directivity of 40 dB at a frequency of
20,000 MHz, D, = 4.8 dB and Dy, = 4.5
dB. So, 10 log,, nD?*/44* = 30.7 dB and
the reflector diameter would need to be 58
cm. In practice, there are more losses associ-
ated with the system and typical efficiencies
lie between 55 and 659,

Finally, from the relationship given ear-
lier between beamwidth and directivity, a
rough estimate of the 3-dB beamwidth is
704/D degrees. In the above example, the
beamwidth will be just under 2°. This serves
to demonstrate the highly directive type of
beam which can be produced by this type of
moderately-sized antenna at microwave fre-
quencies.

One problem that exists with this
type of antenna arises from the physical
presence of the feed in the aperture of the
main reflector. Firstly, the feed and its sup-
port introduce aperture blocking or shad-
owing which has the effect of reducing the
gain and degrading the sidelobe level. As
the transverse feed dimensions do not
change markedly with dish diameter, this
effect obvidusly gets worse for smaller re-
flectors. Secondly, there is interaction be-
tween feed and dish, in that energy reflected
from near the axis of the paraboloid enters
the feed aperture and interacts with the
primary radiation. The effect is similar to a
condition of mismatch and impairs the
radiation efficiency of the feed. To counter-
act this, various matching devices can be
incorporated in the feed, or, as shown in
Fig. 9(a) a plate can be placed at the apex
of the paraboloid and its size and position
adjusted until the reflected signal is equal
in amplitude but opposite in phase to signals
arriving from other parts around the apex.
Under these conditions, cancellation of the
mismatch occurs.

Fig. 9(b) illustrates another technique:
that of offsetting the feed. The feed is still
placed at the focus of the paraboloid, but is
inclined to illuminate an off-centre section
and the remainder of the reflector can be
removed. There is no longer any aperture
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Fig. 7. Natural 1/r? variation in radiated
energy contributes towards the aperture
taper and must be taken into account when
designing the feed.
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blocking, nor any feed/reflector mismatch
effects. The main advantage of the offset
feed is that it gives several dB improvement
in sidelobe level. The aperture field distri-
bution is no longer symmetrical and at
offset angles greater than about 15°, trans-
versely-polarized field components and an
effective broadening of the radiation pattern
start to significantly reduce the gain.

Cassegrain antenna

A widely-used variation of the simple para-
boloid reflector is the Cassegrain system,
which operates on the same principles as
the optical versions in telescopes. Fig. 10
shows the general layout, together with
some important geometrical relationships.
An extra element has been added in the
form of a hyperboloid sub-reflector and the
position of the primary feed has been
changed. The hyperboloid has two focal
points, one real and one virtual, which are
made to coincide with the feed position in
one case and the focus of the paraboloidal
main reflector in the other. The effect of this
arrangement can be seen from the ray-
tracing of Fig. 10(a) where an image of the
real feed is produced at the virtual focus.
Thus, as far as the paraboloid is concerned,
it is being illuminated from this point and
we have the system already described.
Because of the magnifying properties of an
hyperbola the image feed has a smaller
effective area than the real one, but a corres-
pondingly broader beamwidth and this can
be used to advantage in cases where the feed
is bulky.

One of the raisons d’etre of the Cassegrain
system is that it has an effective focal length
which is larger than the focal length of the
paraboloid by a factor equal to the magni-
fication. A paraboloid with a particular
F/D ratio can be made to have the same
effect as one with a larger ratio by using the
Cassegrain system. As regards tapering the
aperture illumination of the main dish, this
is done in similar fashion to that already
described. The difference in the Cassegrain
system is that the focal length of the para-
boloid is now the effective focal length. For
simplicity, only the true Cassegrain para-
bola/hyperbola system has been mentioned,
but to obtain various combinations of beam
shape and aperture-blocking, the sub-
reflector can be varied from convex to flat
to concave and can also be elliptical.
Similarly with the main reflector.

Aperture blocking itself is more serious
with the Cassegrain type of antenna because
the sub-reflector tends to be larger than a
simple feed. Several methods exist for mini-
mizing this, one of which depends on an
optimum choice of dimensions for both
feed and sub-reflector. Fig. 10(a) shows that
the sub-reflector diameter may be reduced
either by bringing it closer to the feed, or by
making the feed itself more directive. After
a certain point the stage is reached where
the shadowing caused by the feed on the
paraboloid is greater than the blocking due
to the sub-reflector. There thus exists an
optimum when the shadows projected by
the sub-reflector and feed are equal in area.

