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Now there is another choice in high quality solder. The new Oryx résin cored solder. Try it and you will find it spreads
easier than the solder you are using.

Specially formulated for fast precision solder work, itis 60% tin, 40% lead dlloy with quality flux construction and melts at 183°C.
Two gauges are available—18 SWG (1.2mm) 'and 22SWG (0.71mm) in 2.5 Kg, 5009, 2509 and 100g reels. Pocket size
dispenser with 10 feet of Oryx 1mm solder is also available at only 68p (+VAT).

Oryx is competitively priced — write now for details and technical information,

Greenwood Electronics

Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephonie: (0734) 595844. Telex: 848659
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The TC82-a 51gmf1cant
development in
temperature

controlled

soldering

1661 ON

The new Oryx TC 82 has features unique to any
temperature controlled precision soldering iron.
Availabléin24V, 50V, 115V and 210/240V models,
the TC 82 has a facility allowing the user to accurately
dial any tip temperature between 260°C and 420°C
by setting a dial in the handle without changing tips.

This elimincates the need for temperature

measuring equipment. You get faster and better soldering.

For 24V models a special Oryx power unit connects directly to the iron and contains fullyisolated transformer o BS3535, a

safety stand, tip clean facility and illuminated mains socket switch.
The OryxTC82is also exira-safe. Removing the handle automatically disconnects the iron from power source.
Other TC 82features include: Power-on Neon indicator in handle; burn proof cable; choice of 13 tip styles.
And more good news
The Oryx TC 82 iron costs only £13.00 (+ VAT) and the power unit for 24 V operation £23.00 (+ VAT).
The TC82 240 voltis also available as a 30 watt general purpose iron at on|y£3 95 (+VAT).

Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844, Telex: 848659
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THE NEW GOULD 0S300

AUDIO

DUAL-TRACE 20MHz ’SCOPE

35 ' GRAVEN IMAGES, NEW STYLE :

CRISIS CONTROL

36

\ “byR.E. Young
lm - 80-100 WATT MOSFET AUDIO AMPLIFIER
y by John Linsiey Hood
... : [‘2 LITERATURE RECEIVED
e : as tough as the |

environment you use it in, An impression of crisis control,

created by Geoff Barrold, linked
with R. E. Young'’s article on the
subject in this issue.

DIGITAL FILTER DESIGN — 2 |
by B. M. G. Cheetham and P. Hughes

e.g. measuring vibration
characteristics of rotating
machinery and mechanical

43

structures on site.

NEXT MONTH

47

LETTERS TO THE EDITOR

Line printer — an interface
for driving a 40-column,
dot-matrix, mechanism

MICRO-CONTROLLED RADIO-CODE CLOCK
by N. E. Sand :

a1

_ from a 28D based
o computer. 55 DIGITAL AUDIO SIGNAL PROCGESSING BY
> S GPIB/serial interface — M'BROGOMPUTER hv Ji Bn walsml

s e TAGGER
g Lavwl Y Sweed
Ry '

Chris Jay demonstrates an
‘economical and practical’
solution with talker/listener

CIRGUIT IDEAS

capability.

DIGITAL FREQUENCY SYNTHESIZE
by J. M. Bryant :

62

Light pen — reads screen
characters, in memory-

mapped display
microcomputer systems,
and returns address. Design

NEWS OF THE MONTH

67

uses fibre-optic cable.

LEAKY FEEDER COMMUNICATION e
by D. J. R. Martin

70

Current issue price 70p, back issues {if

available) £1, at Retaii and Trade Coun-
ter, Units 1 & 2, Bankside Indusfrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor.

MICROPROCESSOR CONTROLLED LIGHTING SYSTEM
~ hy John D. H. White and Nigel M. Allinson

76

By post, current issue £1.6p, back issues
{if available) £1.560, order and payments
to EEP General Sales Dept.. Quadrant

HERETICS GUIDE TO MODERN PHYSICS

g'c‘)/"uzsg'AST'he Qduadr'afjt, Suft:)n,.S;rre;l 7 bv W: A' scon Mﬂl’l’av \
F;’n"{;ﬁbggﬁsw‘i‘he"&?é?gnﬁ et 82 ERROR-CORRECTING SOFTWARE
t?«Zlephones:.Editorial 01-661 3500. Ad- - nv N. namood

vertising 01-661 3130.

Telegrams/Telex: 832084 BISPRS G.
Subscription rates: 1 year £12 UK and
£15 outside UK. )

Student rates: 1 year £8 UK arKd £10

COMMUNICATIONS

4

outside UK.

A tough, professional instrument Distribution: Quadrant House, The Quad

you can trust — at a price you can
afford! Built to do more - safely,
reliably and longer.

Complete with a2-year guarantee.
This robust and highly portable
oscilloscope has obvious applica-
tions in test, production, service
and R & D areas.

_ As some of the specification high-
lights make clear: *True 20MHz
operation — compare its maximum
display amplitude at full bandwidth

19814

with competitors; *Continuously
variable amplifier sensitivity with no
loss of bandwidth from 2mV/cm to

25V/cm; % Differential measure-
ments can be made using the
channel 2 ‘add’ and ‘invert’ controls;
* X-Y operation for frequency and
phase shift measurements; *New
type CRT with quick-heat cathode to
reduce operational delays and P43
phosphar for a brighter display.

And many other features designed
specifically for you!

WW - 001 FOR FURTHER DETAILS

Comprehensive data is yours for the
asking. On this tough little ‘scope.

Gould Instruments Division,
Roebuck Road, Hainault, liford,

Essex IG6 3UE.
Telephone: 01-500 1000.

== GOULD

Electronics & Electrical Products

rant, Sutton, Surrey SM2 5AS. Tele-
phone 01-661 3500.
Subscriptions: Oakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 3DH. Telephone 0444 59188.
Piease notify a change of address.
USA: $39 surface mail, $98.30 airmail.
US subscriptions from IPC B.P. Sub-
scriptions Office, 205 E.42nd Street, NY
10017. :
USA mailing agents: Expediters of the
Printed Word Ltd, 527 Madison Avenue,
Suite 1217, New York, NY 10022. 2nd-
class postage paid at New York.

© IPC Business Press Ltd, 1982 ISSN
0043 6062

NRZ RECORDING
byL. Hayward ,

PARIS COMPONENTS SHOW
by M. E. Eccles

NEW PRODUCTS

114 APPOINTMENTS
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CX80 coour

MATRIX PRINTER

Dumps, etc.

New fow pri'ce

£795 VAT

At last a low-cost Colour Matrix Printer for :
Text, Graphics, Histograms, Colour VDU

tation of com plex data or concepts.

Colour printout is quickly assimilated,
makes graphics more understandable
and is an ideal medium for the presen-

P

Compatible with most microprocessors,
programme makes the CX80 easy to use.

characters in rom. Centronics interface
interface gives dot for dot colour dump.

The CX80 is a product of our own desi
a British breakthrough in colour printe
pricing available.

INTEGREX LIMITED

Dot Addressable + 15 user programmable characters 96 ASCII and

prints in 7 colours — sophlstlcated internal

64 gra hfcs
with RS232 and IEEE488 options. S/)lxpgle N
New VIewdata interface prints out two pages.

side by side in full colour. See Prestel 200650,

gn and development laboratories. It re
presents
r technology. Colour brochure on request. OEM

Portwood Industrial Estate, Church Gresley.
Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432. Telex: 377106

Toroidal
nsformers

) THE COTSWOLD
BUDGET RANGE‘* OFFERS
~ - BUILT-IN QUALITY COUPLED

e
A Y TO A RELIABLE
P DELIVERY SERVICE
A . MOSTTYPES
_— s % FROM STOCK

IEC 65
VDE 0550:
BS 415

TO ORDER

- PHONE
TELEX, WRITE
OR DATA SHEET
AND PRICE LIST

Cotswold Electronics Lo,

Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 SNX
Tel: 0242-41313 Telex: 897106
S 2

The European name of Aerosol
Excellence. Special cleaners for all
electrical contacts and switches,

Kontakt 60

Dissolves oxides and suiphides,
remaves dirt, oil, resin and traces
of metal abrasnon Protects
against erosion. Ensures perfect
contacts.

Kontakt 61

Special cleaning, lubricating and
anti-corrosion fluid for NEW (non
oxydised) and specially sensitive
contacts. An excellent |ubricant
for all electrical and electro
mechanical systems.

Sprax Wash WL

A rapid cleaner for reliable wash-
ing and degreasing of electrical
equipment and components, For
removal ofdm‘?rease, oil, solder-
ing residues an othenmpurmes

ALSO AVAILABLE:

A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS
SK10 Soldering Lacquer, K75 Cold Spray, K70 Plastic Spray, K88 Oil Spray, K701

Vaseline Spray, K90 Video Spray, K33 Graphite Spray, K100 Antistatic Spray,

(l:(llé)l:“ls:luld Spray and, of course, Positiv 20 positive photo resist for printed

Details from:

Special Products Distributors Ltd.

81 Piccadilly, London, W1V OHL
Tel: 01-629 9556. Telex: 26500 (lnswerlv:vafk RACEN).o Cables: Speciprod, London,

WW — 087 FOR FURTHER DETAILS
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Electronic Brokers
Second User Test Equipment.
Makes engineers smile without

making accountants cry.

manufacturer’s sales specifications. When

Electronic Brokers are Europe’s leading
Second User Equipment Company. We carry
large stocks of the very latest test equipment
which is refurbished in our own service
laboratories and calibrated to meet the

ANALOGUE VOLTMETERS

Avo

EA113 Electronic Muftimeter .......... ... £115.00
Bruel and Kjaer

2409 TRUE RMS. Average and Peak 2Hz-
TOTNER - o= ot o i e £250.00
Hewlett Packard

3400A True RMS tmV-300V 10Hz-10MHz

......................................................... £600.00
3406A tmV-3V FSD 10KHz-1.2GHz ..£850.00
Marconl.

TF2600A 1mV-i00V FSD 10Hz- IOMHZ
...................................... 5.00
TF2603 RF Milivoltmeter BOOuV Sensmvu%/
S50KHz-1. 5(§Hz ...............................

Racal

9301A RF Millivoltmeter..................... £525.00
Rohde & Schwarz.

URV RF-DC Miflivoltmeter DC 50uV-1050V RF
(IOKEI727 Gz e e et £950.00

TF2370 Spectrum Ana!yser 30Hz-1 10MHz.
0.1dB and 5Hz resolution.............. . £6500.00

TK2374 Zero loss probe for TF2370 ...€£375.00
TF 2300B Modulation Meter £1200.00
Solartron

01 1) 72 T e P r e . £4000.00
Sound Technology

1700A measures distortion down to 0.002%.

 AC voltage 30uV-300V., $/N Ratio 100dB

Dynamic range, powenntoBQ 0

001 %

distortion Oscillator . £€950.00
Tektronlx
R491 Spectrum Analyser 10MHz-40GHz
ASINIEY . greceres comtrea e e €3500.00
BRIDGES
Marcon!
TM4520 Set of Inductors .................... £350.00
Rohde & 5chwarz.
LRT {BNé 100} inductance Meter. 1pH- lOOyH
2 2PATNRER oot gnd™ e Gocll oot 28 €395.00
Wayne Kerr
# 5
'~
L
B642LCRO.1% ....£795.00
SR 268 Source & Detector ... ... £875.00
DVM’s AND DMM's
Fluke

8300A 5V2 Digit DC only 1uV sensmwty 5
rangesto 11 50.00
Philips

PM 2523-01 LED 32 Digit DMM ... £95.00
Solartron.

7055 Microprocessor DMM. Scale Length
20.000. AC/DC volts. resistance lyv
TETBIUIHIEIA) oo el T SRS s
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FREQUENCY COUNTERS
Fluke

1920A with Option 13 9 Digit 1GHz ..£750.00
1925A Muitifunction, EMI Proof 9 Digit

O] 25T\ R 4% o g - - o800 S & PO £625.00
Hewlett Packard
534OA 8 Dbgit 10Hz-18GHz ............. €3750.00
Marc
2432/\ 8 dng:t 10Mz-560MHz Battery/Mains
..................................................... .£650.00
OSCILLOSCOPES

Marconl.
TF2213/1 + TK2214 X-Y Display and
memory... €

Phillps 3
PM 3234 True Dual Beam Storage Oscilloscope
10MHz New CRT ... ..o .£1750.00
PM 3244 50MHz 4 Channel Deiay T'Base
....................................................... €1500.00
Tektronlx.

453A Dual Trace DC-60MH2 Portable Sweep
Delay .. S TRy e,

465 Dual Trace Portable Osculoscope DC ==
100MHz. 5SmV-5V/div. Full delayed sweep
-.£1395.00

[7,5 53 1N R M ......£3000.00
7704 A 200MHz Mainframe c/w 7A22 Diff.
Amplifier, 7A26 Dual Channel. 7880 Timebase

and 7B85 Delaying Timebase .£4610.00

S1 Sampling Head. As New .. ..£450.00

7D14 D:g:ral Counter plug-in SZSMHz
............................... £850.00

P60I5 HV érobe
Telequipment
DM63 Storage Oscifloscope Fitted with 2 x V4
Plug-ins to g:ve4Trace 1SMHz ... €1350.00

CT 71 Curve Tracer ... ...£450.00
Texscan.,

DU1I20 12" Display .«.ccooeivivirieini £425.00
RECORDERS

Hewlett Packard

7045A X-Y Plotter T'Base Metric....... £1150.00

\Watenabe.
MC&41 6 Channel 250mm Chart Recorder
........................................................ £1495.00

Yokagawa
3047 2 Channei 2

€550.00

SIGNAL SOURCES

Hewlett Packard.

4204A Decade LF Oscillator. 10Hz-1 MHz
IMV-10VIN0 600 ..o £695.00
606B AM Signal Generator. 50KHz-6 5SMHz.

AM0-95% . £850.00

0 1uV-0.224V ..

6168 UHF S|gnal Gerierator. 1.810 4.2GHz. Int

PUISEIVIOC NSRS ... £1000.00

6518 Test Oscillator. 10Hz-10MHz.

(@), V&S DRV oo o =omasas A

32008 10-500MHz Signal Source

3320A Frequency Synthesizer. 0. 01Hz-1 3MHz.
_.£995.00

86408 c/w optlons 001.002. 003 500KHz-

TO2MMHZ ..o €4850.00
Marcont.

TF144H/4 AM Signal Generator. 10KHz-
T2MHz. 20V-2Y €750.00

you buy used equipment from Electronic
Brokers, it can be yours in just days. No
waiting for manufacturers lengthy production
schedules. All equipment is fully guaranteed.

TF2002B AM/FM 10KHz-88MHz ...... £1200.00
TF2170B Synchronizer for TF2002B ...£450.00
TF9958/2 AMIFM 200KHz-200MHz .. £695.00
TF2005R 2 Tone Signal Source, 20Hz-20KHz.
O-111dBiN 0. 1dBStePS.......co. oo £295.00
TF2008 AMIFM  10KHz-510MHz built in
sweeper. Qutput 0.2uV-200mV ... €3500.00
TF2016 + TF2173Synchroniser AM/FM
TOKHZ-102MHZ (..o £2000.00
TF2169 Pulse Modulator for use with TF2015
orTF2016 ...£200.
TF 2000 AF Signal Source
TF 2015 AM/FM Generats

Phillps.

PM5715 Pulse Generator 1Hz-50MHz £675.00
AVI6456 Stereo Generator. ... £250.00
Racai
908/ Synthesized AM/FM, Phase and Pulse
modulation 5-520MHz........ ... £2200.00
Radiometer
SMG! Stereo Generator ... .. .....£375.00
TRANSMISSION
MEASURING EQUIPMENT
Stemens.
D 2040 Selective Level Anaiyser and Voltmeter.
TOHZ-60KHZ. ..o oo £1200.00
D2072 + W 2072 Level Meter and Oscillator.
50KHz-100MHz. . .£2200.00
-W2006 + D2006 Carrier Levei Test Set 10KHz-
17MHz. —100to + 10dB................. £1650.00

W 2007 +D2007 Carner Level Test Set.
6KHz-18.6MHz. — 12010 +20dB .£1800.00

Wandel and Golterman.

PF-I Dxgital Error Rate Measuring Set.
Consisting of PFM-1 Digital Error Rate Meter
and PFG-1 Pettern Generator......... £2490.00
SPM-6 and PS-6 Level Measuring Set.
6KHz-18.6MHz. —110dB to +ZOdB Mains /
battery operation ... €2150.00

Please note: Prices showndo no

wun Rl | .':-I -
FlectronicBrokers | == — | == T |
Electronic Brokers Lim

PCM-1 PCM Test Set, PDA-64 PCM Signatling
Analyser, PSM-4 Level Measuring Set Scanner.
PDG-1 Digitat Signal Generator, PDA-1 PCM

Digital Signal Analyser ............... b did P.O.A.
MISCELLANEOUS

Bruel & Kjaer

2209 Sound LevelMeter ............ ... .£975.00
Dymar

2085 AF Power meter 20Hz-30KHz IOuW
50W inputimp 1.2-10002 ... 250.00
Ferrograph

RS2 TSI g oo s e EBSS.OO
Fluke

3010A Logictester. Self Contained. Portable

Full Spec. on Request ... ..£8500.00

Hewlett Packard.

355E 12dB Programmable Attenuator unused
£90.00

MOBULATIORE IS ..

8412A Phase Magnitude CRT display for
NEEWOrk analyser. ... ... ... £1500.
8482H Power Sensor 100KHz-4.2GHz. AS
NEVW/ O P et 20 £250.00
8745A S Parameter Test Set. Fitted with

1 1604A Universal Arms 0.1-2GHz .. £2750.00
59308A HP-IB Timing Generator ........ £300.00
Marconi.

TF2162 MF. Attenuator. O-111dB.....€135.00
TF 2502 RF Power Meter DC — 1GHz 10W
£525.00

TF2331 AF-Distol
20Hz-20KHz.
TE2500 AF Power Meter. 7 ranges lOOu watts
to 25 watts .. £275.00
TM8339 AC/DC mixer for use with TF2702
€250.00

Philips
PM9380 Camera and Accessories (as new]

> ...£200.
Rohde and Schwarz
MSC Sterec Coder, 30Hz-15KHz ... £500.00
Schaffner
NSG 509 Test Generator ................. £785.00
Tektronix
141 A PAL Test Signal Generator ...... £1750.00.
1481C PAL TV Waveform Morutor. £2375.00
191 Constant Amphtude Sig. Gen. 350KHz- *
T0OMHZ 5mV-5.5V .. oo o €250.00
106 Square Wave Generaror 1nS nisetime
10Hz- 1 MHz without accessories ... ..£175.00
284 Pulse Generator 70pS nsetime .€1250.00
2901 Time-Mark Generator ............ ..£195.00

t include VAT or carriage.

= ]

W

-
ited

61/65 Kings Cross Road
London WC1X9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G s
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PORTABLE MAINS DISTRIBUTION
NOW WITH EARTH LEAKAGE

|

OLSON

FOR INSTANT MAINS DISTRIBUTION IN
OFFICES, LABORATORIES, WORKSHOPS
AND FOR MAXIMUM SAFETY

EXYYXY

N13A/6 =

‘.;_V__!i' L I’!
BEL 5SW
£61,£2.25 P&P + VAT

13A/6SW Sloping "

£26, £1.50 P&P + VAT.

TR9 £38.75, £2.50 P&P + VAT

£23.40, £1.50 P&P + VAT

PEL 1
£44.50, £1.50 P&P + VAT

13A/4SW
£22.40, £1.50 P&P + VAT

T13A/5
£21.75

£1.50 P&P
+ VAT

N13A/3 :
£16.77, £1.50 P&P + VAT

DELIVERY EX-STOCK

. FACTORY NO. 8,5-7 LONG STREET &
ectronics Ltd. | ONDON E2 8HJ Tel: 01-739 2343

DIL compatible configurations

CMOS and TTL ocutputs

Wide temperature ranges

Frequencics one pulse per day to 60 MHz

Many standard frequencies from stoek Interface
Quartz
B - L ) Devices
More details of specifications from Limited

29 Market Street
Crewkerne
{ Somersct TA18 7ju

Crewkerne (0469) 74433
Telex 46283 infacey

WW — 090 FOR FURTHER DETAILS

Multi Direct Drive
Cassette Mechanism

3 Motor Direct Drive ¢ High Reliability  Wide Speed Range,
1.2-19cm/s  Designed for Full Remote Control
Dual Capstan:0.16% Wideband Wow/Flutter
) 0.07% DIN Pk Wtd.Wow/Flutter
Motion Sensors and Tachogenerator: Intelligent Control of

Unit
Applications: Studio Quality Recording Equipment
Compact Transportable Equipment e Industrial Recording
and Monitoring :

PRPST

PAPST MOTORS LIMITED. PARNELL COURT. EAST PORTWAY INDUSTRIAL ESTATE.
ANDOVER. HAMPSHIRE TEL ANDOVER(0264)53655 TELEX: 477512

WW — 088 FOR FURTHER DETAILS
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SINEWAVE
INVERTERS

—FROM CARACAL 200-1000 VA

Caracal offer you the U.K.’s widest range of high-quality
static inverters. Our inverters are used in many countries
throughout the world wherever a reliable and stable source
of A.C. power is needed for computers, communications,
instrumentation, etc. They are also frequently used for
mobile or marine applications where only a D.C. source is
available.

_ Caracal inverters employ modern pulse width modulation
technology which is replacing obsolescent tuned-type (ferro-
resonant) inverters, by giving higher efficiency throughout
the load range, very low standby current, and lower weight.

We have a large range of models and options, at competitive
prices, to suit your exact requirements.

19-INCH RACK MOUNTING

Now all inverters are also available in 19-inch chassis form
for rack mounting. ‘ .

- Export
v enquiries
welcome

CARACAL POWER PRODUCTS LIMITED :
42-44 SHORTMEAD STREET, BIGGLESWADE, BEDFORDSHIRE
Telephone: 0767 81361

WIRELESS WORLD JUNE 1982
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* NOW WITH A 2 YEAR WARRANTY

* Fluke 8022B _
3Y; Digit hand held LCD. DMM. AC/DC volts,
DC/AC current, resistance. diode test. 0.25% basic
DC accuracy. Overload protection. Vinyl carrying
GaseNe7OIEEIOUFIIIERR T P £85.00

* Fluke 8021B.

Same spec as 802 2B with additional audio tone for
‘ontinuity. Vinyl case C90 £8.00 .. ... ... £95.00

‘Fluke 80208

4 digit 0.1% basic DC accuracy. DC/AC volts,

~ ZIAC current, resistance, diode test and
conductance. Continuity beeper. Viny! case C90
EEIDOR ISR S o TR S £125.00

*Fluke 8024B

3¥2 digit. 0.1 % basic DC accuracy. DC/AC volts,
DC/AC current, resistance. Diode test, -
conductance, logic + continuity detect +
temperature. Peak hold on voltage and current
functions, continuity beeper: Vinyl case C90

£8. 00k . . UM . LN . £155.00

FLUKE 8050A
4%, Digit LCD DMM.with true RMS on AC volts
and current DC voits 200mVv-1KV, 10uV
resolution AC volts, 200mV-750V, 10uV
resolution. DC/AC current 200uA-2A, 0.01uA
resolution resistance 200§2-20MQ. 0.018
resolution. Also reads dB direct referenced to 16

@ stored impedances. Conductance ranges 2mS and
200nS. £255 mains model £285 mains battery .

FLUKE 8012A
32 Digit LCD DMM with true RMS on AC volts
and current. DC volts 200mV-1KV, -100uV
resolution. AC volts 200mV-750V. 100uV
A resolution. DC/AC current 200uA-2A. 0. TuA
resolution. Resistance 20092-20MQ, 0.12
resolution Low résistance 292.and 2082, 1Tm&
resolution Conductance ranges 2ms-20uS-200nS
£229.00 mains model £259.00 marns battery.

FLUKE 8010A

312 Digit LCD DMM Same spec as 8012A plus a
10AmMp AC/DC current range, but not low”
resistance range. £175,00 mains model £203.00
mains battery.

ACCESSORIES

ABIFZ30)Battery elimiMAtCEMEEREE. | L UL AR P £14.00
C90 Carry case forhand held . .. ... ol b L i, O FRE AR £10.00
801-600 AMP CIAMD .. .. ..o £68.00
80J-10 Current shunt 10A.- . .. S

80K-40 H.V. probe 40kV . ..
80K-6 H.V.probe 6kV . . . ..
80T-150 Temperature probe . .
80T-H Touch hold probe . . . ..
83RFR.F.probe T0OMHZ. .. ... oo
8SRERIFNProbe/SOOMEIZE ISR . o A e

Y8103 Bead thermocouple . ................. £18.00
Y8104 K type thermocouple termination. .. . . . £8.00
Y8133 Deluxe testleads. . ......... ... .. £13.00
Full Specs. on Request. -

The above prices do not inciude carriage
or VAT (15%).

Simply Phone or
 Telex your order for
immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road
London WCI1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G
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We supply
HAMEG

Io Indust

% POWER RESPONSE DC — 45KHz =+ 1dB. ;
 OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Chm LOAD
(CONTINUOUS R.M.S.) |

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.
 HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
HMS. : '

% PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS. : :

* UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
GENERATORS, AND MANY OTHERS.

* OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
VIRTUALLY ANY LOAD. ;

% FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD.

% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.

% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.,

% 3-YEAR PARTS AND LABOUR WARRANTY.

% UNITS AVAILABLE FROM 100VA-12KVA.

METER PROBLEMS?

137 Standard Ranges in a variety of

sizes and stylings available for 10-14 HM 203 PORTABLE
Model - MGOO days delivery. Other Ranges and OSCILLOSCZC;\':E >
i I Dual Trace. DC to 2.8 10cm
y ] : . T special scales can be rade to order. HM 307 . Puaiacht gt i g loc
For full details on alf Amcron Products write or phone Chris Flack : OSCILLOSCOPE 5mp\/ /}C,m_zowcm by B
) I Single trace. DC to 10MHz. Risetime x5 magnifier. X-Y operation. Auto or
4 i:IQI:I.BE%)(():;ROUGH A" a I ‘ , ' ' e A o c - a t e Full Information from: | 35nS. SmV/cmto 20V/cm. Timebase variable trigger. Channel 1. ChanneI\/Z,
| ! . | 0.515-0.2S. Builtin component tester.. . line and external. Coupling AC, or T
#335555542527772';,: g s s I s HAR Rls ELECTRON Ics (London) | - LPS technique provides stable and low pass fiter, Weighs only 6Kg. Size

refiable triggering up to 30MHz £138.00 fm.m.)H 145, \W. 285, D. 380 £220.00

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

PROFESSIONAL INDUSTRIAL ELECTRONICS
: Telex: 892301 HARTRO G.

WW — 065 FOR FURTHER DETAILS

' = ‘ CLEF eLectronic MUSIC
BOMMUNIGATIONS EOUIPMENT BIR SPECIALISTS SINCE 1972 JKit - BAND-BOX
3 : PIANOS DOMESTIC OR STAGE £289F Ap) Electroniciackip
“Pioneer”: HF SSB mobile or o

SIX OR 7% OCTAVES Mid TRIO. Drums, Bass
base station transceivers operat-
PlONEER HF TX/RX ing between 1.6 and 18 Mhz with

WW — 079 FOR FURTHER DETAILS

.KITS OR MANUFACTURED 300t nordbins 1 IAMEnty
- VOCAL & INSTRU-
100 watts RF output. Features, 6

.
User Programmable
for 50-100 scores,
The most advanged MENTAL SOLOISTS| using microprocessor—4§
o A - 0 B
N simplex or 3 semi-duplex chan- )

nel operation with squelch facil- *** IN STOCK ***

tive action simulat- ¥ MASTER RHYTHM
ity available on all modes. Re-
quires only a 12 VDC source and
a 50 ohm aerial to complete the
installation. For mobile installa-

ing piano key inermia | \jsor programmable
by ‘patented ‘tech- f§ 5 M MACHINE,
itz Twenty-four patterns.
: . Eight paraltel tracks. z
‘four mixable voices §f Twelve instruments -

or serigus tone operation, o
variation plus [j.Scauence ore alion. £79 KIT £119 BUILT
electronic chorus [} write or Phone for fult details of our range of
and flanger effects. || high quality Kit and manufactured Electronic

tions, we recommend our HW4 » Musical Instruments. Prices include V.AT., Carr,, A 0
single channel whip and for base DOMESJICIBRIGES| Comennart Kiskin iggslline) ancli Sop=raiaRleleponelaARCEAY AR L HM412-5 Mz _
stations our range of trap di- 7 S| ; e Competitive EXPORT Quotations given. B, Dual Trace. DC to 20MHz 8 x 10cm Dual Trace DC-7QMHz 8 X !Ocm display
poles. Complete station prices X 8 74 | ) gas unver con §~ GLEF PRODUCTS {ELECTRONICS display with internal graticule. Rise time with internai graticule. Risetime 5nS.
from £600 plus VAT. il YTLE fF el R 2 2;’; LIMITED 5 § 17.5nS. Variable input 2mv-20V/cm. Vanable input 2mV-20V. Add and invert
Full 435390 39990 | and Speaker. Dept. W, 44a Bramhali Lane ssol(u;hAl'i RONIC Add and invert modes. Timebase modes. 95nS Signal Delayhl.‘lsne. 5
; B e Cheshire 1 _ ! ! - b
MFD g 595 675 4 4 g P L ! 0.5uS-0.2S with sweep delay 100nS-1S Timebase 50nS-1S/cm with Sweep delay
I:RGT,(I)O: or o2 '\?Hz' - L 061:439 3297 1 ELECTHCENCE X S“expansion. X-Y operation Z 100nS-1S x 10 expansion. XY
?:r?: i |ﬁ$r‘,'§329$ec'§°§'§ﬁ' (Aeh;- Rl WW — 038 FOR FURTHER DETAILS ! t m MAGN' modulation. Trigger CH1, CH2, CH1/2, operation. Zmodulation, Trigger CHI,
USBrg (S8 and FM')D with an GENERAL COVERAGE - Persanal Computer LineorEXT........... ¥ A £350.00 CH2, CH!/2lineorEXT ... ... £580.00
optional 12-channel memory y g P
Wt;te;o[x;gs&taiw égﬁﬁﬁgﬁg;e&?tlll‘ RECE|VER m" XLR GONNECTORS The above prices do not include carriage
e thiona' membRANDILNthis . - = Line Femmale A3F. y Chassis Female D3F Over £50 Worth of FREE pl’OgS. including e bl -
receiver lends itself admirably to ,_@ia.'-'."v_q ' ~— Line Malo ASM . . Chassis Male DM ......... i - N .
Ch?'r? Tee' r:nzﬂgzitg{zig gr’ldfgr ‘ : 4, 5,Gand7-pin\)Ersionsand large selection audio adaptors available BAS'C tUtor|a|' 1 0 games' home flnance’ Slmple Phone or
0 10 gth'en?frequeﬁcies. Rt o N EUTRIK XLR CONNECTORS and GEMINI ta pe database. Telex your order for
plete the installation VHF : : : 4 i i diate dispatch
convertor units are available Latchless Chassis NC3-FZ ...£0.67 Latchless Chassis Male NC3-MZ.. . £0.59 mme ate p ]
covering amateur, marine and ) 4 e‘:g; gg:sh:.:l:nESN“cAgMP 01 '689 4349
PMR frequencies. Prices from. & - Z. = e B-pin, ns and large selection of audio adaptor " Electronic Brokers Lid
£329 including VAT. ' | ! XLR E E . . 2 !
v XLR LNE 11C. z LN::.&MAI.DLInﬁm ECIES ** Now in our new premises ** 161/65 Klngs Cross Road
SOUTH MIDLANDS COMMUNICATIONS Y RE AUDIO TRANSFORMERS 20-28 Whitehorse Rd., Croydon CR9 2NA London WC1X 9LN
I LIMITED Ezggg;ﬁanpl 1.12‘; 25,'Frsq.40Hz-35Kv-’i_'z. PRI 150/;;0?1;, sec. 600/2.42115'(/25'(“ £64 Telephone: 01-278 34%
ek atio 1 + 1:6.45 + 6.45. Freq. 40HZ-26KHz. PRI 150/600(}. seg. 6.2 = £l &,
/////r'W"‘\\\\ SM HOUSE, OSBORNE ROAD SKT-723 MuMetal Screeni " 5948 reduction 501z oxt. fiald 3 E115 - o : 694 Elebro
" “\‘\ M‘l\/\/\/ TOTTON S04 4DN SOUTHAMPTON Trade enqu::ie:t\i'elgfne:;":]ﬂu:\?ity discr:url\j:s“:\:‘ailgblz:fll prices subject to V.A.T. Call, write or i Al-so PC1 500 Pocket computer £1 45 Telex 298
\\\\\\\\ " ENGL’AND phone. Min. order £10. Please add £1 postage. Access, Amex, Barclaycard. . i s WW — 202 FOR FURTHER DETAILS
e | KELSEY ACOUSTICS LTD ; ’ '
TELEX: 477351 SMCOMM - Lt i i i
X: 477351 SMCOMMG P AT e L Prices include VAT ~ FRONTREALM LTD. (T/A)
Al 01-727 1046/0780

WW-019 FOR FURTHER DETAILS
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moulded nylon

probably the most
versatileandrugged . |
insulating mounting system
ever developed

‘Transipillar insulating mouhts hold heavy
sub-assembilies totally secure. Because they're
precision moulded from very tough Nylon.

Metric or Imperial versions are available, .
with insulator lengths from 4 into 234 in,and a
choice of metal screw or threaded insert end
fittings from O to 6BA.

If one of the preferred sizes won't suit your
application, the chances are we can make one
that will.

- Write today for samples, full technical
details and prices of TRANSIPILLARS.

| ‘ {WK ELECTRONICS LTD

Napier Road Bromley Kent BR2 9JA
Eelgphone: 01-464 4346 Telex: 896697 Extn WK:E.I

S0
| HANLIBIULAY
the patented insulating mount for e in

thick heatsinks. Eliminates the need for
power transistor mica washers.

3 ‘ WW — 052 FOR FURTHER DETAILS

MINI-DISK DRIVE
TEST BOX

A simple aid to test and alignment of
drives without tying up valuable
system time.

Neatly presented in handy case with
leads and connectors for 2 drives.
Needs +12V and +5V through stan-
dard drive connectors (provided).
Circle number for further details.

Price £135 + carriage and VAT

MELKUIST LTD.

35A Guildford Street, Luton LU1 2NQ
Tel: 0582/416028
Telex: 825828 MELKST G

WW - 048 FOR FURTHER DETAILS

PRINTED CIRCUITS

FOR WIRELESS WORLD PROJECTS

" Audio compressor /limiter—Dec. 1975—1 s.s. (stereo)
Cassette recorder—May 1976 —1 s.s. ‘
Audio compander—July 1976—1 s.s

Audio preamplifier—November 1976—2 s.s.
Additionai circuits~——Qctober 1977—1 s.s.
Stereo coder—April 1977 —1d.s. 2s.s. .. ..... ... .. .. ...
Low distortion disc amplifier (stereo)—September 1977 —1 s.s.

Low distortion audio oscillator—September 1977—1s.s. . ......
Synthesized f.m. transceiver—November 1977—2d.s. 1s.5. ...
Morsemaker—June 1978—1d.s j

Regulator for car alternator—August 1978 =1s.s. .. . . . ..
Wideband noise reducer—November 1978 —1 d.s

Versatile noise generator—January 1979—1 s.s,
200MH;z frequency meter—January 1979 —1 d.s.

