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TEST COMPONENTS
on this new oscilloscope!

@ Test solid state devices in, or out of, circuit @ Full function,_dual trace, 12MHz oscilloscope
@ Fast location of shorted, open and leaky @ Fine sweep and gain controls
components , @ Differential measurement mode —essentiaf for
@ Test diodes, transistors, LEDs, electrolytics, FETS, effective servicing of disc drives and tape
MOS and CMOS etc.  PLUS ... recorders
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A really versatile 'scope for the test, service or development engineer

Details from: FARNELL INSTRUMENTS LIMITED - WETHERBY LS22 4DH - TEL. (0937) 61961 - OR (05827) 66123 (SOUTHERN OFFICE)
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Front cover shows antennae of the
Swiss PTT at Niederhorn television
transmitting station. Photo:
Hamer-Smith Collection

NEXT MONTH

Micro-controlled radio-code clock-uses
the MSF standard-frequency time-code
transmission to provide automatically
corrected date and time information.
The design uses a 6502 microprocessor-
decoder and a reliable receiver design.

Heretics guide to modern physics is a
controversial investigation into
electromagnetic theory, photons,
duality, quantization, matter waves,
indetermancy and haziness,

Psychology of crisis control, the
requirement for new types of
equipment for data marshalling and
methods of training personnel are
examined by a consultant engaged in
the planning of control complexes.

A high power mostfet amplifier is
described In a series beginning with an
explanation of design problems,
followed by a new modular
.preamplifier design.

Underground radio, a review of
progress in the use of radiating cables
in mines.
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THE HEADSET
- THAT'S WAYAHEAD OF
ITS TIME.

THE DANAVOX HMT 808.

The Danavox HMT 808 is the most advanced headset of its kind that you can buy today.
Employing Danavox expertise and quality throughout, it offers many unique features at a
remarkably low price.

@ Lightweight. Weighs only 35 grams

@ Comfortable and hygienic. Does not go in
the ear so it can be comfortably positioned
in seconds @Versatile. Can be worn under
the chin or over the head using single ear of
binaurally ®@Multiple version microphone.
Available with either magnetic

microphone or electret with noise
cancelling feature and pre-amplifier for
matching into telephone systems

@ Technically advanced. Pre-amp employs
latest thick film technology @Easy
servicing and repairs. Quick changing of
earphones, cords, earpieces and switches
@ Realistically priced @ Danavox quality
engineering and guarantee.

For full details contact
John Carter at Danavox.

BISIAIS\V(©) ¢

DANAVOX (Gt. Britain) Ltd.,
1 Cheyne Walk, Northampton NN1 5PT
Tel: (0604) 36351 Telex 312395

WW - 07 FOR FURTHER DETAILS



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
Bruel and Kjaer

2409°'TRUE RMS. Average and Peak 2Hz-
200KHz '£250.00

Hewlett Packard
3400A True RMS 1mV/-300V 10Hz-10MHz
£600.00
3406A ImV-3V FSD [0KHz-1.2GHz £850.00
Marconl.
TF2600A 1mV-100V FSD 10Hz- 10MHz
£245.00
TF2603 RF Millivoltmeter 300uV Sensitivit:
S0KHZ-1.5GHZ . ........oviinann 3
TF2604 Electronic Voitmeter. AC
20Hz-1.5GHz 300mV-1KV DC 10mV-1KV.
0.29-500MQ £350.00

Rohde & Schwarz
URV RF-DC Millvoltmeter DC 50uV-1050V RF
10KHz-2GHz £950.00

ANALYSERS

Hewslett Packard

14 1T/8552B/8555A 10MHz-18GHz £9750.00
332A Distortion Meter SHz-600KHz. . £495.00
333A Distortion Meter with Auto nuil £675.00
8407A/841 2A Network Analyser  £1950.00
8555A Plugin 10MHz-18GHz £5000.00
Sound Technology

1700A measures distortton down to 0.002%
AC vottage 30uV-300V, SN Rano 10048
Dynamic range. power into 82. 0.001 %
distortion Oscillator £950.00
Marconl

TF2370 Spectrum Analyser. 30Hz- 1 10MHz.
0.1dB and 5Hz resolutior £6500.00
TK 2374 Zero loss probe for TF2370 . £375.00
Tektronix

R49 1 Spectrum Analyser 10MHz-40GHz

AS NEW £3500.00
BRIDGES

Boonton.

63H Inductance Bridge.0-110mH. Bndge
frequency 5-500kHz 0.00
Marconl

TF1245A + TF1246 Q" meter £1100.00
TM4520 Set of Inductors £350.00

Rohde & Schwarz.

LRT BN6 100j Inductance Meter. | pH-100uH.
-285KHz . £395.00

Waync Kerr

B642LCRO.1% . £750.00
FREQUENCY COUNTERS

FI

1919 7 digit 520MHz £425.00

1920A with Option 13 9 Digit 1GHz . £750.00
1925A Mulbifunction. EMI Proof 9 Dugu(

1 25MHz £625.00
1953A Counter Timer Opr 14.15.0-1.25GHz

with prescalers. |.E.E.E. interface

£975.00
Hewlett Packard
5340A 8 Digit 10Hz-1 8GHz £3750.00

Marconl.

2432A 8 digit 10Hz-560MHzZ Bauery/Mams
£650.00

DVM‘'s AND DMM’s

Fluke

8022A 3%z digit hand held £65.00

Solartron.

7055 Microprocessor DMM. Scale Length
20.000. AC/DC volts. resistance 1uV

resolution £495.00
OSCILLOSCOPES

Marconl.

TF221311 4+ TK2214 X-Y Display and

memory £550.00

Philips
PM3212 25MHz Dual Trace Portable. £475.00

Tektronix.

4§3A Dual Trace DC-60MHz Portabie Sweep

Delay 00

465 Dual Trace Portable Oscilloscop DC =

100MHz 5mV/-5V/div. Full delayed szvee A
o]

465 with DM40 £1450.00
475 Dual Trace 200MHz Portable .. £2000.00
7603 100MHz Mainframe with 7A 18N and
7853N £3000.00
7704A 200MHz Mainframe ciw 7A22 Diff
Amplifier. 7A26 Dual Channel. 7B80 Timebase

and 7885 Delaying Timebase £4610.00

St Sampiing Head. As New. . ... .£450.00

7D14 Digital Counter plug-n 525MHz
£850.00

Texscan.

DUI120 12" Display £425.00

RECORDERS

\Watenabe.

MC641 6 Channel 250mm Chart Recorder

g £1495.00

Yokagawa

3047 2 Channel 2 cm/HR — 60cmiMIN
£435.00

SIGNAL SOURCES

Hewlett Packard.
4204A Decade LF Oscillator. 10Hz-| MHz.

1mV-10V into 6002 £695.00
606B AM Srgnal Generator. SOKHz-65MHz

AM 0-95% £850.00
608F 10-455MHz AM/PCM Modulauon o luv
1V output

616B 1 8-4.2GHz int or ext PCM/FM
0.1uVv-0.224v £1000.00
616B UHF Signal Generator. |.8104.2GHz. Int
putse Moc £1000.00
6518 Test Oscillator. 10Hz-10MHz.
0.1mv-3.16V .£415.00

32008 10-500MHz Signal Source £475.00
3320A Frequency Synthesizer. 0.01Hz- | 3MHz
£995.00

Marconl.
TF144H/4 AM Signal Generator. 10KHz-
72MHz. 2uv-2v £750.00

TF20028 AM/FM 10KHz-88MHz . . . £1200.00
TF21708 Synchronizer for TF20028B. . £450.00
TF9958/2 AM/FM 200KHz-200MHz . £695.00

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.

TF2005R 2 Tone Signai Source. 20Hz-20KHz
0-1i11dBin 0.1dB sleF £295.00
TF2008 AM/FM  10KHZ-510MHz buit
sweeper. Output 0.2uV:200mV £3500.00
TF2016 + TF2173 Synchroriser AMIFM
10KHz- 102MHz £2000.00
TF2950/8 Mobile Radio Test Set £1950.00
TF2169 Pulse Modulator for use with TF2015
or TF2016 £200.00
6070 Signal Source 400-1200MHz . £695.00

Philips.

PMS 715 Puise Generator 1Hz-50MHz£675.00
PM6456 Stereo Generator. £250.00
Racal

9081 Synthesized AM/FM. Phase and Pulse
modulation 5-520MHz £2200.00
Radlometer

SMGI Stereo Generator £375.00
TRANSMISSION

MEASURING EQUIPMENT
Slemens.

D2040 Selective Levet Analyser and Voltmeter.
10Hz-60KHz. £1200.00
D2072 +W 2072 Level Meter and Osctlator.
50KHz- 1 00MHz. .£2200.

W 2006 + D2006 Carrier Level Test Set. |0KHz-
I'7MHz. —100t0 + 10dB £1650.00
W 2007 + D2007 Carnier Level Test Set.
6KHz-18.6MHz. —1201t0 + 20dB . . £1800.00
Wandel and Gotterman.

PF-1 Dugutal Error Rate Measunng 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 + 20dB. Mains/
battery operation .£2150.00

PCM-) PCM Test Set. PDA-64 PCM Signathing
Analyser. PSM-4 Level Measuring Set Scanner.
PDG-1 Digital Signal Generator. PDA-1 PCM

Digital Signal Analyser P.O.A.
MISCELLANEOUS
D mar

2085 AF Power meter 20H2- 30KHz 10uW/-
S50W input imp 1 2-10008 £250.00
Fluke
3010A Logictester Self Contaned. Portable.
Full Spec. on Reguest £8500.00

Hewlett Packard.
355E 12dB Programmable Attenuaior unused
£90.00
8403A Modulator Fitted With 87328 PIN
MODULATOR . 1500
8412A Phase Magnitude CRT display. lov
network analyser £1500.00
8482H Power Sensor 100KHz 4 ZGHz AS
N £250.00
B745A S Parameter Test Set Fitted with
I 1604A Universal Arms O |1-2GHz. £2750.00
59308A HP-IB Timing Generator £300.00
Marconl.
TF2162M.F Attenuator 0-111dB . £135.00
TF2163S UHF Attenuator 0-14 2dB 500

impedance DC-1GHz. £250.00
TF2331 AF Distortion Meter
20H2z-20KHz. . .£395.00
TF2500 AF Power Meter 7 ranges lOOu watts
1o 25 watts 275.00
IMB339 AC/DC muxer for use with TFZ 702
£250.00
Philips
PMS5 19 Colour TV Pattern Generator AS
NEW £650.00
PM9380 Camera and Accessones jas new)
£200.00

Rohde and Schwarz.

MSC Stereo Coder. 30Hz:15KHz £500.00
Tektronix

141 A PAL Test Sigrial Generator £1750.00
1481C PAL TV Waveform Moritor, £2375.00
191 Constant Ampmude Sig. Gen. 350KHz-
100MHz SmV-5.5V £250.00
106 Square \Wave Generaror |nS nsenme
10Hz- IMHz without accessories £175.00
284 Pulse Generator 70pS nsetme  £1250.00
2901 Time-Mark Gener ator £195.00
Telonic.

1006A Sweep Gen 450-850MHz £750.00

Please note: Prices shown do not Include VAT or carriage

i = | S

Electronic Brokers | mam = | == — |
Electronic Brokers Limited
61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G
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PORTABLE MAINS DISTRIBUTION

NOW WITH EARTH LEAKAGE

OLSON

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

N13A/6

BEL 5SW
£61, £2.25 P&P + VAT

13A/5/R £25.30, £1.50 P&P + VAT

13A/6SW Sloping
£26,£1.50 P&P + VAT

l‘ ] ] _I_
Y | : 1

TR9 £38.75, £2.50 P&P + VAT

0 LS 0 N Electronics

E
£44.50, £1.50 P&P + VAT

£65, £2.25 P&P + VAT

ol i1 iR N13A/3
2 - '| £16.77, £1.50 P&P + VAT

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

WW — 041 FOR FURTHER DETAILS

£23.40, £1.50 P&P + VAT

--.IE‘H‘EH
.

13A/4SW
£22.40, £1.50 P&P + VAT

T13A/5
£21.75

£1.50 P&P
+ VAT

DELIVERY EX-STOCK

P\ N

Quartz Crystals

Stocks of standard items
exceed a quarter of a million.
Individual units to the tightest
specification made to order.

Interface
Quartz
Devices

This technology is available now from Limited

29 Market Street
Crewkerne
Somerset TA18 73U

Crewkerhe (0460) 74433
Telex 46283 inface g

WW — 026 FOR FURTHER DETAILS
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The firm for Speakers

Just

will bring you the latest Wilmslow Audio
80 page catalogue packed with pictures and specifications
of HiFi and PA Speaker Drive Units, Speaker Kits,
CabinetKits . . ..

7000 items for the constructor.

CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS — MIXERS — COMBOQOS -~ EFFECTS ~
SPEAKER STANDS AND BRACKETS —~ IN-CAR
SPEAKERS AND BOOSTERS ETC. ETC.
* Lowest prices — Largest stocks #
* Expert staff — Sound advice *
* Choose your DIY HiFi Speakers in the comfort *
of our listening lounge.
{Customer operated demonstration facilities)

* Ample parking »

* Access Visa American Express accepted *
=
‘@m ] 0625 529599

35/39 Church Street, Wilmisow, Cheshire SK9 1AS

B Lightning service on telephoned credit card orders! @:«»—E

WW - 021 FOR FURTHER DETAILS
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DCOL

fRegd Trode Mork)

SOLDERING TOOL

TYPE 444

with

Electronic Temperature

Control Circuit
contained within &
the handle

DESIGN
FEATURES

@NO MOVING
PARTS

@NO MAGNETIC
EFFECT

@ NO MAINS

SPIKING

@ MINIMAL
MAINTENANCE
@ FULL RANGE
OF PUSH IN
SOLDERING TiPS
@ FAIL SAFE
CIRCUITRY

The Adcola 444 operates from 24VAC.
50 VA. 50/60Hz. supply. Temperature
range normally factory set at 360°C is fully
variable between 220°C -420°C. The
control circuit is based on a specially designed
integrated circuit and uses a thermocouple
temperature sensor.