A second technique, the principles of
which will be covered in a later article,
makes use of the fact that it is not necessary
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Fig. 10. Cassegrain antenna uses an
additional element in the form of an
hyperbolic sub-reflector and has an effective
focal length which is longer than the focal
length of the parabola. An image of the feed
is formed at the virtual focus and
illuminating radiation appears as coming
from this point.

to have a solid metal dish to reflect energy.
A properly designed grating of wires will
do the job just as well, reflecting radiation
whose electric field vector is parallel to the
wires. For an E-vector perpendicular to the
wires, the grating appears transparent and
the radiation can pass through undisturbed.
Also, by using a wire grating, it is possible
to construct a reflector which will rotate
the polarization of the incident radiation.
So the sub-reflector could be made of a grid
of horizontal wires and the main parabolic
dish could incorporate a polarization-
twisting arrangement. Horizontally-polar-
ized radiation from the feed would be
reflected from the sub-reflector onto the
main dish and would emerge as a vertically-
polarized field, to which the sub-reflector is
transparent. Thus—no aperture blockage
by the sub-reflector. It is evident that this
system can only be used with singly-
polarized antennae.

Besides the ability to tolerate a large feed,
the Cassegrain antenna has several other
advantages over the simple parabolic re-
flector. Having the feed tucked away at the
rear of the dish eliminates the relatively long
waveguide run and the associated losses.
Aithough perhaps only a fraction of a dB,
this is important to low-noise receivers such
as might be used in radio-telescope and
communication systems. Because of the
positioning of the feed, there is also less
noise introduced into the Cassegrain system
by spill-over radiation being reflected from
the ground.
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Salanson, Penny & Giles Lid. Mudeford,
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The British Overseas Trade Board has published
a 1973 edition of its Export Handbook for British
firms trading abroad. The book is an up to date
description of all the Government services available
for ecxporters, together with mention of private
agencies, addresses and a bibliography. British
Overseas Trade Board, ! Victoria Street, London
SW.l Bl Viwiaabi wed b of Bm ik T 214 o s WW 412

The Middlesex Polytechnic Prospectus for 1973-74
describes the available degree, postgraduate, diploma,
certificate and short courses. Entry requirements
are also listed. Middlesex Polytechnic, P.O. Box 40,
Enficld. Middlesex EN3 4SF ............ WW 413

“Training for Company Secrctaryship” is one of a
serics of booklets published by the Department of
Employment  dealing  with  commercial  and
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with the procedure laid down in the Central Training
Council’s Memorandum No.7 for “training standards
for occupations common to a number of industries”.
Her Majesty’s Stationery Office, 49 High Holborn,
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Announcements

The product range of Integrated Photomatrix Ltd,
Dorchester, Dorset, is now handled in the United
States by a subsidiary company, Integrated Photo-
matrix Inc. The new company is based at 1101
Bristol Road, Mountainside, New Jersey 07092.

“Stereo and Public Address Systems” and “Video
Recording” are (wo courses to be presented (one
lecture per week commencing in October) at Nor-
wood Technical College, Main Building, Knight’s
Hill, London SE27 OTX. Applications to the Senior
Administrative Officer.

Rendar Instruments Ltd have appointed Edmund-
son Electronic Components as their franchised
distributors covering the South-East of England and
the Midlands. This appointment completes a
country-wide distribution network for Rendar.

_Customers in the South-East should place their

orders for Rendar products through Edmundson
Electronic Components, 30/50 Ossory Road,
London SEl1 S5AN. Customers in the Midlands
should use the Birmingham office at 40/45 Lower
Tower Street, Birmingham 19. Products include
control knobs, jack plugs and sockets, switches
and DIN plugs.

A five day course on ‘“Image Processing” will
be held from 12th — 16th November at the Campus
Inn, 1920 Northwestern Avenue, West Lafayette,
Indiana. The course is intended to familiarize
engineers and scientists with the state of the art of
optical and digital image processing. For additional
information contact Paul A. Wintz, Course Chair-
man, 605 Lingle Avenue, Lafayette, Indiana
47901, US.A.
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Switching-centre applications: concluding part of an article on

two-way information

systems

by E. J. Gargini, * M.LE.E., M.LE.R.E.