High performance preamplifier—February 1979—1s.s. ....... £5.50
Distortion meter and oscillator—July 1979—2ss. .. ... ... .. £5.50
Moving coil preamplifier—August 1979—1ss. ... ... .. . . .. £3.50
_Multi-mode transceiver—October 1979—10d.s. ... ... .. . . £35.00

Amplification system—Oct. 19793 preamp 1 poweramp .. ... ..
Digital capacitance meter—April 1980—2 s.s. -
Colour graphics system —April 1980—1 d.s.
Audio spectrum analyser—May 1980—3 s.s.
.Multi—section equalizer—June 1980—2s.s. .. ............. .
Floating-bridge power amp— Oct. 1980 — 1s.5. (12V or 40V) . . . . |
Nanocomp 6802 or 6809 — Jan., July, 1981 — 1d.8. 1 5.8, .ovoreeoerccrsr s, £9.00
Cassette interface — July, 1981 — 1s.s. . £1.50
Eprom programmer — Jan,, 1982 — 1ds... . £4.50
Logic probe — Feb., 1981 — 2d.s. £6.00

Modular frequency counters — March, 1981 — 8 s.s. o T i A e ) AL )
Opto electronic contact breaker {Deico) — April, 1981 — 288, ..ccorirncrsienrineniionns £4.00
CB synthesiser — Sept. — 1 d.s. £6.00

Efectronig ignition — March, 1982 — 1s.s 1 £4.00

Boards and glassfibre roller-tinned and drilled. Prices include
VAT and UK postage. Airmail add 30%, Europe add 10%. In-
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL
CONSTANTINE, FALMOUTH, CORNWALL

WW — 082 FOR FURTHER DETAILS
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HILOMAST
SYSTEMS

PNEUMATIC
TELESCOPIC
MASTS

HILOMAST LIMITED

THE STREET HEYBRIDGE — MALDON
ESSEX CM9 7NB ENGLAND
Tel. MALDON (0621) 56480
TELEX NO. 995855

WW — 054 FOR FURTHER DETAILS

WIRELESS WORLD JUNE1982

PROCESSORS
PDPBA 10%" 32KW MOS

NEW e R L

DP1 1/34A,1 28KBMOS ...... £5,000
PDP11X44-C8 256KB CPU,
Dual TUS8,H9642Cabinet ...£12,750
PDP11/45 CPU, S6KW
Core, Cab £7,450
PDP11/70 CPU, 512KBMOS,
LGt s .« 4 08 . 2. 3 P.O.A.

PERIPHERALS & OPTIONS

BCOB-S-10Massbus Cable
BCOB-S-15Massbus Cable
BC11A-08UnibusCable....
DU1 1 Synchronous interface ..
KMC1 1A Auxiliary Processor
INENNV e 2 e e T e
W1 1LReal TimeClock .......
KW1 1P Programmable Clock
LA34DAKSRTerminalE1A.........
LA3BCJKSRTerminal 20mA
LA3BHJKSRTerminalE1A ... ... £495
LA120DA KSRTerminal([NEW]£1,225
LA1 20RA RO Terminal [NEW]... .£895
LA180-ED RO Printer

ETAINEW] oovoceoeeceecmanesnnenss £670
LA180-PD RO Printer-
Parallel[NEW].............. b T £495
LPO4 900 1pm Drum Printer

NSk socadi o« #icr. - oo £5,500
km\%//lm GKW Core[NEW] ....... £995
PC1 1A Reader/Punch and

CORERO| SR o Boogaaoooesr o
RK 06 Add-on Disk Drive

ectronic broKers
DEC SALE

a selection fromour
huge stocks

" 11/44 CPU 256KBMOS

- RAKO7 28MB Disk

HAZELTINE 1510-S

RX11-80 Dusl Floppy Disk
Driveandctl {NE' . A
VT50 DECscope Terminal 20mA .
VT50 DECscope Terminal E1A....£275
VT52 DECscope Terminal

(E1Aor20mA].......... aoacgad ooamon £395

VT52 DECscope Terminal [NEW].£625

VT55Graphics Terminal............. £650
SYSTEMS

SMFX-MMAéDIgl'?: 1A /824 CPU

956KB, H964 :

5% RLO2 Disk KT24.vT100( £17,000
Console, RSX11M (NEW)

11/34 CPU 12B8KBMOS
RL11A 5MB Disk & Ctl
RLO1A 5MB Disk

HYE0 Cab

LA36 Console

RSX11M Licence

1 £8,750
i
|

Dual TUS8, H9B42 Cab
RK711 28MB Digk & Ctl -£26,300
LA120 Console

RSX11M Licence

11/44 UPGRADES )
complete service offered
including supplx and 5‘
installation of 11/44 CPU

and trade-in of redundant ‘
processor

11/70 CPU, 512KB MOS,
RWMOS5 Disk Drive and Cti
TWU77 mag tape and ctl
LA120 Console [NEW)

P.C.A.

}cn;o’oo

Special purchase
of Hazeltine 1500
series VDUs —
manufacturer’s
surplus — ALL
BRAND NEW
BOXED

AVE £330

* 24 x 80 Upper/Lower case ASCII

% 7 x 10 dot matrix * Dual intensity

% 8 Switch-Selectable baud rates 110/9600 baud
* Ful/Half duplex plus format mode

% Remote XY Cursor addressing '

* 12" non-glare screen % EIA/20mA Interface
Manufacturer's list price £880

OUR PRICE £550

HAZELTINE 1520 —

SAVE £425

All the features of the 1510 plus buffered ’
serial/parallel printer interface. Manufacturer’s

list price £1050
OUR PRICE £625

Also available — Reconditioned Hazeltine H2000
VDUs @ £299 while stocks last :

Electronic Brokers Ltd., 61/65 Kings Gross Road,
London WC1X 9LN. Tel:01-278 3461. Telex 298694

1= 21 e =
= el B
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The MICRO
PROFESSOR

The long-awaited Philips LaserVision
video disc system is now being
launched in the UK. To rmark this
historic event, we start a detailed
account of the discs, how the signals
are recorded and processed and
how the player operates.

READY FOR CHANNEL 4?

The Channel 4 service starts this

solvesthe'mystery’
- of mICro-processors.

L3

Micro-Professor is a low-cost ZBOA based programming to designing a complex electronic cost development tool ® Process controller
microcomputer which provides you with an game. Completed programes can be stored and e Electronic music box ® Timer  Noise generator

autumn. We describe the steps in
the introduction of the service
and comment on aerial
requirements:

@ Testing procedures on GEC

Hybrid colour sets. - , _ _ 1
® VCR dificati interesting and inexpensive way to understand re-read via the cassette interface. 2K bytesof e Home appliance control e Burglar alarm
modinications. the world of microprocessors. " monitor source.program with documentationis e System control simulation
Micro-Professor is a microprocessor learning also provided in the manual. Tester
tool for students, hobbyists and engineers. Itis Micro-Professor provides a wide range of other ... and much more!

also an ideal educational tool for teaching in applications: Low cost prototyping tool ® Low
schools and universities. add c:‘
The main object of Micro-Professor is for the Speec ot 3
user to understand the software and hardware of = : M rogram™

- a microcomputer easily and conveniently. TECHNICAL SPECIFICATION gPRO \\foard
Besides the complete hardware/software X
system you have the users experimental
manual. It includes self-learning text
with 20 experiments which rahge
from simple, software

@ Service Notebook. - ' .
JUNE ISSUE

ON SALE NOW |
Well worth a closer look!!

ROM PROGRAMMER

2716 ®HEXKEYPAD y
o7V (M%RIGH'IOE)DSI?IELAY |
2732 o SERIAL/PARALLEL 10 :

. CPU 280A CPU high performance microprocessor with 158 instructions. .
: SOFTWARE COMPATIBILITY Capable of executing 280/8080/8085 machine language program. !

RAM 2K bytes expandable to 4K bytes.
ROM 2K bytes of sophisticated monitor expandable to 8K bytes.
INPUT/OUTPUT 24 system i/0 lines.
DISPLAY 6 digit 0.5" red LED display.
AUDIO CASSETTE INTERFACE 165 bit per second average rate for data trarisfer between memory and

cassette tape.
EXTENSION CONNECTORS Provides all buses of CPU, channel signals of CTC and 1/0 port bus of PIO
for user's expansion.
COUNTER TIMER CIRCUITS Socket is provided. Z80-CTC IC extra.
PARALLEL I/0 CIRCUITS Socket is provided. Z80-P10 IC extra.
SPEAKER AND SPEAKER DRIVER CIRCUITS A 2.25" - diameter speaker 1$ provided for user's
applications.
USER’S AND EXPERIMENT MANUAL Complete self-leaming text with experiments and
applications.
OPTIONS (Prices on applicatian) 280-CTC. EPROM programmer board. Prototyping Board.
280-PIO. Speech synthesiser board. Audio Cassette. 2K Ham.
KEYBOARD 36 kéys inciuding 19 function keys, 16 hex-digit keys and 1 user defined key.

We have taken the synthesised all mode FRG7700M communications receiver
and made several well-thought-out modifications to provide a receiver for re-
broadcast purposes or checking transmitter performance as well as being suited
to communications and news gathering use.

PRINCIPAL MOD]FICA“ONS: Radically redesigned front end stages yielding
improved noise figure and overioad levels. TOIP —2dBm (originally ~21dBm)} 4%
Flat audio frequency responsa on both AM and SSB % Lower AM distortion %
Balanced audio line output sk Buffered IF output for monitoring transmitted
modulahpn envelope on an oscilloscope % Mains safety improvements,

The receiver is available in free standing or rack- mounting form and all the
original features are retained: 12 memory channels, mains or battery operation
option, |F bandwidths 2.7kHz, 6kHz, 12kHz, digitat frequency and time display,
timer for unattended recordings or external switching, advanced noise blanker,
all modes including NBFM with squelch. From £418+VAT.

Stereo Disc Amplifier 2 and 3 % Peak Deviation Meter % Programme and Devia-
tion Chart Recorders % Stabilizer % Frequency Shift Circuit Boards % 10 Outiet
Distribution Amplifier % Peak Programme Meter !lluminated Boxes, Circuit
Boards and Ernest Turner Movements. :

SURREY ELECTRONICS

The Forge, Lucks Green, Cranleigh, Surrey GUS 7BG. Tel: 04866 5997

® CASSETT -
2532 g Lo aroR CuP

SOFTY STANDS ALONE
£169+VAT EX-STOCK. BY RETURN

DATAMAN DESIGNS, LOMBARD HOUSE,
DORCHESTER, DORSET, DTI IRX. (0305) 68066

A 9V, 0.5A adaptor and 350 page manual is provided.
Formal orders requiring ;

Acc & 30 days credit.
Please ask for price list. ,»»

WW - 039 FOR FURTHER DETAILS

- L3 - . spe .
Hitachi Oscilloscopes  rerformance, reliability, exceptional value i
— o . a - understand the inside 4
ey and immediate delivery! e tgon T 3
Hitachi Oscilloscopes provide the quality and performance that you'd expect evaluation system. 5 ;o 3
from such a famous name, in a range that represents the best value for money wtinak OQ“@\ o

available anywhere.

new'l'y released
V-152 15MHz Dual Trace V-650 60MHz Dual Trace, Dual Timebase
V-202 20MHz Dual Trace V-1050 100MHz Quad Trace, Dual Timebase

) (illustrated) ‘
V-302 30MHz Dual Trace V-209 20MHz Dual Trace, Battery Portable
V-352 35MHz Dual Trace  V-509 50MHz Dual Timebase, Portable N
4 y ; >
Prices start from around £230 and we hold the range in stock for immediate ( : - #h ’ e\é\\é\&&
. f O s N
delivery. ' AT DR A
A et e epectiTont | St T e
For colour brochures giving detailed specifications and prices, ring 0480 ; as 8 Ay S AN 'b\q'q,
: 63570. H :téi C- S 0"’9 e°,5,0?((\9
Reltech Instruments 46 High St., Solihull, W. Midlands. B91 3TB Flight Electronics Ltd. ™ Mail Order only ” e '}g\e"’\*}:o}%&“«o"’\;-’
| < f Sy ‘ Ay Q
WW — 058 FOR FURTHER DETAILS MICRO-PROFESSOR is a trade mark of Multitech Industrial Corporation. 280 is a trade mark of Zilog Inc. ,,WW6/82 & 3 \,.66 Q\\go\\ \'.\.\0\0
10 i
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Used test equipment, calibrated to Manufacturer’s original specification.

ACOUSTIC & VIBRATIO
BRUEL & KJAER :
1621 Tunable Band Pass Filter
2113 Audio Frequency Spectrometer
2203 Sound Level Meter
2216 Sound Level Meter inc. Oct. Filter
2218 Sound Level Meter inc. Leq.
23058 Level Recorder inc. 50 dB pot.
2625 Vibration pick-up amplifier
2808 Power Supply/Mains Adapter
2872 Tape Signal Gate
4230 Sound Level Calibrator
4423 Noise Dosemeter
4424 Noise Dosemeter .

CASTLE ACOUSTICS

CS181 Sound Level Meter & Calibrator
C.E.L.

112 Environmental Naise Analyser

144 Environmental Noise Analyser
DAWE

419C Audio White Noise Generator
1461CV Vibration Analyser

14638 Y% Octave Filter

1465 Octave Band Filter

KISTLER

504A Charge Amplifier

WAYNE KERR

B731B Vibration Meterinc. probe 270

BRIDGES & V and | STANDARDS
CINTEL
2773 Inductance Bridge
HEWLETT PACKARD

4261A Digital Automatic LCR Bridge

4342 QLC Meter 22 KHz-70 MHz

MARCONI

TF868A Universal LCR Bridge

MUIRHEAD

D30A DC Bridge 0.15%

PHILIPS

PM6302 RCL Bridge — direct reading

WAYNE KERR

B224 RCL Bridge 0.1%

B521 LCR Bridge

B801/CUB81/Q801/SR268 VHF

Admittance Bridge with source and

detector transistor adapter & D.C. Control

Unit for transistor measurements
COMMS & CABLE TEST
EQUIPMENT

DYMAR

BC282 Battery charger for 883 Radio

Telephone

883 Radio Telephone — VHF band — hand

held

HEWLETT PACKARD

3556A Psophometer20 Hz-20 KHz

MARCON! :

TF2091 White Noise Generator {exc. filters)

TF2092 White Noise Receiver (exc. filters)

TF2808 Data Line Analyser

NORTHEAST ELECTRONICS

TT537B Psophometer/ VU Meter

SEIMENS

L2033 Psophmeter

S.T.C.

74106 Bridge Unit.

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,

74184B Selective Level Measuring Set

74216A Noise Generator

74261A Psophometer

74262B White Noise Generator & Receiver

74307C Level Measuring Set

74834C Distortion Measuring Set

96016 Selective Null Detector

GTA-2 Quantization Distortion Tester

GTA4B Pattern Generator
COMPUTER EQUIPMENT
{90 day guarantee)

CENTRONICS

702 matrix printer

HEWLETT PACKARD

9835A Desktop Computer 64K + expanded

1/0 ROM + HP — B interface. Includes

C.R.T. Cartridge Tape Drive — Full

documentation test tapes etc.

TEKTRONIX

4610-1 Hard copy printer for 4010 series

computer display terminals
COUNTERS & TIMERS

FLUKE

1912 520 MHz 7 digit Counter

Prices
from £
9520 10 MHz 4 Digit ! 9%
9905 200 MHz 8 digit Counter Timer 360
SYSTRON DONNER
6053 3 GHz 9 digit Counter BCD O/P
5103B Strip Printer for 6053/6054
TEKTRONIX
DC501 7 Digit 100 MHz Counter — TM500
Plug-in
VENNER
1000F 32 MHz 7 digit counter/timer 190

'DIGITAL TESTING EQUIPMENT
HEWLETT PACKARD -

1600A Logic Analyser 16 ch 20-MHz
1600S Logjc Analyser 32 ch 20 MHz
1602A Logic Analyser 16 ch 10 MHz
TEKTRONIX

832 Datacom Tester R5232/V24

833 As 832 plus BERT/BLERT feature

MAINS TEST EQUIPMENT

DATALAB .
DL019 Mains interface for DL905

DRANETZ

180

1150
2250
900

1150

- 606 3ch Voits Av/Spike/ Time/Printer

PECIAL OFFER

MARCONI TF2432

560 MHz Frequency Counter
10 Hz-560 MHz, 0.1 Hz Resolution. 8 digit
L.E.D. readout. 10 mV sensitivity, automatic
a.g.c. oninput. Display hold facility.

£275

FLANN -
16/11 Rotary Vane Attenuator WG16
HEWLETT PACKARD

342A Noise Figure Meter

X382A Rotary Vane Attenuator WG16
MULTIMETRICS

AF120 Dual H/Pass L/Pass active
filter 20 Hz - 2 MHz

PHILIPS

PM 5501 Colour TV Pattern Generator
PM 6456 Stereo FM Generator
RADIOMETER

SMG1 Stereo FM Generator
ROHDE & SCHWARZ

BN252 Transistor Y Parameter Test Set
SHIECE

74600 Attenuator 0-9 dB 50 in 1 dB
steps

74616A Attenuator 0-100 dB 6002 in 0.1 dB

steps
TEKTRONIX
184 Time Mark Generator
521PAL Vectorscope
528 TV Waveform Monitor
575 Semiconductor Curve Tracer
1485C TV Waveform Monitor PAL/NTSC
TELONIC
6001 RF Detector with Log Amplifier —
Analogue display & recorder O/P. 0.4-130
MHz — 80 dB range
YELLOW SPRINGS
YS157 Water Poliution Measurement
System
NETWORK ANALYSERS/
PHASEMETERS
DRANETZ
301A Analogue Phasemeter 5 Hz-500 KHz
GENERAL RADIO
1710/11/12/14 0.4-500 MHz 115 dB range
HEWLETT PACKARD
8405A Vector Voltmeter 1-1000 MHz
8407A/8412A/8601A 100 KHz-110 MHz
complete Network Analyser system
. comprising Analyser, Phase/ Magnitude
display and Sweep Generator. 50§ or 750
system available. 80 dB dynamic range
8414A Polar Display for 8410 N.W. A,
8745A S Parameter Test Set 0.1-2 GHz
11570A Accessory Kit for 8405A
11600A Transistor Test Fixtures
T018/T0-72
11602A Transistor Test Fixtures
T05/70-12
11604A Universal extension arm for 8745A
11605A Flexible arm for 8743A 2

OSCILLOSCOPES &
ACCESSORIES

PHILIPS PM6456

Stereo F.M. Generator
For testing and aligning FM tuners and
receivers. Separate L & R signals.
Internal and External modulation facilities.
X-tal controlled pilot signal.
Adjustable multiplex signal.
Tunable 100 MHz R.F. signal.

Carston 3rston

'EKTRONIX
5B 100 MHz5mV 2 Trace 2TB, inc Probes
75 200 MHz 2mV 2 Trace 2T base
5A 250 MHz 2mV 2 Trace 2T base
350 MHz 5mV 2 Trace 27 base
B42 2 T/base plug-in'50 MHz Trig for 5000
ries Mainframe A
1/453/5T1A 1 GHz Sampling scope
/A18 76 MHz 5mV 2 Trace Plug-in
18 A22 1 MHz 104V Differential Plug-in
A26 200 MHz 5mV 2 Trace Plug-in
B53A 2 Timebase Plug-in 100 MHz Trig
403N 75 MHz 3 slot M/Frame
603 100 MHz CRT r/ out 3 siot M/Frame
ELEQUIPMENT
/V1/V115 MHz 2 Trace 1TmV
63/V5/\{5 15 MHz 5mV 2 Trace & fixed

1

1

elay

13615 MHz5mV 1 Trace
EXSCAN
U120 Large CRT XY Display with
modulation
ote: we hold a range of cameras

Prices
from£

1685
1750
© 2100
3600

325
595
420
595
655
350
930
1350

425

135

280
P.O.A.

OSCILLOSCOPES (STORAGE)

EWLETT PACKARD
31@181A 100 MHz Mainframe 5cm/ps
J703A 35 MHz 10mV 2 Tr 2TB 1000 Div/ms
EKTRONIX
100 MHz 5mV 2 Tr2TB 1350cm/pus
313 25 MHz 3 stot M/frame split screen
m/us
613 100MHz 3 slot M/frame 4.5cm/us
POWER MEASUREMENT
EWLETT PACKARD
24 RF-Microwave Powermeter for use
ith 470 series sensors
78A Co-ax sensor for 432 meter
0 MHz-10 GHz
486A Power sensor for 432 meter W.G. 16
'A/478A combined price
/X486A combined price
H Co-ax sensor for 435/436

502 R.F. Powermeter DC- 1 GHz 10W max
503 R.F. Powermeter DC-1 GHz
00W max
/6421 Microwave Powermeter &
310fensor0.01-12.4 GHz
i POWER SUPPLIES etc
ADVANCE
G5-20 Switching PSU module 5V-20A
xed
S RANDENBURG
B00 EHT Power supply 3-30 KV-1mA
ARNELL

B30/50-30V-5A variable
B30/200-30V-20A variable

new instruments

3030 15 MHz 1 Trace 5mV built-in
component tester

3033 15 MHz 1 Trace 5mV battery
operation

3034 15 MHz 2 Trace 5mV battery
operation

3131 15 MHz 2 Trace 5mV built-in
component tester

CROTECH 7hese are brand-

£230

1912A01 As 1912A butinc. re-charging
batteries

1920A 520 MHz 9 digit Counter inc. Brst.
mode

1920A14 1250 MHz otherwise as 1920A
HEWLETT PACKARD
5300A /53058 1300 MHz 6 Digit Counter
5345 500 MHz 11 Digit Counter Timer
MARCONI

TF 2432 560 MHz 8 digit Counter
RACAL-DANA (E.I.P.)

371 18 GHz 11 digit Counter with Source
Locking facility

371 18 GHz 11 Digit Counter with high stab
xtel option. Source Locking facility.
HP-IB opt

2000

350

4950

5600

616 2ch AC 1ch DC Volits/ Av/Spike/

Time/ Printer

GAY

LDM AC/DC/Spike/Time inc. Printer
MISCELLANEOUS

A.l. INDUSTRIES

TCS General Purpose Gas Leak Detector —

intrinsically safe

BRADLEY

192 Oscilloscope Calibrator

COMARK

1601BLS Thermom 10ch 87 + 1000°Ctype K 50

N.8. Thermocouples not included

CROWCON

71P Inflammable Gas Detector/ Alarm

290

825

3337 30 MHz 2 Trace 5mV with signal
delay

FSL 5V - 20A PSU module

60/25 0-60V-25A variable metered
[B30/10 0-30V-10A variable

OPS/2 Twin 5V @ 5A + 15-0-15V @ 1A |

SV70 0-35V-10A or 0-70V-5A variable
hetered

EWLETT PACKARD
2688 0-40 V variable 30 A Metered V + |

{ARCONI -

301 94 0-30V variable 2A metere:

HILIPS

MPE1646 0-75V variable 6A Metered V + 1
PULSE GENERATORS
\DVANCE

BIOMATION
350 Compact XYZ Display

GOULD ADVANCE
0S1000B 20 MHz5mV 2 Trace

HEWLETT PACKARD

182C 100 MHz Mainframe 1
1827 100 MHz Mainframe with digital
normaliser interface 1
1804A 50 MHz 20mV 4 Trace Plug-in

1825A Dual Timebase Plug-in

1805A 100 MHz 5mV 2 Trace Plug-in

PHILIPS

PM3207 15 MHz 5mV 2 Trace TV trig o
PM3211 15 MHz 2mV 2 Trace TV trig
PM3212 25 MHz 2mV 2 Trace TV trig
PM3233 10 MHz 2mV 2Ch fixed delay Dual
Beam

PM3244 50 MHz 5mV 4 Trace 2T base

PG 52A Modular pulse generator system —
Iwide range of configurations — cost
Hependent on modules — typical
4HPG5002D 0.1 Hz-1 MHz 50V 1005 Double
pulse R.T, 15ns
HEWLETT PACKARD
B011A 0.1 Hz-20 MHz 16V 508 RY 10ns inc
plBurst mode

a5

ull details and specification of

snventory update or tell us your

Bnd VAT.

AWe take Access or Visa.

2. 25

8016A Digital word generator-to 50 MHz
9 x 32 bit

LYONS 4
PG73N 20 MHz 10V 502 R.T. 5ns

RECORDERS & ACCESSORIES
BRYANS SOUTHERN
BS314 Chart 10" 4 Pen 16 speed
DCM .
8100W Wow & Flutter Analyser
EM
LVDT Linear Displacement & Transducer 50
FYLDE
154 Bridge supply and Amplifier.

HEWLETT PACKARD

680M Chart5” 1 pen 8 speed

7015A XY 1 pen A4 size
HONEYWELL

5600B Instrumentation tape recorder 14 ch
FM/DR

MICRO-MOVEMENTS

M10- 120/ A Compact UV 10 ch 7 speed
recorder (inc. galvos)

PHILIPS

PMB251 Chart 10” 1 pen 12 speed
SELABS

994 6 ch galvo preamp + DC bridge supply
6008 UV chart8" 26 ch 16 speed

6150/51 UV recorder 12 ch-inc 6 ch amps
SEIMENS

M336 Chart5™ 1 pen 0-20 mA F.S.D. but
can readily be adapted by intemal links to a
wide range of volt and current
measurements

SOLARTRON
3240 Modular Data Logger system *
Note: UV recorders are priced less galvos

SIGNAL ANALYSIS
EQUIPMENT
AIRMEC
210 AM/FM Mod Meter 2.256 MHz-
300 MHz
248A Wave Analyser 5-300 MHz
853 Wave Analyser 30 KHz-30 MHz
MARCONI
TF791D FM Mod meter
TF2330 Wave Analyser 20 Hz-50 KHz
TF2330A Wave Analyser 20 Hz-76KHz
RADFORD
DMB2 Distortion meter 20 Hz-20 KHz
SOUND TECHNOLOGY
1700A Distortion Meter 10 Hz- 100 KHz inc.
oscitlator
WAYNE KERR
A321 Wave Analyser 20 Hz-20 KHz
Note: see also “Spectrum Analysers™

SIGNAL/FUNCTION/ + SWEEP
GENERATORS
FARNELL
S$SG520 10 MHz-520 MHz Generator —
Auto Phaselock. AM/FM and SINAD
feature. Reverse power protection
GENERAL RADIO
1362 Generator 220-920 MHz
GOULD
J3B Generator 10 Hz-10 MHz O/P level
meter & Attn.
J4 Generator as J3 but no output level
meter
SG21 Generator — Square Wave only
0.3-100 MHz
HEWLETT PACKARD
204C Oscillator 5 Hz-1.2 MHz
204D Osciflator 5 Hz-1.2 MHz inc. 80dB
attenuator
608E Generator 10-480 MHz AM/Pulse
8614A Generator 800-2400 MHz
AM/FM/Puise

390

1900 |

%
20
Carston

Prices
from£

8660C /86632A /86603A Synthesised Signa!
Generator 1-2600 MHz AM/FM digital
readout, push button controls, BCD
programmabile

618B Generator 3.8-7.5 GHz

612 Generator 450-1230 MHz

614 Generator 0.8-2.1 GHz

IEC
F51A Function 1 mHz-10 MHz
Sin/$q/Tr/Pulse/Ramp
LEVELL
TG150DM Generator 1.5 Hz-150 KHz
battery operated
MARCONI
TF144H/4S Generator 10 KHz-72 MHz AM
TF955/2 Generator 0.2-220 MHz AM/FM
TF1066B/1 Generator 10-470 MHz AM/FM
TF2000 Generator 20 Hz-20 KHz-111 dB
attenuator
TF2002/3M| Generator 10 KHz-72 MHz
AM only A
TF2011/S Generator 96-140 MHz FM only
TF2012 Generator 400-520 MHz FM
TF2015 Generator 10-520 MHz AM/FM
TF2015/1 Generator as 2015 with narrow
FM deviation
TF2015/2171 Generator system with phase
lock synchroniser
TF2015-1/2171 Generator system with
phase lock synchroniser
TF2020 Synthesised AM/FM.Generator
50 K Hz-520 MHz. Built-in modulation
oscillator. State of the art performance.
Can use on GP-1B with optional adapter
TF2171 Synchroniser for 2015
PHILIPS
PM5108L Function 0.1 Hz-1 MHz N
Sin/Sq/ Tri O/P meter — 50 and 6002 425
PM5127 Function 0.1 Hz-1 MHz Sin/Sq/
Tr/Rmp .
PM5129 Function 1 mHz-1 MHz Sin/Sq/
Tri/Ramp/Pulse + Sweep + Burst
RADIOMETER
MS27G Generator 0.3-240 MHz AM/FM
TEXSCAN
9900 Sweeper 10-300 MHz 6/in CRT disp
VS60 Sweeper 5-1000 MHz
WAVETEK
143 Function 0.0001 Hz-20 MHz
Sin/Sq/Tn/ Pulse
SPECTRUM ANALYSERS
HEWLETT PACKARD
1417/8552B/8555A 10 MHz-18 GHz
system
MARCONI
TF2370 30 Hz-110 MHz Digi-store display
built-in counter and tracking gen
TEKTRONIX
7L5/L3 20 Hz-5 MHz Plug-in for 7000 series
M/Frame 10 Hz resolution. Sensitivity
— 148 dBV. Impedance 5011, 600§ and
1MQ. C.R.T. readout. Digi-store display
7L13 1 K'Hz-1800 MHz Plug-in for 7000
series M/Frame
7L18 1.5-18 GHz Plug-in for 7000 series.
High resolution. Digita! storage display.
Built-in pre-selector
7603/715/L3 System with display
20 Hz-5 MHz
' 7603/7L13 System with display 0, 1-1800
MHz .
7613/7L13 System with storage/var.
persist. display
7603/7L18 System with display 1.5-18 GHz
{60 GHz with external mixers)
VOLT/MULTI-METER
(ANALOGUE)
BOONTON
92C AC/RF 10 KHz-1.2 GHZ % mV-3V

6900
1080

450
645
585
525

695

WW — 012 FOR FURTHER DETAILS
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HEWLETT PACKARD

400E 10 Hz-10 MHz 1mV-300V DC O/P

400H 10 Hz-4 MHz 1mV-300V

411A0.5-500 MHz 10mV-10V DC O/P

427 AC/DC/V/Q

3400 TRMS 10 Hz-10 MHz 1mV-300V
DC-O/P B

LEVELL

TM11 Analogue Multimeter AC/DC/V/1/8

M.L. ENGINEERING

NAMV — DC sensitive u Voit/ nAmp meter
centre zero

MARCON!I

TF2600 10 Hz-10 MHz 1mV-300V AC + DC
O/P g

TF2604 20 Hz-1.5 GHz 300mV-300V
PHILIPS

PM2404 Analogue Multimeter
AC/DC/V/1/Q

RACAL-DANA (E.|.P.)

9301 RMS 10 KHz-1.5 GHz 100uV-300V

VIBRON/E.I.L.
33B-2 ImV-1V Electrometer ‘200

VOLT/MULTI-METER (DIGITAL

BOONTON

92AD 1999FSD 10 KHz-1.2 GHz 10uV res
FARNELL

DM131D 1999 F.S.D. AC/DC/V/I/Q &
Temperature. Mains/battery — Temp
probe included '

FLUKE

8010A 2000 FSD TRMS AC/DC/VIQ
8010A01 As BO10A + re-charging batteries
8050A 20000 FSD AC/DC/VISl dB TRMS
B8050A-01 As 8050A + re-chg batteries
8200A 16000 F.S.D. DC only fast reading
system Voltmeter

8300A 120000 F.S.D. DC only fast reading
system Voltmeter

8800A 200000 FSD AC/DC/ VSl

100

550

525

" GOULD

DMM?7 1939 FSD AC/DC/V/1/9
HEWLETT PACKARD
3490A 100000FSD AC/DC/V/SL
SOLARTRON

A200 19999FSD DC only 1uV-1 KV
A203 19999FSD AC/DC/V/Q

A205 19999FSD TRMS AC/DC/V/$

[Fmac === =SS
LOW COST CORNER

Items in this box have 30 day
guarantee only.

AIRMEC

210 AM/FM Madulation meter from

2.25-300 MHz

HEWLETT PACKARD

1600A Logic Analyser 16 channels 20 MHz
Clock rate

HEWLETT PACKARD

608E 10-480 MHz AM/Pulse Signal

Generator

M.L. ENGINEERING NAMV

D.C. Sensitive nAmp/uVolt meter —

centre zero

TEKTRONIX

575 Transistor Curve Tracer

TAYLOR .
62A AM/FM Signal Generator 4-120 MHz 85

equipment listed available. Because of long copy dates this list is not comprehensive — ring for
SPECIFIC NEEDS. Hours Monday to Friday, 9.30 a.m.-5 p.m. (lunch, 1-2 p.m.). Prices exclude delivery
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arston Electronics Ltd
01-267 5311

Shirley House, 27 Comden Rd, London NW1 9NR. Telex: 23920

%
74,2 4%
rstony.;

AN London NW1 9NR. Telex: 23920.
N

320
220
450

8110 50 MHz 8 Digit Counter Timer
9024 600 MHz 7% digit Counter
9025 1 GHz 8 digit Counter

DATALAB
DL905 Digital Transient Recorder/ Display
Storage

PM3260 120 MHz5mV 2 Trace 2T base
PM3262 100 MHz 5mV 2 Trace 2T base

1060  TrView

All items have a 12 month guarantee unless otherwise stated.

7
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Contact us for a cash quote on your under utilised test equipment
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THANDAR
Quality British-made Portable Instruments
MULTIMETERS: T3]
DM450..........£107

DC 10uHV-1200V  AC 100V to 750V
DC 0.1nA-10A AC inA-10A

0.01Q-20MQ 4% digit LED

TM351........... B e . £99

DC 100uV-1000V  AG 100pV-750V

DC 100nA-10A AC 100nA-10A

0.10-20MQ 3%% digit LCD

JUETION GENERATOR: it PORTABLE OSCILLOSCOPE
Freg. Range 0.2Hz-2MHz cn e

Carriage for all Thandar Orders £1

SABTRONICS

% Available in KITS yw -
Making Performance Affordable i:§
HANDHELD DMMs Assm | Kit =281
2033w ay - £36.75  2035A..............o...., ““’ £62 [£49 T

AC/DC 100uV-1000V
AC/DC 10pA-2A AC/DC 0.1¢A-2A
Ohms 10-20MQ Ohm 0.10-20MQ

FREQUENCY METERS: 8 digit LED

AC/DC 100pV-1000V

’ Assm | Kit
8110A 20Hz-100 MHz . 7| £56
8610A 20Hz-600 MHz ...

8610B 10Hz-600MHz (0.1Hz Resolution)...................cce.c...

FREQUENCY METERS: 9 dlglt LED
8000B 10Hz-1000MHz (0.1Hz Resolution).........................

Assm_| Kit
..£99 | £84
.£1651 —
Carriage for all SABTRONICS orders £1

SAFGAN BRITISH-MADE SCOPES

% DUAL TRACE

* 5mV/Div Sensitivity
% XY Facility

% Z Modulation

% Calibration Output
% Portable/Lightweight

XI-REF-X10 probe....

LEADER
When Quality Counts

LSG-16.....................E55

A compact solid state RF Signa! Genera- 4
tor, most suited for checking the IF cir-
cuits and tuners in AM, FM and TV sets.

1o =90 8 188

Frequency range up to 100MHz (300MHz on Harmonics).
Carriage £1

LCR-740 ........................ £149
A highly effacuent impedance bridge for
measuring resistance, capacitance and
inductance. The D factor of a capacitor

and the Q sector of a coil can also be

m ¥ l--.---.-

& sl

measured.
Carriage £1
AUL Yo o U g PH
prices co 8 0 N
Order o oL * Hay it with Accese|
o ’ )
OF JUNDA U FRIDAY 9 g
AR . D
4 A NY f
3 y Catalogue
’ Y .I_q" C availahle
NARRINGT( just send
HIRE R4 24 Ad size
22p s.a.e.