Full specifications and prices from

DCOL

Iﬁegd Trode Mark)

ADCOLA PRODUCTS LIMITED

ADCOLA HOUSE, GAUDEN ROAD, LONDON SW4 6LH.
Telephone: 01-622 0291/4 Telex 21851 ADCOLA G

WW — 030 FOR FURTHER DETAILS
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We supp
FLUKE

or Industry

* NOW WITH A 2 YEAR WARRANTY

* Fluke 8022B

3Y2 Digit hand held LCD. DMM. AC/DC volts.
DC/AC current, resistance, diode test. 0.25% basic
DC accuracy. Overioad protection. Vinyt carging
case C90£8.00 .. . £85.00

* Fluke 8021B.

Same spec as 80228 with additional audio tone for
continuity. Vinyl case C90 £8.00 . . .. £95.00

*Fluke 80208

3% digit 0.1 % basic DC accuracy. DC/AC voits,
DC/AC current, resistance, diode test and
conductance. Continuity beeper. Vinyt case C90
£8.00 .. 1 . £125.00

*Fluke 8024B
3Y2 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 cufrent
functions, continuity beeper. Vinyl case C90
£8.00 . .. K1

FLUKE 8050A

4%, Digit LCD DMM with true RMS on AC volts
and current DC volts 200mV-1KV. 10uV
resofution AC volts. 200mV-750V. 10uV
resolution. DC/AC current 200uA-2A, 0.01uA
resolution resistance 20022-20MQ. 0.01Q
resolution. Also reads dB direct referencedto 16
stored imgedances. Conductance ranges 2mS and
200nS. £255 mains model £285 mains battery.

FLUKE 8012A

32 Digit LCD DMM with true RMS on AC voits
and current. DC volts 200mV- 1KV, 100uV
resolution. AC volts 200mV-750V. 100uV
resolution. DC/AC current 200uA-2A. 0. uA
resolution. Resistance 200§2-20MRQ, 0.1Q
resolution Low resistance 2Q and 2082, fmSQ
resolution Conductance ranges 2m$s-20uS-200nS
£229.00 mains modei £259.00 mains battery.

FLUKE 8010A

3Y; 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.

55.00

ACCESSORIES

AB1-230 Battery eliminator .. . a 2- 1= ., £14.00
C90 Carry case for hand heid . £10.00
801-600 Amp clamp . ™ £68.00
80J-10 Current shunt 10A . ..£22.00
80K-40H.V. probe 40kV. . .. ....£56.00
80K-6 H.V. probe 6kV . .. ....E40.00
80T-150 Temperature probe. X £72.00
80T-H Touch hold probe . Be £36.00
83RF R.F. probe 100MHz . . | . £40.00
85RF R.F. probe SOOMHz... . £69.00
Y8102 Thermocouple probe. . . .. . . R ... .E41.00
Y8103 Bead thermocouple . . . . .........E18.00

Y8104 K type thermocouple termination. . . . . . £8.00

Y8133 Deluxe test leads. .£13.00

The above prices do not Include carrlage
or VAT (15%]).

Simply Phone or
Telex your order for
Iimmediate dispatch.

| Electronic Brokers Ltd
61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278'3461
Telex: 298694 Elebro G
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NEW LOW COST

12 BIT ANALOGUE 1/0 & DIGITAL I/O
FOR “PET”’ USER PORT

L2 O TV T TR BRI VDI T DI O,
L

—L

simplifies its use.

£195
CALL CIL FOR DETAILS

Coming soon, a suite of applications
programs in EPROM to include waveform
generation, data acquisition etc..

The “PET” user interface that

By using the “PET"s own 6502 Microprocessor, we are able to offer an unheard of ratio of perfor-
mance vs value for money. Price includes operating program in EPROM which greatly

(0903) 210474
Telex 87515

AT LAST

everyone can afford that
provides:—

4 x 12 BIT ANALOGUE I/P: 4 x TTL /P
2 x 12 BITANALOGUE O/P: 4 x RELAYS

CIL MICROSYSTEMS LTD
DECOY ROAD:-
WORTHING

W. SUSSEX

CIL

WW — 044 FOR FURTHER DETAILS

Digital Accuracy,
Effortless Convenience:

Calorimetric
MODULOAD® System
from 1k\W to 50kW
RF Power

I . Terminate and measure RF Power
. up to 50,000 watts from AM and FM
through VHF and UHF frequencies in 1%”, 3" or 6% coax lines.
Three models cover 1-10kW, 1-25k\W and 1-50k\W/ ranges with calorimetric
accuracy of +2Y2% of Indicatlon (above SkW).
Self-cooled MODULOAD Termination assures low SWR in 50-ohm lines,
can be permanently mounted — or
wheeled in place on dolly.

To measure power, push a button, =
wait briefly to stabilize, zero the display

and apply RF!

Can be used to caiibrate or check other

meters. Detailed specs in CalMOD

Bulletin. Ask for it

Who eise but

Aspen Electronics Limited

YOUR EXCLUSIVE U.K. REPRESENTATIVE

2/3 KildareClose, Eastcote,
Ruislip, Middlesex HA4 QUR
Telephone: 01-868 1188
Telex: 8812727

FAX: 01-866 6596

Sowter
Transformers

With 40 years’ experience in the design and manufacture of several hundred
thousand transformers we can supply:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOU NAMEIT!  WE MAKE IT!
OUR RANGE INCLUDES

Microphone transformers (all types), Microphone Splitter/Combiner transfor-
mers. Input and Output transformers, Direct Injection transformers for Guitars,
Multi-Secondary output transformers, Bridging transformers, Line transformers,
Line transformers to G.P.O. Isolating Test Specification, Tapped impedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers (all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimental transformers, Ultra low frequency transformers,
Ultra linear and other transformers for Transistor and Valve Amplifiers up to 500
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line transformers (from a few watts up to 1,000 watts), 100 volt line
transformers to speakers, Speaker matching transformers (all powers), Column
Loudspeaker transformers up to 300 watts or more.
We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR
P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard
types are in stock and normal dispatch times are short and sensible.
OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc.
. Send for our questionnaire which, when completed, enables us to post quota-
" tions by return.

E. A. Sowter Ltd.

Manufacturers and Designers
E. A. SOWTER LTD. (Established 1941) : Reg. No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk
P.0O. Box 36, Ipswich,IP1 2EL, England
Phone: 0473 52794 and 0473 219390

Telox 987703G Sowter

WW — 079 FOR FURTHER DETAILS
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137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRIS ELECTRONICS (London)

. Phone: 01-837/7937
138 GRAY'S INN ROAD, W.C.1 Telex: 892301

We supply
HAMEG

or Industry

HM 203 PORTABLE
OSCILLOSCOPE

Dual Trace. DC to 20MHz. 8 x 10cm
display. Risetime 17.5nS. Sensitivity
Smv/icm-20Vicm. Timebase 0.5u5-0.2S.
x 5 magnifier. X-Y operation. Auto or
variable tngger. Channel 1. Channel 2,
ine and external. Coupling AC, or TV
low pass filter. Weighs only 6Kg. Size
fm.m.) H. 145. W. 285, D. 380 £220.00

OSCILLOSCOPE

Single trace. DC to 10MHz. Risetime
35nS. Smvicm to 20vicm. Timebase
0.5uS5-0.2S. Built in component tester.
LPS technique provides stable and
reliable triggering up to 30MHz €£138.00

WW — 027 FOR FURTHER DETAILS
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BLUE L.E.D’s

This revolutionary New
Blue LED, the ESL 50B2, from
Anglia Components is a
miracle of scientific tenacity
previously thought to be
light years away.

Its applications in science
and industry are unlimited.

Development

quantities are A

available OUTLINE
ex-stock. c SPECIFICATION

Package: T13 case

Emission

Wavelength: 490 n Metres
Light

Output: 2.0 m.c.d. at 12 mA

Forward
Voltage: 7.5 volts

Anglia

COMPONENTS

THE PARTS YOU NEED
—fast!

Burdett Road, Wisbech, Cambs, PE13 2PS -
Telephone 0945 63281 Telex 32630 ANGLIA G e

WW =007 FOR FURTHER DETAILS
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HM412-5

Dual Trace. DCto 20MHz 8 x 10cm
display with internal graticule. Rise time
17.5nS. Variable input 2mV-20V/cm.
Add and invert modes. Timebase
0.5u8-0.25 with sweep delay 100nS-1$
x 5 expansion. X-Y operation Z
moduiation. Trigger CH1, CH2. CH1/2,
Line or EXT . £350.00

Dual Trace DC-70MHz 8 x 10cm display
with internal graticule. Risetime 5nS.
Variable input 2mv-20V. Add and invert
modes. 95nS Signal Delay Line.

Timebase 50nS-1S/cm with Sweep delay
100nS-1S x 10 expansion. XY

operation. £ modulation. Trigger CH1.
CH2, CHI1/2 ine or EXT . £580.00

The above prices do not Include carrlage
or VAT (15%).
Simple Phone or
Telex your order for
immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

WW - 202 FOR FURTHER DETAILS




AMCron

INDUSTRIAL
MUSCLE

* P R RESPONSE DC — 45KHz + 1dB.

+ OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD
{CONTINUOUS R.M.S.)

4 D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.

+ HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
OHMS.

+ 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.

For full details on all Amcron Products write or phone Chris Flack

Model — M600
adves. Analogue Associate

Tel: 0953-452477
PROFESSIONAL INDUSTRIAL ELECTRONICS

WW — 029 FOR FURTHER DETAILS

ONLY £48.50 post frec, inc VAT

LOIq
COST|
EPROWR
ERASURE

Send cheyue or official order for prompi
delivery. Telephone orders will be

MULTI FREQUENCY
TRAP DIPOLES 2-30MHz

HF ANTENNA

s MODE; Full half wave
operation.

Y BANDS; Up to 4 spot
frequencies.

% POWER; Receive to -
800W (PEP).

% SWR; Better than 1.5:1 HOLDS UP TO SIX EPROMS despatehed €.0.D. at no extra charge.
on channel. | SAFETY INTERLOCKED TRAY Also available in London from:
FAST ERASE TIME Technomatic Ltd.

QUALITY STEEL CASE Transam
MONEY-BACK GUARANTEE

and in Aberdeen from:
Granite Chip.
\s— N ORTHERN ELECTRONICS —)
51 Arundel Street, Mossley, Lancashire  Tel: Mossley (04575) 4119
WW — 017 FOR FURTHER DETAILS

THE SMC TRAPPED DIPOLE ANTENNA
has been developed to satisfy the needs of commerical and military users. It is capable of
operation between 2 and 30 MHz on as many as four spot frequencies — each capable of
g many ch s. E: hing and efficiency with a single coaxial
feed is offered bv the use of SMC H1Q traps and the mcorporanon of a ferrite balun in a
full half wave design. NB: Powaer absorbing ter T are not yed. The
antenna may be deployed using one or two support masts, installation {incorporating SMC
light duty portable masts) can be easily effected by two people in half an hour.

Antennas

SMC/TDA/2 2 freq £125, SMC/TDA/3 3 freq £170, SME/TDA/A POA.
Complete Installation
2 freq antenna, 2 10m support masts, kit bags, erection equipment £434.

Exact specifications are to customers’ requirements.
{Above include 30m UR67, balun etc).

SMC Masts and Towers; cost effective.
Support structures, 250 models available.

Y Tubular aluminium alioy masts 20-60ft.
W Tubular steel masts 3-4.5" Dia. 20-100ft

w Self-supporting, telescopic, fold-over towers 20-60ft
Y Self-supporting and guyed towers 20-160ft.

SOUTH MMDLANDS COMMUNICATIONS LTD.

OSBORNE ROAD, TOTTON PoC Telex: 477351 SMCOMM G
SOUTHAMPTON S04 4DN SMC4 Tel: Totton {(0703) 867333

WW — 038 FOR FURTHER DETAILS

Ideal for the experimenter

B THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS

B UNIT IS SIZE OF FOUNTAIN PEN & CLIPS
ONTO TOP POCKET

M PRECISION INSTRUMENT

RECHARGE SERVICE
FREE AFTER PURCHASE

B MANUFACTURERS CURRENT PRICE OF A
SIMILAR MODEL OVER £25 EACH
WO0-5R

British design & manutaciure

Tested and tully guaranteed. Ex-stock delivery. cOM PLETE

As supplied to Fire Services/Civil Defence

| WITH DATA

01-723 1008/9

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

CIARK
MASTS,

Here is the expertise yea,s

DEC SALE

a selection fromour
huge stocks

SYSTEMS

11/34A CPU 128KB MOS, 2 x RLO1 disks, H860
cab, LA36 Console RSX11 M Licence . .. £8,750.00
11/44 CPU 256KBMOS, dual TUSB, 2x RLO2
disks, H9642 cabs, LA120 Console ASX11M
Licence £17,450.00
1 1/70 CPU 512KB MOS, RWMOS5 disk, LA120
Console .£57,000.00

PROCESSORS

pec'" this e ol
LG depend on- : 'a"Sf : : PDP11/34A 128KB MOS. .. £5,000.00
fielg PDP11/34A 256KB MOS . .£6,250.00

PDP11/35 32KW Core
PDP11/40 96KW Core, KT11D .
PDP11/44 256KBMOS. ..
PDP11/44 256KB TU58, Cab .
POP11/45 32KW Core, Cab .
POP11/45 96KW Care, Cab - -
PDP11/70 512KB MOS

.£2,350.00
. £4,650.00
.. ’£11,500.00
£12,750.00
. £5,950.00
- £7,450.00
£30,000.00

—

DISK DRIVES

— [—

RBKOB6 14 meg [NE .£2,500.00
BKB611 RKO! & iy

ctl . .£4,250.00
RLO1 5 meg.