The first part of this article (September
issue) concluded with a discussion of
central switching systems for use in two
way information services. In this second
part 1 shall briefly review the progress
of the Rediffusion Dial-a-Program (DAP)
central switching system, using it as an
indication of possible future develop-
ments. '¢

The basic DAP exchange frame com-
prises a 12096 cross-point system, using
magnet-operated reed  switches, for
connecting any one of 36 input lines to
any one (or more than one) of 336 output
lines. After the introduction of a small-
scale DAP installation at Thames Tele-
vision, Teddington, a prototype exchange
— capable of operating on 36 channels,
but with active equipment for 12 off-air
channels and a few locally originated or
two-way transmissions — was installed
at Dennisport in Cape Cod, US.A.,
together with a network to reach 250
dwellings in an area of about one-third

* Rediffusion Engineering Ltd.

DAP
exchange

choke

h.f. receiver
or

off air

)

frequency changer

h.f.
choke

channel X busbar H

sub’s reed selector

BTC0 ] —— TT0 ]

)

receiver

Fig.8 Subscriber’s dial unit for two-wire
Dial-a-Program system.

Fig.7 Schematic of synchronous two-way
system (showing subscriber monitoring his
own signal from his allocated busbar

(dialled by sub to channel X) channel).
input
trom
camera
igh- modulator —c—
> audio > low-pass hx?i?t;;c’:‘ss <& amplitier
r amplitier filter 16 MHz 4
| audio extract
+- —- ——t e Y
| I
| t.m. sound h i
s .m. 5= ybrid | ¢ control Dft—————= d— hybrid 2 audio
> modulator | J transformer panel " — transtormer inject
6 b balanced
e e — | y system
i T = 1 pair %k
Lo o
- system k. low-pass Ly times 8
frequency h‘gi’i"ltpecrss filter
amplifier
Y divide by 4 low-pass r dial- >
ML filter inverter e
television
- 4 mixer - receiver
standard D A P originction

equipment

Signal path to subscriber at 8MHz
Signa! path from subscriber at 16MHz

* Telephone facilities available
simuitaneously on control pair

master ref.
carrier

exchange equipment

wWww.americanradiohistorv.com

terminal equipment


www.americanradiohistory.com

Wireless World, October 1973

of a square mile. Extra lines were made
available to feed extra points in half these
homes. Some 160 homes arc at present
using this service, which became opera-
tional in August 1970. This prototype
installation was undertaken as an engi-
neering field test of the system. The results
have been entirely satisfactory, both in
quality of television transmission and in
reliability. There has been no reported
reed switch fault or failure of the distribu-
tion network, despite quite wide variation
of temperature.

The Cape Cod installation includes two
experimental additions which have to do
with the communication concept: (1)
Television cameras have been operated at
two distribution points on the network,
i.e. with two-way television signals passing
in opposite directions on the same cable
circuit; one provides local shoppers with
current prices in a small supermarket, the
second was used for demonstration
purposes. (2) The control pair of the DAP
system has been used for telephone
purposes on a dedicated basis in con-
junction-with a two-wire version of DAP,
ie. a DAP system in which dialling and
resetting signals are carried on the pair
which carries the selected television signals.

Fig. 7 indicates the operation of the
two-way television: system in which the
subscriber originated signal is sent to the
exchange on a carrier frequency of twice
that of output signals from the exchange.
Fig. 8 shows the arrangement of the
subscriber’s dial unit for the two-wire DAP
system.

Fig. 9 shows an application of DAP
central switching now installed and
working at the Case Western Reserve
University at Cleveland, Ohio, US.A. In
this system the control pair is used on
a shared basis — for DAP signalling and
for two-way telephonic communication
between students and the video tape
machine operator. The dial units can be
adapted later to include a touch tone
signalling system which will permit the
student to control video tape machines
directly.

The two-way television filtering and
frequency changing equipment permits
vision signal origination from a number
of lecture halls which also serve as viewing
centres. This equipment is of course
portable and the two-way capability of the
DAP system permits the use of cameras
from any outlet point; thus separate feed
lines for remote programme origination
are not required.

Fig. 10 is an outline of a DAP installa-
tion at the Nova Park Hotel, Zurich,
Switzerland, which has just become
operational. This installation is a joint
undertaking by Rediffusion International,
Rediffusion AG, which is an independent
company, and Philips. The system, when
cqmpleted, will deal with a number of off-
air channels and 54 locally originated
channels. Eighteen of the locally orig-
inated channels and initially six channels
from off-air sources will be applied to the
DAP exchanges for direct selection by
dialling. The remaining 36 locally
originated channels will be routed to indi-
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