1925) b b

WW - 024 FOR FURTHER DETAILS

Minimum VALVES VAT
Order £1 IS INCLUDED
A1065 140 EL821 820 SP61 180 6AQ4 340 12AV6 095 6146B  5.20
A2203. 880 ELB22 995 TT21  23.00 gAQ5 = 100 12AX? 065 6360 285
A2900 13.76 EMBO 085 TT22 1850 GAQSW 1.80 12BA6 090 6550 6.60
ARS8 0.75 EM87 130 U5 1.15 6AS6 1.15 12BE6 125 6870 14.00
ARP3 0.70 EYS1 0985 U26 1.15 6AT6 0.90 12BH7 195 8652 820
ATP4 0.60 EY8I 0.85 U2y 115 6AU6  0.60 12BY7A 230 7199 2.85
Bi2H 380 EY86/8% 060 U191 0.85 BAVE 085 12C8 065 38P1  11.00
CcY31 140 EYs8 0.65 U281 0.70 6AX4GT 1.30 12E1 18.95 5FP7 18.00
DAF9% 070 EZ280 0.70 U301 065 BAXSGT 130 12J5GT 055 4EP1 3200
DE 28.95 E281 070 U600  11.50 6BA6 055 12K7GT  0.70 14.00
DF96 070 GM4 5.90 U801 0.90 6BE6 060 12K8GT 0.80 88L 14.00
DH76 075 GY501 130 UBC41 120 6BG6G 160 1207GT 0.60 CV1526 18.00
pLe2 060 G232 105 UABC80 075 6BJ6 130 12SC7  0.65 DG7-32 34.80
DY86/87 0.85 GZ33 4.20 UAF42 120 6BQ7A 085 12SH7 0.65 DG7-36 36,
Dyso2 . 070 GZ34 2.75 UBFS0O 0.70 6BR7 480 125)7 070 DPM3-11 38.40
550  14.90 GZ37 395 UBFBY 070 6BW6 620 12507 145 D13-33GM
88 1.80 KT66 830 UBL21 176 6BW7 090 12SQ7GT 0.85 a
E88CC/01 3.10 9.20° UCCB4 0.85 6C4 050 12Y4 070 *specQ
E92CC 280 KT88 895 UCCB5 070 6C6 055 1303 070 -
E180CC 420 13.80* UCF80 1.30 6CH6 8.20 13D5 0.80
E180F . 770 MH4 250 UCH42 185 6CLe 275 13D6 0.80
E182CC 825 MLé 250 UCHB1 075 6CX8 380 1a57 115 PLUMBICON
EA76 226 MX10/0121.50 UCLB2 095 6CYS 115 19AQ5 0.85 FB003LF
EABCBO 0.80 N78 9.90 UFa 1,35 6D6 070 1963 1150 F80OIR
EB91 060 O0A2 070 UFB0 095 6F6 160 19G6 850 F900IB
EBC33 1,15 OB2 0.80 UFS5 095 6FGB 110 19H5 3955 XQ1020R
EBC0 090 PABCBO 0.60 ULB4 095 6F7 280 2001 0.0 XQ10208
EBF80 0.60  PC85 075 UMSO 0.90 6F8G 085 20F2 0.85
EBFB3  0.60 PCB6 095 UMB4 070 6F12 150 20E1 1.30
EBFBS 080 PCS8 0.95 UY82 0.70 6F14 115 20P1 085 cocoiaLy
EC52 0.65 PC97 150 Uyss 0.85 6F15 130 20p3 0.75 rX 1000A
ECo1 440 PC00  1.15 VRI105/30 126 6F17 3.20 20P4 125 453 S000A
EC92 0.85 PCCB4 050 VR150/30 1.35 6F23 0.75 20P5 1.35 BM 25L
ECCB1 085 PCCBY  0.85 X66 095 6F24 175 256GT 085 w13
ECC82 080 PCCI8 105 XgIM 170 6F33 1050 25246 075 DY 723
ECC83 065 PCF80  0.80 XR1-5400A 6FH8 420 30C15 050 ¢ 'yo0
ECC84 060 PCF82 070 42.90 6GAS 195 30C17 050 vy qa30
ECC85 060 PCFB4 075 7750 1900 6GHBA 095 30C18 245 .- |H0
cC86 170 PCFB6 150 2749 0.75 6H6 1.60 30F5 195 G
ECCS8 080 PCF87 030 Z 345 644 135 30FL2 140 Syyser
ECC189 095 PCF200 1.80 2Z801U 3.75 6JAWA 200 30FL12 1.25 Cv2116
ECCB04 0.90 PCF201 1.65 Zg03U 16.00 6J5 230 30FL14 215 Fpia
ECFB0 085 PCFBO0 050 29007 245 6)5GT 030 3olis  1jo oo 133
ECFB2  0.65 PCFBO1 175 1A3 0.85 6J6 085 30L17 110 gullh
ECFB01 1.05 PCFB02 0.85 1L4 0.50 6J6W 0.90 30P12 115 Gmu2
ECH34 225 PCF805 245 1RS 060 GJEEC 295 30PLI3 128 oeoo
ECH35 170 PCF806 1.20 1S4 045 6JSEC 295 30PL14 245 poaicceon
2,10 PCFB08 2.75 1S5 '  0.45 6K7 0.80 35L6GT 1.40 ,E‘M;,s, 754
ECHa2 120 PCH200 135 174 045 6KD6 335 35W4 080 U
ECH81 0.70 PCL81 0.7 1U4 0.80 6L6M 280 3524GT 0.80
ECHB4 o080 PCL82 035 1X2B 140 6L6G 250 50C5 115
ECL80 070 PCL84 0.0 2021 110 6L6GC 210 50CD6G 1.36
ECL82 075 PCLBS 1.05 1.85% 6L6GT 125 7581 1.25 SN5402N 0.28
ECL8B3  1.40 PCLB05/851.25 2K25  16.95 6L7G 0.65 75C1 170 SN5410F 0.32
ECL8S 0.60 PD500/5104.30 24,50* 6lL18 070 76 0.95 SN5470F 048
ECL86 0.90 PFL200 110 2x2 1.15 6LQ6 295 78 0.5 SN54196J 1.20
EF37A 215 280" 3A4 0.70 6LD20 070 B0 1.70 SN7407N 029
EF39 125 PL36 125 3AT2 240 6KG6A 270 85A2 1.40 SN7408N 0.18
EF80 0.65 PL81 0.85 3D6 050 607G 1.30 255* SN7445P 0.85
EF83 175 PL82 0.70 3022  23.00 6SA7 1.00 807 1.25 SN74453P 1.10
EF85 060 PL83 060 3E29  19.00 65G7 1.18 1.90* SN7453N 0.18
EF86 0.75 PL84 0.95 354 0.80 6547 105 813 19.32 SN74L73N 038
EF8 1.05 PL504 145 18.25 6SK7 0.95 6850* SN7474N 0.30
EF91 150 PLS08  2.40 5B/254M 18.90 6SL7GT 085 8298  14.00 SN7485N 0.95
EF92 2.90 PL509  5.80 58/255M 14.50 6SN7GT -0.80 B32A 8.90 SN74L85N 1.10
EF95 065 PLS19  6.10 5B/258M 12.50 65R7 110 866A 3.80 SN7491AN 0.2
EFg6 0.80 PLBO2 395 5C22 2990 6507 0.95 866E 825 SN74123N 0.42
EF183 080 PY33 0.70 5R4GY  1.80 6V6G 150 931A  13.80 DM74123N0.38
EF184 080 PY80 070 5U4G 075 6V6GT 095 g4 0.80 SN15836N 0.28
EF812 075 PYB1/800 0.85 5v4G 0.75 6X4 095 955 120 cX4 0.95
EFL200 185 PY82 065 5Y3GT 095 6X4WA 210 956 0,60 SN76013N 1.80
EHS0 0.85 PY83 080 523 150 6X5GT 065 957 1,05 SN76003N 1.60
EL32 1.10 PYB8 0.85 574G 0.75 6Y6G 090 1625 1.80 SN76033N 1.35
EL34 180 PYS500A 210 524GT  1.05 624 0.70 1629 1.85 MC68OOP 5.80
290 PY309 645 6/30L2 0.90 787 175 2051 290 MC6E8BOOP
EL81 245 PY801 0.80 6AB7 0.70 8BNS 285 5763 4.20 6.40
EL82 070 QQV03/10 7.50 GAC7 1.15 902 0.70 7.50 MC14511BA
Eiga 0.80 0QQV03- 20A 6AGS5 0.60 906 290 5881 3.40 2.
EL86 0.95 21.50 6AH6 1.15 10C2 0.85 5933 6.90 B1702AL 3.30
EL90 . 100 QOV03-25A 6AKS5 0.65 10F18 - 0.70 6057 220 MME300-t)
EL91 420 38.50 6AKS 0.60 10P13 150 6060 1.95 2
EL9S 0.80 QQV06/40A 6ALS 0.60 11E2 1950 6064 2.30 MCME810AP
EL504 1.70 16.10 GALSW  0.85 12A6 070 6065 3.20 3.40
'ELBOZ  5.90 QV03-12 420 6AM5  4.20 12AT6  0.70 6067 230 6340-1) 380
EL509 395 SC1/400 430 6AM6 150 12AT7 065 6080 530 MIC945-50 028
ELBOZ 170 SC1/600 450 GANBA 250 12AU7 060 6145 4.95 MICS36-50 0.2
FIELD TELEPHONES TYPE “J”.
VALVES AND TRANSISTORS  Tronical i |
Telephone enquiries for valves, transistors, etc: ropical, in metal cases.
retail 749 3934, gxgt;gf&x rt 743 0899, 0839, 1(())l|ne MAGNETO SWITCH-
D10 0 TELEPHONE BOARD. Can work with every
Geiger Mulier Tubes G X12/01 an
o M sndothers.  tyne of magneto telephones.
TEST SET FT2 FOR TESTING Transceivers A40,
341 Aé‘é an% cpgcz ey &5 PRICES MAY VARY
. & “B” CONTR NITS “A* “R” STAGE: £1-£3 45p; £3-£5 55p;
“d1” “J2.** Microphones No §, 6, 7 connectors, 4
frames carrlersets etc. - £5 ETO Gop' £1o£15 aop £15'
DRUM CABLE continuous connection YC 00433. £20 100p.
Signat Generators MARCONI TF 144H/4S; TF144H/6S 10 kH2-72MHz
9 Prices on apphcauon - g
COLOMOR Tel. 01-743 0899 or 01-749 3934
(ELECTRONICS LTD.) Open Monday to Friday
170 Goldhawk Rd., London W.12 9 a.m.-5,30 p.m.

QUALITY REEL TO REEL & CASSETTE TAPE HEADS
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER.
OUR FULL CATALOGUE (PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE- AMPLIFIERS AND ACCESSORIES

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS

C21RPS18 MONOR/P,............. Hole Centres 17mm Apart, 12mm From Head Face

B24.-02 STEREOR/P............ £7.GG C42RPH20 STEREO R/P SENDUST FOR
B24.07 STEREO R/P FOR DOLBY CHROME/METAL TAPES.. £10.67
................ £9.05 C42RPH(Q4 STEREO R/P GLASS FERRITE
C21ES18 MONO/STEREO ERASE THE ULTIMATE LONG LIFE,
.................. .13 HIGH PERFORMANCE HEAD £13.34

POST AND PACKING 40p EX STOCK DELIVERI{ES, ALL PRICES INCLUDE V.A.T.

D MDNDLITH

5/7 Church Street, Crewkerne.
electronic products

Somerset TA18 7HR
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Tel: 0460 74321.
Telex: 46306 MONLTH G.
WIRELESS WORLD JUNE 1982

WWW american

Winning

MOSPOWER co

ombinations.

We invented the game.

Siliconix invented the MOSPOWER FET game. So, not -
surprisingly we have a tradition of firsts. First with a mednum
power MOSPOWER FET in TO-202 packages; first with low
cost plastic devices in TO-237 packages; first with nand

p-channel quads in 14-pin DIPs.

First for versatility as well. The range includes silicon-gate,
metal gate, and high voltage DMOS capability in our double-
diffused MOS technology offered in nine different paqkage
configurations. So you can have the winning combination for
your application - whether it's aerospace, telecomms, data
processing or process control.

And our devices feature ultra fast switching, freedom
from thermal runaway and secondary breakdown, very high
power gain, resistance to noise and false triggering and easy
interfacing with low power MOS ICs. d

For more information and a copy of our data book, ring
Phil Regan/Phil Dewsbury on Swansea (0792) 74681, and
discover how our combinations slot into place.

350-450V | 25W TO-3  35-90V |6.25W TO-39  35-90V
15W TO-202 40-80V |0.3W TO-52 60V

1.3W DIPQuad 20-90V ,
0.4W TO-92 60V 1W TO-237 30-240V{20W TO-220 30-80V
|

125W TO-3

Sales Office: Siliconix Ltd, Brook House, Northbrook Street, Newbury, Berks RG13 1AH. Tel: (0635)
47609. Telex: 849357, Manufacturing Facility: Siliconix Ltd, Morviston, Swansea SA6 6NE. Tel: (0792)
74681, Telex; 48197. Distributors: Barlec Ltd. (0403) 51881. Dage Eurosem Ltd. (0296) 32881.
Macro-Marketing Ltd. (06286) 4422. Semiconductor Specialists Ltd. (08954) 45522.
Representatives: Scotland & Ireland: Linburg Electronics Ltd. (0383) 32231. South West England:
Hartech Ltd. (0243) 573164. European Headquarters: Swansea (U.K.) Corporate Headquarters:
Santa Clara, California. Far East Headquarters: Hong Kong, Nippon-Siliconix, Tokyo, Japan.

Siliconix
The Discovery Company

WIRELESS WORLD JUNE 1982
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dehel me o co o the “MOSPOWER FET Deslan Catalugue‘

l
IPcsm‘bﬂ I
Compary. X =2 aa
IAddre&s - I
s Semen o ———
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IEEE PROGRAMMABLES from TIME LY The finm for Speakers _ 1 g

The Keithley 179A

9814 IEEE PROGRAMMABLE VOLTAGE STANDARD Just @ will bring you the latest Wilmslow Audio
A higher perf I dard with . s 0.019 ; e : :
resolution of setting 1s 1 ?2“2"0%’,%30.“53%& Tosistanca s 1635 han 0.0 Shvma. o Sceods 2oy 80 page catalogue packed with pictures and specifications
20mA-200mA. Temperature coeff is less than 20ppm/°C and long term stability better thar. ©sppm per year. Full i 1 .
manual.control is available via front panel controls. Available for benchtop use or 19" rack mounting. of HiFi and PA Speaker Drive Units, sPeaker Kits,
9816 IEEE PROGRAMMABLE VOICE : A Cabinet Kits ... ..
A high quali h synthesi i ] o : {
e e ol e pogroming v o 5 e A 1000 items for the constructor.
0 many applications. A CROSSOVER NETWORKS AND COMPONENTS.
~ ; GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
9815 IEEE PROGRAMMABLE SCREWDRIVER , , » :
The unit has been designed to overcome the problems of adjusting large numbers of multi-turn trimmers in l DISCO CABINETS - PLUS MICROPHONES »
thjzﬁgm:;?‘gﬁgﬁ:d{w:r ls'ftu'"y pr09|ljagwmable via the IEEE bus with 3 speeds of rotation and 2 selectable AMPLIFIERS — MIXERS — COMBOS — EFFECTS —
S artotsluc ot ratasts 2 belllgéatlgd?upp ied complete with a flexible drive shaft and drill chuck into which SPEAKER STANDS AND BRACKETS - IN-CAR | .
SPFAKERS AND BOOSTERS ETC. ETC.
9810 IEEE/PROGRAMMABLE POWER SUPPLY ‘ i * Lowest prices — Largest stocks *
0-33V in 0.1V b i . ) , : 1 v = 3
: :;Jr;%r;;?jiqwé’s i ,‘"‘105532?235iﬁ:&‘.’k‘éﬁﬁl&?ﬁ“é‘f‘iﬂa5‘3'1"6 e aia0 Syl oie. Tho unit 15 3 bata umcs Moo * Expert staff — Sound advice * Specification . . . Versatility . . . Accuracy . ..
B ' ' * Choose your DIY HiFi Speakers in the comfort x Price. In aimost every major area the new -
912 IEEE PROGRAMMABLE SWITCH ’ of our listening lounge. . 179A— a 4'/2 digit bench/portable DMM —
fgg\?:g'gﬁgrlg]«;';:rrzgfgo':/:vr:;v;zc:ﬁglre _avaéltab:e wim fuI%IEVEE control. Each switch is rated at 1 Amp, 30V dc or (Customer operated demor.'nstratlon facilities) from Keithley Instruments sets some pretty
;ﬁtﬂ;?fﬁ; :ﬁii:gfimgcﬁzlem; s'.lwi‘tch‘a'::‘.ls ?"‘S%t:’i’z‘g‘;nﬁ- ar?.?;fé"{,'ﬁ?'r‘aﬁl'f?ﬁ‘é"s“vﬁ?éﬂi??S'L'E?S?:fﬁﬂg?\',?a" 2 * Ample parking * r impressive standards:
s which also incorporate indicators. i i
% Access - Visa - American Express accepted * P 8 Sty
’ o : amp capability @ Full function: 27
e Rl AR ABLE REGISTANCE , X =0 @ ranges including true RMS AC Measurement
- in 1 Oh . i i50.1% i : i ’ p
range: Rasistorsar alod 1 Wak Gach. A atracive (atura s hs O o 1 St e amesomer s ) B @ Year's guarantee onspec @ 0.04% DC
e ' LN The fim for Speakers | - BaeDLEnP accuracy @ |IEEE option @ Largedisplay

and 10u V dc resolution.

For thoseé requiring 10 times more sensitivity
and an analogue output there’'sthe 177, a
unit with similar specification to the 179A.
Both models are part of a vastrange of test
equipment from one of the world’s leading

35/39 Church Street, Wilmisow, Cheshire SK9 1A
Lightning service on telePhoned credit card orders! -

=
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TIME .ELECTRONICS. LTD, Botany Industrial Est., Tonbridge, Kent, Engiand TN9 1RS. Tel: (0732) 355993. Telex: 95481 @

WW — 069 FOR FURTHER DETAILS

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING ,‘ ELECTRON GUNS

' manufacturers.
PLACE JN THE ELECTRONICS INDUSTRY, LARGE QUANTI- TV TUBE COMPONENTS For more information fill in the coupon at the
— | - R M R RO An entire botiom of the page.

. TIES OF COMPONENTS BECOME REDUNDANT. WE ARE 'TI'V r“ru%nle Iggustry. We specialise in all aspects of Efectron Mount range of ?Ahernatively, phone our Instant
CASH PURCHASERS OF SUCH MATERIALS AND WOULD O?xcr 33;33& ranqu includes more than 250 gun types for Colour, in I W- OOSt - Information < 3
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. Rl Sae, an el otler aseocimeiom s or TV T baBrocker gl ] Serw%e on
WE PAY TOP PRICES AND COLLECT. \ ?u;‘é':nlgcwclfﬂ}wgﬁz('"p and Advisory Service is available to all h|gh- 0734 86 now.

: I Please request our current catalogues and Data Information. performance
J ' instruments '
RIF T =] N 2 SWAN STREET L
BROADFIELDS & MAYCO DISPOSALS ol GriFTRONIC sabtronics G KEITHLEY
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner == EMISS ION LTD . Bassop a

ENGLAND Keithley instruments Ltd " .

Telephone 445 2713/0749 (9461) Tolephone: (0739) 76452/764100. Tolox: 312354 Grifem G

‘Making Performance Affordable

WW — 3 *2010A 3%-Digit L.E.D. Banch DMM 5020A 1Hz-200KHz F'unctlon Generator
A e e = *2015A 3%-Digit L.C.D. Bench DMM *8110A 100MHz 8-Digit Frequency Meter

1 Boulton Road Reading Berkg’ﬁ"fz@%RGZ ONL”
Telephone (0734) 861287 ",
Telex 847047

~ i, E
Ty
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2020 3%-Digit L.E.D. Bench DMM *B810A ‘600MHz 8-Digit Frequency Meter

‘ (_ > with Microcomputer Interface  *8610B 600MHz $'pigit Frequency Meter

\Q»U % I ') J M R msgA g://:g@: Lng :ang gm g{;gga :gs:if-l?rl\?\::az:lq;rear:u)’arxm - - e - [ ] [ 1 1 - - - - 1

S 4 = Jk h \00 PUTE S “3037A 3%Digit LD, Hand DMM Countar/Timer r I A .

® 1 x - i -

P ::; higie LA:'EHQEUF‘?E?IEJEEIS’TE g%fig?"sx HA7 1EE. 01-204 7525 LAda 10MAUoaic Brobe 800> Sz S Trace Oscllscope B rdlike toknow more i

= E — * Also available in kit form. o

4ols ;GE gomputer £460 conE Ti:fvg ADAZZLING ARRAY OF E o AnD =7 A = Test our low priced test equipment. It | Name : |

232K Computer £575 NECTIONS WITH THE OUTSIDE WORLD! , , . re our
2031 171K Singte Drive Floppy Disk £350 | D TO A CONVERTERS (8, 12 & 16 BIT ~ | DR THENEW W ' .. s asUESip) tothoabe st Gompareso B posiion |
4040 343K Dual Floppy Disk £575 ATO D)%/OYNF\’/LEOR"-"-FERRSS tha i3 5%Sv9kg'ol'lso)NS . g Specs and our prices — no-one can beat our I I
4022 Tractor Feed Printer £350 ‘ FULLY WORKING AND OPERATIONAL i i :
8032 32K Computer £750 eI GITAINFUTSIOUTPLISS ASK US ABOUT ALL THE ADD-ON-GOODIES price/performance ratio. ] Company |
8096 96K Computer » £995 SalE=Ed CINTERFACES b THAT GO WITH THE VIC . Full colourillustrated , :
8050 950K Dual Drive Floppy Dis £750 | AS WELL éﬁ ngg\;sss SOFTWARE, WE ALSO : MASSES OF BOOKS ON THE ‘B brochure and price list from: I Address I
8023 Tractor Feed Printer £750 REQUIREMENTS, tIKET + INTERFAGING & CONTROL ' BLACK STAR LTD. I3ley Ytare
8422 22 Megabyte Winchester Disk £3250 DATA ANALYSIS/STATISTICAL PACKAGES SEND US A LARGE STAMPED ADDRESSED 1 C Street si | ; l I
9000 SuperPet 134K Multilanguage Computer TAPEPREP FOR ONC MACHINE ROOLS ENVELOPE 9a Crown Street,St. lves, :

(12x3) AND WE WiLL BE DE- Telephone
, £1295 | SECTION CALCULATIONS FOR DRAWING | UGHTED TO SEND YOU ALL OUR CURRENT Cambs. PE17 4EB |
TOOL KITS (BASIC 2 & 4). SUPERCHIPS ANAE OFFICES INFORMATION! Tel: (0480) 62440. Telex 32339 ¥ (WW/6) ‘
AND ALL SORTS OF OTHER CHIPS YSIS FOR CONTROL SYSTEMS ¥ PRICES DO NOT INCLUGE VAT [ e o e A

LARGE S.A.E. FOR LISTS ETC.

PERS( —— :
R o SLCEE ALL CO0DS SENT SAMEDAY WHEREVER PosSIBLE [T ‘ WW 045 FOR FURTHER DETAILS e DETALS
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The Professionals

WW — 063 FOR FURTHER DETAILS

VALVES ,SEMICONDUCTORS
& COMPONENTS for :-

Communications, Displays,
Radar, Computer,
Audio etc.

Hall Electric Limited
Electron House

Cray Avenue, St. Mary Cray
Orpington, Kent BR5 30J
Telephone: Orpington 27099
Telex: 896141

MIN DEF APPROVAL 0529/0531

- WIRELESS WORLD JUNE 1982
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AT

.The !
Profesrional Choice

AMCron &

Since the introduction of the DC300 in 1967, AMCRON amplifiers have
been used worldwide — wherever there has been a need for a rugged and
reliable amplifier. Their reputation amongst professional users, throughout
industry, has made the name of AMCRON synonymous with power '
amplification, For power you can depend on - choose AMCRON, the -
professional choice.

For further details contact the UK Iridustrial distributor:

16, ST. ALFEGE PASSAGE, LONDON SE10

TELEPHONE: 01-853 5295
TELEX: 923393 LASER G

——
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: COMPUTER COMPONENTS | comcronsisms )
- “JUMPER. LEADS 3
T E [: H N U M A T I [: T E [: H N U M A T I [: T E H N U M A T I [: 4 : MCE845 :13 | INTERFACE CRYSTALS | 2 c‘i‘ﬂi,ﬂ?p?'fgfa’&'i 40pin
40 r ‘ woce g1 | Seoel, g M . 32.768KHz Singlaend 145p 165p 240p 380p
* SPECIAL OFFER * ; 4 2650A £12 TMS9918 €60 AD558CJ 775p 100p Double end '210p 230p 345p 540p
89 6502 £4 TMS9927 £18 ADS61J  £14 100KHz 250p Cable with Sockets A
0p 6502A £5 AM25510 350p 200KHz 280p ) ZORIn 26pin 34pin 40pin
1.24 ggg 350 AM25LS2521 ﬁmqinMHz Single end (214 ) 210p 270p 300p
{4 £2 0 290, P p
2114L — 200ns 95p gomor 8| il Top | Amstsn Tge  zim | cowesnd(B) L e
H ‘ 1 | p p 385p 490p
2114L — 450ns 90p g3 ssop | 21078 S00p ameLssz | 1easz © 2i0p ;
2716 (+5V) 210p %gg' 350p Rz fEE. “DAcE) €20 glgsno ggg
2732 425 P %Mﬁ 280p ﬂg-s ;ggg DP8304 «so: 3.276 1503 O] S0::ONdI§IECToris
2532 400p o ‘B | doaras astb | DS 0 | i e | oowm 0 B B w4
% DSBB832 250 4.00 150, eader
6116P-3 525[) z8 £24 4116-20 _75p DSBB33 225: 4.194 zoo'; Plug 90p 165p 200p 240p270p
320p 4118-3  500p DsSes3s 150p | 4.43 110p | Recp'cle 90p 165p 200p 240p 270p
4118-4  450p DSBB38  226p 4608 250p Edge conn 200p 240p 300p 380p 550p
A ATOM st (HEE OB
. ! i B
5101 3000 | mcisgs s8p | 60 150p
; : i 3 25 200p S566B 6116P-3 550p | Mc3418 950 6144 2 EUROCONNECTORS
Basic Built 8K + 2K £135 741548 75p | 4035 80p | DAC1408-8 200p SAD1024A 6116LP-3 750 MC3446 300: 70. 13: T ug Skt
RN sy N E1E — | Be Bp R g dee o BIOC i | MOMO EE | i et s
- . P [ .
: " : £ (P&P £2.50/unit) T |7asrs g a0 S s s S A% 10 U | MCum doop | sz 17 | iohdliWe 3or 40
P L7216B 1 MC4024 325 10.00 5 3 A p
Here is the expertise Years in p,; SADY RegulatggiRowen S“%ﬁ'ygﬁz&f .80 P&P)ATOMPSU £7 + naa s | 7aisre wp | B e |icmT o sews 7 1Sl 305 | Wiia Sep | 103 zen | (or 22 Way plesse specity A+ 5
‘ ] IS j 7445 0p | 740503 450 | 404a o0 | 1Siaens 1300 ! 2 (145 119700 R RS0, 150p | DINg1612 3x3 2-way
. P p | ICL8038 300p TA7204 200p MC14412 900p 12 25
yOI.I Cal’l depend on-~ Spec:a/,st F.P. ROM £20 1K RAM £2 (2x2114L) Toolbox ROM £25 7446A  93p | 74LSB5 50p | 4046 70p | ICM7555 80p TA7205 90p ROMY/ MCag44 325p 13 3533 e :;ggp ﬁ.gp
fielq New Colour Encoder Card £39 + £1 P&P map e BBk il R NERARESEN S PROMSs MMs8174 €12 | 14318  175p y 180 P
ATOM Sound Board Kit £34.95 + £1 P&P 7450 :;: ;2'E§§g 53‘; 4049 gg E%EO oo Pgazﬁ 7% Tasaer o | 157 ?’33 DIL HEADER PLUGS
o o . 41593 4050 P 51 BAS! 200p B LN2! A 16.00
‘ ATOM DISK P A&TOM V'Is'ton K_ltthﬁt::G + £1”P &Fé d PSU t 7453 17p TaLs9s 450'5 4051 gg: LF353 1& TEAS00 30p o LLNZGS loop | 1800, 233 e 14pin 16pin 24pin 40pin
454 17 74LS96 100 LF356P 95 TBAB10 1 75107 180, 18.43. 150 older type p P 100p 275
When you choose a mast from the compre- ; e e ontfohelgearg. 219 7460 p | 7408107 'asp | 4083 60p | LF357 120p TBAB20 pid asgnl 72190 180p | 19968 150p | IDCtype  130p 140p 200p 285p
B e d f h h disc paCk + 12K + 12K ATOM, Connector cable and SOCket, 7470 36p | 7415109 30p | 4054 130p | LMI0C 425p TBASS0 300p 745473 %112 1600 20 2000
hensive Clark range you are assured of a hig instruction book and manual £299 + £6 carriage 7 e | misiz Mo | deb  dme | Lwoia gl ToAzmo 3 T lip | 2sek  150p
o 4 H { HEW o p P 511 . P
standard of Engineering and operational relia FULL RANGE OF ATOM ACCESSORIES & SOFTWARE IN STOCK T 2p | JaSia p | 459 sk | IMae §°°: ToAToaA  300p 7121 1ep | 386607 (1 S N D EONUECHOR
3110 H H H P 74 P P | LM319 25| P 75122 140, 48.0 175 3
bility. BBC M|crocom8uter Mtemorles, Explar:jlon Sockets and 78 ® | msm s ae  o0p | da 325 ToAOS 22 s TR B ;oog s e e
onnectors now avatilable L5124 4066 P 3342 1 P 75154 140p | 116 00p | Angled 160p 230p 265p 425
f f 7481 100p | 74LS125 3 4067  400p | LM335Z 1 TDA1024 1 75182 230 14580 250p , "9 Rrpaea T ong
5 =3 Send for our detailed lists 7482 zgg 785128 ﬁ 4068 }g: LM339 333 TDAT0345 gmx 7324 375p w4 Solder FENz?pL%opuspmp
Why compromise A x| 23513 e 156 o 4 75361 1500 QEEITTVCIM Angled 175p240p 310p500p
H S$133  30p 4070 18p | LM3sgP 680] TDA2002V 325p 75363 150 5
PRI N I ERS EPSON MX 80 F/T Tam o0 | 7aiSiam o0p | don 18p | (M377 175p TDA2005  350p LSSl ENCODER Hectal ) aduiTnog ooy 60
® 99 matrix with true descenders @ 80 CPS Bi-directional with O A e e T | avsae, | SR RS
. x9 matrix with true descenders i-directional wit P P 1 2732 4285p b LD 00p | 26wayIDC Femaleconnector ~ £4
Extended heights 4 metres-30 metres, capable logic seeking ® 80 columns with condensed, emphasised en- 78 oon | JaLsier taon %% é.z,'; [Mane Ve Toner 7o 2nessoNS | Toeise 1p | 402 S0P
of lifting headload 1 kg- larged characters @ Full Graphics capability (F/T 2) @ MX 80 R 59 Blgn HRial B [ER LR 1309 2732-360NS L N MODULATORS ¥
200 kgs y F/T 1£340 @ MX80 F/T 2 £360 744 Sop | 7alSiGy sop | 4088 7z | Lmes  100p Lo 200p 5P | 81LS95/% 300 | oy, UF DlLewnckes  2FskTs
- i 5 & P o — - 81 4 pil
i | telescopic Carriage £10/printer 749  4p | 743185 40p | 4093 43p | LM70S 36p  TL430C 70p  UARTSs %602 - 220p 375 | gway  120p 28pin £
Sectional or telescop BBC recommend MX 80 F/T 2 for their computer 7497 120p | 74LS156 40p | 4084  150p | LM710 50p UAA170 170p £ 9637Ap 10p | OMHZUWF | eQay  £105p dopin €10
ir operated for field or 74100  85p | 7415157 35p | 4095  96p | LM711 700 UA2240 300p AY-3-1015p INosBE-5 250 P | oy Figon
alr D ti 5 5 5 ;2]‘&7’ gp ;4t§}§ gp % 333: tmgg 7:9 u%g;&g: lggp Z80C 280 oo 1o139°°p ZN426E-8 350p
vehicle mounting. . MICRO I R AI N ER 74116 90p | 7409101 40p | 4098  %0p | LMzat 190 UpCooan  200p | Z80AGART NI BAUO RATE |
Write or phone us for ’ Tl sen | JaSie | does ‘s | e i3 Hoa0e™  300b | Zsoaoma"®2 | imasior 4o k SN enGE coNnECTORS
i P 48 35 P k)
details toda @ Based on the successful RCA 1802 CMOS microprocessor, e el gl G| AR el e bk B Sl | ERe T e L i Ecrors . |-
etails Y. this development kit offers the most comprehensive facilities 74121 2% | 74LSics 100 | 4000 1%0p | LMoz Wp  ZNAToC 2t | zsosiol o TEUETEXT A e )15 Ve -
3 : . . 3 - ay
at the lowest cost; the ideal teaching aid, or a powerful iz :33 7aLST70 120p 03 ,223 [M3909 %h ZNaza 1359 . CHARACTER ¥ 2x73Way 5}333 mf”
* softw 41 415173 - 70 p | LM3911 130p  ZN425 350 X 25 Way P 0
o oroiarion wideo Gispiay pemits clspiay of 1802 aple e mE | A S om e M B & R e H R
- 391 - ay g -
Clark Q.T.4M/HP mast shown on tri- 74132 453 7408187 140 | 40173 1208 | [Mao1e 2255  ZN1040E Jo0p | CRTS027 €15 7509 SAA5030 1x17 Way 700p =
a T e set or blocks of stored data. . ] P 78136 325 | 7005190 'Sp | 40174 _'80p | Miaae0  on  ZNAZSS ssop | CRISUTT €16 | [C'  ggop | SAASOH €16 | ppipy g
pod, e);tended to ‘}\ m?lffgf an s Itlphts @ 4K virtual machine monitor provides single step simulator for B0 e pastsio s dai7oy Cloe | MSISTALy o 0en €Fa3c5  feo | SN745262AN 285050 FDI791 €30 it
folded for transit. Available in heig rogram tracing and debugging, with single line dis- 5 2P —
up to 12 metres i bi Y e - T 100 | 7eSiet Aon | @Bmp  Tob leoniz e LOW PROFILE DIL SOCKETS BY TEXAS _ WIRE WRAP SOCKETS BY TEXAS jLaticcy, 20
P Ao Py ligh assembier. p 74148 75p | 74LS195 48p | 4503 il VOLTAGE REGULATORS 8pin 9 18pin 18p 24pin 24p 8PN 25p 18pin 50p 24pin  70p e A
This mast is ideal for raising light- @ 12K of RAM for user programs, 74150 80p | 74LS186 80p | 4507 4op | FAXEDPLASTIC | 14pin 10p 20pin 18k 28pin 26p 14 3Bp 20pin  6Op 2 pin _80p ZENERS
_weight antennas for field or vehicle @ Many other features plus professional PTH board for simpli- T4I51A  45p | JaS1s7 esp | 458 200p | A ive pin 11p 22pin 22p 40pin 30p 16pin  40p 22pin  65p 40 pin 100p o -
T mounting. fied construction. Tl sen | 7acsem o an Sop & TR ggg s e TRANSISTORS TIP32A s | 2N 3208 o L 15p
74155 50p 7418241 70p | 4512 65p 7906 80 P 3442 IN14D 120
74156 50p | 74LS242 80p | 4514 150p | 12V1A 7812 50p P P TRIACS
15V 1A 7815 55 7908 60p 3N141 110p PLASTIC
7ol 1005 | 743243 @ | a6 7% | 18VIA 7l mp 1912 S0p Wzt 1106 | a0y eop
; 3 e 24V 1A 7824 55, 7915 50p 3N204  120p 6A400V 7
AT o] o e 9oP | “5v 100ma 78L05 30p 18 60 4029 2600 | A0V o
. g 9. P 61/2
An ideal software development tool. A Tarea 23: JaLSeer ﬁ: 23] 1?2: & 100mA 76108 38,‘; 79L05 859 | BCi59 11p | BRY39  45p op 8A 500V ;g:
program can be developed, debugged 74164  50p | 74LS258 45p | 4527 g0p | 12V100mA 78L12 30p 12v 79L12 70p | pcigac  12p | BSX19/20 24p 40409 100p | 17A400v 85
e " 15V100mA 78L15 30p 15V 79L15 70p | gci72 . 12 BU104 225 40410 100p 12A500V 105
and verified and then can either be com- e e R L I e : BC73/8 179 | BUIOS 1908 40411 30p | 16Ado0v 110p
mitted to an EPROM or the program can 74170  140p | 7415266 25p | 4534  500p | LM3QSH1A5V 100p 7BHGKC soop | BC179 ~ 18p | BUW0B  260p e }ggs 16A500V 1309
“ i 74172 300p | 74LS273 75p | 4536  300p { [M309K1A5V 135p 78HO5KC 550p | BC182/3 10p | BU103  225p | T2800D ' 130p |
be used in any host computer by plu 40673 75p
\ pu y plug 74173 65p | 74LS273 4Bp | 4538 120p | [M317K 325p 78MGT2C 140p BC184  11p | BU126  150p 40871/2 100, YRIS
ing the SOFTY into its EPROM socket 74174 60p | 7415283 45p | 4539 110p | [M317T1AAdj 200p 78GUIC 200p | BC187 ~ 30p | BU1BOA 120p EE=UsAl/ - 1 O0PJREA @IV AISTORS,
9 ) ‘7417 4543 100 J BC212/3 11 BU205 200 3A 400V 100p
ee the review in Sept. ‘81 PE for the J4178  Son | 74iS238 1e0p | 553  290p | LM iasy cob JeGWIC. 2P| Bchis - 1zp | BUZS 2009 2N esp | DIOCES 8AGOV 1405
various facilities provided on SOFTY 7177 70p | 7415323 250p | 4555  50p | (M723150mAAdj  CL7660 X EED o [l ek g1z JEA 100V 1500
: o 74178  100p | 74LS324 150p | 4556 60p 37p TLA97 300p | BC327 18p | BUX80 600p 2N4125/6 0A47 16A 400V ,,,3"
SOFTY complete with PSU, ROMULATOR 74180  50p | 74LS348 150p | 4560  180p | TL4g4 400p LM305AH 250p| BC337  16p | E3l0 50p leA
’ ; 74181  160p | 74LS352 100p | 4568 300p | 78540 225p- 8C338  16p | MJB0O2  400p T106  110p
' &iv leads R R e mores it S| pawl 2 Do e
1 90, 4572 30 H
£1 69 ;:13? 1203 ;:t gg :g: 4583 908 2N5777 45p  ORP60 120p | BC516/7 ws MJ3001 zzsg 27p
74186  500p | 74LS365 32p | 4584 45p | OCP71 180p ORP61 120p | BC547B  14p | MJE340  60p 2N3525  130p
74188  326p | 74LS367 32p | 4585  100p | ORP12 120p TIL78 55p | BC548C  12p | MJE2955 100p 2N506 0407)
M N A 74130 50p | 74LS368 36p | 14495  400p | TIL32 55p gcm557g }2: W’Eggs ng 2hco 62 zs
E I 705373 8570p OPTO-ISOLATORS 3
74LS374 BC559C 16p MPF103/4 30p
\ b | 7arsare ;3; 74 SERIES %}‘; 2 }ggg T 90 | BCYI0  1gp | MPFIOS  30p B ONTING
New Z80 Development System. Plugs into TV and cassette g £ 74500 80p | uicodo0  1a0p Ts . s0p | By bl e = RELAYS
recorder. 40-key direct ASSEMBLER/EDITOR, 24 bits of |/0. ideal for 7415390 74308  75p | ILO74 240p TIL116  90p | BD136/6  40p | MPSAI3 SPOT2A24YBE
d i ics. incl. LEDS —— 1
study, microcontrol and robotics. Power supply and TV lead incl LeDSY ’ SRIDGE B iiaop
£1 1 5 300p | T 209R 1p 02" ] RECTIFIERS DPDT 5A 24V DC
74LS540 135p | 74586 180p | TI211Gr 16p TIL220R 13p 1A 50V 19p 240VAC  200p
7415541 135p | ;:g:gg 300p ngve 18p TIL222Gr 15p MPoASS 3 A Wioo gg: gg[r)_‘IrZVDEC;H
Floppy Disc Drive Mechanism Xeltron Diskettes: E 1 By D ﬂL22F Y Ze 30p DCZM\}?AC ot
Teac FD50A 5%a’', £150 + £2.50 P&P. 5.5.D.D. £23 for 10 Discs + Library Case. 226p | DISPLAYS 4 Al T AR
Olivetti FD501AF 514", £150 + £2.50 P&P.  D.S.D.D. £27 for 10 Discs + Library Case. 8% 200p 3% | Loun.
600 SPEAKERS 1
r{:]
UV ERASERS s e
4000 SERIES 2
CLARK MASTS LTD. UviBEd2 UVidogorso Uvidt ers % | 000"  1zp | 745241 Teate 252029
i t t S 400 "
?'{‘St?w.’ ! % Y SEPROMS 14EPROMS _ withtimer 3 . : .
sle ot wWight, All above ERASERS fitted with the safety interlock =
o Lo Aoty erigcKs : PLEASE ADD 40p P&P & 15% VAT (Export no VAT)