RL11 BLO1 &ctl . .£1,745.00
BLO2 10 meg '£1.450.00
RL211 RLOZ & ctl .£2,200.00
RWMO5 RMO5 & Ctlﬁ EZG 500.00
RX8E Dus! Flop, y Sctl(N &W _£995.00
RX11BD Dual Fp y & ctl (N ... £995.00
RXV11BD Dual Floppy & cti {NEW] . ..£995.00

VDU & PRINTER
OFFERS

When you choose a mast
from the comprehensive
Clark range you are

1] assured of a high standard
T of Engineering and
operational reliability.

Why compromise?

Extended heights 4

U metres-30 metres, capable
of lifting headload 1 kg.-
200 kgs. Sectional or

Clark P.T. mast,
vehicle-mounted in
Range-Rover. The P.T.
© series of masts is
widely actepted by
international
broadcasting
authorities. It is for
field strength
measurement work
that they have been in
particular demand.
Extended heights
41m.to 21m.

telescopic air operated for
field or vehicle mounting,.
Write of phone us for
details today.

CLARK MASTS LTD.

‘Binstead,
Isle of Wight,

PO33 3PA,England.

Telephone: Ryde (0983) 6369, Telex: 86686.

WW - 036 FOR FURTHER DETAILS
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HAZELTINE H2000 VDU

27 x 74 Display, 64 ASCII, 98232,

full half duplex and full editin

cursor addressing and batcl mode

Ereen phosphor CRT, detachable
eyboard.

SPECIAL QUANTITY DISCOUNT

OFFER

1-2 £298.00
3-4 £275.00

58 £255.00
10+ £250.00

AJB3E2 DAISY WHEEL
PRINTER / PLOTTER

Scoop purchase of Anderson-
Jacobson AJB32 Daisy Wheel
Printers complete with full keyboard
integral stand and RS232 interface
|thI|ISIng éhe n {

amous QUM f : i
Printer Mechanism N
1-4 £995.00

59 £850.00
10+ £895.00

LINE PRINTERS
DEC LP11-VD 300 1pm Drum Printer
upper/lower case, mcludmg control

£2,750.00
DEC LP04 900 1Rl er/lower case’
drum printer BRA SURPLUS,
including control module ..£5,750. 00
DATA PRODUCTS BB0O band printer

ihcluding control module......£3,750.00

DEC LA35/LA36 and
LA1T180 MATRIX
PRINTERS
LA36 30cps ke¥boar‘d printer with
integral stand, 132 column tractor-
feed, upper/iower case ASCII
LA36 with 20mA interface .. £450.00 '
LA36 with RS232 interface . £495.00
5 — Receive only version of
LA36 — AMAZING VALUE:
LA3S5 with 20mA interface
.. £250.00

LABS with RS232 interface . £275.00
LA180 high-speed output printer

with 180 cps printing, 132 column
tractor-feed, upper lower case

ASCII. Integral stand {NEW)

LA 80Q printer standard paraliel

[Centronics type] interface. . .£485.00
LA180-ED with optional R5232 or
20mAinterface ..... . £670.00

AJ212 ACOUBTIC COUPLERB

Special Purchase of Anderson-Jacobson
Acoustic Couplers suitable for use with
RS232 or 20mA devices, full or half
duplex, at speeds up to 300 baud.
Attractivewoodencase £125.00
VT50 AND VT52 DECSCOPE VDUS
VT50 DECscDge 12 x 80 upper case -
ASCIl, 9 switch-selectable baud rates
75-9600 baud, 20mA or RS232 -
interface £250.00
VT52 DECscope, 24 x 80 upper/lower
case ASCII, 9 switch-selectable baud
rates 75-9600 baud, 20mA or RS232

All items reconditioned uniess otherwise
stated

ADO 15% VAT TO ALL PRICES
Carriage and Packing extra

Electronic Brokers Ltd., 61/65 Kings Cross Road,
London WC1X 9LN. Tel:01-278 3461 Telex 298%9:

== = |
Electronic Brok
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Sinclair ZX81 Personal Com;

the heart of a system
that grows with you.

1980 saw a genuine breakthrough -
the Sinclair ZX80, world’s first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

In March 1981, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000 in the first 3 months!

Today, the Sinclair ZX81 is the
heart of a computer system. You can
add 16-times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Softwarelibrary is growing every day.

Lower price: higher capability

With the ZX81, it's still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the Z2X80.

It uses the same micro-processor,
but incorporates a new, more power-
ful 8K BASIC ROM - the ‘trained
intelligence’ of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,
and builds up animated displays.

And the ZX81 incorporates other
operation refinements - the facility
to load and save named programs
on cassette, for example, and to
drive the new ZX Printer.

New

Every 2XB1 comes with a comprehensive, specially- written
manual ~ a complete course in BASIC programming. from
first principles to compiex programs

Kit:
£49.%

Higher specification, lower price —
how’s it done?

Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81reduces the 21 to 4!

The secret lies in a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the ZX80!

New, improved specification

® Z80A micro-processor — new
faster version of the famous Z80
chip, widely recognised as the best
ever made.

® Unique ‘one-touch’ key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single-key entry.

® Unique syntax-check and report
codes identify programming errors
immediately.

@ Full range of mathematical and
scientific functions accurate to eight
decimal places.

® Graph-drawing and animated-
display facilities.

@ Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

® Randomise function - useful for
games as well as serious applications.
@ Cassette LOAD and SAVE with
named programs.

® 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.

@ Able to drive the new Sinclair
printer.

@ Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip — unique, custom-built chip
replacing 18- ZX80 chips.

Kit or built —it’s up to you!
You'll be surprised how easy the
ZX81 kit is to build: just four chips to

* assemble (plus, of course the other
discrete components) - a few hours’
work with a fine-tipped soldering iron.
And you may already have a suitable
mains adaptor - 600 mA at9 vVDC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.

WIRELESS WORLD MAY 1982



16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!

Use it for long and complex
programs or as a personal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Software — the Business &
Househo!d management systems
for example.

Sirnci=ir
Z X8I

6 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 66104 & 21282.

WIRELESS WORLD MAY 1982
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the ZX Printer
foronly £49.%

Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full aipha-
numerics and highly sophisticated
graphics.

A special feature is COPY, which
prints out exactly whatis on the
whole TV screen without the need
for further intructions.

At last you can have a hard copy
of your program listings - particularly

el

Available now-

m
7

useful when writing or editing
programs.

And of course you can print out
your results for permanent records
or sending to a friend.

Printing speed is 50 characters
per second, with 32 characters per
line and 9 lines per vertical inch.

The ZX Printer connectsto therear
of your computer - using a stackable
connector so you can plugina RAM
pack as well. A roll of paper (65 ft
long x 4 in wide) is supplied, along
with full instructions.

How to order your ZX81

BY PHONE - Access, Barclaycard or
Trustcard holders can call

01-200 0200 for personal attention
24 hours a day, every day.

BY FREEPOST - use the no-stamp-
needed coupon below. You can pay

by cheque, postal order, Access,
Barclaycard or Trustcard.

EITHER WAY - please allow up to

28 days for delivery. And there's a
14-day money-back option. We want
you to be satisfied beyond doubt -

and wehave no doubt that you will be.

I-To: Sinclalr Research Ltd, FREEPOST , Camberley, Surrey, GU15 3BR.

Qty | Item

Order

| Code | Item price : Total

| sinclair Zx81 Personal Computer kit(s). Price includes i |
| ZX81BASIC manual, excludes mains adaptor. 12 | 49.95

R

| Ready-assembled Sinclair ZX81 Personal Computer(s). [
| Priceincludes ZX81BASIC manual and mains adaptor. 11

==

| 16K-BYTE RAM pack.

T Mains Adaptor(s) (_600 mAat9V ElC ; nominal unregulated) 10 8.95

.
el 2=

-_ | Sinclair ZX Printer.

LFREEPOST —no stamp needed. Offer applies to UK only.

| 8K BASICROM to fit ZX80. 17 | 198 |-
) Postand Packing.
[J Please tick if you require a VAT receipt TOTAL £

*lenclose a cheque/postal order payable to Sinclair Research Ltd, for £
*Please charge to my Access/Barclaycard/Trustcard account no.

|
&=
N
@©
(4]
—— e G IS CEEE CEEE CEEL EIED CEER CEER EEED GRS B GSmS SRSN

*Please delete/complete as applicable. | I | il |l

Please print.
Name: Mr/Mrs/Miss == = o N (N S |
Address: || | L L Ces I Ll [ ]
T A - it 1 | | L ik ] L 1 |

WRW 05

WW — 051 FOR FURTHER DETAILS

11



IEEE PROGRAMMABLES from TIME

9814 IEEE PROGRAMMABLE VOLTAGE STANDARD

A higher performance voltage standard with 4 ranges from 0.1 voltto 10 volt output. Accuracy is 0.01% and the
resolution of setting is 1 in 200,000. Output resistance is less than 0.01 ohms, and output current adjustable
20mA-200mA. Temperature coeff is less tgan 20ppm/°C and long term stability better than 50ppm per year. Full
manual control is available via front panel controls. Available for benchtop use or 19" rack mounting.

9816 IEEE PROGRAMMABLE VOICE

A high quality speech synthesizer which has a 280 word vocabulary. anuitable programming via the IEEE bus
it is possibie to output single words, phrases and sentences. The vocabulary has been chosen to be applicable
to many ATE applications.

9815 |EEE PROGRAMMABLE SCREWDRIVER
The unit has been designed to overcome the problems of adjusting large numbers of multi-turn trimmers in

ATE systems. The screwdriver is fully programmable via the IEEE bus with 3 speeds of rotation and 2 selectable
torque values available. The unit is suppliad complete with a flexible drive shaft and drill chuck into which
various adjusting tools can be located.

9810 I|EEE/PROGRAMMABLE POWER SUPPLY

0-33V in 0.1V steps. Local or remote (IEEE} operation. Fully programmable on the IEEE bus with 3 settable
current limits 1mA, 10mA and 1.1A. A dual version of the 9810 is also available. The unit is 3 Euro units high and
standard 19" rack mountjng width.

9812 |EEE PROGRAMMABLE SWITCH

24 double pole changeover switches are available with full IEEE control. Each switch is rated at 1 Amp, 30V dc or
100V ac. Thermal emfs have been minimised to less than 1uV per switch. All outputs are on the rear panel along
with the IEEE address selector switch and bus connector. Manual control of the switches is also provided via a
set of front panel switches which also Incorporate LED indicators.

9811 |EEE PROGRAMMABLE RESISTANCE

0-1 Megohm in 1 Ohm steps, fully programmable via the |IEEE bus. Accuracy is 0.1% over most of the resistance
range. Resistors are rated at 1 watt each. An attractive feature is the option to switch to local operation when the
output resistance can be set up manually via front panel switches.

(3
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Line Fernale AJF. €159 Chassls Female Dar e 22,08 k
i TV TUBE COMPONENTS
4,5, 6 and 7-pin versions and large selection audio adaptors available if you are Rebuilding or Manufacturing TV Tubes — We are the
N E ' 'T n I K XLR co"NEcTons leading suppliers of Electron Guns'and TV Tube Components to the
o TV Tube Industry. We specialise in all aspects of Electron Mount
Latchless Chassls NC3-FZ... o %g Latchiess %'?:is'uf Male NC3-MZ... 059 Technology.
e E e B 6185 Chassis Mals NC3-MP... €087 Our product range includes more than 250 gun types for Colour, In
4.5-pin, PCB and black versions and large selection of audio adaptors avaliable Line, Mono and Display Tubes along with Mount Parts, Bases, Get-
XLR LNE MAIN SERIES ters, Sealoffs, and all other associated items for TV Tube Prod:.uctlon y
k-up and Advi ervice is available to a
XLRLNE 11C.......o.. 88 XLRLNE12C .. €376 A Full Teanc'a; Bgc up sory §
XLRLNE 32 £2.89 XLR LNE 31 .. .EAN4 customers Worldwide.
BELCLERE AUDIO TRANSFORM Ens Please request our current catalogues and Data Information.
EN6422 Ratig + 1.2 + 2. Frea 40Hz-35KHz. PRI 150/60011, sec 600/2. 46 S g,sa H e
EN6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ-25KHz. PRI 150/6001). sec. .64
SKT-723 MluMelal Screening can, 3908 reduction 50Hz ext. field... . £1.15 G n | F T n o N | c ALCESTER
Trade enquiries welcome; quantity discounts available. All prices subject to V. A T Call write or q
phone. Min. order £10. Please add £1 postage. Access, Amex, Barclaycard. E |SS| LT \&gI;mI’CKSHIHE

A | KELSEY ACOUSTICS LTD.
28 POWIS TERRACE, LONDON W11 1JH
o]

01-727 1046/0780 |
WW — 015 FOR FURTHER DETAILS WW — 014 FOR FURTHER DETAILS

ENGLAND

Telephone: (0783} 76452/764100. Teiex: 312354 Grifem G

With 1,100 instrument cases in

over 750 sizes, and some 250,000

case parts currently in stock, we

certainly enable you to box clever.

A practical solution to every

' electronic packaging requirement,

without the problem of high tooling

costs, that's our aim at West Hyde. By being able to supply an
‘off the shelf’ enclosure for just about any electronic or
electrical instrument, we can certainly make sure when it
comes to enclosing your particular product, we can
help you to box clever! For more information
send for our catalogue, price £1.00 inc. P&P.

EST HYDE

West Hyde Developments Ltd., Unit 9,
Park Street Industrial Estate, Aylesbury, Bucks. HP20 1ET.
Telephone: Aylesbury (0296) 20441. Telex: 83570 W HYDE G.

WW — 039 FOR FURTHER DETAILS
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Memotech's New Memory System for the ZX81

[tgrowsas youprogress

(MEMOPAK 16H

"MeMoPAK 64

-

. e

MEMADNAY AL
*

2]

Memopak 16K Memory Extension
- £39.98 inclVAT

Itis a fact that the ZX81 has revojutionised 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 attractive. custom-
designed and engineered cases which fit snugly onto the
back of the ZX81. giving firm. wobble-free connections

See below for orgering information

commg Soon...