to avoid accidental exposure to UV rays.

PO33 3PA,England.

: ; : MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED .
Telephone: Ryde (0983) 6369, Telex: 86686. SHOPS AT 17 BURNLEY ROAD, LONDON NW10 Government, Colleges, etc. ORDERS WELCOME
Tel: 01-452 1500, 01-450 6597. Telex: 322800 VISA & ACCESS CARDS ACCEPTED

305 EDGWARE ROAD, LONDON W2 Tel: 01-723 0233 ASK FOR A DETAILED PRICE LIST

TECHNOMATIC TECHNOMATIC TECHNOMATIC

WW — 066 FOR FURTHER DETAILS
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. The
simple answer
to all your
power supply
problems.

INVERTER '
) {

.....

Uninterruptible Power Supplies — UPS

250va upwards to 25kva, 50 or 60Hz.

O STANDBY POWER. Invaluable for winding down a
computer programme on mains failure and wherever
continuous power is essential. Better than 95% pure sine

wave.
0 STABILISATION. £5% Vital to combat mains
fluctuations and ensure the operation of equipment at
peak efficiency. ]

[0 TRANSIENT ATTENUATION. Provides suppression of
mains borne interference (spikes).

An unbeatable power package from £495 ex works.
Maigtenance free lead acid batteries, available to suit all
needs. :

For more information, cut the coupon or contact Galatrek
direct. Mr. R. Koffler, Galatrek International, Scotland
Street, Llanrwst, nr Llandudno, Gwynedd LL26 OAL,
North Wales, Great Britain, Tel No: 0492-640311/641298
Night Service: 0492-30592 Telex: 617114 A/B Galahu.

ALATREKS®

Please send full details of your range of volitage stabilisers,
filters, cutouts UPS and generators.

Name

I Address

Country

Telephone No

g (WW/2)
I T I Y RIS BN S

WW — 011 FOR FURTHER DETAILS

* RS232 Interface * Powerful Tiny * Autostart Oparation

48 1/0O Lines Basic Processor
> Up tb 18K Byte EPROM
] EPROM Programmer

with Watchdog Timer

Accommodates Instant
ROM® Modules

The Essex Tiny Basic Computer is an ideal choice
for data acquisition and process control systems. Its
crystal controlled timer and interrupts provide
accurate timing and fast response to critical events,
while the watchdog timerensures reliable operation.
Programs can be entered and tested from an R$232
terminai, and then be copied into EPROM. Alter-
natively, Instant ROM modules may be used both
during development and for program storage.
'INSTANT ROM is the trademark of Greenwich Instruments

PRICE EXCLUDING VAT: £185 — CARRIAGE WITHIN THE UK £2
— PLEASE SEND FOR FULL INFORMATION

Essex Electronics Centre
University of Essex, Colchester, CO4 3SQ.
Telephone: Colchester (0206) 865089

WW — 046 FOR FURTHER DETAILS

New From Barmeco

Introducing a new 3 element H.F. Tribanda with proven
performance and reliability.

THE WORLD RANGER TRIBANDER

Designed, engineered and manufactured in the U.K. Use
of high-quality materials ensures high electrical stability
under all weather conditions with exceptional mechani-
cal rigidity and strength. All traps are high grade P.T.F.E.
formers with insulated windings. - -

Specification:

Frequency 10,15 & 20 metres
Impedance 52 ohms
R.F. Power (max.) 1 kW (AM)

2 kW (PEP)

VSWR (at resonance) Lessthan 2.0:1
Forward gain upto8.0db
Front-to-Back Ratio 25db

Mast Diameter 31.75mm to 41.30mm
Wind Survival 80 mph

Turning Radius 14'-10"’

Longest element 26’

Boom length 12/

Net Weight 21lbs

£120 complete with Balun including carriage and VAT
Balun available at £15 each

Orders to:
BARNET METAL CAR AND CO. LIMITED
Tewin Road, Welwyh Garden City, Hertfordshire
Telephone: Welwyn Garden City 24327

Telex: 28125. Cabie: BARMECO

WIRELESS WORLD JUNE 1982
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GET YOUR
HANDS ONA
KEITHLEY 30

The pocket Digital Multimeter by which
others are judged.

£8

And generous discounts start at

10 units; 5%. '
Everything about the 130 is right.

Easy to operate, large clear read-out.

Compact, robust and reliable. With a

specification few can equalin

machines costing twice the price:

@ Only one calibration adjustment.

@ One year guarantee on spec.

@ 25 ranges and five functions:
ohms, DC and AC volts and amps.

@ 10amprange.
@ 100V, 1 A 0.1 Qsensitivity.
@ 20,000 hour M.TBF.

Allthis is backed by the immense know=
how of a specialist company with an
enviable reputation for test equipment
spanning almost all requirements from
3Y2 to 5Y2 digits.

How do you get one?
Simple. Just send off the coupon
enclosing cheque or postal order. And
see for yourself how the 130 measures
up.
The Keithley 130 — the D.M.M. that
won’t stretch your pocket!

EITHL "
ley Instruments

WW — 033 FOR FURTHER DETAILS

PN —

ICEITHLEY ]

T ——

130 DIGITAL MULTIMETER




= FINPE I

By, it i it

LOWEST PRICES - FASTEST DELIVERY
| Davice Prics | Device Price | Oavice Price | Device Price | DBavice Price
‘ L MEMORIES | 7915 055 | 4010 0.35 |.4555 039 | 7415166 084
21141-200ns 0.84 | 79L05 059 | 4011 0.12 | 4556 0441 7418173 069
21141-300ns 084 | 79112 059 | 4012 0.15 | 4585 082 | 7415174 045
‘ : {GTE-specal for 79115 058 | 4013 029 7415175 045
ACORN 155 | LM309K 099 | 4014 058 | 7418 SERIES 7405181 -~ 128
- 27084500 300 | LM317K 320 | 4ois 058 [ 741500 010 { 7415190 049~
2716 450ns 195 | LM323K 485 | 4016 025 | 740501 011 745191 049
(Singke + 5V) LM338K 475 | 4017 045 | 741802 . 012 ) 7415192 049
253245005 420 4018 058 | 741503 012 | 745193 045
. | rei | i | Sen SRRl i ol e
This new addition to the Eddystone range 3}}25283: 2:33 Bowh i | i 058 riss na o
of diecast boxes is supplied with gg}mogg o0 | Aice 3 e 082 | 14is 012 s g
. 4 6 200, i : i i !
interchangeable deep or shallow, close 2}‘&,’3}3”85"5 s | ot £33 4024 o3 (7S oz s o
L5 - el 1 i 95 | 402 X 13 22 !
fitting fla_nged_ lids giving erX|b|I|t_y of lielptrs 100 Bt 18 4026 0% | 1St 022 g 4
application Wlth minimum stocking. . 6116P 2000 4.85 Bt ‘g:;g 4028 0% | relsts 012 g “§g
Please write or telephone for details of Egg'ggggmumg_:g B0k S0 it gggg L N §§t§§3é (gigg
1 99 | 4035 072 | 74526 015
the new, versatite 10758P box. And ask Eiesr ot | mAsnr 1es | i 072 | 74lse 013 ns i
about the whole Eddyst.on.e range of Burrens ZASI02 1150 A B0 | e g bl s 0a
strong, lightweight, corrosion-resistant, gﬁg%g 090 | MK 38864 1447 ﬁgﬂf 0he ;jtsgazg oie ;4553? '(llﬁzg
i ini | .90 4045 7 15 | 74 .
diecast aluminium boxes, water-resistant i g.go LU R - o rige oz
boxes and moulded ABS plastic boxes, y | ek :.2§ B 3| il 08| 7S 03 raiSers §13§
in a range of sizes to meet a thousand - 4 5§2A :%5 £ 558 Eggjg el §:g§ §3t§2§§8 ﬁ;
icati 5 . 05 050 | 741549 5 i
appllcatlons. 6821 125 | 4052 068 | 741551 0.14| 7418365  0.34
OATA CONVERTERS 6840 420 | 4053 059 | 741554  0.15( 7415366 036
INA25E-8 345 | 6850 150 | 4054 120 | 74is55 015 7415367  0.34
INA26E-8 300 : 4 7405368 035
paes i
IN429E-8 2.10 748375 047 -
file 4n | ISR m o
ZN440 56,63 U PG RAD E K ITS 7418379 084
ZNA3E-10 1300 7415386 028
N4y 014 7408390 054
¥ ZN44B 6.85 Part No Deascription Price Each 7418393 058
T e 0IL SOCKETS
4 )
Eddystone Radio Limited 900 3 pok Memory Lparade Kt 32.00 S ECN
y conTROLERs e | A Printer/User I/0 Kit 9.50 122:2 Y
Member of Marconi Communication Systems Limited FO1791 -2 BBC 3 Floppy Disc Controller Kit 42.50 16 pin 0.09
Alvechurch Road, Birmingham B31 3PP, England Lo E3AB BBC 4 Analogue Input Kit 9.50 BNEP LAt
vechurch Road, Birmingham .- tnglan Y H WD1391 r Rl BBC 5 Serial Interface and 11.45 22 pm 017
Telephone: 021-475 2231 Telex: 337081 FM/AM 1000s with Spectrum T+ el amo b
A GEC Marcon Electionics Company Analyser—we call it the SUPER 5 S pigers S gosn BBC 6 I%xpansion Bus and 6.95 40 pn 0.2
A ; : g Tube' Kit "
1691 10.87 LOW PROFILE
WW — 070 FOR FURTHER DETAILS A portable communications service monitor from IFR, WD = ]
: light eneyahto vary anywiiers andigondigiohiatl for wiscEuANsous tSpectlt?l price forall kits purchased ~ 99.95 f;‘;-.’" 0z
= most two-way radio system tests. C ogether pin
! 3 031
SAFGAN DT-400 Series : The FM/AM 1000s can do the work of a spectrum Mol o8 Ben  o:
PRODUCTION POWER UNITS analyser, oscilloscope, tone generator, deviation meter, ‘ AY-3-8910 <l (Converts Model A to Mode B) 0pn 03
BR'TISH MAKE TESTING N NSBIeith modulation meter, signal generator, wattmeter, voltmeter, Rk 29 T
’ Qiavalanie Wi frequency error meter—and up to five service engineers | Av5-2376 599 28 pn 054
A ’ D830 450 | 6862 801 | 4055 120 741573 oas | bt o
3 0UTPUTS ) who could be doing something else! MC1 488 055 | 6871AIT 1870 | 4060 079 (741574 018 . :
e W DEVELOPMENT JE R W SR As ) e
. MC344 5 : 2
' A PRACTICAL TOP UP! (B AL b B A
¢ 1 n .
MM-100 MULTI-METER fusm IR dmlde o owSe om| §x R
SERVICING ) " o Mg bo3 | 6sm2 1911 | 4072 0.17 (74590 028 | caystais
Simply replaces the protective lid of the FM/AM 1000s, It . B RO:3-2513L 899 | 68821 229 | 4073 0.19 {74191 074 | {'yp, 200
includes a modified probe, PB-114, and a built in speaker g £ oaaI0 ZOOhR7S o s 03 1008 Mtz - 290
unit with independent volume control for audible response ; 68850 2115 | 4077 022 |74LS95 042 | 35864 MH2 285
to signal measurement. This practical ‘top up’ will perform 1} ovm chies 68000C4 110.00 | 4078 024 | 7418109 021 | gy, 185
p ! 4 h | ZNA50e 181 4081 0.14 | 7418112 021 6 MHz 1.00
Type 250VRU/30/25 the following functions. . e || vsoowir zso0 | SO0 eamiy | atez . pte 4ists 023 | 8w 195
£ ‘ ! 63 ! 14MH: 345
i : 6520 289 | 4086 069 (7415122 038
R i M em|Er AR g o) w
: 2y [M308N 089 ! ¥ MODULATORS
- 0- ; i 4507 038 |7415125 024 ;
AW g DC Valts: Up 16 300 volts and up o A e, n 0 jadn ) HEID
| olts: o volts and u LM324N 030 :
OUTPUT 2: 0-70v, T0A AC 800 volts wr:)en the X10 probe is used . et i B2l 080 | 4512 260 DI 03
A y " ; 224 180 | 4514 ao |7as39 o35 | LED ‘
OUTPUT 3: 0-250v, 4A AC : AC Volts: 800 VRMS maximum for frequencies between T ods | O 395 | 415 148 |740S145 074 | WEG 12 monrToR
25Hzand25kHz ] (M741CN 014 | 8251 L o [ Custom made
O oo B mesmunc o s KTTOXTOR A= el pvlert s B | B
ms can be measu 3 | amp. Green phosphos
: : CMOS 4000 '8 | 4521 149 |74LS156 D36 | dispi 148,00
% AM Measured on the RF signal applied to the ! 7"855;"-"“"5 030 | SERIES 4522 120 |74LS157 D28 (g%ag’amage& VAT)
| G e {E A e R
TR T = At OPTIONAL ACCESSORIES | 0 o e g R e o
DT-410, 10 MHz l DT-41515MHz | DT-420 20MHz Continuously ; § e oo9 | 4007 0.15 | 4541 099 |74LS163 038 | capacity-buit in tuner
i : ——t h A choice of R.F. power attenuators and protective oo o2 [ e A - [t
Jc CH1, CH2:Smv/div—20v/div. % Extemal Trigger Variable carrying cases. 022 | 2008 028 | 4553 290 | 743165 - 075 | (+£5 camage & VAT,
% Time Base: 1 sec/div—100ns/div. % Z-Modulation. Ty ;
¥ XY Facility: Matched XY inpluti._ T : EAL'OUEDUQ;‘V ‘kIHZ(ﬂ {00, {tin. AT
Trigger: Level control, * Slope raticule blue ruled 8x10 div. {4in. E i ation contact Mike Taylor .
| e * Size: H215mm, W165mm, D280mm. or fustheniniguy sagiactigikeday OFFICIAL WSS )4 HOUR TELEPHONE SERVICE FOR E DISCOUNTS
% Auto, Normal, TV Triggering. Y Weight: 4kg. . WELCOME CREDIT CARD USERS AVAILABLE
Iz ! # Free Reply Paid Envel ith der
PBOBE {Xi-REF-X10) £11.50 F- Idt h W Heathrow Ltd. * Al CWO's :::e|v:payvozl:hepxglggiylag:i;esmg{ulgpurchase *
SAFGAN ELECTRON'CS LTD le ec I Huntavia House * All prices exclude VAT & P & P (0.75) (Free on CWO's over £10) *
. q Heathrow ! 420 Bath Road * All orders despatched on day of receipt with full refund on out of stock items if requested *
OMFGA ROAD, WOKING, SURREY  TEL. WOKING {04862) 69560 Hurting , West Drayton
Carriage: England & Wales £7.50 + V.AY.; Scotland £10.50 + V.AT. nn(umnn G Middlesex UB7 OLL M I DWIC H COM PUTER Co- LTD.
5 London S(ockist:Aud_iu Electronics - Tel: 01-724 3564 ARCLAYS - 01-897 6446
5&« o Stoeiet L ey, o~ Yo Bt gl o o0 » VALRADIO LIMITED, BROWELLS LANE, FELTHAM o ¥ . Toiox 23724 DEPT WW, HEWITT HOUSE, NORTHGATE STREET,
' Cardiff Stockist: Steve's Electronics Supply Co., Cardiff - Tel: (0222) 41905 MIDDLESEX TW13 7EN IFR pre("Slon Slmlllators FLDTEC G BURY ST. EDMUNDS, SUFFOLK IP33 1tHQ
Chesterfield Stockist: Kays Electronics, Chesterfield - Tel: {0246} 31696 - Telephone: 01-8904242/4837
Newecastle Stackist: Aitken Bros. & Co., Newcastle - Tel: 0632 26729 / — TELEPHONE: (0284) 701321 TELEX: 817670
Birmingham Stockist; P A.T.H. Electronic Services - Tel; 021-327 2339 4
Derby Stockist: RTS, Derby - Tel: {0332} 41235 : WW — 086 FOR FURTHER DETAILS 'WW — 075 FOR FURTHER DETAILS : WW — 013 FOR FURTHER DETAILS

~ WW — 093 FOR FURTHER DETAILS
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Ambit's new
style catalogue
continues to

G ST -
S AMBIT
% INTERNATIONALS

some super low

prices: %‘5

78XX 1A 37p
BC237/8/9 8p
3SK51 54p
10MHz XTALS

Modules + Kits etc.

AMBIT'S NEW CONCISE,COMPONENT CATALOGUE IS OUT NOW - AVallab_ e

i | du;ect for 70p inc.!

lead the market
5 WORLD e with low
. 5, . prices, new
OfR ADIO items, info,
| 3x £1discount
LECTRONI(J% ‘ vouchers. F
CONCISE PARTS C ATALOGUE Here's a few Qi )
examples of

8 Pole 10.7MHz XTADR filters £14.50

2GHz coax relay 150W . £10.95
+ all the usual stuff at rock bottom prices +
-1 Toko coils, crystal and ceramic filters,

micrometals toroids, Fairite ferrites, Alps
switches, OKI LSI, Piezo sounders, RF, |F

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG
AMBIN IIItEI'IIIItIIIIIlI' 200 North Service Rood, Brentwood, Essex

----—‘

le at your |

' , Béwsagerit of h

vu wﬁm.---"‘“-" !

<~  CAPACITY TYPE 1-9 1049

P 500 mAh AA 80 74
2200 mAh C . 2.35 1.99
1200 mAh 0 214 206
4000 mAh o} 3.05 2.85
110 mAh PP3 3.70 3.50

£2 Prices shown EXCLUDE VAT.

Access/Barclaycard may be used
with written or telephone orders,
off|C|al MA details on application.

POSTAGE and PACKING
50p per order

WW — 009 FOR FURTHER DETAILS

WRONG TIME?

MSF CLOCK is ALWAYS CORRECT — never gains or loses, SELF
SETTING at switch-on, 8 digits show Date, Hours, Minutes and
Seconds, auto GMT/BST and leap year, can expand to Years,
Months, Weekdays and Milliseconds, also parallel BCD output for
computer or alarm and audio to record and show time on playback,
receives Rugby 60kHz atomic time signals, built-in antenna,
1000Km range, GET the RIGHT TIME, £62.80.

V.L.F.? EXPLORE 10- 150KHz, Receiver £16.50.

60KHZ RUGBY RECEIVER, as in MSF Clock, serial ddta output for
computer, etc, decoding details, £17.90.

Each fun-to-build kit (ready made to order) includes all parts, printed
circuit, case, postage, etc, instructions, money back assurance so GET
yours NOW. '

CAMBRIDGE KITS

45 (WF) Old School Lane, Milton, Cambridge. Tel. 860150

~ W0-5R

LBE PREPARED | \icyy thru Lenss

Ideal for the experimenter

B THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS

B UNIT IS SIZE OF FOUNTAIN PEN & CLIPS i
ONTO TOP POCKET FREE 2ETth pcuast -

B PRECISION INSTRUMENT

@ MANUFACTURERS CURRENT PRICE OF A
SIMILAR MODEL OVER £25 EACH

British design & manufacture. .
Tested and fully guaranteed. Ex-stock delivery.
As supplied to Fire'Services/Civil Defence Sv?mpl:%gl:i

aﬁ&‘ El 'argers welcome ’%

01-723 1008/9

CALLERS: 404 EDGWARE ROAD, LONDON W2 1ED
Mail Orders/Export Enquiries to: 11-12 Paddington Gregn, London W2

26

THE MOST
ECONOMICALLY — PRICED
PROFESSIONAL EPROM
PROGRAMMERS AROUND

SUITABLE FOR EPROMS:
2708, 2516, 2716, 2632, 2732, 2732A
plus option for 2564, 2764

”AMPB”MSTARTING AT £395 + VAT :
‘ f Albetros {(Products) Limited Frances Road Basingstoke Hampshire RG21 3DA

Telephone (0256) 57551

WW — 015 FOR FURTHER DETAILS
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The only full-featured ECL Logic
‘Probe...available now!

ECL users take heart! Global Specialties’ new LP-4 is a full-
featured ECL Logic Probe specifically designed to meet the
demanding tolerances and speed of emitter coupled logic.

The LP-4 comes complete and ready to use . . . in a com-

pact, rugged carrying case with a full complement of acces-

sories. No need to design and build special adapters or fit-

tings. . .they’reallincluded. . . just power up the LP-4 from
- the circuit under test (V) and you're ready to start looking
for transients . . . intermittent pulses . . . stuck nodes and
invalid logic levels . . . at frequencies up to 150 MHz and
pulse widths down to 3 nanoseconds. Naturally, pulse
stretching (.3 sec/event) and memory are built in and switch
selectable.

- If you’re working with emitter coupled logic . . . you need

' the LP-4. At only £97.00 you can’t afford to be without

- one. Order yours today by phoning 0799 21682 (24 hour
service). Price including P&P and 15% VAT £113.85

| Specaflcatlons: THRESHOLD VOLTAGES, POSITIVE LOGIC VEE -5.2+.01 VDC @ 25°C £3°C Logic
‘ One (1):-1.10+0.5VDC Logic Zero (0):-1.50+.05VDC VEE-5.2+5%, Ta 10°-40°C Logic One (1):-1.10
+0.1VDC Logic Zero (0):-1.50+0.1 VDC INPUTIMPEDANCE Greater than 10k Ohms INPUT PULSE
| WIDTH (MINIMUM) 3 nano-seconds INPUT PULSE REPETITION RATE 100 MHz minimum; (150 MHz typical
at 50% duty cycle) INPUT OVERLOAD PRQTECTION + 100
VDC, continuous; +220 VDC, transients; 120 VAC for 30 sec-
onds (to 1 KHz) POWER REQUIREMENTS -5.2 VDC + 5% at
100 mA, Supply Voitage Protection: -12to + 200 VDC OP
TEMP 10-40°C INCLUDES Instruction manual, LDA-8 36"
power ground feads with alligator clips, LDA-1 1.5” long probe tip,
LDA-5 3" long ground alligator clip, LDA-3 3" long easy hook input
adapter, LDA-10 BNC input adapter, LDA-11 3" long wire wrap
pin-input adapter, LDA-12 3" long wire wrap pin-ground adapter
e DIMENSIONS 5.8x1.0x0.7inches L x W x D (147 x25x 18

d 3 mm) 3 85 gm SlOCK NO 07-0010
f ) OZ( g )
/)—;

< e %

Saffron Walden, Essex CB11 3AQ FOR IMMEDIATE ACTION  The G.S.C. 24 hour, 5 day a week service,
Telephone: saﬁron Walden (0799) 21682 Tetephone (0799) 21682 and give us your Barclaycard, Access, American

= ™ i\S“' -

. GLOBAL SPECIALTIES CORPORATION PG S C (UK Liited) Dapt. 7Y, Unit 1, Shice Fll IndustrialEstats, Saffron Waiden, EsseX CRITIAQ.

$.C. {UK) Limited, Dept. 7Y, Unit 1, Shire Hill Industrial Estate, Saffron Waiden, Essex CB11 3AQ

| Model LP-4 l LOGIC PROBE Unitpricech&P15,%VAT-£113.85 , [ it [ ‘ —]|
l Name |l . 1 . '

Address '
G.S. c (UK] Limited, DEPf 7Y I enclose cheque/P.O. for £ . __.._ . . ___ordebit my Barclaycard/Access/ l
Unit 1 Shire Hill Industrial Estate American Express card no exp. date

For FREE |
catalogue
Express number and your order will be in the post immediately . tick box
_-——_—_——_—-——-—-—_—
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) — IRVINE BUSINESS
arconi - sveewvs 1o
Type R1020 ‘
1.B.S. now manufacture Industrial quality S100 products in Scotfand.
. 1.8.S. 1903 and 1906. $100 19" Sub Rack System.

These racks were designed originally to the exacting specification of the Electricity
Generatin%Buard for use on nuclear power stations.

- 1903 is a 3U high card cage and 8-amp power supply and will take 6 $100 cards.
1906 is a 6U high card cage and 16-amp power supply and will take 12 $100 cards.
i | + |EC mains connector, filter, fuse and tap change switch on rear panel.
“ Key operated ON/OFF/RESET for maximum security.

+ Heavy duty painted front panel.

+* Carrying handles.
+* Supplied bted plete with Power supply, IEEE (636) motherboard, card
] guides, and cooling fans. 1
] 5 £299.00

CENTRES OPEN SIX DAYS A WEEK 24 MODEL

« +] CROTECH 3035 | PROFESS!ONAL 100 K OHM/VOLT|{LCD LOW COST MULTIMETERS
." 10 MHZ scope MUL‘I"METER : 2033A Sabtronics version of above  £39.95

| 30 ranges 15A AC/0C AUIDE 26 e o B e 5" Dutor. 33 og
) meg ohm Basic 0.5% §
i Plus Component 1.5 KV. 200 meg ohms. £54

—

HC703 0.1% version of above

) _ DMG011A/188m 3% digit LCD 15 range push
[ES ; e > Tester Fealures mirror scale, ::::;; I':ﬁluds H‘fi Tesar 104 DC (NOAC AEA3 50
8.9, - 5 Itc| us
s 6-slot Card cage, card guides, mother board and fan £119.00 5 -1 polarity reverse, efectronic e TesterI%A AC/DCmnga otary swi 85
> 12-slot Card cage, card guides, mother board and fans £249.00 4 Wﬁz,m Tub gomm Flat Face overload protection. taut band Callers willalways find a range of low cost test
S O I e * 1.B.S. 64K CMOS Static RAM/PROM Board for'S100. = = u e C - 10 MiZ suspension. ' equipment. accessories. tools. irons and
- This is a superior quality Ram/Prom board for the industrial user, the:board will accept 5mV/DIV 220/240V AC Trig. to 20 MHZ As advertised by us at £67.50 boards in stock. also special offers for certain
either H6116-3 (2K x 8) Ram chips or 2716 EProms in any combination. A £84 w J :qulpmenl v:hu::lh will ;/ary IromI umgé%gme
/ $100 IEEE (696 ible. Will run at 6Mhz with standard Rams. i P+ .8. LO4. - 3 neeconreciallimelodpreparaiol
S Y tO Ower , I 24 Bit Addiess!ncgu.mpa“ i : w:m':?a?abgener:%on for Proms. As advertised by us at £189.75 inc. VAT & £ 4 9 g 3 B All prices include VAT
y % Can be used with any CPU. * Phantomable. - CHOOSE FROM UK's LARGEST RANGE
i o * Prom/Ram selectable on 2K boundary. ' § £ l 68 50 Inc.VAT W inc. VAT U\ @ S ;ng [ 00 0 s J
i & lmmensely Strong, corrosion % Prom/Ram can be disabled to suit popular memory mapped devices. . tronice UK ¢/p £1 ith leath - - =7 | STOP PRESS fow oniy 8110 23 range 104 AC/OC. range
: - % Low power. £3.50) Exclusive 1o Audio Electronic (UK ¢/p £1.50) with leather case !
R T * I p [UK c/ll . l g b hold. continuity buzzer plus much more Rofary switch
; resistant MATHWEB* grp. column P e ‘I& Exclusive to Audio Electronics : £50.95
d 0 : : y
in a rugged steel tabernacle BAREBOARD Assembled/ Moo Erago fe00 R0 €300 | SABTRONICS EQUIPMENT NEW LOW PRICES! p
* Lightweight, easy to install, and can z‘;‘:r:?""‘::i:(""s‘"" ‘““°""‘:)’"’*"""e- : ‘ New laborange of OWMsand  FUNCTION GEREAATOR L/ £1.00 : HAMEG OSCILLOSCOPES
: 'ARE whilst stocks last). - o " -
be safely lowered by one man Microsoft Basic 80 WAS £175 NOW... £143.00 extra facilities and competitive ?(IZUA 1HZ-200 KHZ Sine /Square/ Range of top quality scopes for Amateur and
C ] : Microsoft Basic Compiler WAS £180 i prices. All battery operated riangle/TTC Freq. sweep. Low Professional (UK ¢/p 307 £3.00, other £4.00)
* Can supporta number of VHF/UHF Ly {supplied). Except 5020A mains. distortion - 307 Single trace 10 MHZ. 5SmV: 0.5 micro sec. Plus built in
ntroductory offer Optional mains eliminators available. DIGITAL MULTIMETERS Two LCD ; component tester 6 x 7cm display £158.70
antennas MicroPro CALC STAR WAS £175 PN OW ..ottt s £149.00 8 DIGIT COUNTERS 0.1 HZ to 10HZ Res. hand hel'd c ng) with temperature B {Optional carry case £18.40) -
3 d o : 3 10mV sensitivity to 100 MHZ range. Also and LED Bench Tria to 3 ; g
Visit tand at the Th Valley B how, on 23/24/25th March '82 ] 203 Dual 20 MHZ: Trig to 30 MHZ 5mV: 0.5 micro secs.
% Column SUpplled inrange of colours : S;;Ingl:ir;]/%q atthe :n;:ug; ey Business Show, on arc i mOMHZ(Ul;c/pﬂ.OO) lzflog(;f\lg.]/g;“/ohbfcs[;chaczuzrzcv. 8 x 10cm display (reglace mode! 312} r £253.00
: : : The Fulcrum Cent : in 2 ranges ig an s :
including ICAO orange/white, and * el ien _ , 77.00 ACDCMegohmerC - £71.00 i T T e
: g ; ihajaboyelpriceSiaxchidelvATiaty b | B610A20HZ-600MHZin3ranges  2037A As 2035A with -50°C to 705 Dual 70 MHZ. Delayed sweep: Single sweep: Delay
requires no painting or maintenance IRVINE BUSINESS SYSTEMS LTD. __ - AT T t84.00 150;’0t Temp. range 0.1°C 1160 line: Trig to 70 MHZ: BVAL T riaroase. § 10618 d‘i/splay
= ] ) BARCLAYCAS I61T COUNTERS 30mV sensitivity - resolution .
Available in helghts from1lto P.0.BOX5 TEL. 0294 218888 -‘ to 1GHZ. Resolution 0.1HZ-10 HZ ¢ 2033A 3% digit LCD 2A Options 203/412/705 Viewing hood ‘.‘6%.33
t siihie| 10 NORTH VENNEL Telex 777582 4 B 86108 10 HZ-600 MHZ in 3 ranges AC/DC etc., basic 0.5% -£39.95 2 s
195 metres BOURTREEHILL Mark: attn. IBS 511 85 0A 3% Diait LED - Component tester 203, 412, 705 £29.95!
. IRVINE ) 3.85 20104 3% Digit LED. Auto de%t mal & Carry case (state model) £2185
] AYRSHIRE KA11 1NE B8000B 10 HZ-1GHZ in 3 rangeEl78 00 minus. 10A AC/DC. 20Meg ohm etc. 0""“3'{{?;“53“‘"0’3";"%5 X1£7.95: X10£9.45
N J . % 3 X1-X1 .90 X1
L 5 2 Oy -] & 2015A LCD version of above £85.00 THP 20 Touch and Hold optional e
(o0 2035/ 37A 65p. Al others £1.00) prob for DMM's £14.95 HZ285 Add on component tester AnY ScoPe £29.95
{ RF AND AUDIO SIGNAL GENERATORS Mains operated VARIABLE AND FIXED THURLBY DIG
: ! ITAL MODEL
RF POWE —EX- \ 1 (UKc/p£1.00) Audio 20 HZ-200 KHZ 4 band. Sine/Square o/p POWER SUPPLIES
R TRANSISTORS —EX-STOCK . A T 12 £60.05 (UKc/p £1.00 any model, MULTIMETERS 1503a
TYPE £ TYPE = £ TYPE £  TYPE £ LAG628 Distortion 0.5-1% leader £73.70 :
2N3137 188 2N4933  7.80 BLX13C 15.05 BLY53A 7.33 LAG120A 5 range 10 HZ-1 MHZ. Size/sq. 0.05-0.8% DS £148, SPECIAL PURCHASE
2N3375 527 2N5070 1009  BLX14 2570  BLYS3AP 7.33 . | LAG1 25 Low distortion version of LAG120A 0.02% £27300 | 5 1205 13.8v 5 to 7 amp £12.95
gmgggg ;.gg 2“2071 1210 BLX65 1.67 BLY55  9.40 AG202A Distortion 05-1% Trio ) i
A R L 200 N MRS AG203 10HZ-1 MHZ 5 band max distortion 0.1% Trio £12650 *PP2410/12-12-24V 0/1 amp £35.00
2N3866 092 2N5590 7.85  .BLX68 7.2 BLY85  6.02 RF All feature Int/Ext. MOD. Variable output : PP2430/12-12/24V 0/3amp £59.95
2N3924 166  2N5591 10.21 BLX69X 2115 BLYSTA 6.43 ' TE20D 100 KHZ-100 MHZ 6 band (300 MHZ harmonics) £59.05 | *RP1545-15V0/3 amp £40.95
2N4040 9.29  2N5641 4.68 BLX91A 884 BLYSIC 6.43 L8618 100 KHZ-100 MHZ 6 band (300 MHZ harmonics) Leader £63.25 *meter display
2N4041 1097  2Ns642  8.11 BLX92A 13.06 BLYS8BA 8.66 | 8402 100 KHZ-30 MHZ 6 band professional trio £68.00
T s ud SR bR a8 '
J 34 X94A 3579  BLY8IA 12.65 = ‘
s RS E e e D 51 T R - ) T
! . b X 91 95 4 BN —Fulllists send ¢ " :
IN4429 983  2N6082 10.17 BLY33 187 BLY9IC 6.90 KDOM6 1.5t0 250 MHZ6 range  pURCHASES (Post 55p) PROFESSIONAL ~ 30 ranges: 1200V DC, 750V AC, 10A'AC/DC, 32 Meg
2N4430 1130  2N6083 11.08 BLY34 107 BLYS2A 9.25 DIP meter £47 85 . MULTIMETERS ohm. Also includes frequency measurement to 4
2N4431 1250  2N6084 1227 BLY35 7.50 BLY92C 9.06 HM20 20K/VOLT multirange G020 SWR/Power twin meter MHZ and 4 KHZ output.
2N4932 550 BLY36 660 BLY93A 13.40 multimeter. Plus SWR/Power [ 30 MHZ. 1kw £8.95 Made to exacting standards in the UK.
BLYS3C 11.40 metr WKL £19.95|SWR 50A a5 above lat‘l :905 ﬁ::‘f” rt'l'so/)xcmc 1503Ha High resolution version £189.75
- L RC10000/10/100/1000 watts. . 3 eaturing ice is with batteri t leads and mains
) COMMUNICATION TUBES—EX-STOCK SWRetc. 150 MHZ max. £32.95 175 SWR/Field strength/aerial { Voits/Current& Ohms ranges. ggg;tlorw' S Sﬁa I7II 00
e e g TYPE z TYPE e tcher single met - J
e L e s L I P e A
i 4125 4290 6155/QY3125(AEL) " ; : e R R WI20030range 100K/Volt:AC/OC 154 200Meg ohm. 1 105a £342.70 A
- 50.70 y - ; X
OTHER MARCONI SUPPORT STRUCTURES 4-400A 58.20 6156/QY4-250  45.30 FC100M 12V 100 MHZ Freg, Power 144 MHz £10.95 | x)400 26 ranae larae scale 20K/Volt: 104 AC/OC;
: < 4-1000A 33100 | 6883B 4.30 Counter .95 12056 13.8v 510 7amp 20 Meg ohm: 5kV AC/DC #9500 | DIREGT READ
Include the MATHWEB#* Lattice Antenna }Mast Type 28§§ggg ,gg-gg ;;ggzgﬁdgg‘) gg'gg | Justaselection of ahuge range régulated power supply K200 39 range 10 Meg ohm input. 25 HZ-1 MHZ  £105.00 HVY PROBE wkc/p 65
R1010. and the Triangular Section Tubular Steel Self ac e, 35,00 Lo i in stock - send for latest lists (post£1.00) £12.95 | 0PTIONS Cases: M 1500 & 1200 £16.50: k1400 £18.00 ML
n@ g ion lubula eeloe 4CX15008 319.00 A2426 19.25 including professional ranges. Temperature Probe for K1400 £16.00 '0/40KV: 20K Volt  £18.40
Supportlng Tower Type R1060. 2%35332 132'83 88383313(AEL) 554 AFGAN P hT‘BlE 0SCILLOSCOF 0 v rcu
For details of these and other Marconi Antennas A U BQVD3 2R i SAFG OR1 SCILLOSCOPES LOGIC PROBES/MONITORS/PULSERS circuit
} h ; 5B255M 23.40 QQVO3(AEL) 17.20 Range of low cost Dual Trace Scopes mains operated. Made in UK to powered (UKc/p60p)
productsplease contactChrs Pett, Marketing R R aei iR e T ey N
) e b - ° L0, y g ’ . 1.5 MHZ: Pulzce:
Manager, Antenna Systems Division. e B s W DTAID Dual10MHZ  £206.85 LP3OTL/TTLICMOS. MKz Puse Memory 3
" P 6080 5: QY5-3000A 234:00 415 ual 15 MH £217.35 P 0gic monitor for 8to 16 pin IC’s . d
*MATHWERB is a registered trademark of the BP Group 6146A 3_38 TBL2-300 286.00 DT420 Dual 20 MHZ  £228.85 OP1 Digital pulser. Single or 100pps. £58.50
6146B 4.07 TT21 :g;g OPTIONAL 'SCOPE PROBES —SEE HAMEE ABOVE LDPO76 50 MHZ: 10Meg ohm: Logic Probe. with case £56.90

o 0 o
Ma'conl /!‘00!!! SEND NOW FOR PRICE LISTS SHOWING QUANTITY DISCOUNTS
Antennas SENO ropDETALSTO eh AT

e e AD.LONDON. W2 1BN, ENGLAND. TEL01-724 3564 e

Martoni Communicdtions Systems Limited ORLEY, SURREY, ENGLAND RADIO. 404/406 EDGWARE ROAD. LONDON W2 = (20p UK)

TEL. (02934) 5353 : i
Lane Works, Waterhouse Lane, Chelmsford CM1 2QX, England ‘ TELEX 87116 (AERO G) | i 5 e i
Tel: 0245 67111 Telex: 99108 \_ EXPORT SPECIALIST  CABLES AfROG TeLixwoney # LA
AGEC-Marconi Electronics Company - 7
=R i pelAr & WW — 072 FOR FURTHER DETAILS WW 037 — FOR FURTHER INFORMATION
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hi? reliability h

hi! performance hi! competitive hi?

LOW COST
EXCELLENGE No1

witha 2 Year Guarantee -

OSCILLOSCOPES

CO 1303D and 1303G

® DCto5MHz

® 10 mV/div. with Var. Atten.

® 4int.sweep speeds 10 Hz

to 100 KHz

Int. and Ext, Sync.

Prices from just over £100.

® Direct Deflection Terminals
on D’ can monitor RF to:
450 MHz.

® “G” monitor range 1.8 to 54 MHz, 1to 500 W direct plus Two
Tone Generator,

® |deal for SSB, AM, CW etc.

4y

RC OSCILLATOR

AG 202A

20 Hz to 200 KHz

Sine and Square wave

10 V rms from 600 ohms

> 60 dB of O/P attenuation
< 0.5% Distortion

Large Scale and smooth
precise tuning

® Ext. Sync. -

AG 203 10 Hzto 1 MHz < 0.1% Distortion

SG 402 AM SIGNAL GENERATOR

100 KHz to 30 MHz in 6 Bands

Large clear freq. dial

100 mV of variable O/P with Int. and Ext. AM *
Prices from approx. £60.

2

1y o.)umu.lo_].lad LT ao;.\.las Jay friquerjoa

L N N
.

bility hi? service hi! performance hi! competitive

1a

o900 OO
Yy asannodwod

' VARIABLE -
POWER SUPPLIES oo
PR 601A and PR 602A

® Qutput 0-25V/3A

® 3 Preset Voltages .

® large Accurate Meter

® Low Ripple and Noise

® Auto. constantIprotection

® Visual indication ofI
overload )

hi! performance hi! rel

y oduvusio)aod

e VOLT OHM METER VT 108
® DCV, ACV and Ohms with 30 sec. memory
® 0to 1500V DC-0.1t0 1500V AC—-0.10hmsto 1000 Mohms
&, o 15Hzto5MHz Bandwidth — Battery or AC Adapter (opt )
& ® Prices from approx. £86. =
o [r ]
? Also AVAILABLE arange of more than ZOOSeﬂIoscopesfrom 1t0100MHz
== Real Time, Digital Storage, Battery Portable, X-Y and Programmable — -
‘d DMMs - Frequency meters — Electronic Voitmeters — Power and DiP =
& meters - Variable Power Supplies ~ Noise meters - Signal Sources, AF, -
®e¢ RF Function, Sweep, TV Pattern and Stereo — Wow and Fiutter etc. etc. :
emm  Ask for FREE Data and Prices. w
i
-
House of Instruments g;‘f{;ﬁw e :' y
Clifton Chambers, 62 High Street Averb = e
Saffron Walden, Essex CB10 1EE b -
Tel: (0799) 24922 Telex: 818750 o ~
. Vi
.

@ TRIO,

hi! competitive hi? House of instruments Ltd.
WW — 035 FOR FURTHER DETAILS
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\ r Electronic Distributors

PARABOLIC DISHES

6ft dia. for use in satellite reception and -
microwave transmissions. Please send
S.A.E. for full details and data sheet..

Hazrrison Bros.

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX
Tel: Southend (0702) 32338

WW — 087 FOR FURTHER DETAILS

It

INDUSTRIAL MUSCLE
AT A REALISTIC PRICE

I POWER BANDWIDTH DC to 100KHZ + 1db

* OUTPUT POWER IN EXCESS OF 500 WATTS PER
CHANNEL INTO 2 OHMS.
OR IN EXCESS OF 1KW SINGLE CHANNEL IN
BRIDGE MODE INTQO 6 OHMS .

* HARMONIC DISTORTION LESS THAN 0.01% DC"
TO 100KHZ AT 1KW INTO 6 OHMS

* INTERFACE BOARDS CAN BE CUSTOM DESIGNED
AND BUILT TO CATER FOR A WIDE RANGE OF
SPECIALISED USES

* OUTPUT MATCHING TRANSFORMERS AVAILABLE
TO MATCH VIRTUALLY ANY LOAD .

* UNCONDITIONALLY STABLE INTO ANY LOAD .

* BASIC PRICE INCLUDING BRIDGE MODE
SWITCHING AND HANDLES £455

S & R AMPLIFICATION
6 Tanners Hill, London S.E.8

Telephone: 01-692 2009
\_ - &
WW — 084 FOR FURTHER DETAILS
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Memotech's New Memory System for the ZX81

OWSaS JOUDTOgTess:

(MEMOPAI 165

"MEMOPAK 64K
0 ékA“ e R

Memopak 16K Memory Extensmn
- £39.98 inclVAT

Itis a fact that the ZX81 has revolutionised home computing.
and coupled with the new Memopak 16K it gives you a
massive 16K of Directly Addressable RAM. which is neither
switched nor paged. With the addition of the Memopak 16K
your ZX81's enlarged memory capacity will enable it to
execute longer and more sophisticated programs and to
hold an extended database.

The 16K and 64K Memopaks come in attracnve custom-
designed and engineered cases which fit snugly on to the
back of the ZX81. giving firm, wobble-free connections.
See below for ordering information

‘Coming Soon...

£ corpete rarge of ZX81 plug-n penpheralg
Memotech Hi-Res Graphics

Centronics Interface and Software Drivers
Memotech Digitising Tablet RS232 interface

MEMOPAK RAM
HI-RES GRAPHICS

All these products are designed to fit ‘piggy-back’ fashion
on to each other. and use the Sinclair power supply.

- WATCH THIS SPACE for further details. We regret we are as yet

unable to accept orders or enquiries concerning these products
— but we'll let you know as soon as they become available.

" systems.

How to order your Memopak.
By Post:  Fill in the coupon below and enclose your
cheque/P.O /Access or Barclaycard number.

By Phone: Access/Barclaycard holders please ring
Oxford (0865) 722102 (24-hour answering service).

Please make chegues payable to Memotech Limited

Memopak 64K Memory Extension
~&79.00 incl VAT

The 64K Memopak is a pack which extends the memory of
the ZX81 by a further 56K. and together with the ZX81 gives a
full 64K. which is neither switched nor paged. and is directly
addressable. The unit is user transparent and accepts basic
commands such as 10 DIM A(9000).

BREAKDOWN OF MEMORY AREAS

0-8K . .. Sinclair ROM

8-1 6K ... This section of memory switches in or out in 4K
blocks to leave space for memory mapping. holds its
contents during cassette loads. allows communication
between programmes. and can be used to run assembly
language routines.

16-32K . .. This area can be used for basic programmes and
assembly language routines.

32-64K ... 32K of RAM memory for basic vanables and large
arrays.

With the Memopak 64K extension the ZX81 is transformed nto a
powerful computer. suitable for business. leisure and
educational use. at a fraction of the cost of comparable

Unique 3 monthtrade-in offer!

When your programming needs have outgrown the capacity
provided by 16K RAM. and you find it necessary to further
extend your ZX81's capacity. we will take back your 16K
Memopak and allow a discount of £15.00 against your
purchase of our 64K model.”

“We reserve the right to reject. for discounting purposes. units which

have been either opened or damaged in any way.
_—_—_——_—_-—_Xﬁ

©PR Branton&G A C Boyd 1982

Please send me:

. | Please debit my Access/Barclaycard* account number : Quantity Price Total
INIT &5 ' | [ 16K RAM, Assembled £39.95
l *Please delete whichever does not appiy 64K RAM, Assembled £79:.00

Postage £2.00

- SIGNATURE DATE
| _
I NAME

ADDRESS -

Total Enclosed

3 wwWi

I We want to be sure you are satisfied with your Memopak — so we offer a 14-day money back Guarantee on all our products.

l_Memotech Limited, 3 Collins Street, Oxford OX4 1XL, England Telephone: Oxford (0865) 7221 02/3/4/5_'

WIRELESS WORLD JUNE 1982

www americanradiohictory com

WW — 028 FOR FURTHER DETAILS i 31



Do not affix ?ostage Stamps if posted in

Postage
‘ will be Gt Britain, Channel Islands, N Ireland
LEVELL A.C. MICROVOLTMETERS AND BROADBAND VOLTMETERS t of To obtain further details of any of paid by pgtholcleiciiiay
.C. are part o 4 e, . 2
LOW c 0 ST our comprehensive range of test and measuring instruments. the coded items mentioned in the Licensee

These voltmeters give accurate readings over a wide range of 'frequencies.
They are housed in robust steel cases and are powered by long life batteries.
Mains power units and leather carrying cases are available as optional extras.

Editorial or Advertisement pages
of this issue, please complete one
or more of the attached cards
entering the reference number(s).

VOLTMETERS

A.C. MICROVOLTMETERS

type oL o ] y -
VOLTAGE & 15uV, 50uV, 150uV . . . 500V fsd TM3A Your enquiries will be passed on to BUSINESS REPLY SERVICE
dB RANGES A(‘i((:).oi 1°éoot1°/o fggdil_i 1uV at 1kHz, £ 1 3 0 the manufacturers concerned and ‘Licence No 12045
—~100,-90...+ . b
Scale —20dB/+6dB ref. 1mW/60002. you can expect to hear from them
' i irect in due course. Cards posted RLD
RESPONSE +3dB from 1Hz to 3MHz, direct d : pos :vaLEEs;s \l/::o DR
io.see from 4Hz to 1MHz above type from abroad require a stamp. 4;98“3 ﬁrghtgn eroad e
500LV. T™3B S ! .
TM3B filter switch; LF cut 10Hz. These Service Cards are valid for South Croydon
HF cut 100KHz, 10KHz or 350Hz. - £ 1 45 six months from the date of Surrey CR2 9PS
INPUT IMPEDANCE  Above 50mV: 10M( <20pF. publication.-
O ehiaQaRRE > Vi)-<50pF. Please Use Capital Letters
BROADBAND VOLTMETERS type, |
H.F. V?\,"GTé\SGE & 1mV, 3mV, 10mV... 3V fsd. If you are way down on the
dBRA Acc. +4% + 1% fsd at 30MHz, 1 99 y s ’
—50, —40 ... +20dB. £ c1rcylatlon 'llSt, you may not be
Scale —10dB/+3dB ref. 1mW/50{) getting the 1nformat10n you . :
. H.F. RESPONSE +3dB from 300kHz to 400MHz. }ynﬁgs require from the journal as T _— e mm CUT HERE S S i S i S S S S———
+ 5 3 5
+0.7dB from 1 MHz to 50MHz. soon as you should. Why not Enquiry Service for Professional  WIRELESS WORLD  Wireless World, Jun 1982 WW 266
L.F. RANGES As TM3 £2 1 5 have your own copy ? Readers
— B Please arrange for me to rec:eive further details of the products listed.
PORTABLE INSTRUMENTS LEVELL ELECTRONICS LTD +P&P and VAT Y bscri ww... WW.... WW....| e appropriate reference numbers of which have been entered in the
2 To start a one year’s subscription e
, Moxon Street, Barnet, Herts. Tel. 01-449 5028/440 8686 AN p WW.... WW.... WW..., speceprov
you may apply direct to us by wW .. WW.. P, ol Name e T . ol o e - s e SR R L
US}ng fic card it thic Dotigol ww.. ww.. wWw.... Natme 0f COMPANY . o« ot vttt ottt it de s e e s
WV = 0T R U P S this page. You may also apply to Wi o o /
the agent nearest to you’ their /WW LS ww b ww B Addrgss o 00 oo ol ol B op'c o 0 g8 dAB o - 6 et Wl a oo o g6 b aGic
address is shown below. - . Vi . by ) Ry
e s B ag W G s Iy ST S L
nADlDCDD’E What AGENTS WW L ww. VVW ceee] Telephone NUmber ... .. ... ot i it
] gunr:-l:{a: Gt:ldgn f.‘d Japag: prslem P:bllcg- WW A WW.... ww. 1 PUBLISHERS # - .
1 t , i i i b ) ¢ .
CLDCKS meter , ::‘Bo(:z.o(ns::;:::gg%)!, ' E%’uis'i'a[;?':ﬁg% °:"°v WW..... WW.... WW... .| USeoNLY 1 AE
eibourne , Victoria -chome, Shinjuku-Ku, \ (L A
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Applications

Automatic master clock and slave controller.
Synchronisation of separate equipment and events.
Programmabie energy management system.
Computer clock/calendar with battery backup.

Data logging and time recording. 4

Process and equipment control.

If you have a time or synchronisation problem,

write or phone for further details of our portable

grlld knew microcomputer-controlled Radiocode
ocks.

Circuit Services, 6 Eimbridge Drive
Ruislip, Middlesex. Ruislip 76962

~No matter what panel mieter you may be looking for we can give

you the meter you want. The Bach-Simpson range of standard
models represents the largest selection of meters you will find
anywhere. See our new catalogue and you will see what we mean.
You may of course; have a need for customised meters. Do you
require special sensitivities, special movement ballistics or special

scales?

No problem! you tell us we can supply.
With our UK manufacturing facilities and our new Mod-Centre, we

can produce meters to meet your requirements.

)
Bach-Simpson

Bach-Simpson (U.K) Limited,

Trenant Estate, Wadebridge, Cornwall, PL27 6HD.
Telephone: (020881) 2031 Telex; 45451

dromou Street, P.O. Box
4528, Nicosia

Danmark : Dansk
Bladdistribution,
Hovedvagtsgade 8,
Dk, 1103 Kobenhavn.

Finland : Rautakifja OY,
Koivuvaarankuja 2,
01640 Vantaa 84, Fintand.

France: Dawson-France
S.A., B.P.40,F-91121,
Palaisasu

Germany: W. E. Saarbach
GmbH, 5 Koln 1,
Follerstrasse 2

Greece: Hellenic
Nea Smytni, Greece.

Amsterdam 1004 -

India: international Book
t“ousg, indian Mercantile

Holland: Van DitmarN.V.,
Oostelljke Hendalskade 11,

* Sweden: Wennegran

Maita: W. H. Smith
Continental Ltd,
18a Scots Street, Valleta

New Zealand: Gordon &
Gotch (New Zealand) Ltd,
102 Adelaide Road,
Wellington 2

Nigerle: Daily Times of
Nigeria Ltd, 3 Kakawa
Street, P.O. Box 139,
Lagos

Norway: A/S Narvesens
Kioskompani, Bertrand
Narvesens vei 2, Oslo 6

Portugal: Livarie
Bertrand s.a.1.|
Apartado 37, Amadora

$pain: Comercial

Atheneam s.a, Consejo de

Clsnto,130-138 Barceiona
]

Williams A B. Fack §-104,

Ext,
Cama Road, Bombay 1

iran: A.D.A., 151 Khiaban
Soraya, Tehran

Switzerland : Naviile &
Cie SA, Rue LevrierB-7,
CH-1211 Geneve 1
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fact:

Shure brings

intelligibility & reliability

‘to professional communications

microphones

Experienced operators recognize that the audio quality of
the transmitter is limited by the quality of the input from.the -
~ microphone. On the air, there’s no mistaking the crisp, intelligible

messages from Shure microphones.

Shure microphones have been the overwhelming choice of
- professional communications users all over the world for over 30
years. Many milestone improvements developed for demanding
professionals are found on Shure microphones:
ARMO-DUR® Case: Lightweight, immune to oil, grease, fumes,
salt spray, sun, rust, and corrosion. Prevents RF burn!
“Million Cycle” leaf switch: Just one of the crucial wear points
Shure-tested to ensure reliability and extraordinary durab|l|ty:
TRIPLE-FLEX® Cable: Provides three or four times longer flex life
than previously available cords on hand-held microphones.
CONTROLLED MAGNETIC® or Dynamic Transducer: The
exclusive Shure-designed super-rugged transducers that
give excellent voice intelligibility and super reliability. ‘
To improve your on-air intelligibility we suggest

the following Shure Microphones:

Mobile

Fixed Station
Application Application
414A* 444D .
SSB = 526T Series Il
414B* 450
FM st 526T Series |l

*General recommendation: Consult equipment instruction

manual for correct microphone inpedance.

**Noise-cancelling.

SHURE Hand-Held Mobile cs |

Omnidirectional

Mics (Models 407A,

t 4078, 507B)

. Small, easy-to-handle de-
sign, with rugged Dynamic
or CONTROLLED MAG-
NETIC® transducers for ex-
cellent voice intelligibility.
Hum-shielded and insu-
lated against shock. Model
507B Dynamic version fea-
tures extended low and
high frequency response,
especially suitable for
mobile FM transmitters.
Modular construction
simplifies field service.

Communications Microphones by. . .
| ' ®

Compact Mini Mics
(Models 414A, 414B)
Ideal for miniaturized or
portable communications
systems, or where
dashboard space is lim-
ited. The 414 Series CON-
TROLLED MAGNETIC®
microphones are about half
the size and weight of con-
ventional microphones—
yet they are rugged

units, recommended for
critical outdoor or indoor
appfications..

e

Controlled Magnetic®
Fixed Station
Microphone

(Models 444D, 450)
Qur most popular fixed-
station microphones.
Unmatched perform-
ance characteristics.
Adjustable stand raises
microphone for most
comfortable talking
postion.

SHURE ‘
Fixed-Station Mics

New
Transistorized Fixed-

Station Microphone
(Model 526T Sertes )
Anew design for maximum versatility
in fixed-station operation. Modulation

level (volume) control for high undistorted
output with high- or low-impedance inputs.

Noise-Cancelling Mics
(Models 577A, 577B)
These Shure Dynamic mi-
crophones shut out back-
ground noise, permit clear
transmission even where
the noise level is so great
that the operator cannot
hear himself talking! The

ARMO-DUR® case is light-

weight, feels natural to the

touch. The 577A is high im-

pedance; the 577B is low
impedance.

Shure Electronics Limited, Eccleston Road, Maidstone ME15 6AU

Telephone: Maidstone (0622) 59881
WW — 032 FOR FURTHER DETAILS
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Graven images, new style

When Lech Walesa, the Polish union
leader, was asked by the military regime to
appear on television and speak for them,
he replied, according to a report, “You
will have to cut my body into a thousand
pieces first”’. This violently negative
response speaks louder of the power of
televison than all the strivings of young
hopefuls in the entertainment business
desperate to claw their way in front of the
cameras. It also speaks loudly of the
exclusive control of a whole broadcasting
system by one authority. But state control
only exemplifies, in a brutal way, the fact
that television is a highly selective, and
therefore exclusive, medium in the hands
of anyone who uses it.

Consider first how reality is excluded by
the physical details of the television set
operating in the home. The images on the
screen are produced by means of
transmitted light from glowing phosphor
sources, whereas we normally see most
things in the world by reflected light.
Sound is gratuitously present, though the
real world often has to be interpreted in
silence. The pictures are viewed in the
banal surroundings of household objects
and events: furious drama may work itself
out on the screen immediately next to a
plate of sandwiches and a sleeping cat. On
this screen the people and objects are
miniatures, and the convergence feedback
of our binocular vision tells us that the
images are not the same as the originals
seen at a distance. Overall the effect is that
of a brightly-lit toy theatre.

Within these physical limitations the
deliberately selective processes of the
broadcaster are operating. There is an old
adage that newspapers can’t tell you what
to think but they can tell you what to think
about. Selection and exclusion begin on
television with the overall policy of the
broadcaster and are implemented first in
programme planning and then in the
structure of individual programmes. In
political discussions, for example, the
agenda is set in advance: any controversy is
held within previously determined limits
which can be enforced by editing the
recording..

It is in the “language” and conventions
of the visual presentation, though, that
selection and exclusion are seen most
immediately. First the sequence of shots is

selected. Then each shot is structured by a .
variety of artifices: by choice of duration,
framing, lighting, the angle and distance
from which it is taken and so on. The
precise meaning or mood which the viewer

is expected to attach to the resulting

images is fixed by the use of sound. Speech
and music are very specific.

One result of this concentrationof
selective processes is a distancing or
alienation of the viewer from normal
experience. Jonathan Miller, the television
producer and man of many other parts,
describes it well in his book on Marshall
McLuhan. The images which television
presents, he says, are “curiously
dissociated from all other senses. The
viewer sits watching them all in the drab
comfort of his own home, cut off from the
pain, heat and smell of what is actually
going on. Even the sound is artificial . . . .
All these effects serve to distance the
viewer from the scenes which he is
watching, and eventually he falls into the
unconscious belief that the events which
happen on tv are going on in some
unbelievably remote theatre of human
activity. The alienating effect is magnified
by the fact that the tv screen reduces all
images to the same visual quality. Atrocity
and entertainment alternate with one
another on the same rectangle of bulging
glass. Comedy and politics merge into one
continuous ribbon of transmission.”

Perhaps what Miller describes is the
result of the most powerful selective
process of all — in the mind of the viewer.
If we seem to go into an hypnotic trance
when watching television it is because we
have involuntarily agreed to suspend
judgement on the reality of what is
appearing on the screen. We have colluded
with the modern graver of images in
allowing ourselves to be transported by his
art, shutting out our normal, hard-headed,
sceptical selves. In this irrational state of
suspended belief the contrived images and

.sounds become more ‘real’ to us than the

real world. Temporarily we can be
persuaded of anything. This mental state,
and how to produce it, is well understood
by television playwrights, propagandists
and makers of commercials. The
unperceived surrender of the mind is
where the real power of the medium lies.
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CRISIS CONTROL

Typical ‘spread-panel’ controt-room
display, in which the type of presentation
makes it extremely difficult to investigate
faults.

There have been occasions in large control complexes when the amount of information

presented to controllers has been so vast and, possibly, suspect, that operators have

found it impossible to take in. The author prese
such moments, and on methods of measuremen

nts his views on methods of training for
t and presentation to reduce the number

of malfunctions and the level of stress on operators.

The Senior Shift Engineer was more bewil-
dered than horrified when he answered the
“panic” call to the control room and saw
his staff rushing backwards and forwards
along the almost infinite assembly of
panels, obviously not knowing in the least
what was going on, and deafened by the
ceaseless and ever-growing noise of the
alarms. Full horror was to come almost
immediately when he realised that hordes
of men were surging into the room from all
over the huge plant, summoned in a last
desperate attempt to find out which, if
any, of the meters and indicators were
“telling the truth”.

Fictitious> — yes. Exaggerated? -
perhaps. Irrelevant? — no, for here is an
extract from an account of such a cata-
strophic ‘Incident’: “ . . . the operators
were misled . . . because of a false indicator
. . . and by signs of an apparent excess of
water . . . All the events were accompanied
by an unhelpful cacophony of about 100
alarms sounding off, distracting the
operators as they faced panel upon panel of
red, green and amber lights and dials indi-
cating entirely unexpected combinations of
conditions, and as they tried to grasp the
significance of the mystifying changes that
were happening . . .”.

This description of a ‘developed’ crisis
situation is taken from the masterly sum-
mary by Sir Alan Cotterell” of what tends
to be thought of as the sole example of the
large-scale industrial disaster — the Three
Mile Island accident. In actual fact, this
near-catastrophic type of accident, with its
far-reaching consequences, has been ex-
perienced in many industrialized countries

36

by R. E. Young,
'B.Sc. (Eng.), M.R.Ae.S., F.L.E.E.

in the world, but it was not until “Three
Mile Island” had occurred that public
awareness of the dangers involved became
much more apparent. At the same time
steps to introduce improved safety precau-
tions were being taken at both national and
international levels: for example, the EEC
produced a Directive in 1980 aimed at
avoiding major industrial disasters, and
the Atomic Energy Agency called an inter-
national conference in the same year to
harmonize nuclear reactor safety standards
worldwide. -

Both technical and political interests
now realize the need to provide additional,

* entirely new, safeguards in the operational

design of large industrial complexes. The
implied requirement for major changes in
the “total’ approach to high-risk installa-
tions in particular becomes clear, and has
been brought out in what amounts to pub-
lic debate, largely critical in nature. .

This critical element has been especially
marked in relation to “Three Mile Island”,
where various forms of human error were
blamed for the accident; and with strong
attacks being made, in effect, not only on
the operators themselves but on their
selection and training. It is only when one
builds up the background to this Incident
in the light of ‘crisis control’ and allied
considerations® that an entirely different
picture emerges, which can be largely
summarized by the statement that within
the circumstances in which they were operat-

ing, the control engineers at Three Mile
Island could not have achieved more than
they did. .

Before going into the way in which mea-
surement and other information was pre-
sented to them — quite inadequately —
and into the whole question of the ‘good-
ness’ (integrity) of this information, it is
necessary to look at the state in which
these engineers found themselves. It was,

in a sense utterly fluid and had features .

which completely defied explanation. In
the words of the Cottrell acount:
“ . .. (they were) faced suddenly with a
totally strange combination of events . . .”

- preceded by “ . . . (being) misled . . . be-

cause of a false indicator . . . and by signs of
an apparent excess of water . . .”’

This is the classic example of the final —
full emergency — stage of an incident
carrying high potential risk, where the
control staff come to the chilling
realisation that they are being given wrong
information somewhere and that they have
no possible means of finding out where.

. Furthermore, as far as their control of the

plant is concerned, they are completely out
of contact with it; and, addeéd to this, all

their sources of control information have

to be treated as totally suspect.

Thus it has to be recognized that in such
circumstances the stress to which the engi-
neers are subjected can only be described
as extreme in the full sense of the word.
When it is remembered that the conditions
producing the emergency are entirely un-
foreseen, it becomes clear that it is vir-
tually impossible to predict how any indi-
vidual will behave in circumstances where
“there is nothing to get hold of”.
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Nevertheless, there are two related areas
where experience can be quoted which
t?ears very positively on this general ques-
tion of behaviour under stress. .

" The first of these areas is in the field of

‘control room’ type operations carried out
under wartime aerial bombing attacks.
Secondly, it is not usually realized that in
Wm:ld War H, ‘ultimate crisis control’ was
carried out under these hostile conditions.
This was with extensive integrated broad-
.casting networks under central master
control and with large radar command

systems, which became, in effect, the equi- .

valent of modern high-risk installations.
As will be treated in more detail in Part
2 of this article, observation has led to a
number of conclusions on unexpected
operational stress and methods of prepar-
ing people for it.
The most significant of these conclu-

, sions was that under such stress, one or

other of two conditions — A or B = was
reached; assuming, of course, that a panic
state was not developed, where ‘panic’ is
dﬂ:ferentiated from conditions A and B by
being ‘“‘unreasoning” and “sudden” in
nature.

Briefly, condition A is one in which —
despite the severe stress — the person
thinks and takes action exactly (as far as
the outside world is concerned) as before
the incident occurred. As will be indicated
in Part 2, it is suggested that methods of
training and preparation for this condition
should be largely ‘subliminal’ in nature,

i.e. without the training mechanism being
really obvious.