MEMOPAK RAM
HI-RES GRAPHICS

Memotech Hi- Res Gvaphlcs
Centronics Interface and Software Drivers
Memotech Digitising Tablet RS232 Intertace

All these products are designed to fit ‘piggy-back’ fashion

on to each other. and use the Sinclarr power supply

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

unable to accept orders or enguiries concerning these products
but well let you know as soon as they become available

How to order your Memopak.

By Post:  Fillin the coupon below and enclose your
chequeP.O. Access or Barclaycard number

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

Please make cheques payable to Memotech Limited

Please send me:

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

8-16K . .. This section of memory swilches in or out in 4K
blocks to leave space for memory mapping. holds its
contents dunng 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 variables and large
arrays

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

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 lo reject. for discounting purposes. units which

have been either opened or damaged in any way
-———_-——__—_—y

©R Branlon&G A C Boyd 1982

J

Wwi

I Please debit my Access/Barclaycard* account number Quantity Price Total l
1| | [16K RAM. Assembled £39.95 I
I *Please delele whichever does not appry 64K RAM, Assembled £79.00 I
| SIGNATURE DATE EostigRgu rason 1
Total Enclosed
I nave ADDRESS |
|
|

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

I--Memotech Limited, 3 Collins Street, Oxford OX4 1XL, England Telephone: Oxford (0865) 7221 02/3/4/5

WIRELESS WORLD MAY 1982
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Air conditioning

F

@
isnotenough!
£117* CAN BE!

Electricity mains cause all sorts of problems, which
Galatrek solve.

You need Galatrek Voltstab® protection for voltage
sensitive circuits. Galatrek offers the most economical
protection against mains variation, high voltage transients,
momentary breaks and even supply failure.

We have a comprehensive range of Constant Voltage
Transformers (CVT) from 250VA for efficient, trouble free use
of microprocessors, computers, scientific production and
process equipment and instruments.

For TOTAL SAFETY AND EFFICIENCY the Galatrek
Voltstab® Uninterruptible Power Supply (UPS) unit offers the
uitimate in protection. The output voltage is stabilised,
transient attenuated and sinusoidal. Even in a power failure
or when the input varies from
zero to 30% above normal
and the frequency starts to
drift, the Galatrek UPS
ensures normal power supply.

*£117 (ex. VAT) ex works.

Mr R Koffler, Galatrek International
Scotland Street, Llanrwst,

nr Colwyn Bay, Gwynedd LL26 OAL,
North Wales, Great Britain.
Tel No: 0492-640311/641298
Telex: 617114 A/B Galahu

o nm——

|

/

Voltstab is the
Registered Trademark
of Galatrek International

ALATREK £ #

INTERNATIONAL

Please send me fultdetailsof CVT units
Please send me fulldetails of UPS units
Please send mea requirement check sheet
Pleasedoanon-siteinvestigation

0oono

Name o . e

Country _ i _ Tel_ — ’
I IS S D R N S

WW — 048 FOR FURTHER DETAILS
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RADIOCODE
CLOCKS

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems.

Applications

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

Data logging and time recording.

Process and equipment control.

Broadcasting, Astronomy, Navigation.

Satellite tracking.

If you have a time or synchronisation problem,

write or phone for further details of our portable

gnd new microcomputer-controlled Radiocode
locks.

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

WW — 028 FOR FURTHER DETAILS

OLYMPIC TRANSFORMERS LTD

224 Hornsey Road, Holloway, London N7. 01-607 2914

L.T. TRANSFORMERS PRIMARIES 220-240V
FULLY SHROUDED TERMIEEAL BLOCK CONNECTIONS

. T gt Price 5 Sec. Taps Amgs  Price  Caer.
120y Iy 249 28 €350 0120 0-24-30-40-48 60V ? 700 0.2
1724V VA4 4 £750 £1.40 0-24-30-40-48-60Y 4 £1280  f£1.80
12284 IVIZA24Y 84 £8.00  £200 0-24-30-40-48-60Y (] 1680  £2.40
12240 INZNMVIA  £1200 ©220 02430404880 10 £2780 300
12240 IVINMVISA BT £240 0-20-28:34-40-50V S [ B
012-18-20-24-30V 4 540 02N 0-20-28-34-40:50¥ 4 [nog  £1.80
0-1218-20-24-30V 3 825 £150 0-20-28-34-40-50V 8 f400  £2.40
01218-20-24-30¥ 5 B o0 0-20-78-34-40- 50V 10 2050 280
(H218-20 24-30¢ 10 800 £180 0-20-28-34-40-50¢ 1 £2000 £350
STEP DOWN TRANSFORMERS FOR
AMERICAN EQUIPMENT
0-240-110V For use with 50 cycles Non-Motorised Appli-

ances
0-240-100V  For use with 60 cycles Motorised Appliances
RANGE 1 Fulty Shrouded. Complete with 3-Pin American
Socket. Fitted 6ft 240V Mains Lead
RANGE 2 Complete with Carrying Case. 240V Mains Lead.
First 3 items.
{*) fitted with one 3-Pin American Socket. All other
items fitted with two 3-Pin American Sockets.

RANGE 1
Values Prices Carr.
80 WATTS £7.50 £1.20
150 WATTS £9.50 £1.20
300 WATTS £11.50 £1.40
500 WATTS £15.00 £1.60
1,000 WATTS £19.00 £2.50
1,500 WATTS £24.00 £3.00
1,750 WATTS £29.00 OA

15%V.A.T.TO BE ADDED TO COST OF ALL ITEMS INC. POSTAGE
HOURS OF BUSINESS
WEEKDAYS, 8 a.m. to 5 p.m.; SATURDAYS, 11 a.m.to 2 p.m.

RANGE 2
Values Prices Carr.
*500 WATTS £18.00 £2.50
*1,000 WATTS £26.00 £3.00
*1,500 WATTS £30.00 OA
1,750 WATTS £35.00 OA
2,250 WATTS £44.00 OA }
3,000WATTS £60.00 OA
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Now circuit designing is as
easy as pushing a lead
into a hole . ..

No soldering

No de-soldering

No heat-spoilt
components

No manual labour
No wasted time

Fapssigigsigagt tacing B E | e 0 o g
and circuit modification : =

0 o . 1| PB6 630 6 9.751 1236 Kit
For quick circuit analysis and 2| PB100 760 10 {12500 1552 | Kit
diagramming Gl R R

PB102 4 12 2495 .4
. . . . . 5 0

With or without built-in regulated power supplies Slipmio st e | » |acl B

. . 7 4 83.95
Use with virtually all parts — most 6Po203 |« 2250 | 24 |avoo| 7295 svera

b n . PB203A 2250 24 89.00| 104.65 | 5V 15V
plug in directly, in seconds. 10| PRzosax | 2350 24 7100 8395 | 5vzisv
Ideal for design, prototype and hobby > L

Tomorrow's tools for today’s problems
GLOBAL SPEC|ALT'ES CORPORATK)N rG.S.T(UmimxiD:tju,_UniH-,-ShmﬂllmustTalE;e.Sa—ffron_Walt;Ess:CBT:iE - 1

I[ QOnty Req 2]0:\[2 Req 3 Qnty Req 4 COnty Reg 5 Qnty Req 6 Qnty Req 7]0my Req 8 Qnty Req 9 Cnty Reg h Olomy Rea I

I Name Address — _|

G.S.C. (UK) Limited, Dept. 7u tenclose Cheque/P.O.for€ -~ or debit my Barclaycard, Access, '
: . . . Ameri d no. o ) .date___

Unit 1, Shire Hill fndustrial Estate, I IEE¥h EXpE S G mo exp. gl '
Saffron Walden, Essex. CB11 3AQ. I FOR IMMEDIATE ACTION — The G.S.C. 24 hour 5 day a week service | For FREE
N . el Telephone (0799) 21682 and give us your Barclaycard, Access, catalogue

hone: W ; ; A . ’

::_-:::2. gr;e7487a7ffron alden {0799) 21682 U\merican Express number and your order will be in the post immediately | tick box O

WW — 069 FOR FURTHER DETAILS
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LINSLEY HOOD CASSETTE RECORDER 2

é [‘.‘..T! llf:g :

o
1 —

Our new improved performance model of the Linsley Hood Cassette Recorder incorporates our
VFL 910 venrtical front mechani and circuit ificati to increase dynamic range. Board
layouts have been altered and improved but retain the outstandingly successful mother-and-
daughter arrangement used on our Linsley-Hood Cassette Recorder 1.

This latest version has the following extra features: Uitra low wow-and-fiutter of .09% ~ easily
meets DIN Hi-Fi spec. Deck controls latch in rewind modes and do not have to be held. Full Auto-
stop on all medes. Tape counter with memory rewind. Oil damped cassette door. Latching record
button for level setting. Dual concentric input level controls. Phone output. Microphone input
facility if required. Record interlock prevents rerecording on valued cassettes. Frequency generat-
ing feedback servo drive motor with built-in speed control for thermal stability. All these desirable
and useful features added to the excellent design of the Linsley-Hood circuits and the quality of
the components used makes this new kit comparable with built-up units of much higher cost than
the modest, £94 30 + V.A.T. we ask for the complete kit.

-

LINSLEY-HOOD CASSETTE RECORDER 1

—

We are the Designer Approved suppliers of kits for this excellent design. The Author's reputation
tells all you need to know about the circuitry and Hart expertise and experience guarantees the
engineering design of the kit. Advanced features include: High-quality separate VIJ meters with

Controls, and sockets mounted on PCB to eliminate difficult wiring.
Proper’ Ided tcheon for aperture impi and removes the need
for the cassette transport to be set back behind a narrow finger trapping slot. tasy to use, robust
-Lenco T Switched bias and lisation for different tape formutations. Alt wiring is
terminated with plugs and sockets for easy assembly and test. Sophisticated modular PCB system
gives a spacious, easily-built and tested layout. All these features added to the high-quality
metalwork make this a most satisfying kit to build. Also included at no extra cost is our latest HS
16 Sendus Alloy super head, available separately at £8.20 but Included free with the complete kit
at £75 plus VAT.

- Reprints of the 3 original articles describing this design 45p. No VAT.

Reprint of the subsequent postscript article 30p. No VAT.

PRACTICAL WIRELESS ‘WINTON' TUNER

LINSLEY-HOOD 300 SERIES AMPLIFIERS

These latest designs from the drawing board of John Linsley-Hood, engineered to the very
.highest standard, represent the very best that is available on the kit market today. The delicacy
and transparency of the tone quality enable these ampilifiers to outperform, on a side-by-side
comparison, the bulk of amplifiars in the commercial market-place and even exceed the high
standard set by his earlier 75-watt design.

Three versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-watt,
both with Mosfet output devices. All are of identical outside appearance which is designed to
match and stack with our Linstey-Hood cassette recorder 2.

As with all Hart kits the constructors interests have been looked after in a unique way by reducing
the conventional {and boring) wiring almost to the point of extinction. .

Any of these kits represents a most cost-effective route to the very highest sound guatity with the
extra bonus of the enjoy of building a sophisti d piece of equipment.

30-watt Davlini;(on amplifier, fully integrated with tone controls and magnetic pick-up facility.
Total cost of ali parnts is £81.12. Special offer price for compiete kits £72.

35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer for complete kits, £87.40.

45.watt Mosfet amplifier. Total cost of parts £104.95. Special offer price for complete kits £94.80.
1Reprints of original Articles from Hi-Fi News 50p. Post free. No VAT.

Reprints of MOSFET article 26p. No V.A.T. Post free.

FEED YOUR MICRO BYTES WITH OUR
SOLENOID CONTROLLED CASSETTE DECK

Front loading deck with full solenoid control of sll functions including optional read in fast wind

modes. 12 volt operation. Fitted 3-digit memory counter and Hall IC Motion Sensor. Standard
erase and stereo R/P Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full_
technical specification included.

HART TRIPLE-PURPOSE TEST CASSETTE TC1

One inexpensive test cassette enables you 10 set up VU level, head azimuth and tape speed.
invaluable when fitting new heads. Only £2.70 plus V.A.T. and 50p postage.

CASSETTE HEADS
HS16 SENDUST ALLOY SUPER HEAD. Stereo R/P. Longér life than Permalloy. Higher output than
Ferrite. Fantastic frequency r C with data k o8 .£8.20

HC20 Stereo Permalloy R/P head for replacement uses in car players, eftc........
HMS0 Stereo R/P head for METAL tape. Complete with data..........,

H561 Special Erase Head for METAL tape
H524 Standard Ferrite Erase Head.
4-Track R/P Head. Standard Mounting ....
R484 2/2 (Double Mono) R/P Head. Std. Mtg.
ME151 2/2 Ferrite Erase. Large Mtg. ... res
CCE/8M 2/2 Erase. Std. Mtg........

All prices plus VAT

Brilliant new Ted Rule designed Tuner with everything! Gives you fantastic stereo f/m reception

with pilot cancelling decoder i.c., fluorescent display, digital frequency readout along with clock

and timer functions. In addition to f.m. covers l.w.. m.w., s.w. and even TV sound. Further details*
are in our lists; send for your copy.

Part Cost of Post, Packing and Insurance
Order up to £10~50p

Orders £10 to £49~£1

Over £50-£1.50

Please send 9 x 4 S.AE. or telephone for lists giving fuller details and
price breakdowns. _

Instant easy ordering, telephone your
requirements and credit card number to us on
Oswestry (0691) 2894

P&P Export Orders—Postage or shipping at cost plus
£2 Documentation and Handfing

AMATEUR RADIO

HANDBOOK 1982 TV TUBE REBUILDING

by A.RR.L. £8.50 Faircrest Engineering Ltd. manufacture a comprehensive

. . range of equipment for processing all types of picture tubes,
30-hour Basic by Prigmore £6.50 colour and mono. Standard or custom built units for estab-
ucsb P@scal Handbook QY C,l(_ark £13.00 lished or new businessks. We export world-wide and have an
Electronic Equipment Reliability by Cluley £7.50 excellent spares service backed by a strong technical team.
Micros in Amateur Radio by Kasser £8.00

Full training courses are individually tailored to customers’’
requirements.

How to Design, Build Remote Control Devices by Stearne £10.00
Modern Communication Switching Systems by Hobbs £8.00
Art of Electronics by Horowitz £14.50

+% PRICES INCLUDE POSTAGE AND PACKING *

THE MODERN BOOK CO.

Specialist in Scientific and Technical Books

15/21 Praed Street, London, W2 1NP
PHONE: 01-402 9176 : Closed SATURDAY 1p.m.

Please allow 14 days for r'eply or delivery

WW — 058 FOR FURTHER DETAILS
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For full details of our service contact Neil Jupp

FAIRCREST ENGINEERING LTD. |

4 Union Road, Croydon, CRO 2XX
01-684 1422/01-684 0246
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Anentire
range of
low-cost
high-
performance
instruments

sabtronics &
‘Making Performance Affordable’

'261 OA 3%-Digit L.E.D. Bench DMM 5020A 1H2-200KHz Function Generator
*2015A 3%-Digit L.C.D. Bench DMM *8110A 100MHz 8-Digit Frequancy Meter

2020 3%-Digit L.E.D. Bench DMM *8610A 600MHz 8-Digit Frequency Meter
with Microcomputer Interface  *88108 600MHz 9-Digit Frequency Meter
2033 3%-Digit L.C.D. Hand DMM 8000B 1GHz 9-Digit Frequency Meter
*2035A 3%-Digit L.C.D. Hand DMM 8700 10MH2z Unjversal Frequency
*2037A 3%-Digit L.G.D. Hand DMM Counter/Timer
with Temp. PSC-85 600MHz Prescaler
LP-10 10MHz Logic Probe 9005 5MHz Single Trace Oscilloscope

* Also avallabie in kit form,
Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices - no-one can beat our
price/performance ratio.
Full colour illustrated
brochure and price list from:
BLACK STAR LTD., Bia
9a Crown Street,St. Ives,
Cambs. PE17 4EB
Tel: (0480) 62440. Telex 32339

i
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SAFGAN DT-400 Series
BRITISH MAKE
DUAL TRACE ‘SCOPES

| DT-410,10MHz | DT-41515MHz |  DT-420 20MHz

% CH1, CH2:5mv/div—20v/div. * External Trigger

+ Time Base: 1 sec/div=100ns/div. * Z-Modulation.

+ XY Facility: Matched XY inputs. * CAL output v 1kHz.

% Trigger: Level control, = Slope + Graticule blue ruled 8x10 div. (4in. CRT}
selection.  Size: H215mm, W165mm, D280mm.

% Auto, Normal, TV Triggering. % Weight: 4kg.

PROBE (XI-REF-X10) £11.50
SAFGAN ELECTRONICS LTD.

OMEGA ROAD, WOKING, SURREY TEL. WOKING (04862) 69560
Carriage: England & Wales £2.50 + V.AT,; Scotland £10.50 + VAT, . )
London Stockist: Audio Electronics - Tel: 01-724 3564 : BARCLAYCARD
North-Wes! Stockist: Darom Supplies, Warrington, Ches. - Tel: Warrington 84764 [Svsa | I
Avon Stockist: L. F. Hanney, Bath. - Tel: Bath 24811 "y
Cardiff Stockist: Steve’s Electronics Supply Co., Cardiff - Tel: {0222] 41305 » P.
Chesterfield Stockist: Kays Electronics, Chesterfield - Tet: {0246) 31696
Newcastie Stockist: Aitken Bros. & Co., Newcastle - Tet: 0632 26729
Birmingham Stockist: P.A.T_H. Electronic Services - Tel: 021-327 2339
Derby Stockist: RTS, Derby - Tel: (0332) 41235

WW - 031 FOR FURTHER DETAILS
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MICROCOMPUTER COMPONENTS

LOWEST PRICES - FASTEST DELIVERY

Device Price | Device Price .| Device Price | Davice Price | Davice Price
MEMORIES RESULATORS 4012 0.15 | 74LS11 0.12 | 7415258 039
2114L-2000s  1+0.83 | 7805 0.30 | 4013 029 | 741512 012 | 7415259  0.79
25+0.89 | 7812 039 | 4014 0.58 | 744813 022" ] 7415261 185
2114L-300n5GTE 1.55 | 7815 039 | 4M5 056 | 741514 039 | 74LS266 023
{FDR ACORN ATDM) 78L05 028 | 4016 025 | 74LS15 0.12 | 7415273 0.75
2708 45005 1+2.25 | 78012 p2g | 4017 045 | 741520 012 | 7415279 039
25+1.98 | 78015 029 | 4018 0.58 | 74LS2t 012 | 7415283 044
2716 450ns 14249 | 7905 055 | 4019 0.28 | 74LS22 0.12 | 74L52%0 0.54
(single +5V)  25+2.25 | 7912 055 | 4020 056 | 741526 015 | 7405293 045
2716 350ns 6.95 | 7915 055 | 4021 080 | 741527 012 | 7405365 034
2532 450ns  1+450 4022 062 | 741528 015 | 7213366 036
25+4.25 | 79L05 056 | 4023 0.17 | 741830 0.12 | 7415367  0.34
273245005 14308 | 79412 050 | 4024 0.35 | 741832 012 | 741S368  0.49
2543380 | 79L15 0.50 1 4025 0.48 | 741533 0.16 | 7418373 074
2732 350ns 750 | LM309K 099 | 4026 099 | 74LS37 015 | 7418374  0.74
4116 20005 1+0.74 | LM317K 320 | ap27 030 | 741838 0.15 | 741837 0.47
25+0.70 | LM323K 495 | 4028 055 | 74140 092 | 7415377 089
100-+0.87 | LM338K 475 | 4031 185 | 741542 034 | 7415378 069
4116 150ns 14093 4033 180 | 741547 039 | 7415379 084
25+0.89 | ZBO FAMILY 4034 155 | 74048 0.60 | 7405386 028
4118 200ns  1+3.90 | 280 CPU 349 | 4035 072 | 74L49 058 | 7415390 0.54
25+3.45 | ZBDACPU . 3.99 | 4040 054 | 741851 014 | 7418393 050
4118 150ns 6.00 | 280 CTC 299 | 4041 069 | 74LS54 015
5516200ns  12.50 | ZBOACTC 299 [ 4p42 0.54 | 741855 0.15.| OIL SOCKETS
6116 2000s 795 | ZBODART  10.00 | 4043 050 | 74173 0.19 | LOW PROFILE - TIN
6116LP 200ns  10.00 | Z80A DART 12.00 | 4044 064 | 741574 016 | 8opm 007
6116LP.150ns  10.85 | 280 DMA 8.85 | 4045 165 | 74LS75 024 | 14 pn 0.08
Z80ADMA  11.95 | 4046 068 | 74L576 020 | 16 pn "0.08
CAT CONTROLLERS 280 PIO 3.48 | 4047 0.68 | 741578 019 | 18 pn 043
EF6845P 8.50 | Z80A PIO 375 | 4048 054 | 741583 0.44 | 20 pin 0.14
EF9364P 504 | 280 SI0-0 10.89 | 4049 0.26 | 741585 065 | 22 pn 0.17
EF9365P 6200 | Z80A SID-0 11.99 | 4050 026 | 741586 815 { 24 om 0.19
EFI366P 62.90 | 2805i0-1 1099 | 4051 0.58 | 741500 030 | 28 pn 0.25
EF9365/6 DATA AND Z80A SID-1 11.99 | 4052 068 | 741591 0.75 | 40 pin 029
APPLICATIONS 200 | Z80510-2 1099 | 4D53 059 | 74592 034
Z80A SiD-2 11.99 .| 4054 120 | 741593 034 | EXB
BUFFERS MK 3886  11.00 | 4055 120 | 741895 043 | LOW PROFILE -
811595 090 | MK 38864 1447 | 4060 0.79 | 7415109 021 | GoLo
811596 0.90 4063 085 | 7418112 021 | 8opn 022
811597 0.90 | 6800 FAMILY 4066 0.34 | 7415113 023 | 14 pn 029
81LS98 090 | 6800 299 | 4068 0.07 | 74LS114 0.19 | 16 pin 0.31
8T26A 099 | 6802 399 | 4069 017 | 7415122 039 | 18 pin 0.33
8T28A 1.40 20 pn 0.35
8195 1.35 22 pn 0.40

"1 FREE OFFER IR

With each order with a value

DATA CONVERTERS

IN425E:8 3.45 ) [Wew ]
7N426E-8 3.00 in excess of £20 ZERD - INSERTION
N4 27E-B 5.99 - FORCE DI
N4 28E-8 475 2400 . 630
IN429E-8 210 20 page Component 28 pin .40
IN4G2C410 2809 Catalogue 40 pin CL |
IM33CH10 250 + Reply Paid E ‘ L p
7N430 56.63 i RYSTALS
IN432E-10 |4.1§ . HpAlE grecpe 1M ;gg
INaa7 91 1008 MMz 2.
ZN448 685 Voucher Value £1, 18432 MHz  2.20
849 320 (redeemable against F0e . 205
’4
LI FLopey Disc future orders over £20) 6 MHz 1.90
CONTROLLERS 8 MH; 195
FD1771 e 14 MHz 345
FD1791 32.61 | 6803C 11.8¢ | 4070 0.17 | 7418123 038
F01793 3261 | 6809 999 | 4071 017 | 7415124 099 | [T uwr
FD1735 3533 | 6810 125 | 4072 017 | 7415125 0257 MOOULATORS
WD1391 4550 | 6821 125 | 4073 0.9 | 7415126 025 | 6 MM; 370
WD1393 45,50 | 6840 420 | 4075 017 | 7415132 045 | 8 MH; 440
WD1385 4550 | 6850 150 | 4076 062 | 7415136 028
wD1397 . 4550 | 6862 891 | 4077 022 | 7415138 0.34 | DATABOOKS
WD2143-01 545 | 6871AT  18.70 | 4078 024 | 7415139 035 | THOMSON-EFCIS
WD1691 1087 | 6880 107 | 4081 0.4 | 7405145 075 | 6800 Data Baok
6887 0580 | 4082 019 | 7405148 080 { (Incp8p) 585
MISCELLANEOUS 58488 911 | 4085 063 | 7415150 030 | e
SUPPORT CHIPS 6875 418 | 4086 069 | 7415153 028 | 2B N
AY-3-1015 3.25 | 6843 1399 | 4093 039 | 7418155 038 | (ATEE gy
AY-3-1270 7.95 | 68800 470 | 4502 0569 | 7415156  0.38 5
AY-3-8910 605 | 68802 1901 | 4507 039 | 7415157 031 | OATASHEETS
AY-5-1013 3.45 | 68821 229 | 4508 190 | 74LS158 031 | Photocoped Data
AY-5-3600 7.95 | 68810 200 | 4510 060 | 7415160 039 | Sheets avaiable lor
AY-5-2376 6.95 | 68B40 470 | 4511 049 | 7415161 039 | most product at Bp
DPB304 450 | 68B50 215 | 2512 060 | 7415162 039 | per page ex pdp
MC1488 0.59 | 68000C4 110.00 | 4514 1.49 74L5163 038 | and VAT Please
MC148Y 0.59 4515 149 74L5164 0.47 | telephone lor Getarls
MC3446 295 | 6500 FAMILY 4516 069 | 7415165 089 | Lo oa0o
MC3448A 425 | 6502 425 | 4518 040 | 7415166  0.84 |
MC3480 795 | 6520 2,99 | 4519 028 | 7405173  o70 | Ekctromechanical
MC3487 285 [ 6522 475 | 4520 069 | 7415174 047 | ASCH Encoded
MC14411 6.94 | 6532 6.95 | 4521 149 | 7418175 049 ‘UDDe"f’ Lower
MC14412 799 4522 120 | 741581 128 (Sigse) il
RD-3-2513( 6.99 | 8080 FAMILY 45% 070 | 7415190  pag | B KesrcSneick
RO-3-2513U 599 | 8085A 550 [ 4527 0.89 | 7415191 0.48 clce eacz ol
ULN2803A(203) D584 | 8212 170 | 4528 070 | 745197  gap | 1CAMe0CE
8216 099 | 4532 085 | 7415193 046 | case
DYM CHIPS 8224 195 | 4541 099 | 7418194 0.39 | Stuctured Foam
ZN450e 761 8228 395 | 4543 080 | 7415195 038 | Case for above
NS0 DVMKIT 2500 | 8251 380 | 4553 290 | 741519% 059 | ncludig Steel Base
8253 7.95 | 4555 0.39 | 74LS197 085 | Fuushed in Black
NEW LINEARS 8255 360 | 455 044 | 7415221  0.54 | and Charcoal
LM301AN 025 4585 082 | 7415240 089 | Prceeach 4995
LM308N 0.89 | CMOS 4000 'B° 7415241 089 | (Camage 10.00}
LM311N 0.69 | SERIES T41$ SERIES 7415242 079
LM319N 2.20 | 4000 1 | 741500 010 | 7415243 079 | MAINS
LM324N 030 | 400 941 | 741501 0.1 | 7415244 065 | TRANSFORMFR
LM348N 059 | 4002 013 | 741502 012 | 741245 089 | Sutable lor +5V
LM555CN 016 | 4006 96C | 7aLS03 012 | 7415247 063 | a2sAtiva
LM556CN 049 | 4007 0.15 | 741504 012 | 74L5248 D63 | 1A Power Supply
LM725CN 320 | 4008 055 | 741505 013 | 7415249 D63 | (Using Bridge
LM741CN 014 | 4000 028 | 741508 0.2 | 7aLS251 040 | Rectificaton and
LM747CN 0.70 | 4010 035 | 74LS09 0.2 | 74LS253 030 | LM323K)
LM748CN 034 | 4011 032 | 74510 012 | 74LS257-  0.40 Il Prceexch 1085
—_—
OFFICIAL  WENMEEM ,, \1OUR TELEPHONE SERVICE FOR GUANTITY
OHEERS a CREDIT CARD USERS psenilS
WELCOME AVAILABLE

PLEASE SENDS.AE.(20p) FOR OUR NEW 1982 CATALOGUE. FREE REPLIED PAID ENVELOPE

WITH EVERY ORDER. ALL PRICES EXCLUDE P& P ON ORDERS UNDER £10 (75p) OVER £10

CASHWITH ORDER AT LIST PRICE ONLY AND VAT {159). ALL ORDERS DESPATCHED ON DAY
OF RECEIPT WITH FULL REFUND FOR OUT OF STOCK ITEMS IF REQUESTED.