One of the main differences between -

conditions A and B is the virtual disap-

pearance in B of the ability to take action,

i.e. all initiative appears to be lost. In most
cases “leadership by example” can restore
it, and those in this condition are “near the
surface” from this point of view. In practi-

of shock, as it is generally understood.
However, it is in the almost invariable
change in facial expression to the blank
look of mental handicap, familiar to those
working in that field, which is most char-
acten:stic in Condition B. The ‘mentally
handicapped look’ and other relevant as-

pects of that complaint will be discussed .

latgr in the context of a reserch programme
which has been in progress for a number of
years. This programme, conducted essen-
tially on a voluntary basis, has nevertheless
attracted an increasing amount of interest,
particularly during the last two years; and
l}as enabled major correlation to be estab-
lished between observations made in one

field and ‘practice’ in the other. Examples

of _such correlation include ‘thinking
fatigue’ which is relevant to the design of
data presentation and other equipment for -

Fig. 1. ‘Data-marshalling’ type of control-
room, proposed for aircraft testing. Overall
situation on wall diagram is broken down
on operator’s screens.
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cris_is control, and which appears as a
major problem with the mentally handi-
capped.

Thinking fatigue may be defined as
fatigue produced by ‘multi-channel’
mental activity, i.e. where several ideas
(lines of thought) have to be carried simul-
taneously and coordinated. Instances are

. . afforded by an author writin i
cal terms, they appear not to be in a state f R

a complex, interacting, plot, or by a pilot
lgndmg an aircraft under adverse condi-
tions with all the controls having to be
operated simultaneously and in relation to
a number of rapidly changing events.
Another instance was offered by the editor
of I_Vireless World last year (1981) as “An
engineer preparing for or taking part in a
highly technical and diversified interna-
tional conference”.

I.t may be noted that the direction of
‘spin-off flow’ in this area has been largely
ﬁ:om mental handicap to operational de-
sign in that the effects of ‘thinking fatigue’
can actually be seen with the former,
whereas it tends to be regarded as almost
hypothetical in the ordinary world. In
contrast, in the other example to be quoted
at this point, viz. data marshalling (to be -
described in the next section), the flow has
been mainly from the technical side to-

" wards mental handicap. This flow tends to

become two-way as time goes on; it de-
velops to benefit both sides, and theh — in’
many cases — extends as an interchange of
11'1f0rmation to other areas, such as geriat-
ric care, !
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Data marshalling

This concept, first introduced by the
writer in 1 mainly in connexion with
the testing of complex aerospace vehicles
and aircraft generally, may be described as
the separation, streaming and systematic
presentation of “masses of data”.

Figure 1 shows the control room instal-
lation as originally envisaged for aircraft
testing. The main display consisted of a
wall diagram of the complete aircraft, with
sections of the aircraft, selected on a func-
tional basis and broken down to the next
order of detail displayed on corresponding

panels placed on the operator’s console.

itself.

Fig. 2. Transducer instrumentation chainin
a totally hostile environment.

The design of the system was aimed at
ensuring that “faults at once strike the
attention of the operator, and their loca-
tion and magnitude are clearly apparent to
him”. Also as a statement of an ideal which
is still aimed at “ . . . the action to be taken
(in the event of a fault) arises naturally in
his mind without the need for the analysis,
correlation and interpretation of a mass of
.data”.

Even at that time it was suggested that
all the displays, and particularly the wall
diagram, might be by large-screen (cinema

MECHANJICAL PARTIHION, BARRIER

DIFFERENTIALLY ARRANGED

_—1

A<= — ... 4s pelow

Capacitor (electrical) barrier

INPUT

&
Mechanical f
actuation eg.
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e
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High temperature
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o

INHERENT LOW IMPEDANCE OF SENSING COILS
AND CONNECTING CABLE
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SWITEHING NOISE

Require mechanical protection
if breakdown of partition
envisaged as possible

CONVERSION
ERRORS

size) television. It is not generally known
that large-screen television was in opera-
tion in certain London cinemas before
World War II, and in a more advanced
form, using high-voltage projection tubes,
was demonstrated to the Press in 1948. |
In non-aerospace, such as process-plant,
applications, the wall diagram becomes an
‘alarm and situation’ mimic-type diagram,
designed to give an overall instantaneous
picture of the system at any time, and
particularly under alarm conditions. Thus,
for example, with a large offshore oilfield,
the A. and S. diagram would show a group
of well-heads with their main pipeline runs
and a pictorial representation of (say) the

Fig. 3. Balanced-oscillator transducer
system showing ‘designed-in’ intrinsic
safety features. ;

1
]
fr ¥
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I
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block of plant at the central platform.
Working within a conventional computer-
based (central processor) type of control
system with visual display unit presenta-
tion, alarms shown at critical points on the
A. and S. diagram give a combined ‘alert-
ing’ and ‘location’ signal to the control
engineer should a fault develop.

The resultant system is in sharp contrast
with the ‘spread-panel’ type as shown in
the heading illustration, and as described
for Three Mile Island. Thus, even if the
«control engineers had been able to trust all
their information during that incident, the
presentation of this information was such
as to make their task of investigating the
fault quite impossible. With this in mind,
it would seem pertinent to add that they
would appear to have remained in opera-
tional Condition A throughout, something
which should not be overlooked.

‘Telling the truth’ _

As has been stressed already, the most
disturbing influence that a control engi-
neer can experience during a dangerous
break-down is the realization that instru-
ments are not ‘telling the truth’. It is mani-
festly impossible to ensure that informa-
tion will never be false (equivalent to
infinite reliability), as, for example, when
a position transducer is mounted on the
‘drive’ side of a break in an actuator shaft.
Nevertheless, design for full ‘crisis man-
agement’ demands that every effort must
be made to give the maximum integrity to
every element in the control system. The
process of selecting these elements and
determining their ultimate form must be
carried out jointly between user and
control-system designer? if the maximum

protection is to be given to the whole
1installation.

The provision of crisis-level protection
is obviously a big subject; as on illustration
9of the principles involved, consider of
transducers as key elements in the overall
(combined) main plant and control-system
complex. They occupy the most exposed
position in the instrumentation chain since
they are vulnerable both to severe
mechanical and electrical disturbance.
Apart from various forms of mechanical
protection determined by environmental
engineering techniques, reducing vulnera-
bility is fundamentally a matter of the de-

sign and construction of the transducer .

itself and (in the mechanical context) of its
physical environment. Instrumentation
transducer design is far more involved
than is generally thought: this is particu-
larly true at the ‘hyper-interface’ where the
parametet/electrical signal transfer takes
place; and it is at this interface that the
actual measuring process may be said to
take place.

Consequently, it is vital that, under all
conditions, the transducers should main-

' tain the integrity of this transfer (i.e. that

the transducer itself should ‘tell the
truth’). The system diagram of Fig. 2
shows how protection against totally hos-
tile physical conditions can be ‘designed-
in’ to the instrumentation chain system;
and brings out the extra vulnerability of
the transducer in meeting the ‘real’ hostile
conditions such as blast pressures at the
hyper-interface. The balanced-oscillator
(dual-chain) transducer system of Fig. 3
has been designed from the beginning to
exhibit minimum error under abnormal

.and ‘catastrophic’ conditions. ‘

This family of transducers have a
‘parameter-dependent’ frequency output
derived as a difference (beat) frequency
between two matched oscillators, them-
selves tuned by high (electrical) resistance
moving probes. These probes move dif-
ferentially within their sensing coils at the
input to the dual-chain system, which is
terminated with a balanced mixer. The
basic symmetry of the mechanical-electri-
cal combination and its inherent balance
provide a high degree of compensation for
ambient changes.

The greatest attraction of this configura-
tion, however, arises with extreme envi-
ronments, where the series-resonance
operation of the Clapp oscillators which
are used, makes it possible to instal the
sensing coil and probe remotely from the
less ‘hard’ electronic unit. This is by virtue
of the low-impedance (coaxial cable)
connexion, which can be used between the
two with the series-resonant oscillators.
From the diagram it will be seen how this
isolation as part of the intrinsic safety
precautions built-in to the system, is an
.advantage. Thus, with the ‘barrier’ protec-
tion shown, the coil can be situated in the
hazardous area and can be made effectively
-neutral, with litie risk of energy at this
point to initiating a spark.
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To be concluded O

Action on private mobile radio

Unless the Government takes action quickly to
introduce repeaters, trunking and cellular
systems, along with other measures to improve
the effectiveness of private mobile radio, com-
mercial enterprises, emergency services and
public bodies will become much less efficient
than their foreign counterparts and the UK
radio industry will suffer.

This is the burden of a report, prepared by
PACTEL (PA Computers and Telecommuni-
cations) on behalf of the Electronic Engineering
Association, which is entitled ‘Mobile radio —
the case for urgent action’*. It is the latest in a
series of attempts. to persuade the Government,
who control the use of the spectrum, to allow
mobile radio users access to a share of the

" 30MHz-1GHz spectrum more in keeping with

potential usage than the nominal 8% they now
have (PACTEL say this is really 6.5% because
of interference, terrain limitations and official
restrictions).

Among the consequences of the failure to
secure a more equitable share are high costs,
delays, pollution and a poor service to custom-
ers of the haulage industry, and a lower level of
safety and security.

The depressed use of m.r. in' the U.K.
(around 0.5% against 2.7% in the US) is, says
PACTEL, no help at all to the UK radio indus-
try, in contrast to the state of affairs in Japan
and the USA, where a healthy home demand
acts as a spur to development and production
and results in efficient systems and lower costs.

According to the report, five actions must be
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" taken now. Another 30-35 MHz of spectrum

must be released for m.r. use — little enough,
since this would bring the total to a mere 10% of
the usable 30MHz-1GHz band. Secondly, the
Government should take a close look at the
amount of spectrum inhabited by the military
and by broadcasters. PACTEL says “there is
little doubt” that the MoD keeps some of its
allocations on ice, unused in peacetime, simply
because they might be needed some day, in spite
of claims by m.r. lobbyists that, if they were
released, they could be taken back in emergency
in a matter of hours or even minutes. In the case
of broadcasting, the report is critical of the effi-
ciency with which the spectrum is used and says
that it could be improved upon without any
deterioration in service.

Thirdly, three types of system should, says
PACTEL, be promoted to give wide-ranging,
low-cost, flexible and spectrum-efficient ser-
vices: community repeaters, trunked systems
and cellular systems.

In a repeater, a common base station,
located on high ground, gives a wide cove-
rage, many rented mobiles sharing one chan-
nel: a ‘channel busy’ indicator helps to avoid
a user hearing messages not meant for him.
The current position is that not enough
channels are available for this type of
system.

Trunked systems provide a number of
channels to each user and are therefore fre-
quency-efficient: the operator uses a multi-

— urgent!

channel radio which is tuned automatically
to a free channel. For this purpose, blocks of
channels are needed — too few are currently
available for widespread adoption of this
kind of system. More channels are needed.
The third type, the cellular system, relies
on dividing the area into cells, each of which
is treated as a trunked system. By geograph-
ically separating cells which use the same
block of frequencies, interference is avoided
and the usage of the channel is increased by
up to 1200%. Blocks of channels are needed
for trunking. Once again, not enough are
available (56 instead of a required 300).

The fourth recommendation is that the Gov-
ernment actively promote the use of private
mobile radio instead of restricting it.

Finally, says the report, the delay of between
three and six months in the issue of licences
should be reduced. Otherwise, illegal installa-
tions will multiply and make spectrum manage-
ment virtually impossible.

As John Carlson, chairman of the EEA’s Mo-
bile Radio Committee, points out, “if even the
manufacturers of private mobile radio equip-
ment put forward the difficulties to their cus-
tomers, the situation must be bad”. And Ray
Northcott of PACTEL sums up the current
p.m.r. scene by saying “Other countries have
taken a conscious decision to encourage p.m.r.
— the UK hasn’t”. - O
*Available at £3.00 from The Director, The

" Electronic Engineering Association, Leicester

House, 8 Leicester Street, London WC2H 7BL..
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80-100 WATT MOSFET
AUDIO AMPLIFIER

. - . 3 - 4 - . .fier
A three-part article on the design and construction of a modern, high-power ampli
begi‘r);s with a description of the problems of amplifier design in relation to the 3
characteristics of ‘vertical’ power mosfets. A matching, modular preamplifier design wi

The problem with designing audio
amplifiers is that there are a number of
design requirements which are impossible
to satisfy completely: such things as
freedom from harmonic and
intermodulation distortion; independence,
in terms of distortion or transient
response, on the nature of the load
reactance; freedom from spurious
(amplifier-generated) signals over the
‘whole range of signal inputs and likely load
characteristics; rapid settling time and
freedom from ‘hang-up’ on step-input or
overload, particularly under reactive load
conditions; and complete absence of input-
signal or load-induced instability.

Not only are these requirements
impossible to achieve absolutely, but the
work needed to improve one of these may
simultaneously bring about a worsening in
other respects, so part of the task of the
designer is to choose, within the
appropriate limits of cost and complexity,
between conflicting possibilities and
requirements, No two designers (or their
commercial or advertising managers) are
likely to come to the same balance of
compromises in these respects, and this
leads to subtle differences in the tonal
characteristics of the designs.

A characteristic of commercial trends in
the last twenty years, which I view with
regret, is an overwhelming concentration
on the attainment of very low harmonic-
distortion figures over the whole of the
audible spectrum, to the extent that many
modern commercial designs attain steady-
state t.h.d. figures fifty or more times
better than possible, under any conditions,
from the signal sources which feed the
amplifiers. A similar amount of effort is
expended commercially in achieving very
high signal-to-noise ratios — which would
be valuable if it were matched in the
handling of programme material by the
programme producers.

The reason for this commercial interest
is a simple one. the major emphasis in
most equipment reviews is placed on t.h.d.
and s/n ratio, coupled with; in the case of
power amplifiers, power output in
watts/pound (sterling) or, occasionally,
watts/pound (avoirdupois). This trend
would be wholly praiseworthy if it could
be achieved without impairment in other
desirable characteristics of the equipment:
unfortunately, it cannot. If one wants
some quality very good, one must accept
some others relatively bad! If only one
knew which ones were important to the
listener, this choice would be easy, but one
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doesn’t. Quite a lot of work has been done
in the field of psycho-acoustics to try to
characterize the effects on the listener of
specific electrical defects, but this work is
far from complete and impaired, from the
point of view of the designer, by the

‘omission of most of the minor performance

defects practical amplifier designs are heir.
10.

Nevertheless, a predictable result of the
accumulation of experimental findings on
acoustic effects, coupled with a greater
awareness on the part of designers of the
existence of residual performance
shortcomings, is that there is a keen
interest in new developments in
components and circuit techniques, as a
possible route to improved performance.

Of these new component developments,
one of the most interesting, in the field of
active devices, has been the growing
availability of rugged, reliable and
reasonably priced power mosfets (metal-
oxide-silicon field-effect transistors).
These devices have a very much better h.f.
response — almost embarrassingly so —.
than the normal audio power transistor,
and allow a considerable extra freedom in
solving h.f. loop-stability problems, where
some compromise must always be reached
in a feedback amplifier design between the
conflicting requirements of gain (or phase)
margins and the need to retain a high loop
‘gain at the upper end of the audio
spectrum to achieve a high degree of
steady-state linearity. In addition, these
devices are almost completely free of the
charge-storage effects found in junction
transistors, which tend to impair complex-
signals transfer.

Unfortunately, power mosfets have
electrical characteristics and circuit
requirements which are very different
from those of the junction power
transistor, so that they cannot be used as a
direct replacement for junction transistors
in existing designs. One must reappraise
the circuitry.

Power mosfet

Insulated-gate field-effect transistors, of
the type shown in outline in Fig. 1(a), and
which operate by means of a mobile layer
of charge induced in an otherwise non-
conducting region of a semiconduktor,
have been known and used in small-signal
applications for many years — particularly
in v.h.f. circuitry, where their very fast

response times are of great value.
However, the conducting path in these
devices is, by the nature of their method of
construction, parallel to the surface of the
semiconductor element. It is difficult,
although some semiconductor
manufacturers have achieved this in an
endeavour to-avoid restricting patents, to
make this conducting path sufficiently
short to achieve a low enough resistance
for larger signal use.

The technical breakthrough in this type
of device came about when it was
appreciated that a ‘V’ or ‘U’ groove etghed
through the junctions in a fairly
‘conventional transistor gave the possibility
of an insulated-gate, induced-charge f.e.t.,
in which the current flow would be
‘vertical. (as in the conventional junction
transistor) rather than ‘lateral. (in relation
to the surface of the chip) as in the normal
insulated-gate component. This gave a
method of manufacture of ‘mosfets’, as

D
: :
S
Source
{connected to ane( +ve) Drain
substrate} o

P* substrate

Oxide tayer Induced charge layer

{a}
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(+ve) (Si07)
bare oxide layer

i Metallising

7777 A, e
Drain
Induced charge layer

(b)

Fig. 1. Small-signal, n-channel, insulated-
gate f.e.t. of ‘lateral’ construction is shown
at (a), while at (b) is the vertical power
mosfet, in which the conducting path is a
great deal shorter.
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Fig. 2, D.c. operating conditions of typical
power mosfet compared with those of a
junction power transistor.

these devices are now almost universally
known, which was open to any
manufacturer of epitaxial planar junction
transistors with the necessary skills in
mask manufacture to fabricate the large
number of parallel-connected igfet gates
on a single chip, which are needed to lower
the conducting resistance and increase the
effective mutual conductance (g,). A
typical construction for such a vertical —
or power — mosfet is shown in Fig. 1(b),
though the proliferation of such designs
within the past few years makes the
concept of a ‘typical’ construction
progressively less tenable. However, they
do all have in common the parallel
connexion of a large number of elements,
which makes the mask design more
complex, and the potential manufacturing
reject rate and cost relatively high in
comparison with the larger power junction
transistors.

The electrical performance, under d.c.
conditions, of a power mosfet, is shown in
Fig. 2, with a superimposed curve from a
junction power transistor added to the
graph to draw attention to the differences
in performance. Two features are
immediately obvious from this graph —
that a significantly higher forward voltage
applied to the gate of the mosfet is
necessary to obtain an adequate, and
adequately linear, operating current, and
that the mutal conductance of the power
mosfet (about 2A/V in its linear region) is
very much lower than that of the bipolar
junction transistor (which can be in excess
of 15A/V, or many hundreds of amps/volt
in the case of Darlington-connected pairs).

In conventional audio-amplifier design,
as it has become established over the past
20 years, the ‘architecture’ normally
employed in the circuit is a low-power
voltage amplifier, usually operated in class
A, with as high an a.c. gain as is
practicable without the use of an
inconvenient number of gain stages,

followed by an impedance-converter stage '

~ usually a push-pull pair of compound
emitter followers, forward biassed into AB
operation, with an operating point chosen
so that the mutual conductance of the pair
of emitter followers is close to that which
will be given by one half, alone, when
operating in its linear region. Negative
feedback is then applied from output to
input to improve the overall linearity and
other operating characteristics of the
amplifier.
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This configuration gives satisfactory
bandwidth and linearity, and allows high
power outputs with low quiescent thermal
dissipation. The main drawback in this
system is that there are invariably some
low-level residues of crossover distortion,
which increase in magnitude at higher
frequencies, as the open-loop gain of the
class A amplifier decreases — mainly as a
result of the added h.f. loop-stabilizing
.components. This problem is worsened by
the loss in loop gain through the output
‘emitter-following stage, in which the gain
is always less than unity.

To a first approximation, the output
impedance of an emitter follower is /gy,
which would give a gain in the output stage
of Zp/(l/gm+Zy) at low frequencies.
However, there is a further loss of gain at
higher frequencies due to the limitations in
turn-on and turn-off times of the
transistors, so it is customary to use two or
more transistors in a compound
configuration in each half of the emitter
follower, partly to sustain a low output

' .impedance, and partly to allow the 100%

negative feedback within the emitter-
follower group to force improvements in
the internal h.f. characteristics.

Inevitably, therefore, a complementary
pair of output source followers using
power mosfets, having a maximum gy, of
some 2A/V, will perform less well in terms

P-channel
power MOSFET

Out to load

NV
N-channel
power MOSFET
/'y

= Vid
(a)

+Vee

N-channel
power MOSFET

T Vbias o= 0ut to load

P-channel
power MOSFET

-Vid

of linearity with a comparable class A
amplifier stage than a pair of compound
emitter followers with an effective (overall)
gm of, at least, some 100A/V,

Two solutions are available to this
problem, of which the first is simply to
incorporate the power mosfets in a
compound source-follower circdit, with
one or two small-signal bipolar transistors
to increase the internal loop gain and
reduce the dynamic output resistance and
non-linearity of this stage. This provides a
very simple answer to the difficulties
introduced by the low gy of the power
mosfet, while allowing full advantage to be
taken of the advantages of these devices
(freedom from ‘secondary breakdown’,
simpler output stage overload protection,
and much better h.f. characteristics
leading to lower overall t.h.d. and better
transient response). I have shown a
practical audio amplifier circuit using
mosfets in the output stage configuration
of Fig. 3(a), in another place’.

For relatively low-power use, up to say
50 watts, this type of output stage is
entirely satisfactory, and gives a good
performance without calling for
unconventional circuit design. However,
there is a practical limitation in higher
power use in that the forward voltage drop
in each compound half cannot be less than
the forward gate voltage (ref. Fig. 2) added

—+ +V

+Vee

(c)

Fig. 3. To increase the internal loop gain,
the mosfet can be used with a small-signal
transistor in compound source-follower,
which enables low mutual-conductance
mosfets to be used, while retaining their
advantages, as in (a). At higher powers,
larger supply voitages must be used, but
circuit at (b) shows that only low-current
drivers need be so supplied, Circuit at (c) is

‘extension of approach shown in (b).
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to the saturation voltage (V.)of the driver
transistor, even though the necessary
drain-source voltage of the mosfet for this
output current may be less than this. This
leads to the need for higher supply-line
voltages, with a consequent increase in the
cost of mains transformer and smoothing
capacitors. )

In the very simple complementary-
mosfet output stage of Fig. 3(b), the driver
stages can be supplied from a higher
voltage line without so much of a cost
penalty, since the supply currents required
by the driver stages are comparatively
small.

This advantage can be retained by the
use of the circuit arrangement of Fig. 3(c),
while still allowing a very high effective gn
of the compound emitter follower, and a
high level of internal negative feedback.
The problem with this circuit is that it is

no longer unconditionally stable within its

internal feedback loop, and h.f. stabilizing
components such asC; and Rneed to be
added to achieve the desired overall gain
and phiase margins — an elaboration which
is unnecessary in the simpler arrangement
of Fig. 3(a).

The other solution to the difficulty of
the lower effective transfer ratio of the
simple mosfet source follower of Fig. 2)is
to increase the gain of the class A amplifier
stage, and this approach is explored below.

. Meanwhile, there are some other potential
pitfalls in the use of power mosfets which
need consideration if a workable and
reliable design is to be put together.

Specific problems with mosfets

Although the power mosfet is, in its
normal method of construction, equivalent
to a bipolar junction transistor with its
base and emitter joined together, and is
therefore immune from the problem of
‘secondary breakdown’ (the funnelling of
emitter current through diminishing areas
of the base-emitter junction and
consequent localized overheating and
damage) it does suffer from other
problems which are unique to itself. Of
these, the first and most immediate is that
the gate insulation layer, an oxide film
formed on the surface of the silica, is less
than 0.0001in (2.5 microns) thick, and will
break down if the voltage between the gate
and the source exceeds some 10-20 volts —
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depending on the device manufacture.
Since the time delay involved in this

‘breakdown, which will destroy the device,

is likely to be very short, the circuit must
be designed to protect the gate against
even very brief voltage excursions beyond
this limit.

This difficulty can be lessened, in the
construction of the device, by
incorporating a Zener diode between
source and gate, as shown in Fig. 4.
However, this technique in its turn leads
to the problem that the device must then
be protected against a reverse bias — of the
order of 0.6 volts — which would cause
this internal Zener to conduct, since this

_can sometimes lead to the triggering of a

thyristor-type action within the mosfet, in
‘which the gate is irrelevant. This may not
destroy the device, but may damage
associated circuit elements. The simplest
form of protection is the use of an external
germanium diode, connected in parallel
with the gate/source Zener, and arranged
to conduct before the internal diode. This
is not a preferred solution, however, since
the reverse insulaton resistance of the Ge
diode is much poorer than the unmodified
input resistance of the mosfet, and is non-
linear with voltage. The circuit of Fig. 3(a)
is immune from this problem.

The second difficulty in the use of
power mosfets arises from the very high
operating frequencies possible with these
components. This leads to an effective
circuit element of the form shown in Fig.

(a) (b)

Fig. 5. At high frequencies, stray
capacitances and inductances, shown at
(a), turn mosfet into an oscillator, with
damaging effect.

5(a), when the user expects the device to

‘behave as in Fig. 5(b)! This causes

immediate high-frequency oscillation,
with frequently destructive effects, when
such mosfets are incorporated into
apparently sensible circuit configurations,
and since the resultant burst of oscillation
probably occurs in the 200-1000MHz
range — and is brief anyway — it is
unlikely that it will be seen on any
monitoring instrument. The unhappy
experimenter is then left contemplating a
defunct device, thinking that its sensitivity
to static electrification is so great as to
render it unusable. ]
Happily, the internal gate-source
capacitance is sufficiently high, typically in
the range 600-1500pF, that stray static
charge is unlikely to induce an electrical

‘breakdown of the gate insulation. This

internal capacitance, which must not be
overlooked in circuit design
considerations, also provides a convenient
means for taming the h.f. behaviour of the

transistor, sicne an external ‘gate-stopper’ -

resistor can then cause a predictable roll-
off in h.f. response, to bring the unity gain
transition frequency down to a more
manageable level. An external resistor in
the range 470R-4k7 is normally adequate.

Given these precautions, my experience is
that power mosfets are at least as durable
as normal bipolar power transistors, and
allow a substantial improvement in circuit
performance for a relatively small extra
cost.
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Power semiconductors and d.c. power
supplies are detailed in the 1982 edition of the
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DIGITAL FILTER DESIGN

Will digital filters take over from their analogue counterparts? Accuracy, versatility and
falling cost suggest they will. This second article on microprocessor implementation
details a procedure for recursive filter design of Butterworth and Tchebychev response

with examples and Basic programs for pole, zero calculation. ’

It has long been recognized that because of
the high sensitivity of the roots of high-
order polynomials to coefficient values,
recursive digital filters are .best imple-
mented as cascade or parallel arrangements
of second-order filter sections. Cascading
several second-order filter sections as illus-
trated in Fig. 1(a) is equivalent to re-ex-
pressing H(z) as the product of second-
order transfer functions, i.e.

H(z)=Hy(z) . Hy(z) . . . Hy(z)
where each Hj(z) is of the form

14ay2"  +ayz7?
Hgy=ltay +ez""

14627 4+ by2 2 ®

This is often referred to as a biquadratic
transfer function and the circuit by which
it is implemented a biquadratic section.
The signal flow diagram of a commonly
tllsed biquadratic section is shown in Fig.

The filter design problem is now that of
deciding how many biquadratic sections
are required, and calculating the coeffi-
cients for each of them. There are a variety
of solutions to this problem, and the proce-
dures are divided ito two broad groups:
direct methods in which the poles and
zeros of the digital filter are computed
directly in the z-plane, and indirect
methods which involve the design of an
analogue prototype filter which is trans-
formed to give a suitable digital equiva-
lent. Details of the commonly used indi-
rect design methods can be found in the
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standard texts!. The direct method de-
tailed here for the design of Butterworth
and Tchebychev-type digital - filters is
probably the simplest approach; it is non-
iterative and does not require the use of a
large computer. Further details and
program listings for the more complex
direct design methods are to be found in
the standard texts.’

Butterworth and
Tchebychev filters

Most filtering applications require an am-
plitude response that allows selected fre-
quency bands to pass through the filter
unaltered and eliminates as nearly as pos-
sible frequency components outside these
bands. In many applications, particularly
where a degree of phase distortion is
acceptable in the passbands, Butterworth
and Tchebychev-type filters are often
used, whose responses approximate the
magnitude-frequency response of an ideal
filter. The difference between the two
classes lies in the nature of the approxima-
tion. In the case of Butterworth-type filt-
ers, the magnitude of the frequency res-
ponse is maximally flat over the passband,
falling by 3 dB at the cut-off frequencies
and decreasing monotonically in the
stopbands. The rate of fall-off of gain in
the stopbands is fixed and determined
solely by the order of the filter. Tcheby-
chev-type filters display an equi-ripple
passband response with specificable ripple
amplitude 8. The filter gain falls monoto-
nically in the stopband at a rate depending
on the passband ripple amplitude: the
larger the ripple amplitude, the sharper is
the transition from passband to stopband.
Tchebychev-type filters generally show an
increased rate of fall-off of gain over the
equivalent Butterworth-type filter of the
same order. Unlike analogue filters, a
number of alternative methods exist for
the design of Butterworth and Tchebychev
digital filters. For a given set of design
parameters, there will be a number of digi-
tal filter transfer functions which may be
classed as Butterworth or Tchebychev
type. The method presented here, referred
to as the squared magnitude approach, is
described in detail by Rader and Gold?,
and used by Ackroyd®. The poles and
zeros of the digital filter are deducted
directly from the squared magnitude of the
required response with no constraints
placed on the phase response, which may
therefore be non-linear. Once the pole and

zero positions have been determined, it is a
simple matter to calculate the ¢; and b;
coefficients for each of the cascaded
second-order sections. As the design
procedure simply consists of the evaluation
of a number of given formulae, it is parti-
cularly suitable for a programmable calcu-
lator or microcomputer. The first design
procedure given is that for a lowpass digi-
tal ﬁlter, ‘which also forms the basis of the
design methods for highpass, bandpass
and bandstop filters.

Lowpass Butterworth filters

An analogue lowpass filter is an nth-order
Butterworth type if its response G((})
satisfies

GGOP=—

Q 2n
‘*(m)z

where () signifies angular frequency. This
formula gives a passband which is
‘maximally flat, with a gain of 0dB at d.c.
falling to —3dB at the cut-off frequency

=& 2 ] Holz) =] Hle) peeeml Hpla) >

-bp a2

Fig. 1. Recursive digital filter is realised as a
cascade of second-order sections with
transfer functions H,(z), Hx(z), etc. X(z) and
Y(z) are the z-transformed input and output
sequences respectively (a). Biquadratic
section (b) has input sequence {x,} and

“output {yn} with Wy=Xp—b1Wpn—;—bsWn_2

80 (141" +b1z2"YW(z)=X(z).
AlSO Yp=wWp+81Wy_18,Wp_2

so Y(z)=(1+a:z" ' +az"2)W(z)

S
= +a1z_'+a2z —[X(z), as required.
1+bz” ' +b,z
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Fig. 2. Amplitude-response of three
Butterworth-type lowpass digital filters
with cut-off equal to 0.125 effect of
increasing the filter order.

Q.. A corresponding forumla for digital
filters which produces a frequency res-
ponse with similar properties to that of an
analogue Butterworth filter is

lH(ef“’>12=~—W e

L tanw,

where w. is equal to the radian cut-off
frequency. In place of radian frequency w
it is often convenient to refer to relative
frequency f, obtained by dividing w by 2.
Hence f is the relative frequency of a sinu-
soid of frequency F=fX(1/T). Because F
must be less than 1/2T to satisfy the sam-
pling theorem, values of f need only be
considered in the range 0 to 0.5. Fig. 2
shows the magnitude responses of three
digital filters specified by equation 2.
These filters all have a cut-off frequency
fe=0/2n equal to one-eighth of the sam-
pling frequency. As the order of the filter,
n, is increased the more closely its magni-
tude response approximates the ideal
lowpass filter characteristic.

The design of a Butterworth lowpass
digital filter requires the invention of a
suitable function H(z) for which the
substitution z=¢/® gives equation 2. A
number of such functions of z may be
found, their derivation being a fairly com-
plicated mathematical procedure. A suit-
able transfer function derived by Rader
and Gold? is found to have poles located at
Uy+jVmin the complex z-plane, where

Un=(1—tan’nf)/ Dy,
Vm=2tanmnfsin0y,)/ Dy,

with Dy =1-2tanmnf,cos6,+ tan?rf,

em___m 3)

and -

where m=0 1, ... (n—1) for a filter of
even-order n; odd-order Butterworth filt-
ers may also be specified. Each of the n
transfer function zeros is located at z=—1.
‘Once the poles and zeros of a recursive
digital filter have been calculated the next
stop in the design process is to determine
the coefficients a;, a3, b; and b, of equa-
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tion 1 for each cascaded second-order sec-
tion. For even-order filters, the transfer
function poles can always be grouped as
complex conjugate pairs.

Hence the overall filter transfer function
H(2) expressed as a product of n/2 second-

* order (biquadratic) transfer functions is

n/2—1
Hiz)=4y J[ X
m=0
QA+ Y +2zH |
[1+Z_I(Um+jvm)][l+z—l(Um—ij)]

Expanding the above equation yields the
required form

n2=1
Hiz)=As JT X
m=
1+25~ 4272 @
12Uz '+ (Ul + Va2

L HE) o =HE om0,  O)
Ao \ '

Tchebychev filters

The squared magnitude of the frequency
response of a Tchebychev low-pass digital
filter with cut-off w, is

|H(e)?= (6)

®
2

(4
G

14+€2V,2

where Vy(x) denotes the nth-order Tche-

bychev polynomial function of x and € is'a.

parameter used to set the pass band ripple

amplitude. Fig. 3 shows the frequency
response of a typical fourth-order Tcheby-
chev filter. The magnitude of the pass
band ripple J is related to the parameter €

by
= ___1__1 p )
“((1—6)2 )

Increasing & has the effect of sharpening
the cut-off region of the filter and increases
the stop band attenuation, but only at the
expense of increasing the pass band ripple.
The transfer function poles of an nth-
order digital filter whose frequency res-
ponse satisfies equation 6 are located at
Upn+jV iy in the complex z-plane where

Un={2(1 ~atanmf.cos0y)/ Dy} —1
V=(2btannf.sin0 )/ Dy
with Dp=(1—atannf.cosmy)*
+ b*tan®nfsin?0y, -
for m=0,1,2,...n-1 8

and 2a=(Ve 2+1+¢~ 1)

—(Ve2+1+€7 1)t
2b=(Ve 2+ 1+¢

+H(Ve 24147 1)1

B is calculated as for Butterworth filters
from equation 3 and each of the n transfer
function zeros is again located at z2=—1.
Once the poles and zeros of the transfer
function have been calculated, substituting
for Uy, and V, in equation 4 gives the n/2

biquadratic transfer functions used in the

realization of the filter.

Example 1
Design a low pass Butterworth digital filter
with the specification

sampling frequency - 12kHz
cut-off frequency 3.2kHz
attenuation at 4.0 kHz >20dBi.e. 10
passband gain 0dB

From this the relative cut-off frequency is
fc=3.2/12=0.2667. For the attenuation at
4 kHz to be greater than 10, it follows from
equation 2 that ,

1 o tandn/12 \2o\ %
10 tan3-2m/12

The lowest even-order filter which will
satisfy these requirements had n=6. The

six poles for this filter are
‘m Up Ve
2,3 —0.0533 0.1313
1,4 -0.0613 0.4129
0,5 —0.0831 0.7640

Substituting these values into equation 4
gives three biquadratic transfer functions
in the form of equation 1 with coefficients
a1, a3, by and b, as shown below. Scaling:
factor Ay, calculated by means of equation:
5, should be set to 0.0401 to give unity
passband gain. The magnitude and phase
responses of the filter are shown alongside. -

PHASE (deg)

GAIN(dB)

‘Amplitude and phase response of
sixth-order Butterworth-type lowpass filter
designed in Example.