MIDWICH COMPUTER CO. LTD.

DEPT Ww, HEWITT HOUSE, NORTHGATE STREET,
BURY ST. EDMUNDS, SUFFOLK IP33 1HQ
TELEPHONE: (0284) 701321 TELEX: B17670

WW - 005 FOR FURTHER DETAILS
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Our May issue is a must for all microcomputing enthusiasts:

TIPPING THE BALANCE

THE SOFT APPROACH

COMPILING THE PROBLEM —

AFTERMATH

4

SPECIALISTS SINCE 1972
DOMESTIC OR STAGE
SIX OR 7' OCTAVES
KITS OR MANUFACTURED
VOCA

L & INSTRU
The most advanged | MENTAL SOLOISTS!

Can a micro-based system really offer the facilities of a
mainframe? We investigate.

Supercharging the Apple is currently a popular pastime.
We look at the CP/M option from Microsoft.

Use a compiler to accelerate your BASIC! We review a
commercial offering.

With the first screening of the Computer Programme
now complete the BBC's Computer Literacy project
moves into top gear. We bring you the inside story.

An Electronic Backin |
TRIO. Drums, Bass
Chord Instrument.
User Programmable
- for 50-100 scores,
using microprocessor—

iIC %

BAND-BOX |

form of touch-sensi-

ing piano key inertia
by patented tech- g;eﬂ ,\in

tive action simulat- § MASTER RHYTHM

rammable
ACHINE.

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,

$5 g‘i’;::w:ao'::lelpal‘::::'l::: PRE-AMPLIFIERS AND ACCESSORIES
Four muable voices § T inst t
for serious tone [ Totoore oot oton ~ 70 KIT £119 BUILT POPULAR UNIVERSAL CASSETTE HEADS TO EIA) STANDARDS
variation plus C21RPS18 MONO R/p Holg Centres 17mm Apart, 12mm From Head Face
§|ecuemc chorus B Write or Phone for full details of our range of B24.02 STEREO R, ‘:7 66 C42RPH20 STEREO R/P SENDUST FOR
nd flanger effects. high quality Kit and manufactured Electronic | - B24.07 STEREOQ R/P FOR DOLBV CHROME/METAL TAPES .. £10.67
Musical Instruments. Prices include v.A.T, Cere, SYSTEMS............ £9.05  C42RPHO4 STEREO R/P GLASS FERRITE
DOMESTIC FRICES” Sprmponeit Kis in- Jf & lns, and we operale Telephone C21E818 MONO/STEREO ERASE THE ULTIMATE LONG LIFE,
clude Key A iue EXPORT Quotatlons given. HEAD .............;.... £2.13 HIGH PERFORMANCE HEAD £13.34
1 0 POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.AT.
£} SX | P4 | funxis s con | “CLEF PRODUCTS (ELECTRONICS) 2
Comp} 217 244 tain; Cabinets. Har- LIMITED The Monclith Electronics Co. Ltd.,
ness, Power Amp §/7 Church Street, Crewkerne.
Full 1363.90| 399.90 | and Speaker. Dept. W, 44a Bramhall Lane SouthAH Somerset TA18 THR
Bramhall Stockpon Cheshire SK7 1 Tel: 046074321, .
k SSARTLI675 o) 061-439 3297 Telex: 45306 MONLTH G. electronic DPOdUCtS

WW — 012 FOR FURTHER DETAILS

WW — 016 FOR FURTHER DETAILS

H

itachi Osci“oscopes petmance, reliability, exceptional value

and immediate delivery!

Hitachi Oscilloscopes provide the quality and performance that you'd expect
from such a famous name, in a range that represents the best value for money
available anywhere.

V-152B 15MHz Dual Trace V-550B SOMHz Dual Trace, Dual Timebase

V-202 20MHz Dual Trace V-1050 100MHz Quad Trace, Dual Timebase
(illustrated) Just released

V-302B 30MHz Dual Trace V-209 20MHz Dual Trace, Battery Portable

v-352 35MHz Dual Trace V-509 S0MHz Dual Timebase, Portable

Prices start from around £230 and we hold the range in stock for immediate
delivery.
For colour brochures giving detailed specifications and prices, ring 0480

63570.
Reltech Instruments 46 High St., Solihull, W. Midlands B91 3TB
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It's the chance

every constructor wants

POWER AMPS

PRE-AMP
MODULES

SEND COUPON

(NO STAMP NECESSARY)

AND OPEN UP
TOA

NEW WORLD OF
QUALITY &VALUE

WIRELESS WORLD MAY 1982

it's something you have always wanted....something to build
your equipment into that's smart, modern, strong, adaptable
to requirement and not expensive. The ‘UniCase’ is yet another
triumph of |.L.P. design policy. It presents totally professional
appearance and finish, ensuring easier and better assembly to
make it equal to the most expensive cased equipment.

The all-metal ‘UniCase’ is enhanced by precision aluminium
extruded panels engineered for speedy and perfect aligned
assembly within amere five minutes. Designed in the first case
to accommodate I.L.P. power amps with P.S.U's, the range
will shortly be extended to house any other modular projects.

WHAT WE DO FOR CONSTRUCTORS

Our product range is now so vast we cannot possibly hope to show it
all in our advertisments without overcrowding or abridging
information to the point of uselessness. So we have devised a solution
which we invite you to take advantage of without delay. ALL YOU NEED
DO IS FILL IN AND FORWARD THE-COUPON BELOW TO RECEIVE
OUR NEWEST COMPREHENSIVE |.L.P. CATALOGUE POST FREE BY
RETURN. It gives full details of alf current |.L.P. products for the
constructor together with prices, full technical and assembly details,
wiring and circuit diagrams etc. and it's yours, FREE. You don't even
have to stamp the envelope if you address it the way we tell you.

o)L W

ELECTRONICS LTD.

FREEPOST 5
GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7EP
Telephone Sates (0227) 54778 Technical Only (0227) 64723 Telex 965780

FREEPOST
Mark your envelope clearly FREEPOST 5  and post it WITHOUT a stamp to
I.L.P. at address above. We pay postage when your letter reaches us.

To: I.L.P. ELECTRONICS LTD.

PLEASE SEND ME |.L.P. CATALOGUE, | Name: —

POST PAID BY RETURN
Address: S

I HAVE/HAVE NOT PREVIOUSLY
BUILT WITH L.L.P. MODULES

you
Know

I.L.P. are the world’s
largest designers and
manufacturers of hi-fi audio
modules?

I.L.P. pioneered encapsulated
power amps and pre-amps for
enhanced thermal stability,
mechanical protection and
durability?

There are TWENTY power
amplifiers from 15 to 240 watts
RMS including the very

latest super-quality Mosfets to
choose from?

TWENTY pre-amp modules
allow you to incorporate
exciting professional
applications to your equipment
never before available to
constructors and
experimenters?

I.L.P. are suppliers to

the B.B.C,1.BA,N.ASA,,
British Aerospace, Marconi,
Racal, Ferranti, G.E.C., Rolls
Royce etc?

Goods are despatched within 7
days of your order reaching us and
covered by our 5 year no-quibble
guarantee?

FOR YOUR FREE [iyepuiiginuiokubitysgUIgNI = CoRENENN
IL.P CATALOGUE

1.L.P. products are available also from Henry's, Marshali's. Technomatic & Watford

WW — 042 FOR FURTHER DETAILS
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Used test eq

Prices
from€

ACOUSTIC & VIBRATION
BRUEL & KJAER
1621 Tunable Band Pass Filter
2113 Audio Frequency Spectrometer
2203 Sound Level Meter
2215 Sound Levet 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
2972 Tape Signal Gate
4230 Sound Level Calibrator
4423 Noise Dosemeter
4424 Noise Dosemeter
CASTLE ACOUSTICS
CS181 Sound Level Meter & Calibrator
C.EL.
112 Environmental Noise Analyser
144 Environmental Noise Analyser
DAWE
419C Audio White Noise Generator
1461CV Vibration Analyser
1463B % Octave Filter
1465 Octave Band Filter
KISTLER
504A Charge Amplifier
WAYNE KERR
B7318 Vibration Meter Inc. probe 270

BRIDGES & V and | STANDARDS

560
1400
450
1050
45

g

88 ¥ GH8s¥s8

g88s

&

ADVANCE

T1Q Meter 100 KHz-100 MHz 160

CINTEL

2773 Inductance Bridge 160

HEWLETT PACKARD

4261A Digital Automatic LCR Bridge 976

4342 QLC Meter 22 KHz-70 MHz 2800

MARCONI

TF868A Universal LCR Bridge 250

MUIRHEAD

D30A DC Bridge 0.15% 180

PHILIPS

PM6302 RCL Bridge — direct reading 3956

WAYNE KERR

8224 RCL Bridge 0.1% 500

B521 LCR Bridge 16

B801/CU681/Q801/SR268 VHF

Admittance Bridge with source and

detector transistor adapter & D.C. Control

Unit for transistor measurements 750
COMMS & CABLE TEST
EQUIPMENT

DYMAR

8C282 Battery charger for 883 Radio

Telephone 80

883 Radio Telephone — VHF band - hand

held 245

HEWLETT PACKARD

3556A Psophometer 20 Hz-20 KHz 250

MARCONI

TF2809 Data Line Analyser 600

NORTHEAST ELECTRONICS

TT5378 Psophometer/VU Metar 200

SEIMENS

U2033 Psophmeter 475

E=————--.o ]

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.

Prices
fromf
S.T.C.
74184B Selective Level Measuring Set 600
742186A Noise Generator 300
74261A Psophometer 300
742628 White Noise Generator & Receiver 2000

74307C Level Measuring Set 175
74834C Distortion Measuring Set

96016 Selective Null Detector

GTA-2 Quantization Distortion Tester
GTA4B Pattern Generator
TEKTRONIX

1502 TDR Cabie Tester CRT + Recorder

COMPUTER EQUIPMENT
{90 day guarantee)
CENTRONICS
702 matrix printer
TEKTRONIX
4610- 1 Hard copy printer for 4010 series
computer display terminals

g888

2950

g

1800

ipment, calibrated to Manufacturer’s origmal specification.

Prices
from€
DIGITAL TESTING EQUIPMENT
HEWLETT PACKARD
1600A Logic Analyser 16 ch 20 MHz 1400
1600S Logic Analyser 32 ch 20 MHz 2250
1602A Logic Analyser 16 ch 10 MHz 900
1607 Logic Analyser 16 ch 20 MHz 950
TEKTRONIX
832 Datacom Tester R5232/V24 1150
833 As 832 plus BERT/BLERT feature 1300
7DOIF/DFI Logic Analyser/Formatter
16 ch 50 MHz P/in 2650
7603/7DOIF/DFI As above with display
mainframe 3600
MAINS TEST EQUIPMENT
COLE
T1007 Volt/ Freq/ Spike Monitor Rec O/P 110
DATALAB
DLO19 Mains’Interface for DLI05 300

SPECIAL OFFER

FLUKE 8800A

5% digit digital voltmeter
High accuracy and resolution AC/DC/ ).

DC resolution 1uV.
AC resolution 10uV.
Manual or Auto ranging
£430 (12 month guarantee)

(£395 one month guarantee)

COUNTERS & TIMERS
FLUKE
1910A-1 125 MHz 7 digit Cntr. AC/Batt 300
1912 520 MHz 7 digit Counter 375
1912A01 As 1912A but inc. re-charging
batteries 430
1920A 520 MHz 9 digit Counterinc, Brst.
mode 575
1920A14 1250 MHz otherwise as 1920A 750
HEWLETT PACKARD
5243L 20 MHz 8 Digit Counter 150
5245L 50 MHz 8 Digit Counter 200
5300A/6304A 10 MHz 6 Digit Counter
Timer 250
5300A /53058 1300 MHz 6 Digit Counter 425
5345 500 MHz 11 Digit Counter Timer 2000
MARCONI
TF 2432 560 MHz 8 digit Counter 350
RACAL-DANA
371 18 GHz 11 digit Counter with Source
Locking facility 4950
811050 MHz 8 Digit Counter Timer 320
9024 800 MHz 7% digit Counter 220
9025 1 GHz 8 digit Counter 450

9520 10 MHz 4 Digit 95

9905 200 MHz 8 digit Counter Timer 360
SYSTRON DONNER

8053 3 GHz 9 digit Counter BCD O/P 790
51038 Strip Printer for 6053/6054 37s
TEKTRONIX

DC501 7 Digit 100 MHz Counter — TM500

Plug-in 180

e 5 %o 5 s ]

DRANETZ

806 3ch Volts Av/ Spike/ Time/ Printer
616 2ch AC 1ch DC Voits/ 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
16018LS Thermom 10ch 87 + 1000°Ctype K 60
N.B. Thermocouples not included
CROWCON
71P inflammable Gas Detector/ Alarm 126
DATALAB
DL905 Digital Transient Recorder/ Display

1250

290

826

Storage 1050
FLANN

16/11 Rotary Vane Attenuator WG16 250
HEWLETT PACKARD

342A Noise Figure Meter 500
X382A Rotary Vane Attenuator WG16 175
MULTIMETRICS

AF120 Dual H/Pass L7 Pass active

filter 20 Hz - 2 MHz 600
PHILIPS

PM 5501 Colour TV Pattem Generator 199

PM 6455 Stereo FM Generator
PM 6456 Stereo FM Generator 296
RESEARCH INSTRUMENTS

Micro manipulator — 4 Probes moveable in

all planes. Adjustable test table — Watson

Barnet optics. Complete system mounted

in perspex enclosure 475

ROHDE & SCHWARZ

BN252 Transistor Y Parameter Test Set 1500

S.T.C.

74600J Attenuator 0-9 dB 502 in 1 dB

steps 120

74616A Attenuator 0-100 dB 6002 in 0.1 dB

steps 180

TEKTRONIX

S21PAL Vectorscope 2750

628 TV Waveform Monitor 750

575 Semiconductor Curve Tracer 25

1485C TV Waveform Monitor PAL/NTSC 3100

YELLOW SPRINGS

YS157 Water Pollution Measurement

System 300
NETWORK ANALYSERS/
PHASEMETERS

GENERAL RADIO |

1710/11/12/140.4-500 MHz 115 dB range 2200

HEWLETT PACKARD

8405A Vector Voltmeter 1-1000 MHz 3100

8414A Polar Display for 8410 N.\W. A, 750

8745A S Parameter Test Set 0.1-2 GHz 3100

11570A Accessory Kit for 8405A 176

11600A Transistor Test Fixtures

TO18/T0-72 125

11602A Transistor Test Fixtures

TO5/T0O-12 125

11604A Universal extension arm for 8745A 250
11605A Flexible arm for 8743A

OSCILLOSCOPES &
ACCESSORIES
CROTECH
{New CROTECH Oscilloscopes)
3030 15 MHz 1 Trace 5mV built-in
component tester 145
3033 15 MHz 1 Trace S5mV battery operation 280
3034 15 MHz 2 Trace 5mV battery operation 380
3035 10 MHz 1 Trace 5mV built-in
component tester 165
3131 15 MHz 2 Trace 5mV built-in

component tester 230
3337 30 MHz 2 Trace S5mV with signal delay 396
GOULD ADVANCE

0S10008 20 MHz5mV 2 Trace 500
OS3000A 40 MHz 5mV 2 Trace 2T base 630
HEWLETT PACKARD

182C 100 MHz Mainframe 1300
182T 100 MHz Mainframe with digital

normaliser interface 1500
1804A 50 MHz 20mV 4 Trace Plug-in 826
1825A Dual Timebase Plug-in 500
1805A 100 MHz 5mV 2 Trace Plug-in 625
PHILIPS

PM3207 15 MHz 5mV 2 Trace TV trig 2
PM3211 15 MHz 2mV 2 Trace TV trig 350
PM3212 25 MHz 2mV 2 Trace TV trig 550
PM3233 10 MHz 2mV 2Ch fixed delay Dual

Beam 300
PM3244 80 MHz 5mV 4 Trace 2T base 1450
PM3260 120 MHz 5mV 2 Trace 2T base 1476
PM3262 100 MHz 5mV 2 Trace 2T base

Tr View 1150
TEKTRONIX

465 100 MHz 5mV 2 Trace 2T base 1450
4658 100 MHz 5mV 2 Trace 2TB, inc Probes 168856
475 200 MHz 2mV 2 Trace 2T base 1750
475A 250 MHz 2mV 2 Trace 2T base 2100
485 350 MHz 5mV 2 Trace 2T base 3600
5B42 2 T/base plug-in 50 MHz Trig for 5000

saries Mainframe 325
DDS501 Digital Events Delay — P/in for

TMS500 series 475
661/4S3/5T1A 1 GHz Sampling scope 6596
7A12 106 MHz 5mV 2 Trace Plug-in 300
7A1875 MHz 5mV 2 Trace Plug-in 420

7A19 500 MHz 10mV 1 Trace Plug-in 990

7A22 1 MHz 10uV Difterential Plug-int 596
7A24 350 MHz 5mV 2 Trace Plug-in 990
7A26 200 MHz 5mV 2 Trace Plug-in 665

7B53A 2 Timebase Plug-in 100 MHz Trig 530

7880 Single Timebase 400 MHz Trig 636
7885 Timebase with delay 400 MHz Trig o
7403N 75 MHz 3 slot M/Frame 990
7603 100 MHz CRT r/out 3 slot M/Frame 1350
7704A 200 MHz CRT r/out4 slotM/Frame 1950
P6013A X1000 12KV Probe 9%
TELEQUIPMENT

D63/V1/V1 15 MHz 2 Trace 1mV 425

All items have a 12 month guarantee unless otherwise stated.
WW - 059 FOR FURTHER DETAILS
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Prices Prices Prices Prices
from £ from £ from€ from €
3/V5/V5 15 MHz 5mV 2 Trace & fixed B016A Digital word generator to 50 MHz 8601A Gen/Sweeper 0.1-110 MHz Attn® 7603/ 7L18 System with display 1.5-18 GHz
lay 440 9 x 32 bit AM/FM 1950 (60 GHz with external mixers} 11100
'5/V4/S2A 50 MHz 1TmV 2 Trace 2 LYONS 8614A Generator 800- 2400 MHz
base 650  pG73N 20 MMz 10V 500 R.T. 5ns 390  AM/FM/Puise 2800 VOLT/MULTI-METER
B/V4/S2A 50 MMz 1mV 2 Trace 2T 8660C/86632A/86603A Synthesised Signal {ANALOGUE)
) CRT 750 RECORDERS & ACCESSORIES Generator 1-2600 MHz AM/FM digital BOONTON
01515 MHz 5mV 2 Trace TV trig 29%5 BRYANS SOUTHERN readout, push button controls, BCD 92C AC/RF 10 KHz-1.2 GHZ % mv-3V 250
15MHz5mV 1 Trace 135 S314 Chart 10° 4 Pen 16 speed 1800  Pprogrammable 15000 HEWLETT PACKARD
IXSCAN BS316 Chart 10 6 Pen-16 speed Z500..  9SA0RIGEREElonE00|KHzr S121ghis 400E 10 Hz-10 MHz 1mV-300V DC O/P 285
1120 Large CRT XY Display with DCM e R e 4500 150 10 Hz-4 MHz ImV-300V 75
nodulation 280 8100W Wow & Flutter Analyser Pt e I 411A0.5500 MHz 10mV-10V DC O/P 175
1e: we hold a range of cameras POA.  EMm W g z 427 AC/DC/VIQ 195
" - 614 Generator 0.8-2.1 GHz 826 3400 TRMS 10 Hz-10 MHz 1mV-300V
YSCILLOSCOPES (STORAGE) LVDT Linear Displacement & Transducer 50 IEC DC-O/P 390
EWLETT PACKARD gléDE N o F51A Function 1 mHz-10 MHz LEVELL
1A 100 MHz Mainframe 5cm/us 2500 ridge supply and Amplifier 1 Sin/Sq/Tri/Pulse/Ramp 375 .
03A 35 MHz 10mV 2 Tr ZTB 1000 Div/ms 1400 HEWLETT PACKARD LEVELL ITV';MII AE:;‘E;’;EE';T;‘E AC/DCIVITI I
KTRONIX OB AGUECN X 2] P TG1500M Generator 1.5 Hz-150 KHz NAMYV — DC sensitive u Volt/nAmp meter
5100 MHz SmV 2 Tr 2TB 1350cm/us 2960  7O%6A XY 2pen A3 size 995 partery operated 60) | e . ? 45
12 10 MHz 2mV 2 Tr 1T8 250cm/ ms 895  HONEYWELL MARCONI
13 25 MHz 3 slot M/ frame split screen 5600B instrumentation tape recorder 14 ch TF144H/4S Generator 10 KHz-72 MHz AM 550 MARCOONI bl
;':;/:30 L e ;x FM/DR 9000  TF801D Generator 10 MHz-470 MHZAM 180 3%600 10Hz2 10 MHZImNSO0OMACIIBE ]
z3slotM/frame 4.5cm/us MICRO-MOVEMENTS TF955/2 Generator 0.2-220 MHz AM/FM 670
34 400 MHz 4 stot M/frame 2500 cm/us 5300 p30-120/ A Compact UV 10.ch 7 speed TF1066B/1 Ganerator 10-470 MHZ AM/FM 690 112003 50 KHz-1.5 GHz 300,V-3v 300
recorder {inc. galvos) 1900  TF2000 Generator 20 Hz-20 KHz-111 dB jlecest ieeliS Gz SOomYASY) 42
'OWER MEASUREMENT PHILIPS o - 750 PHILIPS
.UKE Y aiem A PM8031 XY 1 pen A4 size 760 TF2002/3MI Generator 10 KHz-72 MHz PM2404 Analogue Multimeter
21A 10 Hz-20 MHz 4 % digit & Analogue P e e ) e R s 75 AMonly ss0 AC/DC/V/VQ 100
ns & dBm 86  SELABS TF2011/S Generator 9%6-140 MHzFMonly 560 RACAL-DANA
EWLETT PACKARD . TF2012 Generator 400-520 MHz FM 560 9301 RMS 10 KHz-1.5 GHz 1004V -300V 560
. 994 6 ch gatvo preamp + DC bridge supply 450
2A RF-Microwave Powermeter for use 3006 UV chart6” 6 ch 70 TF2015 Generator 10-520 MHz AM/FM 115  \VIBRON/E.IL.
th 470 series sensors 430 6008 UV chart 8" 25 ch 16 speed 960 TF2015_/‘I .Generator as 2015 with narrow 338-2 1mV-1V Electrometer 200
3A Co-ax sensor for 432 meter 6150/51 UV recorder 12 ch-inc 6 ch am 1000 FM deviation 1360
MHz-10 GHz 160 52 TF2015/2171 Generator system with phase VOLT/MULTI-METER {DIGITAL)
86A Power sensor for 432 meter W.G,16 160 SMITHS ) lock synchroniser 1900 BOONTON
2A/478A combined price 560  RES41Chart8” 1pen8 speed 250 TF2015-1/2171 Generator system with S ISSarE DO 1 2 G ey
2A/X486A combined price 550 RE501/4701 Cht4” + XY 1ch 10 spd phase lock synchroniser 1950 . s
31A Type N Coax sensor for 435A 260 ACBan 200 TF2171 Synchroniser for 2015 10s0 FARNELL
32H Co-ax sensor for 435/436 SOLARTRON PHILIPS DM131D 1999 F .$.D. AC/DC/V/I/0 &
) KHz-4.2 GHz 220 3240 Modular Data Logger system POA.  PMSI08L Function0.1 Hz-1 MHz Vo R, ST RioR = Lo
ARCONI RANK Sin/Sa/Tri O/P meter — 50 and 6008 g Probeincluded 138
893A 10 Hz-20 KHz Powermeter 136 1740 Wow & Flutter meter 85 PMB5127 Function 0.1 Hz-1 MHz Sin/Sq/ FLUKE
22 R.F. Powermeter DC-1GHz 10W max 475  Note: UV recorders are priced less galvos Tri/Rmp 450 8010A 2000 FSD TRMS AC/DC/VI 140
03 R.F. Powermeter DC-1 GHz PM5129 Function 1 mHz-1 MHz Sin/Sq/ 8010A01 AsB010A + re-charging batteries 159
OW max 800 SIGNAL ANALYSIS Tri/Ramp/Pulse + Sweep + Burst 645 B020A 2000 FSD Handheld
50/6421 Microwave Powermeter & EQUIPMENT TEKTRONIX AC/DC/VI] + cond. 5 N
nsor 0.01-12.4 GHz 500 AIRMEC FG503 Function 1 Hz-3 MHz Sin/Sa/Tri — o e e e 2 Q\%
210 AM/FM Mod Meter 2.25 MHz- P/in for TM500 series 250 2030A12000FSDIAC/OC/MAEHAEEACESSIE BN
>OWER SUPPLIES etc 300 MHz 23 TELONIC 8050A 20000 FSD AC/DC/VIQ dB TRMS 2156 RSN
DVANCE 248A Wave Anal 8050A-01 As 805)A + re-chg batteries 245
lyser 5-300 MHz 200 : 5 &
G5-20 Switching PSU madule 5V-20A 853 Wave Analyser 30 KHz-30 MHz 200 g e - 1O HEth 82004 16000/ FESTORDEloNTARS iR
ed % MARCONI Attn. system Voltmeter 850
RANDENBURG oL Mk TEXSCAN 8300A 120000 F.S.D. DC only fast reading
OEHT Power supply 3-30 KV-TmA 460 TE2304 Modmeter AM/EM B [ R e B et N
meter AM/F! 475 560 Sweeper 5-1000 MHz 890 8B00A 200000 FSD AC/DC/VQ 560
ARNELL TF2330 Wave Analyser 20 Hz-50 KHz 475 WAVETEK GOULD
30/5 0-30V-5A variable 110 TF2330A Wave Analyser 20 Hz-76KHz 900 )
10/20 0-30V-20A variable 225  TF2331A Distortion meter 770 1?3 Funcm')nO_(XX)l Hz-20 MHz DMM7 1999 FSD AC/DC/V/1/Q 80
:SL 5V - 20A PSU module 80 RADFORD Sin/Sq/Tri/ Pulse 695 HEWLETT PACKARD
30/25 0-60V-25A variable metered 420 DMS2 Distortion meter 20 Hz-20 KHz 200 SPECTRUM ANALYSERS 3490A 100000FSD AC/DC/V/Q 560
0B 0-30V variable 1A Metered 80  SOUND TECHNOLOGY HEWLETT PACKARD SOLARTRON
330/10 0-30V -10A variable 180 1700A Distortion Meter 10 Hz-100 KHz inc 1417/85528/8563B 1 KHz-110 MH A200 19399FSD DC only 1uV-1 KV 65
JPS/2 Twin 5V @ 5A + 15-0-15V @ 1A 86 scillator . 800" SvsE - 7100 A203 19999FSD AC/DC/V/Q 160
$V70 0-35V-10A or 0-70V -5A variabl 9999
:mrad or variable - WAYNE KERR 141T/85528/85548 100 KHz-1250 MHz A2051 FSD TRMS AC/DC/V/Q 175
A321 Wave Analyser 20 Hz-20 KHz 180  system %050 [
EWLETT PACKARD Note: see also “Spectrum Analysers” 1417/85528/8555A 10 MHz-18 GHz
688 0-40V variable 30 A Metered V+1 576 system 10700 LOW COST CORNER
O AT Y ] 40  SIGNAL/FUNCTION/ + SWEEP 3580A 5 Hz-50 KHz with digi store disp 2950 Items in this box have 30 day
IARCONI GENERATORS 8445A Pre-selector 0.01-18 GHz 2400 guarantee onl N
54 0-30V variable 2A metered 7  GENERAL RADIO 85588 0.1- 1500 MHz Plug-in for 180 series 4450 Y- %\\
HILIPS 1362 Generator 220-920 MHz as  MARCONI N
L ' - ) M.L. ENGINEERING NAMV SR
.164? 0-75V variable 6A Metered V + § 4%  GOULD ;Sﬁi‘llr?ggu:;: :ﬂr(’:c?if‘;zt:: display P, D.C. Sensitive nAmp/uVolt meter —
PULSE GENERATORS J3B Generator 10 Hz-10 MHz O/P level centre zero 30
DVANCE meter & Attn, 3s0  TEKTRONIX TEKTRONIX
J4 Generator as J3 but no output level 7L13 1 KHz- 1800 MHz Plug-in for 7000 1A .
3 52A Modular pulse generator system — e ) series M/ Frame 7700 247/ 450 M_Hz Dual Trace Dual Timebase
de range of configurations — cost S$G21 Generator — Square Wave only 7118 1.5-18 GHz Plug-in for 7000 series. iz Seellisese TEY
xPendant on modules — typical 650 03100 MHz 80  High resolution. Digital storage display. TEKTRONIX
35002D 0.1 Hz-1 MHz 50V 10092 Double HEWLETT PACKARD Buift-in pre-selector 10100 575 Transistor Curve Tracer 200
lse R.T. 15ns 2%0 ; 7603/7L13 System with display 0.1-1800 TAYLOR
204C Oscillator 5 Hz-1.2 MHz 210
H RESEARCH ; ) ; MHz 8300 62A AM/FM Signal Generator 4-120 MHz 85
204D Oscillator 5 Hz-1.2 MHz inc. 80dB )
210 Hz-3.5 MHz 50V 502 RT 10ns 2pulse 190 ,0nuat0r 250 7613/7L13 System with storage/var.
EWLETT PACKARD R Gaerator OV N Y e wo  Persist. display g00
11A 0.1 Hz-20 MHz 16V 502 RT 10nsinc
irst mode 475