180g=
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Fig. 3. Amplitude response of a typical
fourth-order Tchebychev low pass filter
with cut-off equal to 0.25 and specified
ripple, 5.
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Fig. 4. Amplitude and phase

response of second-order Tchebychev-
type highpass digital filter designed using
lowpass to highpass transformation.

Example 2

Design a second-order Tchebychev low-
pass digital filter with f,=15 and a pass-
band ripple of 0.1 (0.915 dB).

By equation 7, €=0.4843 and g and b
and thus calculated to be 0.844 and 1.2834
respectively. Substituting these values into
equations 8 with 0, obtained from equa-
tion 3 for m=0 and 1 shows that the poles
of the filter lie at

£=—0.38075%j 0.49030.

Calculating now the biquadratic transfer
function for the single section required
gives

1-2z" 14272
140.7615z7140.385422

Substituting z=1 into the above shows that
A, must be set to 0.5367 for unity gain at
d.c.

H(z)=Aq
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Example 3

Design a fourth-order bandpass But-
terworth type filter with a sampling fre-
quency of 16 kHz and cut-off frequencies
of 2 and 4 kHz.

As the bandpass transformation doubles
the order of the prototype filter, a second-
order Butterworth lowpass prototype is
required with a relative cut-off frequency
f=(4—2)/16=0.125. The two poles of the
prototype filter, calculated from the ex-
pressions for Uy and Vi (eqns 3), lie at
2£=0.47141j0.3333. The two zeros are at
g=—1, Substituting for fh=4/1¢ and
f1=2/16 in equation 9 gives ®=0.4142. By
equation 10 the poles of the bandpass filter
are calculated to be

£=0.52621j0.5885
£=0.0833%j0.7266.
The zeros of the prototype filter transform
to two zeros at s=—1 and two at s=+1.
Pairing the zeros at 2=—1] with the poles
at £=0.0883+j0.7266, gives H(z)

= 1-2z"14272
gl 2

1-1.052427140.62322"

( I 2
1-0.1665z~!+0.53482~2

The passband gain is set to 0 dB by scaling
H(z) by a factor of 0.0976. Graph shows
the magnitude and phase responses of the
designed filter.

PHASE {deg)
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Amplitude and phase response of
fourth-order Butterworth-type bandpass
filter designed in Example

Highpass, bandpass and
‘bandstop filter design

The design of Butterworth and Tcheby-
chev filters may be carried out by transfor-
mations applied to lowpass prototype filt-
ers obtained by the methods described
earlier 4. The simplest of the transfor-
mations is that of low to highpass. A low-
pass filter with relative cut-off frequency
S is transformed to a high-pass filter with
relative cut-off frequency 0.5 —f, by re-
placing z! with —z! in the filter transfer
function H(z).

Applying this transformation to the low-
pass Tchebychev filter in the previous
example, we obtain a high-pass Tcheby-
chev filter with a relative cut-off frequency
of 1/6. The resulting transfer function H(z)
is

P | -2
0.5367( 1-2z" +2 )

140.7615z~14+0.385422

The magnitude and phase responses of this
filter are shown in Fig. 4.

Low to band pass

transformation

A low pass prototype filter with relative
cut-off frequency f. is transformed to a
bandpass filter with lower and upper cut
off frequencies of fi and fj+f. (=fy) respec-
tively, by the replacement of z by

2(z—a)
(oz—1)
in the prototype transfer function, where
‘__COSTI:(ﬁl + f [) ¥
e VLU 9
E costt(f—fp) ®

This has the effect of doubling the order of
the prototype filter, and consequently each
second-order section in the lowpass filter is
transformed to a fourth-order transfer
function in the bandpass filter. It is neces-
sary therefore to reduce each of these
fourth-order transfer functions to the pro-
duct of two-second order sections. The
transformation may be conveniently ap-
plied by considering the poles of the proto-
type each of which produces two poles in
the resulting bandpass filter. For each pole
of the prototype filter situated at 2=p, say,
the transformed filter will have poles at
values of z which satisfy

2(2—o)
(az—1)

ie. at z=Yoo(1+p)+ ,{%o:z(l-i-ﬂ)z"l’}vz
(10)

p=

‘As p in this equation will normally be a
complex number, computation of the poles
of the bandpass filter involves the calcu-
lation of a complex square root, see appen-
dix. The 2n poles of the band-pass filter
may then be determined by substituting
each of the n prototype poles into equation
10. The band-pass poles may then be
grouped into complex conjugate pairs to
produce the denominators for each of the n
biquadratic transfer functions which com-
prise the overall filter transfer function,
‘H(2). The zeros of the bandpass filter are
calculated from the zeros of the prototype
using the same formulae as were used for
. the poles. By substituting p=-—1 into
equation 10 the n zeros of the lowpass
prototype located at z=-1, transform to
2n zeros in the bandpass filter, n located at

45



1% ¢ CRLCULATE EWORTH LP. FOLES
15 DISP "FILTR ORDER* @ IHPUT N
@ DISP "REL. CUT-OFF FREG.?"
25 INFUT FI@ I2=3%N-2-1 @ I1=N
3@ DISF "POLES OF FILTER"

35 DISF " REAL IHMAG"
4% FOR I=I1 TO I2 @ T=2XI+1

45 T=T-/(2%¥NJ)¥PI @ C1=PI%F1

5@ A=TANCC1? B A2=A%A & B=2XA
55 D=1-B4COS(TI+A2 B U=(1-R20-0
60 Y=B¥5INCT>D

65 DISF USIMG 78 ; U,V

7@ IMAGE 2X¥.35D.40,5X.SD.40

75 Y=ux-1 @ DISP USING 7@ ; U,V
80 NEKXKT I

35 END

Programs to calculate poles of lowpass
filters — Butterworth above, Tchebychev
below — and for lowpass transformation to
bandpass and bandstop, right.

NI LLULATE TCHEE LP. POLES
15 ﬁlgg WFILTR ORDER" @ IWPUT M
2@ DISP "REL, CUT-OFF FRE®.®"
25 INPUT F1® DISP “RIPPLE 2"

3@ INPUT R@ W=1-F @ E=H~2

35 W=1-E-1 @ E=S@RCH)

42 M=1/(E¥E +1 @ M=5QR(MI+1/E
45 M1=LGTC(MY/N B M1=1A~M1

50 M2=1- M1 ® A=_.Sk(M1-M22

1@ { BAMDPASS TRANSFORMATION

1S DI=P "FROT. ORDER" @ INPUT N
26 OISF "LWR CUTOFF" @ INPUT F1
25 DISP "UPR CUTOFF" 2 INPUT F2
3@ F=(Fz+F1,4%PI @ F4=(F2-F1>%PI
35 A=COSCF)~ TOS(F47

46 FOR 1=1 Td Ns2 :

45 DISP "REALCPOLE>" ® INPUT U
S8 OISP "IMAGCPOLEX" @ INPUT Vi
55 yz=Uik-1 @ Pl=1+U

£ R7=R¥P1-2 B I1=A%V1-2

€5 [2=A%Y2-2 B AZ=A%A

7@ U=v1 & GOSUE 175 s

75 Ug=R7+EQ ® JI=R7-E4

2@ VE=I1+B1 B YS=I1-Rl @ V=V2Z
85 GOSUE 175

5@ U7=R7+BE ¥ UE=R7-E@

95 Y7=Iz+E1 B VE=I12-B1

10@ DISF "TRANSFORMED POLES"
@S DISF " REAL IMAG"
GDISP USIMG 115 & USZ,VS
IMAGE 2X.5D.4D0 .5X,S0.40
QISP USIHG 115 & U7,V7

DISP USIMG 115 ; LE.Vs

DISP OUSING 115 ; Us, U3

OISF ® DISP “QODRTIC COEFFS"
Bl=-24U8 @ B2=UZ¥US+VES¥VE
145 DISP USING 15@ ; EB1,B2 -

153 IMAGE ."E1.EB2",2¢4%,SD.4D)
155 Bi=-2%U9 @ B2=US¥UI+YI%y9
168 DISP USING 150 ; E1.E2

165 DISP @ HEXT I

DA A ST

¥ 178 ENL
= R Y=N B Z=3%N/2 179 END 9 ] s g Al
o6 g—ijf(gls?g; " FILTER FPOLES" 175 | CALCULRTE 71+P3~2 IZJ !ﬁEQLQULHtE (é 3§-§*P1*“
o _SP " REAL IMAG" 1268 RR2=F1liF1-Y3V & J2=2ZXP1XY 1?2 R;-r1ﬁp1ijv_xﬂ (— waqu
gg EéR I=¥ TO 2 @ T=2¥I+1 185 | CALCULATE A~ZXC1+PX~2-4 1?4 !'EHELQEﬁTEwH|ifﬁé;55/Z
75 T=T-C(2%¥N>%PI ® Cl=PI%F1 190 RU=AZ¥RZ-4 @ JA=f2%J2-4 i;g rfuag,é*;_,.‘; @ 3= :J2
89.N=TRN(CI) g(¥2=N*N égg élﬁggTEHgTJ?'lB—U E@E R1=RO+L B J1=16-\
=1-A%WXC » =R~ = A ) ; 1
gg g=a*3tg:ggu2*SIN(T)*2 285 | CONVERT TO EQLERﬂFURM fu9 {_g@?g%EEI;EIEgLEESnggj
95 U=2%U-D-1 @€ Y=24BXKKSINCT /D 218 R=Rl*§13f1§f§ @ R=SQR(R> g}g ?ZQ}Néfii =t = ‘R
@ ISING 185 5 U,V 215 T=ATN2(J1.R1} 215 T=ATN2CJ1.RL)
igg ?angLE;?SD-4DJ%X’SU-4U 224 ' TAKE SQUHRE ROOT 2 g ! TAXE bQBH?ETigDT
115 DIse Using 105 s ULV 235 L BAck Ta CARTESIAN 230 CARTESTAN
iég E«éi'; 'ilsmb o 235 BA=RACOS(T) @ B1=RXSINCT) 2 Lo égnsw.a @ B1=RXSIHCT>
125 EMD 248 RETURH 248 RETUR

16 ¢ BRHOSTOF TRANSFORMAT [OH

15 QGI=P "FROT. QRDER" @ INMPUT N
2@ DISP "LWE CUTOFF* @ INFUT F1
29 DISP "UPR CUTOFF" @ INPUT F3
ZQ F=(F2+F1:%P] @ F4=(F2-F13%PI
35 A=COSCF>-COS. F4)

40 FOR 1=1 T H-2 g
45 DISP "REARLCPOLE?™ B INPUT U
s@ DISP "1MHGCPOLE>" ® INPUT 41
S5 Ya=ylk-1 ® Fl1=1-U

&8 R7=A¥PL/Z & [1=A¥V1-2

65 Iz=R%VZ2-2 B A2=A%A

7B V=41 & GOSUB 173

75 Ug=R7+B@ @ US=R7V-ga&

30 YE=I1+B1 & Y9=I11-E1

25 W=yz: @ GOSUE 175

2@ UF=R7+Ed © UG=RV-E@

95 Wy=[2+E1 @ Ye=12-EB1

199 DISP "TRAHSFORMED POLES"
145 DIsp " FERAL IMAGY
116 DISP USIKG 115 5 U=, Ve

115 IMAGE 2¥,50.40 .5X.50.40
128 DISP USING 115 ; U7.WE
125 DISP USIHG 115 & UE, Y8

126 DISP USIHG 1195 : U3 u3

135 DISF ® DISF "@DRTIC COEFFS"
143 B1=-24U% B BZSUSKUI+VERVE
145 DISP UWSING 158 : B1.B82

159 IMAGE X#."B1.B2",2¢44.350.400
155 Bl=-2£U9 B BISUAEUATVIRYS
168 OISP USING 158 ; B1.EB2

165 DISP © HEWT I

2=1, the other n at z=—1. When the order
of the prototype filter is even, as is nor-
mally arranged, the zeros of the bandpass
filter may be grouped in pairs such that of
the n second-order sections which com-
prise the filtér, half will have transfer func-
tion numerators equal to

1422141 (two zeros at z=—1)

whilst the remaining half have numerators

The n biquadratic transfer functions may
now be completed by pairing each of the
calculated numerators with a suitable de-
nominator. As a general rule, the denomi-
nators of the second-order sections should
be parried with the numerators in such a
way that the poles of each section are those
nearest to the zeros it implements. The
filter transfer function H(z) is simply tlge
product of the n calculated biquadratic

of transfer functions. The passba'nd gain may
1 — 22741 (two zeros at z=+1) be set to one by the introduction of a scal-
180
Example 4 !
Design a fourth-order bandstop Tcheby- 120 L
chev filter with a sampling frequency
of 20 kHz, lower and upper cut-off fre- !
quencies of 1 and 1.2 kHz respectively and 60
a passband ripple of 0.1. °
A second-order Tchebychev lowpass = G
prototype is required with a relative cut-off L
frequency of 0.49 and a passband ripple = L
amplitude of 0.1. The two poles of this a
fiter are found to lie at
2z=-0.9681+j0.0482, with the two zeros -120
at 2=—1. Using the transformation of
equation 11 the poles and zeros of the -180
band-stop filter are 4
les Zeros
0.9356+j0.3099  0.9414%0.3374 «
0.9171+j0.3553  0.84141j0.3374
The filter transfer function H(z) is thus g
calculated to be Z b
<C
1-1.8827z" 4272 %
1-1.871227140.9714272
( 1-1.8827z 1+z72 )
X l -2 -20 A i e 2
1-1.8341z +0.9672z . x 6 05 TR

which must be scaled by 0.969 to set the
d.c. gain to unity. The magnitude and
phase responses of this filter are shown
alongside.

Amplitude and phase response of
Tchebychev-type bandstop or notch filter
designed using lowpass to bandstop
transformation in Example 4.

ing factor A, equal to the reciprocal of
H(&'™) evaluated at the central frequency
of the passband.

Lowpass to bandstop
transformation

A lowpass filter with relative cut-off fre-
quency f, is transformed to a bandstop
filter with lower and upper cut-off fre-
quencies of f} and f;, respectively, where

£:=0.5+/i~fu

by replacing z in the prototype transfer
function with

2(z~)
l1-«az

where « is defined as for the bandpass
transformation. Apply the transformation
to poles and zeros it is readily shown that a
pole or zero of the prototype located at
z=p transforms to two poles or zeros of the
bandstop filter located at

z=Y(1-plat [%(l—p)2a2+p}h an

The procedure for calculating the second-
order sections of a bandstop filter is similar
to that for a bandpass filter. In this case,
however, the zeros are no longer located at
z==1 but form complex conjugate pairs
which must be expanded in the normal
way to give the numerators of the second-
order sections. The numerators of all the
second-order sections will be identical.

Continued on page 79
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WIRELESS?

I have just bought a copy of your magazine, for
the first time in some years, and after reading it
with some amusement I have the following com-
ments to make.

Firstly, I suggest you rename the magazine
Computer World (Wireless Computer?, Computer
Wireless??) — I bought the magazine because I
want to buy a communications receiver — I
work with computers and I find it amusing that
your magazine is now full of computer projects
rather than the radio projects it used to be.

Secondly, with respect to Mr B. Reay’s letter
(April 1982) — I have heard of the RSGB’s

_opposition to c.b., but not experienced it
directly — I am a c.b. user, but find the RSGB
has nothing to worry about. Most c.b. users
would not join the RSGB (they can barely
operate a ‘rig’ much less pass the RAE). Those
who are interested in radio (myself included),
find c.b. very frustrating (2 watts e.r.p. and 200
users per channel — at least in London) and this
exposure to radio usually causes strong motiva-
tion to take (and pass) the RAE, thus escaping
from the school-children and ‘wallys” (although
I hear 2 metres is not much better); and thus the
serious user ends up 4s an amateur anyway. I
have heard that the RSGB has been swamped
with enquiries since c.b. legalization!

On “Microchips and Megadeaths” — if all of
us who work irrelevant fields would refuse to
work on weapons systems (as I have done),
there would be no such systems. N

Finally, what has happened to the glossy
paper WW used to be printed on? and where can
I buy a second-hand communications receiver?.
Hugh J. Davies
East Barnet

Herts

DISC DRIVES

I refer to Mr Watkinson’s article on disc drives
in your March issue in which he states that a 16-
bit computer can only address 32K memory
locations. It is well known that 16 bits can
address 64K locations (216 = 65,536), a feature
common to most microprocessors. Could Mr
Watkinson please explain his apparently erro-
neous mathematics?

P. C. Major

Winchester

Hants.

The author replies:

I am grateful to Mr Major for giving me the
opportunity to explain a problem which has
been encountered by many familiar with
microprocessors when faced with more power-
ful hardware. I am sure, however, that Mr
Major would agree that such treatment would
be out of place in a series which is primarily
devoted to disk drives.

The definition of a 16 bit machine which I
find most satisfactory is that it possesses a data
path of 16 bits in the c.p.u. Neglecting more
complex machines which employ block fetching
in conjunction with a cache memory, a 16 bit
machine will have 16 bit wide memory loca-
tions. This allows an entire parameter to be
fetched with one memory cycle. In such
machines, the smallest entity of interest is still
the 8 bit byte, of which there are two in each
location. As one address bit is necessary to
specify whether the high byte or the low byte is
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of interesti only 15 bits are left to specify the
location. 213 locations equals 32K as stated.

The address range of a processor is deter-
mined by circuitry quite distinct from the data
paths in both microprocessors and minicomput-
ers. For example, the 8085 has an 8 bit data
path, but has the ability to generate 16 bit
addresses by the time consuming expedient of a
two-byte program counter which has to be
loaded a byte at a time. This is simply the result
of designing for a different price performance
target. Thus on the one hand we might have a
minicomputer which obtains two bytes at a time
from 32K locations, and on the other hand a
microprocessor which obtains one byte at a time
from 64K locations. The number of available
bytes is the same in each case, but all other
things being equal, the minicomputer will be
about twice as fast.

For further reading on the subject I would
recommend the Intel 8085 Manual and the PDP
11/04 Processor Handbook. ’

BLUMLEIN BIOGRAPHY
The September 1973 issue of Wireless World
carried a letter from Rex Baldock which con-
tained the following paragraph:

“The full story of Alan Blumlein’s contribution
to technical history will appear in the forthcom-
ing biography by Mr F. P. Thomson, written in
conjunction with Simon Blumlein, and anyone
with information likely to be of value should
write to Mr Thomson at 39 Church Road, Wat-
ford WD1 3PY Herts, England.”

On the Ist June 1977, a GLC plaque to Blum-
lein was unveiled and Mr F. P, Thomson gave a
speech in which he said he had been “persuaded
to write a biography” on Blumlein. I, for one,
reported the prospect of a Blumlein biograophy
in print (e.g. Hi Fi News, August, 1977) and in
February 1982 wrote to Mr Thomson querying
progress on his biography. In reply I have re-
ceived letters which tell me that I am “imperti-
nent” and my own articles on Blumlein are
“inaccurate”, but offer no information on a
publication date of the mooted biography.

I would be interested to hear from anyone
who answered the call for biographical informa-
tion nearly ten years ago, and is now concerned.
My address is Garden Flat, 5 Denning Road,
London NW3 IST.

Barry Fox
Hampstead
London NW3

MICROCHIPS AND
MEGADEATHS

Steve Coleman (April letters), has taken too
literally my plea for refusal to fight. This was
intended to apply to opposition in its widest
sense, both militarily and industrially, now and
in the future.

Electronic engineers in the UK, the USA and
USSR are in ideal positions to frustrate the arms
race. Also well placed are their supporting
teams, without whose help they cannot operate.
This applies to those who type, drive lorries and
serve in canteens. When the Americans say “tell
that to the Russians”, I have little doubt that the
Russians say “tell that to the Americans”. The
decisions of Nuremberg tell us that obedience to

‘orders from higher authority is no defence
against charges of immoral acts.

The records of both super-powers are appal-
ling, and give us no justification for an alliance
with either power. Balance the massacre of Ka-
tyn against that of Mi Lai. Balance Afghanistan
against Vietnam. Balance the rapes of the Baltic
states and Central Europe against the many
American invasions of South America, the de-
stabilization of its emerging democracies and the
military support of regimes as foul as that of
Hitler. It was the US which dropped two atomic-
bombs on Japan when the latter was on the
verge of surrender. The US has come close to
using atomic weapons several times since then.

How can we depend upon British political
parties? The government of Anthony Eden
handed Russian prisoners over to Stalin and
almost certain death, and later ordered the inva-
sion of Suez. The government of Clement Attlee
agreed to the use of atomic bombs on Japan.
The Wilson government supported the US over
Vietnam. The answer is that individuals must
act according to their own consciences, or like
lemmings we will follow each other into
oblivion.

By the laws of chance, if weaponry be re-
tained at its present level, sooner or later, by
virtue of a technical fault or the action of a
person of deranged mind, disaster must follow.

Yes, Steve Coleman, let us extend our scien-
tific interest in technology into a scientific
analysis of society.

R. Whitehead
Sutton
Surrey

POOR DEAL FOR
AMATEUR RADIO

I was very interested in the letter from B. Reay
in your April issue. My copy was available be-
fore the Ist of the month, otherwise I might
have thought that this was a special ““All Fools”
feature.

May I first of all make it quite clear that, as
many of your readers will know from my call-
sign, although I am employed by the RSGB I
am not privy to any matters of policy and I do
not even work at the Society’s premises. These
comments are therefore made purely from the
standpoint of an ordinary member of forty years
standing and a reasonably active transmitting
amateur since 1948.

Everyone will regret that your correspondent
receives no replies to his letters, and it is up to
him to take this matter up with the appropriate
representatives and committee members. On
the other hand however, nobody is obliged to
reply to unsolicited communications which con-
tain nothing but unconstructive criticisms and/
or impossible demands, particularly from indi-
viduals claming to speak for many others.

Dealing with Mr Reay’s points in roughly the
same order as in his letter, first of all I do not

agree that the RSGB have been anti-c.b. I have
no feelings either way in this matter, but it
seems to me that the Society dealt with the
matter very fairly, even issuing a list so that the
uninitiated could be told the essential dif-
ferences between the two Services.

With regard to the 70 MHz band, this is of
course not an international allocation but is
made available on a “grace and favour” basis
subject to the requirements of the priority users
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of the band. Incidentally, Mr Reay, either by
accident or design, makes no mention of the
new u.h.f. allocations made available, together
with the three new h.f. bands, at the 1979
WARC as a result of much hard work done by
national societies, including the RSGB. So far
one h.f. band has been allocated to UK ama-
teurs, with the remainder to follow. It is also
worth remembering that, despite the weight of
ARRL, amateurs in the USA do not yet have
any of these facilities.

With regard to-the abuse of the London re-
peaters, this is often referred to in “Radio Com-
munication”, and to close the repeaters down
would be about as logical as terminating the
telephone system because some people “fiddle”’

coin-boxes or make obscene calls. As for -

persuading the Home Office to catch the offend-
ers, this suggestion fails to appreciate the
finance and manpower position in which the
authorities find themselves at present, not to
mention the limitations of the Wireless Telegra-
phy Act in its present form.

Concerning the RAE, I agree that this to
many people seems to be more a lottery than an
examination, this being all part of the general
lowering of standards. However, Mr Reay has
presumably joined in the joke and obtained his
callsign. If the “B” licence (introduced at the
insistence of RSGB, by the way) does not give'
him sufficient scope, he only has to pass the
Morse test to obtain extended facilities and, by
his operating, help to stem the undeniable de-
cline in amateur radio.

With regard to amateur radio being a techni-
cal hobby, not many people build or repair their
equipment these days, and why on earth should -
they, unless they are so inclined? None of my
licences, not even the old “Experimental’” one,
has made any reference as to who makes my
equipment; why is it, therefore, that from time
to time those who are presumably still living in
the times when it was not possible to buy ready-
made gear, raise this old red herring. The acid
test always used to be the quality of one’s signals
and the manner in which the station was
operated. No-one expects Keegan to tan a piece
of leather for his boots or Boycott to turn his bat
on the lathe!

Finally, therefore, I would submit that as a
result of having a strong and vigilant society the
British amateur, far from being given a raw
deal, can look to the future with confidence. An
example of this is the prompt action taken after
the recent Home Office gaffe over the licence
schedule.

If Mr Reay, and any who think like him,
would only stop and reflect, they may yet see
the wood through the trees.

E. G. Allen, G3DRN
London SW20

As an RSGB member, the letter from B. Reay in
the April edition was very interesting to me, and
I agree with many of the points raised. It is sad
that the growing numbers of concerned and
disenchanted members have to air their views in
a companion journal, as the Society claiming to
represent all radio amateurs is totally out of
touch with, and does not appear to want to
listen to, its membership.

The current licensing fiasco show the
Society is not in touch with the Home Office
either, admitting in March Radio Communica-
tion “The first the Societv knew about the publi-
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cation of the Gazette notice was when a Member
telephoned . . .”. At £229, I don’t subscribe to
the Gazette, but surely with an income of
around £700,000 the Society should. It seems
the member who kindly telephoned was lucky
to get an answer — it’s difficult to hear the
’phone with your head in the sand!

When tuning across the bands you often hear
someone complaining about the RSGB — not
another band plan — yet more repeaters to be
introduced — the list is endless, so I won’t
compile yet another one here. I’ll simply say to
the “Old Boys” at the RSGB, listen to the disen-
chanted membership, and get a much-needed
decent deal for the radio amateurs you claim to
represent. :

Peter Thurlow, G8SUH
Dagenham
Essex

DATA STORAGE

In reply to the letter by B. Savage on the subject
of “An economical Z-80 development system”
(Wireless World, April 1982), I must say, I find
his comments somewhat irrelevant. Although I
agree with him on the availability and advan-
tages of fast, reliable serial data transfer facili-
ties, for bulk storage on cassette or for long
distance communication, the article describes a
technique which allows the two otherwise
separate microcomputers to become integral
components in a much more powerful, versatile
and self-contained development system. Using
this philosophy the interconnecting wires which
Mr Savage refers to present absolutely no
hardship.

Parallel data transfer generally requires no
error checking, communication medium band-
width presents no problem, transfer speed is

. optimized, more flexibility is possible in the

software ‘management’ package and as an added
bonus, the tape interface remains available on
both systems for bulk storage.

On the subject of efficiency, it may be noted
that two-way handshaking is involved. This was
a deliberate policy to ensure universal compati-
bility with ‘host computers’ of widely varying
operating speeds and with their own special data
transfer facilities. Transfer speed may be im-
proved by utilising the interrupt facilities of
both computers but for absolute maximum effi-
ciency, DMA must be used.

G. Winstanley
Bio-medical Eng. Unit
N. Staffordshire Polytechnic

AMATEURS
AND C.B.

I see from recent reports that the number of
applicants for amateur radio licences is continu-
ing at a high level. I listen to the anarchy that
prevails on the h.f. bands at present I wonder
why anyone bothers to go to all the expense and
effort of passing the requisite examinations.
Quite often there seems to be more DX activity
going on around 11 metres by illegal c.b.
operators than in the 10 metre Amateur band.
One can often hear these operators describing
their 250 watt rigs over the air and exchanging
names and addresses for QSL cards, indicating
that they consider the chances of being prose-
cuted to be negligible.

It is when you start talking to the engineers of
British Telecom who operate the detection ser-
vice for illegal transmissions on behalf of the
Home Office that the magnitude of the problem
becomes apparent. Until a few years ago com-
plaints came in from the public about interfer-
ence on radio or television at such a rate that ina
typical telephone area about 100 were waiting to
be investigated at any time. During the past
couple of years so many complaints have been
received that the backlog in many areas has
risen into the thousands, completely over-
whelming the small detection teams that the
Home Office is prepared to pay for. In fact, one
engineer told me sadly that if you confined your
illegal transmissions to the bands between 1.6
and 30 MHz and minimized the interference
you caused to tv or the broadcast bands your
chances of being caught were practically nil.

By all accounts, the Home Office has little
interest in the problem and hopes that it will
just go away. An example of its attitude to radio
matters can be seen in the recent modification to
Amateur licensing conditions announced in the
London Gazette. Here we had a government
ministry modifying the law of the land by a
decree which was so incompetently drafted and
carelessly checked that even to the most casual
reader several mistakes were immediately
apparent. Obviously, these matters are of so
little concern to the Home Office that they can

‘be dealt with by the office junior.

I suppose the policing of the radio waves must
be a very dull job. But unless the Home Office
gets a grip on the problem in the next few
months it might just as well give up, abandon
the licensing of radio transmitters altogether
and open the whole radio spectrum to all
comers. Personally, I am not sure that it hasn’t
started along that path already.

- In the event of your using this letter, I would
be grateful if you would not publish my address
as many of us have found to our costs that
critiscism of any aspect of c.b. activity usually
leads to harassment.

C. G. Howard

Oxfordshire

ALIEN INTELLIGENCE
In your March, 1982 editorial you speak of the
lack of response to the Japanese challenge. If
your thinking is prevalent in Britain then I can
explain why. After all, if Britain were to make a
large effort to develop 5th generation computers
as the Japanese have announced they will, then
it would be “evidently out to destroy all of
Western industry”. and so, being a decent
nation, it doesn’t! )

Please, no more racist remarks in Wireless
World!
Erich Unteregelsbacher
Kingston
Ontario
Canada

SELF-HELP TELEVISION

V. Lewis reported in your February issue that a
licence had not yet been issued for the Red-
brook active-deflector system (Self-Help Televi-
sion, p.71). In fact, the licence was issued on
September 14, 1981.

M. 8. D. Granatt,

Home Office.
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HIGH-LOSS POWER
SUPPLY?

The low-loss power supply shown on page 42 of
your February issue is potentially lethal! It is
essential that the voltage rating of Ry is not
exceeded, as a failure could put mains voltage
on the +12V terminal, having blown up the
470|uF capacitor. This usually means that R,
should be at least two resistors in series. Exper-
ience shows that carbon-composition resistors
fail to any value — high or low. Carbon, metal-
film and metal-oxide resistors almost always fail
toa higher value, so should be used in this
circuit.

Any mains-supplied circuit should have an
appropriate fuse in the live line. A zener clamp
(say 22V0) across the 0-12V output would be an
additional safety factor. It should be hefty
enough to carry sufficient current to blow the
fuse in the case of other components failing (1.7
times rated current of the fuse).

Direct connextion of low-voltage equipment
to the mains is always potentially dangerous and
is best avoided.

R. Jenkins
Cheltenham,
Gloucestershire

COST-EFFECTIVE
IGNITION

It is unfortunate that you have published
another constructional article — Cooper’s arti-
cle on an electronic ignition system, March,
1982, p4 — which falls into the common trap of
using device characteristics that are not
specified by the manufacturer.

The devices in question are the 1N4000
series. These are low-frequency rectifiers, and
‘the JEDEC specification to which their numer-
ous manufacturers conform contains no in-
formation about their use at at high frequencies.
While the devices used by Mr Cooper were
evidently adequate, devices from another batch
or from another manufacturer could be com-
pletely unusable at 15kHz. There is no shortage
of devices designed and characterized for use at
tv line frequency; for example, the 1N4933
would replace the 1IN4001. If a 600V rating is
considered sufficient for the s.c.r., D; and D;
could be the BY299, an 800V, 2A fast device.

R. E. Pickvance ¥
ITT Semiconductors

Foots Cray

Kent.

The author replies:

Mr Pickvance is quite wrong to say the article
“falls into a trap”, because I went to some
lengths in the article to show why I used the
IN4000 series diodes and also included a graph
to show their limitation, with the advice to use
high-frequency diodes beyond 15kHz. Perhaps
he hasn’t read this part of the article?

Most of the reputable manufacturers
(Motorola for instance) actually provide in-
formation on the frequency characteristics of
the IN4000 series although it isn’t, strictly
speaking part of the JEDEC specification. One
firm devotes a whole nage of its data sheet to
this aspect (see enclosed photostat), so they
clearly acknowledge that this diode is used at
higher frequencies.

The main reason why I chose this diode is
because it is readily available to the constructor.
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Although high-frequency diodes appear in
manufacturers’ catalogues, they are not available
from suppliers such as Electrovalue, Maplin,
Marshall’s, or Semiconductor Supplies. No-
where in these firms’ catalogues are the IN4933
or BY299 diodes to be found. To reinforce this
point, I rang ITT’s own main stockists, VSI (tel
0279-29666) and Nobel (tel 01-309-0500) and
asked them to quote for the 1N4933 and BY299.
Neither firm had any stocks of the 1N4933 or
intended to stock it, and would not even quote a
price. Neither firm had any stocks of the
BY299, but Nobel did at least quote a delivery
(6 to 8 weeks!) and a price of 17p. This latter
firm, when they found out the application of the
diode, went so far as to recommend the IN4000
series as a substitute!

However, all the suppliers mentioned sell the '

1N4000 series, and at a moderate cost, too —
about 50p will buy all five diodes used in this
circuit; and this brings me to my third point.

If the circuit were designed around
specialized components instead of general-pur-
pose components, the price would go through
the roof, and the whole essence of this particular
electronic ignition was that it could be paid for
out of the savings on one year’s motoring. If I
uprated the diodes it would make even better
sense to substitute the TIP3055 switching tran-
sistor, improve the transformer windings, select
a military-grade capacitor for Cy and specify a
high-grade thyristor. This I would like to do,
but there would be very little economic sense in
it; it would no longer be cost-effective.

Finally, I suggest that Mr Pickvance reads
Wireless World Letters to the Editor for Oct
1975 p.465, and June 1975 p.265 — and indeed
anyone intent on criticism, before they put pen
to company notepaper, would do well to read
these letters.

HEATING-FUEL SAVER

Mr Ryder’s central heating fuel saver is pretty
obviously going to be cost effective but it does
seem to be amenable a further cost-effective
modification. This is to add a further thermistor
to measure the indoor temperature and hence
the temperature difference between inside and
out which will better reflect the time needed to

. reach the desired temperature.

As it stands there is a distinct and obvious

weakness in using the device with the popular
time clocks providing a gap during the day, long
for those at work and shorter for those staying at
home. The lowest outdoor temperatures are al-
most always reached at night and the house has
far longer to cool down, whilst during the day it
is possible to have quite large solar gains to
further diminish indoor temperature reduction.
Therefore it obviously makes sense to respond
to both temperatures.
What may be less obvious is that a linear type
response is not really needed In cold weather the
heating system loses more heat to the outside
and thus take longer to warm inside, (in the
extreme it cannot even reach the desired indoor
temperature). If, as seems reasonable, non
linearity can be a virtue it does seem feasible to
replace R;, the fixed resistor, with a combina-
tion of a thermistor and resistance. the actual
choice of values may be made empirically if one
has a fairly good idea of the characteristics of
one’s own heating system performance.

An allied device would be a “time extender”
when switching off. The “off”’ time would be
chosen to suit a warm day and the actual close-
down would be later according to the tempera-

ture outside. One can usually tolerate a few
degrees drop but this is a matter very much of
personal feelings, and keenness to save fuel.
With cast iron boilers and systems having a
large water content there is also hot water left
after the boiler stops which can be used if the
pump is allowed to run longer. Thus two “time
extenders” can be of value — one to let the
boiler run longer in cold weather and the other a
simple fixed “extender” to give about half an
hour extra for the pump.

Having suggested that two thermistors are
needed to measure the temperature difference it
might be worth experimenting, when the time
clock has no OFF period during the day, with a
thermistor mounted indoors but near to a

‘window so that it is exposed both to the outside

and room temepratures. Quite obviously such a
thermistor must not be exposed to the sun but
the author’s choice of a north facing window is
unduly restrictive.

As probably 99% of domestic heating systems
are just thrown together rather than designed to
suit the actual house and the needs of its occu-
pants, it is fairly safe to say that great precision
in timing the heating will be uncalled for. The
occupants will already suffer from wrongly sized
or placed radiators and many other problems, so
errors in timing of = 15 minutes are unlikely to
be noticed in terms of comfort.

L. Streatfield
Poole
Dorset

The author replies:

I am obliged to Mr Streatfield for his con-
structive remarks. If the thermometer facility is
not required, then certainly an indoor thermis-
tor could partly replace resistor Rg; or it might
be used to modulate the 555 period, via pin 5.
With a divide-by-two circuit (such as that of p.
66 W.W. Nov. 79) the a.m. and p.m. signals
from the time-clock could be distinguished, and
the operation modified to suit, for example by
switching the 555 timing resistor. The diffi-
culties lie not so much in meeting a particular
set of requirements, as in defining the require-
ments, in the first place.

CARTRIDGE
ALIGNMENT

When dealing with tone-arm geometry the ten-
dency is to picture things as they are seen on the
turntable and to always include the arc des-
cribed by the stylus. If instead the stylus/car-
tridge assembly is imagined to be fixed and the
turntable spindle itself moving about the arm
pivot, the relative positions of stylus, spindle
and pivot are as before but the facts are more
clearly illustrated. More importantly, new facts
reveal themselves.

Starting from a point representing the stylus,
a perpendicular line — a datum line — from
which tracking errors may be determined is
drawn. Along this line the two zero tracking
radii are marked. Through these points an arc
with radius equal to the spindle-to-pivot
distance is described from a point which, of
course, represents the pivot. Any important

-platter radius may now be marked on the arc

directly from the stylus point.

The diagram here is drawn considerably out
of scale to avoid crowding. For the same reason
lines have been omitted: in an endeavour to
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avoid confusion, points are symbolized by some
letters not customarily employed.

Position of spindle when stylus is on:

outermost groove, A
innermost, B
intermediate radius of high error, C
any radius (A B etc) included, R
inner zero tracking radius P
outer zero tracking radius q

D, spindle to pivot dist. (arc radius)
L, stylus to pivot
O, offset angle
L-’D=overhang= VD*+pg~D
x, angle atR.
i1132+L2—D2_ R*+pq
BISSETR W LR

When this is applied to p,

2
sin=P_"P4 +pq=—p;‘11‘=sin (0]
Similarly with ¢. ((p+¢)/2L=sin O is clear
from the diagram). When applied to C,
. __Cz+pq
sin=—7 &

Now Vpg=C r.heref.ore pq=C*and

To clarify this, it can be seen from the dia-
gram that C?=L*—D*. Now if we join point ¢ to
the pivot point, a triangle is completed one side
of which is common to another triangle whose
hypotenuse is L, because of this

oo {3,

therefore

(el (a-p\’_
12-pP=50) (15 =sa.

(Quickly proved by substituting figures for p
and ¢.) :

It is useful to note that while the magnitude of
the tracking errors (difference between x and O)
depends on the values of D and L, their propor-

dﬂ%A
q -

&P
F )
: $
0
¢ 0
M
ELT Fp
B
0 1
D - =g Cartridge
Stylus
80

tions depend on the zero tracking radii. When p
and g are 66 and 121, for instance, the errors at
A and B are 1.7 and 0.7 of that found at C.
When p and g are 49 and 110, at A the error is
double that found at C, while at B it is two
thirds. If a diagram is drawn to scale showing
only the arc, datum line and points A, B and C
joined by straight lines to the stylus point,
tracking errors might be measured directly with
a protractor. R. J. Gilson’s factors would place
B on the other side of the datum line.

It follows from the foregoing that p+g=
sinO2L. This facilitates the process of cal-
culating the zero tracking radii in a case such as
that dealt with in Gilson’s final paragraphs page
64, Wireless World Oct. 1981. After finding O
with his formula 4(b), find p+¢ from this equa-

. .tion. Then p and ¢ can be found from
pq/p=(p+q)—p. There seems to be quite a bit of

latitude for rounding off the results while ensur-
ing negligible changes in the values of L, the
intermediate radius and all angles.

P. E. Cryer,

Thornlie,

Western Australia.

THE NEW
ELECTRONICS

I have every sympathy with Hugh Jacques arti-
cle in your January issue — and I certainly do
not find low standards in Germany an excuse for
our own low standards, as C. Wehner’s letter in
the April issue seems to imply (in part at least).

I am now a secondary school teacher of phy-
sics and have been appalled at the philosophies
built into education; standards here are defini-
tely falling — but a whole re-shuffle of aims and
objectives and a change in examination sylla-
buses and in the exams themselves all combine
to camouflage the drop in standard. I have often
wondered when this fall in standard was going
to affect university standards and higher up. Mr
Jacques article confirms my fears.

What with a philosophy that views the child
in terms of its needs instead of in terms of its
responsibility and society’s expectations from it
— there has developed the sort of approach
which has the following characteristics:

1) educationally — the child considered in terms
of its needs must be given automatic promotions
to prevent any sense of inferiority, frustration or
maladjustment;

2) socially — the same child must be guaranteed
cradle-to-grave security lest a trauma be pro-
duced;

3) the cure for failure to learn is to devaluate
learning and the cure for social failure is to
devaluate success. .

I trust this will give food for thought for
concerned parents and then, perhaps, lead them
to action.

S. Georgeoura
Ardgay
Ross-shire

WOODPECKER

My Martinez’ letter, (Aptil), gives an interesting
and quite possibly correct explanation of the
Russian ‘“Woodpecket” transmissions. Thete
are ofie ot two poinits arising from his letter.

The suggestion that the code duto-cortela-
‘tion, *i.e. the “cotnpressed”’ radar signals,
would have virtually rio sidelobes may be a little
optimistic. One might expect, in a practical
systett, that the peak sigtial sidelobes would ot

be more than about 25 dB at best below the
main lobe. One would also have to examine the
ambiguity functions of these signals to deter-
mine their properties in the range-Doppler do-
main where their sidelobe performance might
be rather different if the radar were used to
detect high-velocity incoming targets.

Another point arises from the statement that
the compressed signal would have “31 times the
amplitude . . .” etc. The equalizer, (i.e. the
matched filter), would theoretically conserve
signal energy and its peak output would have 31
times the peak power of the uncompressed sig-
nal, not 31 times its amplitude.

Finally the statement about the radar having
31 times the “sensitivity” of a 100ps radar of the
same power, should be interpreted with cau-
tion. Two radars of differing pulse durations
but of the same mean power, and having
properly matched filters in the receivers, would
have the same “sensitivity”. Their difference in

the present context would, as Mr Martinez -

states, lie in their resolution capability. Pulse

compression, as such, does not introduce some

mysterious improvement in system sensitivity;
with matched filter receivers, whatever the
transmitted pulse duration, the “sensitivity”
fernains a function of the ratio of the received
signal energy to noise power spectral density. _
* (strictly the cross-correlation function of the
transmitted signal with that received, taking
account also of any “weighting” which might be
used to improve signal sidelobe levels, albeit at
some expense to resolution. )

M. G. T. Hewlett

Midhurst

West Sussex

THE FUNCTION OF
FUNCTIONS

1 was interested to read Thomas Roddam’s re-
marks (Wireless World, December, 1981. p. 37)
concerning the notion that used to be fairly
prevalent, that denies the existence of sidebands
in amplitude modulation. After all, with “pure”
amplitude modulation the number of cycles per
second of the wave remains constant whether it
be modulated or not, doesn’t it? Be it said that
the idea is not entirely dead even yet; there are
still people to be found who hanker after it. And
it may be said that they are in tolerably good
company, too, as anybody may see for them-
selves by consulting the files of Nature for 1930
(pp.92-3, 198-9, 271-3, 306-7, 726-7) in which
Sir Ambrose Fleming, no less, categorically de-
nies the existence of sidebands, declaring on the
contrary that they are but a ‘mathematical fic-
tion, and stubbornly refusing to accept correc-
tion from his colleagues.

The curious thing about it all is that the side-
band-deniers have never had any difficulty in
accepting that a baseband signal occupies finite
spectrum space; not realising, of course, that a
baseband sighal is but two (superimposed) side-
bands, “centred” on zero frequency. A simple
thought-experiment: displace the carriet fre-
quency progressively upscale from zero and ob-
servé the two sidebands separating out.

And consider, furthermore, that propér re-,

constructior of a baseband signal to (sdy) audi-
ble form requires re-insertion of the zero-fre-
quenicy cairiér, ¢.g. in the polarizing firld of 4
loudspeaker or telephione receiver

D. C. Sutherland

Wangariui

New Zealand
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The 60kHz standard-frequency transmis-
sion from Rugby MSF now includes fast
and slow time codes, both of which pro-
vide full time and date information once
every second. The signal is transmitted 24
hours every day except for a maintenance
period on the first Tuesday of each month.
The transmitter power is 50kW e.r.p.
which, with the long wavelength, provides
propagation over a range of several
hundred miles. With careful circuit de-
sign, useable reception can be achieved
throughout Britain, but because there is a
skywave and groundwave component, cer-
tain areas can experience cancellation or
addition where mixing takes place. This
problem is complicated because the areas
of mixing change from daytime to
nightime as the ionosphere changes.

Fig. 1. Slow-code format from Rugby MSF.
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domestic use.

by N. E. Sand

Successful reception has been achieved
with specialized equipment at over 3,000
km from the transmitter, but with simpler
designs 750 km is a more realistic range.
This design uses the slow code, which
for most applications provides better re-
sults and requires less critical timing. The
slow code format shown in Fig. 1 extends
from second 17 to second 59 each minute.

A logic zero is represented by a carrier

break of 100ms and a 1 is represented by a
break of 200ms. Other information, such
as parity bits, is represented by a carrier
break of 100ms displaced by 200ms from
the start of the second. To synchronize
with the serial code it is necessary to

1st level data
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MICRO-CONTROLLED
RADIO-CODE CLOCK

Several standard-frequency transmissions throughout the world provide time and date
information controlled by caesium atomic clocks, with potential for automatic time and
date information at reasonable cost. This design offers a compromise between
economy and complexity suitable for both non-critical professional applications and

recognize the start of each minute, so an

identifier sequence from second 52 to 59 is

provided.

The most important part of the design,
as shown in Fig. 2, is the receiver which
must be capable of producing a consistent
output in the presence of noise. Unfortun-
ately there are several common sources of
interference at 60kHz, for example the
harmonics from the line output transfor-
mer . of colour television receivers are
powerful sources of interference for v.1.f.
transmissions, as well as fluorescent tube
fittings and even hand-held calculators.
Carefully designed t.r.f. and phase-locked
loop receivers can work satisfactorily at
moderate gains, but commonly suffer from
self pick up which limits their sensitivity.
In the case of the p.L.1., radiation from the
v.c.o. will generally weaken the signals.
For best results a low-current superhetero-
dyne receiver should be used, but it is
costly and difficult to adjust for optimum
noise performance at v.1.f.

.An alternative receiver which is much
simpler and with careful design can
produce acceptable results is shown in Fig.
3. The input stage uses a cascode circuit
which enables the antenna coil to be
directly connected without a transformer
winding and gives good stability at high
gain by minimizing Miller feedback. A
multiplier* is used for low-level detection
of the 60kHz carrier, a technique which
avoids high levels of 60kHz and therefore
enhances receiver stability. The multiplier
generates a double frequency component
and a differential voltage proportional to
the carrier level at the two load resistors.
The double frequency output is ignored
by the following amplifier stage which pro-
duces the demodulation carrier. To
minimize . power requirement, operating

‘current in each arm of the multiplier is set

to S0HA. To avoid drift at the multiplier
output the potentiometer should be a
ten-turn cermet type and the two load re-
sistors metal film,

. To optimize receiver petformance for all
signal levels at the antenna a normal gain-
control loop to the cascode stage would
provide satisfactory results, However, a
better method is to gate the a.g.c. loop
because the 60kHz carrier is 100% mod-
u}ated and will cause errors in a conven-
qonal loop. In this desigh an undelayed
signal from the output of IC; switches the

* Self-setting time code clock, by N. C. Helsby,

Wireless World, August 1976, pp?
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« Fig. 4. Microprocessor decoder

gating control for the a.g.c. amplifier ICs.

“Transistor Trj is a.c. coupled to the unde-
layed signal and provides a simple
time-out arrangement if no modulation 1s
detected. If this occurs Trs remains off
permanently and enables the a.g.c. loqp.
During normal operation, when the carrier
is pulsed off for up to 500ms, Tr3 remains
on, the transmission gate opens and
switches the a.g.c. integrator to the hold
state. This action prevents the gain rising
during the normal off periods which would
otherwise cause noise to be amplified and
excessive overshoot in the received carrigr
level, which in turn causes timing errors in
the demodulated signal.

The d.c. amplifier is followed by a
simple active low-pass filter and a Schmitt-
trigger level sensing stage which prov'xdes a
logic level output, high corresponding to
no carrier. This output is inverted and
buffered for t.t.]. compatibility. Comple-
mentary m.o.s. apmplifiers are u§ed_
throughout to reduce the current require-
ments and dispense with dual supply rails.

Micro decoder’

The complete decoding system is based
on a 6502 microprocessor. Although this
device is not the most powerful in terms of
number crunching, its memory-mapped
architecture and addressing modes make it
an ideal choice for industrial control appli-

Continued on page 59
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Fig. 5. Memory map.
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DIGITAL AUDIO SIGNAL
PROCESSING BY
MICROCOMPUTER

The author suggests that audio-frequency signal processing is the most recent
area in broadcasting to benefit from digital technology. He lists the currently
accepted digital sampling characteristics which limit the reduction of programme
modulation noise, idle-channel noise, distortion and wow and flutter. The article
includes a brief review of the development of microcomputers, compares
analogue and digital companding and describes how companding is affected by

From the point of view of the broadcasting

-industry, there can be no doubt that digital

technology carries with it numerous bene-
fits to both listener and viewer, more than
compensating for the additional complex-
ity and expense of the signal origination
and transmission plant involved.

Those who possess or have heard
‘demonstrated audio discs cut from a digi-
tally recorded master tape can confirm the
significant improvements in clarity and
fidelity now obtainable. This is in spite of

" the fact that the digital processing compo-
nent here represents only a small part of
the total recording/reproduction system.
Further developments in laser optical
recording may, in the future, finally re-
solve the contentious question of what
truly constitutes ‘high fidelity’ audio by
providing, for all practical purposes, abso-
lute fidelity between recording studio and
listening auditorium. .

Digital audio characteristics.
Reasons for the subjective.superiority of
digital audio over the traditional analogue
equipment are its much reduced pro-
gramme-modulation noise, idle-channel
noise, distortion and wow and flutter. The
magnitudes of these improvements are de-
termined by the digital sampling charac-
teristics, minimum standards for which are
generally accepted to be, for broadcasting:
@ Sampling rate: 32 000 samples/second.
@ digital resolution: 14-bits/sample
@ Pre/de-emphasis: CCITT characteris-
uc.
~ Pre-emphasis and de-emphasis are not
essential with digital audio, but give
worthwhile improvements in high-fre-
‘quency noise performance for signals pos-
sessing limited energy at the upper end of
the audio spectrum.

These standards provide for an audio-
channel bandwidth to 15 kHz (provided
that great care is taken in the manufacture
of the anti-aliasing filter), and a signal/-
noise ratio of better than 85 dB. The needs
of the recording studios, where the final
output is derived from a large number of
independent sources, are more stringent;
hence the use of 16-bit sampling at rates
between 48 000 and 64 000 per second in
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use of a microprocessor.

by J. B. Watson*
B.Eng., M.L.E.E.

order to minimize signal degradation
through the mixing processes.

ADC considerations

The following specification Aﬁgures un-

derline the reasons for the relative delay
between the general acceptance of digital
video and digital audio technology. For
example, the ‘aperture time’ required
of an 8-bit, 5 MHz video sampling circuit,
is only 20% shorter than that for a 16-bit
15 kHz audio sampler; but the precision of
the audio circuit needs to be better by a
factor of 256. Thus, although proprietary
video analogue-to-digital converters
(a.d.cs) have been obtainable for the past
three or four years, audio a.d.cs with ade-
quate performance have only recently be-
come available. Table 1 shows the speci-
fication of such a device. Although
sufficiently ‘accurate and sufficiently fast
for broadcast-quality audio, this a.d.c. (in
common with many other proprietary
units) has the disadvantage of “offset-bi-
nary’ digitally-coded outputs (see Table 2).
This means that the most critical zone in
its transfer characteristic occurs at the
mid-point, where the digital output
changes from 011 . . .111 to 100 . . .000.
Since this is normally the quiescent operat-
ing region, careful circuit layout and
screening are essential to minimize digital-
analogue crosstalk. A more suitable coding
technique for digital audio is the sign-plus-
magnitude arrangement, shown in Table
2, which has the effect of moving the most
critical region away from the quiescent
operating point.

‘Digital-to-analogue converters (d.a.c.s)
are usually less costly than the correspond-
ing a.d.cs, but can introduce non-linearity
into the audio channel if their output cir-

cuits are ‘slew-rate limited.” This problem

disappears if the d.a.c. output is re-
sampled by a sample-and-hold device de-
signed specifically for audio applications.

*Independent Broadcasting Authority

Table 1. Specification for a proprietary
a.d.c. device suitable for broadcast-quality:
digital audip.

Analogue-to-digital converter Type
MP8016, Analogic:
input voltage range: —10V to +10V bipo-

lar
input impedance: 5.0k}
digital resolution: 16 bits
relative accuracy: £0.0015% of full
scale
absolute accuracy: +0.003% of full scale
quantizing error: %2 least sig. bit
monotonicity: guaranteed
recommended cali-
bration interval: 6 months
‘Warm-up time to
specified accuracy: 10 minutes
conversion time: 0.6 to 2.0 ps per bit
(adjustable)
digital output code: offset binary or two’s
complement
power supplies: +15V, 65 mA and +5
V, 300 mA
dimensions:; 102x77x 13 mm

Table 2. Comparison of offset-binary and
sign-plus-magnitude a.d.c. output codes

The offset binary code is easier to
implement in hardware, and is the one
most commonly used in proprietary a.d.cs.
The sign-plus-magnitude code may be
more suitable for an audio a.d.c, but suffers
the disadvantage of two equally-valid
codes for zero input.

Offset-binary code:

1111 1111 1111 11l11= +9-9997 volts input
1000 0000 0000 0001= +0-0003 ,,
1000 0000 0000 0000= 0:0000 ,, ,,
0111 " 1111 1111 1111= —0-0003 ,, .,
0000 0000 0000 0000=+10-0000 ,, .,
sign + magnitude code:

0111 1111 1111 1111= +9-9997 volts input
0000 0000 0000 0001= +0-0003 ,, ,,
0000 0000 0000 0000= 0-0000 ,, ,,
0000 0000 0000 0000= 00000 ,, -,,
1000 0000 0000 0001= —0-0003 ,,
1111 1111 1111 1111= -9-9997 ,, ,,




Table 3. Comparl/son of iﬁree generations of microprocessbr from a single mandfa_cturer
The 8088 is a development of the 16-bit 8086, but communicates via an 8-bit data bus.

‘i"irst generation’ ‘Second generation’ “Third generation’ Future
(p-mos technology) (n-mos technology) (h-mos technology)
MiCroprocessor t3 - 4004 8008 4040 8080 8085 8086 8088  iAPX432
date irlx)troducedtype 1971 1972 1974 1974 1976 1978 1979 1981
‘accumulator capacity 4-bits 8-bits 4-bits 8-bits 8-bits 16-bits 16-bits 32-bits
no of instructions 46 48 60 111 113 300+ 300+ very many .
min. instruction
cycle time 10-8 ps 20 ps 10-8 ps 2ps - 13ps 04 ps 0-4 us 0-1ps
memory addressin
' capgility 3 4Kx8 16 Kx8 8§ Kx8 64 Kx8 64 Kx8 1 Mx8 1Mx8 4000 Mx8
0 of general oy
: purgpose registers 16 x4-bit 7% 8-bit 24 %x4-bit 7 %8-bit 7% 8-bit 12x16-bit - 12X16-bit ?
power supplies +5V, =10V +5V, -9V +5V,—10V 5V, + 12V +5V +5V +5V +5V
sub-routine nesting ) -, ol o i o
levels S i 7 unlimited  unlimited  unlimited unlimited  unlimited
no of interrupt types 0 1 1 8 12 256 256 none
‘interrupt latency
(approx.) - 40 ps 30 ps 6ps - 4 ps 12 ps 12 ps =
.address, data bus width 12 addr. 14 addr. *12 addr. 16 addr. 16 addr. 20 addr. 20 addr. 32 addr.
4 data 8 data 4 data 8 data 8 data 16 data 8 data 32 data
4r.a.m. sel 4r.a.m. sel
2r.0.m. sel
Signal proceésing by with this type of processor, since the essen- Digital companding
microcomputer _ tial feature of a companding algorithm is a

Before considering in detail the type of
audio signal processing appropriate to
microcomputers, it may be instructive to
consider the history of the development of
these devices since their introduction
about eight or nine years ago. Table 3
summarizes the characteristics of three
‘generations’ of microprocessor originating

from a single manufacturer, the demarca-

tions corresponding loosely with the fab-
rication of the silicon chip by p-channel, n-
channel and h-mos technology. Details of a
prospective 32-bit device are also included.

Of particular relevance to audio process-
ing are the accumulator capacity (16-bits
being desirable), instruction cycle time
and interrupt response time (latency).
First generation devices (4004, 4040, 8008)
were relatively slow in operation, offering
instruction times of several microseconds,
and possessing extremely limited — or, in
the case of the 4004, non-existent — in-
terrupt handling capability. Real-time
processing of broadcast quality digital au-
dio. signals was not feasible with these
processors, although the 8008 did find ap-
plication in the military communications
field as a speech processor.

Second generation processors, such as
the still-current 8085, exhibit speed im-,
provements of an order of magnitude over’
their predecessors. With'an instruction cy-
cle time of 1.3 microseconds, between 12
and 24 simple processing steps can be un-
dertaken in the interval separating adja-
cent audio samples (this varies from 30 to
15 microseconds, for sampling rates of be-
tween 32 000 and 64 000 per second). In-
terrupt latency is of a low order, allowing
rapid re-programming of peripheral de-
vices after the treatment of blocks of data.
Self-contained hardware multiply and di-
vide features, however, are not typical of
second generation microprocessors. Com-
plex digital filtering operations requiring
weighting factors related by integral
powers of two. On the other hand, digital
audio companding can be implemented

multiple-bit shifting operation.

Extremely powerful processing possibi-
lities are now available, following the
introduction of the 8086 and other similar
devices such as the Z8000 and M68000.
These computers operate directly on 16-bit
sampled data values, have fast and com-
prehensive instruction repertoires includ-
ing hardware multiply and divide, and can
directly address memory arrays in excess
of a million bytes. The very complex

nature of these machines, however, neces-

sitates some compromise in performance
in the real-time environment, the most
serious being an interrupt latency ap-
proaching 15 to 30 us sampling interval of
high-quality audio.

This arises from the extended memory
addressing and interrupt type handling
capabilities. The 8086 computer, for
example, responds to an interrupt by stor-
ing the current program counter and
memory segment register (16-bits each),
calculating the location of the appropriate
interrupt vector, and reloading new
program count and segment values from
the vector location. Flexibility of operation
is thus achieved at the expense of speed,
the complete process occupying approxi-
mately 12 ps. This trend is likely to con-
tinue with the emergence of new device
types (e.g., iAP 286) capable of directly
addressing thousands of megabytes of
memory. Future microprocessors designed
for ‘mainframe’ applications might
dispense entirely with interrupt facilities,
since these prejudice the ‘number crunch-
ing’ performance.

The solution to this problem, in the
critical real-time signal processing area, is
in the use of dedicated input/output
processors. These are intended specifically
for rapid peripheral device servicing
duties, and communicate with the main
processor system via block transfers on
direct-memory-access channels. Operating
speed improvements anticipated with the
h-mos process are also likely to simplify
the task of the digital audio engineer.

An example of the type of digital audio
‘processing now possible with microcom-
puters occurs in signal compression
and expansion (companding). Analogue
companding is used extensively in the
magnetic tape recording of music, where
it provides an improved signal/noise ratio,
particularly at high frequencies. The wide-.
spread acceptance of the Philips audio cas-
sette as a satisfactory medium for domestic
sound recording is, in fact, largely due to
the adoption of Dolby or similar compand-
ing techniques.

Analogue systems of this type separate
the incoming audio signals into several
frequency bands, each channel during
recording being compressed by amounts
depending upon the peak levels present in
‘each appropriate spectral band. The accur-
acy of the reciprocal expansion Pprocess
during playback is seldom perfect, since
great reliance is placed on carefully match-
ing the filters, time constants and level-

~ dependent amplifiers, in the record-replay
chains.

The processes involved with digital
companding are, on the other hand, accu-
rately reversible. The degree of compres-
sion applied by the encoder is transmitted,
together with the audio sample values,
along a separate time-multiplexed channel
to the decoder. No gain errors or time
constant mismatching errors occur, but a
degree of programme-modulation noise is
introduced, the magnitude of which is gov-
erned by the type of digital companding
used. It might seem paradoxical that digi-
tal companding apparently worsens the
audio signal/noise ratio, whereas analogue
companding improves it. This arises from
the different areas of application in which
the two techniques find justification, digi-
tal companding being used in bandwidth
reduction rather than noise reduction. Al-
ternatively, the compéanding process can
be regarded as a ‘trade-off’ between idle-
channel (background) noise and modula-
tion noise in a channel of defined capacity
or bandwidth. This ‘trade-off’ takes place
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Table 4. 14: 10 A-law companding

14-bit audio samples are compressed before transmission to a 6-bit representation (X's in
the Table), the less significant bits being truncated (shown as T's in the table). A 3-bit scale
factor indicating the audio level within a range of 2: 1 is appended. Finally, the ‘sign’ bit (13)
is added, making 10 bits altogether. A refinement of the procedure is to ‘round-up’ the
levals by one half least significant bit to improve accuracy.

A-law Scale ms.b. Bit no. ) Lsh.
range factor
kg 3 42 " ® 9 8 7 6 5 & 3°2 1 0
7 |11 1]o + EASUNEEE T T T T T T
6 |1 1 0/0 0 ‘NSNS T T T T T
s T o [0 o o o R T T T
2 1 00 0 0 0 0 '"NRUNEEEEEEEEEE.. T T T
3 (0 1 1]0 0 0 0 0 1 URRRNEEEE—. T T
5 o 1 0|0 0 0 0 0 0 1 WG ECE——. R T
T Too 1[0 0 0 0.0 0 0 ¢ TR
0 00|0O O 0 0 0 O O ORGSR

‘in both analogue and digital companding,
as sensitive ears can easily recognise, and
there is, therefore, no paradox.

Many different types of digital com-
panding have been proposed, these being
within two main categories of ‘instanta-
neous’ and ‘near-instantaneous’ (or ‘quasi-
instantaneous’) form. Table 4 depicts the
operation of a simple ‘A-Law’ instanta-

" neous compander, used for reducing to 10-

‘bits per sample a 14-bits per sample audio
signal. The companding algorithm is sim-
ply expressed as follows: The position of
the most significant ‘I’ digit in the 14-bit
data word is a measure of the signal magni-
tude within a 2:1 range. A 3-bit digital
code representing the number of leading

(more significant) ‘0’ bits in each word is

transmitted with the word, the leading
zeros and the most significant ‘I’ being
suppressed. The remainder of the digital
word is transmitted with a precision of
seven bits, with the less significant bits
truncated. ‘

 The resulting signal comprises ten bits
per sample, three bits of which define the
approximate value, within a 2: 1 range,
and seven the more precise magnitude
within that range. One of the seven bits

‘indicates the signal polarity. Digital

sample values with more than five leading
zeros experience no compression and are
therefore expanded without loss of resolu-
tion. For signals of larger magnitude, the

_compression takes the form of a truncation

of the less significant bits, giving rise to

-coarser quantizing steps and associated

‘programme modulation noise. Listeners
“accustomed to the very high sound quality
-reproduced by digital systems have ob-
served that, with experience, their thres-
hold of tolerance to modulation noise tends
to decline. Acceptable standards of per-
formance based on subjective tests may,
therefore, become more stringent as the:

“use of digital audio equipment increases.

‘Near-instantaneous’ companding
makes more efficient use of the available

‘channel capacity, and thus achieves a

‘lower level of modulation noise. By deriv-
ling scale factors related to the peak ampli-
‘tudes of groups of audio samples, rather
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~ than to individual sample values, more.

capacity is available for dccurately resolv-
‘ing the signal levels. In two systems re-
cently proprosed 23, groups of samples
representing a duration of approximately 1
ms are examined before defining the de-
gree of companding appropriate to the
group as a whole. Subjective comparison
‘tests of various digital companders tend to
the conclusion that the ‘near-instanta-
neous’ principle provides a standard of
performance equivalent to that of an ‘in-
stantaneous’ system employing at least one
more bit per sample. Many of the dif-
ferences between the various contending
schemes proposed for international pro-
gramme exchange arise from attempts by
their proponents to make maximum use of
the different hierarchical levels available
on Posts, Telegraphs and Telephones
(PTT) networks. Until detailed plans for
digital sound channels are published by
the PTT authorities, however, an opti-
mum transmission system is unlikely to be
realised. Tariff structures are likely to play
a more important role than technical
reasons in deciding which form of the com-
panding, if any, should be universally
adopted.

Companding by microprocessors
Since both ‘instantaneous’ and ‘near-in-
stantaneous’ companders employ the same
basic principle in deriving their respective
scale factors, i.e., the determination of the
position of the most significant bit in a
digital code, it is possible to devise
hardware configurations capable of operat-
ing in either mode.

Figure 1 illustrates a digital audio com-
pression system used in the laboratories of
the IBA to evaluate the performance of a
variety of companding algorithms.

The system is designed as a peripheral
interface to an 8-bit 8085 microcomputer,
the 14-bit audio samples requiring two
operations per processing step because of
the 8-bit accumulator limitation. A prior-
ity encoder device (see Table 5) with com-
plemented data inputs locates the position
of the more significant ‘I’ bits in the
sampled data, and generates a 3-bit code

related to the compression scale factor.
Because the chosen a.d.c. produces an ‘off-
set binary’ output, positive values require
to be complemented before reaching the
priority encoder. This is effected by apply-
ing the most significant bit to a set of
exclusive ‘Or’ gates. Samples from a ‘sign-
plus-magnitude’ converter would not re-
quire correction in this manner.

The audio samples are ‘left-justified’ to
remove leading zeros by means of a
multiplying technique. By decoding the
scale factor in the 3: 8-line decoder shown
in Fig. 1, a digital number of the form 2”
is produced. This number is applied to the
B inputs of a pair of 8 X 8 parallel
multiplier chips, causing a left shift (by »
places) of the data samples entering the
multiplier A inputs. Finally, the two par-
tial products resulting from the 8 x 88
multiplying operation are combined, and
the appropriate number of less significant
bits truncated. Strictly, the multiply com-
biner should take the form of a digital
adder circuit, but a simple Or gating
arrangement suffices since one of the

. operands is of the type 2°. The circuit

described can perform either on a sample-

‘by-sample basis, thus providing an in-

stantaneously companded A-law output,
or it can generate scale factors derived by
the computer from peak measurements of

‘groups of samples, resulting in near-in-

stantaneous companding.

Figure 2 shows the microprocessor con-
figuration, based on the 8085 computer
and standard memory and input/output
devices. The interval between audio
samples is 31.25us (32 kHz sampling),
permitting a reasonable amount of signal
processing on a per-sample basis, bearing
in mind the 1.3 ps instruction cycle time of
the 8085. For example, the peak value of a
group of audio samples can be calculated
by complementing negative values, Or-ing
each word with previous samples, and
scanning the resultant value at the end of a
cycle to determine the scale factor for the
group. Insufficient processing power is
available from the 8085 system to perform
A-law companding by software, hence the
derivation of ‘instantaneous’ scale factors

Table 5. Transfer function, 74148 Priority
encoder device

The device generates a 3-bit output code
indicating the position of the most-
significant 0 bit in an 8-bit word. It can be
used as the basis of a digital compander if
its input signals are complemented.

Inputs Outputs

7 6 5 & 3 2 1 0|[A2 A1 AD
OX X X XX X X/000
1 ONXEX X X X XiO O 1
110 XX X X x{0o10
1 1 1 OYGUEHEN O 1 1
1 11 1 ONEEEEE 1 O O
111 110 X X{1 01
111 1 11 0%l 10
1 1 1 1.%.1.001 3 1

57



Computer data

Buffer

bus -
{8 bits) 8 bit [ b
latch i
Scale factor
) out
ms bit [7) i
A\ Shit 6 —
. [I7A inputs
bit0 Z
" . B
Complementer  Priority encoder > outputs
LS373 o :8'inputs
Ul % = |\ Multiply combiner/
& 1) 8807A [~ truncation
7] k5 Data selector 3:8 decoder
=1 2 > L— 0 &
7486 74148 -y — 8x8mul:|pllers —>
> o=
Computer Y 5 e
scale factor — 7432
8 bit latch gt Ll LS138 —> = Compressed data
Computer control T E 'B'inputs ol
h > oﬁ?guts
._:> Ainputs
>{/ 88074
LS373
Fig. 1. Digital audio compression system. Compression is effected b jfti igi
ig. 1. ! b y shifting the digital samples left (towards the most
significant bit) by an amount equal to the number of leading zeros in the data value. The 74148 priority encoder locates the
position of th_e most stgn/ﬂcgntf I” bit and produces a 3-bit code which is then decoded by the LS138 and applied to two 8 x 8
multiplier chips. These muitipliers, together with the multiplier combiner, shift the input data word by the required amount.
. [ |
‘Fig. 2. Microprocessor system for digital Alaw
audio companding. Digital companding .
experiments can be undertaken with a Linear ;& g (t’ %
relatively simple microprocessor system. '-| '-I s
The hardware configuration shown ©__§Near instantaneous
employs 1K x8r.a.m. and 2K x 8 e.p.r.o.m. L1
14-bit audio samples are processed as 8-bit Glsblfl2
word pairs. i Syst I\
ystem
’] control = Computer
e > - 3 ¥ scale factor
by the 74148 priority encoder in Fig. 1. to companding system
However, the usual benefits of software Micro- ‘
control, including versatility, cheapness computer
and reliability, apply to the remainder of
the data processing hardware. An interest- 8085 Memory
ing feature of this arrangement is that less ram+eprom
hardware is required for ‘near-instanta- M4 x 2
neous’ campanding than for the A-law al-
gorithm; i.e., a reversal of the usual situa- _ 2716
tion.
The system software operates on three Inferrupch:;lc_JchlE:'l : .
distinct blocks of data, audio sample words DRQ ch. 0
originating from the a.d.c., stored blocks
awaiting analysis, and output data for the & thannel DRQ ch.
expander logic arrangement (not shown, OMA —
but similar in concept to the compression
circuit of Fig. 1). Both input and output 8257
data streams communicate directly with OMA
memory via direct-memory-access control
(d.m.a.) channels. D.m.a. management is °
pe'rfom‘led by the 8257 chip, which re- L %End of conversion
ceives ‘data requests’ from the currently . ADC
active peripheral and responds with ‘data 14 bit . :
acknowledge’ when the computer has AUd;O AUd'O
disabled its bus signals. Data transfer then 3 S? Ttp ne Gy
takes place, and the memory pointer for i
the channel in use is incremented. A time Data bus to
penalty of about one microsecond is in- compandin
curred while the computer data and ps sfeng\l
control busses ‘freeze’ during the transfer, .
in comparison with the several microse-
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conds necessary for conventional input/

output procedures. However, because of
the automatic address incrementing per-
formed by the d.m.a. controller, new
address pointers have to be entered before
the selected location exceeds the available
memory space. It is convenien<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>