ull details and specificatior’ of equipment listed, available. Because of long copy dates this list is not comprehensive — ring for inventory
pdate or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.30 am -5.00 pm (lunch, 1-2 pm). Prices exclude delivery and VAT.

Ve take Access or Visa.

Sarston Electronics Ltd
01-267 5311

hirley House, 27 Camden Rd, London NW1 8NR. Telex: 23920

2\

%

7
Contact us for a cash quote on your under utilised test equipmen?

P
7
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l/////, 7
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ILP POWER
SUPPLIES-
MOST WITH ILP

TOROIDAL
TRANSFORMERS

3 . tngl .
\ _E_I;.EET_E!_DNICS LTD

Space-savifig,
efficient ILP power supplies
are designed to give you
flexibility in planning audio
assemblies. Nine of the
eleven models have toroidal
transformers manufactured on
new cost-efficient high technology
machines in our own factory. So we keep the
-quality up,and the price down.

ILP power supplies are compatible
with all other ILP modules — combine them to -
produce almost any audio system. All carry the ILP 5
year no quibble guarantee and include full connection data.

So send your order on the Freepost coupon below today!

POWER SUPPLY UNITS

Model No. For use with o T
- 1

PSU 30 |- =15V combinations of HY6/66 series to a maximum of 100 mA or one £5.18 | £4.50
HY67
The following wil also drive the HY6/ 66 series except HY67 which
requires the PSU 30.

PSU36 | 1or 2HY 30 £9.32 ttuo

PSU 50 | 10r 2HY 60 | £12.58 | £10.94

PSUBO | 13HY 120/HY 120P/HD 120/HD 120P. £15.00| £13.04
PSU 65 | 1 MOS 120/1x MOS 120P. GRS
PSU 70 | 1or 2 HY 120/HY 120P/HD 120/HD 120P. £18.31 | £15.92
PSU 75 | Lor 2 MOS 120/MOS 120, | c1s.ss]liis.2o
PSUG0 | 13 HY 200/HY 200P/HD 200/HD 200P | e18.63] €16.20
PSUG5 | 1xMOS 200/MOS 200P 1 e877 }E]GJZ
PSU 180 | 2 HY 200/HY 200P/HD 200/HD 200P o | £24.54 ] £21.30
1KY 400/1 X HY 400P/HD 400/ HD 400P.
PSU 185 | 10 2 MOS 200/MOS 200P/1 X MOS 400 n 2468 £21.6

1 MOS 400P.

All models incorporate ILP toroidal transformers except PSU 30 and PSU 36
which include our own lamlinated transformers.

How to order Freepost:

Use this coupon, or a separate sheet of paper, to order these modules, or any
products from other ILP Electronics advertisements. No stamp is needed if you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd: cash
must be registered. C.0.D. —add £1tototal order value. Access and Barclaycard welcome.
All UK orders sent post free within 7 days of receipt of order.

Please send me the following
ILP modules

Total purchaseprice

lenclose Cheque D Postal Orders E] Int. Money Order E]
Please debit my Access/Barclaycard No

Name

Address

Signature g

Post to" ILP Electronics Lig. Freepost 2. Graham Bel! House. Roper Close,
Canterbury CT2 7EP. Kent. England
Telephone {0227) 54778 Technical (0227) 64723: Telex 965780

_J] N

STAY AHEAD.STAY WITH US

22
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The European name of Aeroso!
Excellence. Special cleaners for all
electrical contacts and switches.

KONTAKT

Kontakt 60
Dissolves oxides and sulphides,
removes dirt, oil, resin and traces

of metal abrasion. Protects
against erosion. Ensures perfect
contacts.

Kontakt 61

Special cleaning, lubricating and 4
anti-corrosion fluid for NEW (non
oxydised) and specially sensitive
contacts. An excellent lubricant

for all electrical and electro
mechanical systems.

Spray Wash WL

A rapid cleaner for reliable wash-
ing and degreasing of electrical
equipment and components. For
removal of dirt, grease, oil, solder-
ing residues and other impurities.

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,

K101 Fiuid Spray and, of course, Positiv 20 positive photo resist for printed
circuits.

Details from:

Special Products Distributors Ltd.

81 Piccadilly, London, W1V OHL
Tel: 01-629 9556. Telex: 26500 {answerback RACEN). Cables: Speciprod, London,
w1

WW — 046 FOR FURTHER DETAILS

=
FEYLDIE

TRANSDUCER and RECORDER \

AMPLIFIERS and SYSTEMS

=)

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

prices.

Electronic
49/51 Fylde Road Preston L_abc_)ratories

Limited.

PR12XQ

J
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o- +| GROTECH 3035
-2 10 MHZ Scope MULTIMETER
& | Plus Component| 153" 2 g ohms.
oMW 3 Tester Features mirror scale,

w {| 8" - 130mm Flat Face

SWEL2IAL | e e 10 mhz

5mV/DIV 220/240V AC Trig. to 20 MHZ

suspension.

+casei.e. £84.00

W £49 Inc.

As advertised by us at £189.75 inc. VAT

%é\ £ 168-50 Inc.VAT

LONDON’S TEST EQU
CENTRES
PROFESSIONAL 100 K OHM/VOLT

polarity reverse, electronic
overload protection, taut band

As advertised by us at £67.50

(UK c/p £1.50] with leather cas

N

O A
LCDLOW COST MULTIMETERS
00601 3% digit LCD 26 range push bution 24 £36.50
AC/DC 20 meg ohm basic 0.5%

2033A Sabtronics version of above £39.95
HC703 0.1% version of above £54.00
OM6011A/188m 3% dignt LCD 15range push ~ £43.50
but1on plus Hte Tester 10A DC (No AC A)

189m 3% digit LCD 30 range Rotary switch plus
He Tester 10A AC/0C £69.95

Callers wiit always find a range of low cost test’
equipment accessories tools. irons and
boards in stock also spectal otfers for certain
equipment which will vary from time to time
Price coirect at ime of preparation E&OE

All prices include VAT

CHOOSE FROM UK's LARGEST RANGE |

STOP PRESS raw only 6110 23range 10A AC/DC. range
hotd. continuity buzzer plus much more Rotary swilch,

VAT

o

£59.95

and up to 450 MHZ. 75mm display (UK c/p £2.00) £124.20
OSCILLOSCOPE PROBE KITS

DIRECT READ

tronics
UK ¢/p £3.50) Exclusive to Audio Elec P | C
' - Exclusive to Audio Electronics
TRIO OSCILLOSCOPES
Range of mains operated Scopes with 5" displays, triggered
sweep (UK ¢/p £3.50)
DUAL TRACE
CS1562A 10 MHZ; 10 MV; 1 micro sec. £267.95
C£S1560A Il 15 MHZ; 10mV; 0.5 micro sec. £341.55
CS1566A 20 MHZ; 5mV; 0.5 micro sec. £363.40
CS1577A 35 MHZ: 2mV; 0.1 micro sec. £523.25
- £$1820 20 MHZ; 2-5mV 1 micro delay sweep £483.00
. e £S1830 MK 11 300 MHZ, 2mV, 0.2 micro sec £626.75
5t @ (fitted delay line)
asas ° 9 £$15755 MHZ. tmV, 0.5 micro sec-Multi display Audio scoFe.
icad £312.80
. = SINGLE TRACE
| o T W' 3 £013030 5MHZ, 10mv, low sweep for observation below 1 HZ

CROTECH OSCILLOSCOPES

Range of Portable Scopes mains and battery operated.
Plus special features (UK c/p £3.00)

3030 Single trace 15 MHZ, 5mV, 0.5 micro secs. Plus builtin
component tester. 35mm tube £172.50
3131 Dual trace 15MHZ, trg to 35 MHZ, SmV, 0.5 micro sec.
130mm tube, plus component tester. £276.00
3034 Battery-mains dual trace 15 MHZ, trig to 20 MHZ
builtin Nicads, 5SmV, 0.5 micro secs.
(Etiminator charger optional £28.75)
Also Avallable 3033, single trace 3034

3337, dual MHZ, 130mm

£356.50

£322.00.
£454.00

£168.50

STOP PRESS
Modet 3035 was £189.75 - Special Offer

(UK ¢/p 50p per 1to 3) Available BNC piug
or Banana X1 £7.95 - 10 £9.45 . x1-x10
£10.50 Also X100 (BNC only) £16.95

HV PROBE (ukc/p 650
‘0/40KV: 20K Volt  £18.40

MULTIMETERS

CLAMP-ON-METERS
INSULATION TESTERS

(U
CHOOSE FROM UK's LARGEST RANGE

KAT101 10 range pocket 1K/Volt £4.95
KRT100 12 range pocket 1K/Volt £5.50 Multi-range clamps all with resistance
TI0L 12 range 1K/Volt + overlead £5.75 range. carry rase & feads. Also dig7ital
NH55 10 range pocket 2K /Volt £6.50 and DC clampin stock (UK ¢/p 75p)
$T5 11 range pockef 4K/ Volt £7.50 ST300 300A 600V ranges  £25.95
AT1 12range pocket Deluxe 2K /Voit £8.95 $T310 300A 600V 9ranges £28.95
NHS56R 22 range pocket 20K/Volt £11.50 | K2602 150A. 600V. AC 7ranges £35.95
YN3B0TR 18 range plus Hfe test 20K/Volt £14.95 | -Kk2606300A. 600V. ACB ranges £49.50
KRT6001 16 range 10 amp DC range K2803 300A. 600V. AC 9ranges £59.95
double 50K/Volt  £17.95 K2903 9004, 750V. AC9ranges £77.50
ST303TR 21 range plus Hfe Test 20K /Voit £1895 | K21031000A. 750V. AC 9 ranges £95.00
AT1020 19 range Deluxe plus Hfe Test 20k/volt £18.95 | °Optional temperature probe  £13.80

ECT5000 As KRT5001 plus colour scales 50K /Volt
£18.95
£23.75

ELECTRONIC INSULATION TESTERS
Battery operated complete with carry

7081 18range double 104 DC 50K /Volt case (UK c/p £1.00)

THANDAR - SINCLAIR

Reliable low cost portable instruments, bench models all
255x 15x 15cm. Generators mains operated rest battery
{supplied). UK c/p Hand models 65p. bench £1.15)

OIGITAL MULTIMETERS (3% digit LCD)

TM354 Hand held, DC 2A, 2m ohm, 1mV - 1000V DC, 500v -Asc.

TM352 Hand held;, DC 10A, Hfe test. Continuity test £57.44

T%353 Bench 2A AC/DC 1000V AC/DC 20M ohm. Typica! 0.25%
NEW LOW PRICE £86.25

TM351 Bench, 10A AC/DC, 1000V AC/DC, 20M ohm

Typical 0.1% £113.85

FREQUENCY COUNTERS (8 Olgit}

PFM200A Hand held LED 200 MHZ 10mV (600 MHZ with TP600).

New Model fitted BNC sockets. £67.50

TF040 Bench LCD. 40 MHZ. 40mV (400 MHZ with TP600) £126.50

TF200 Bench LCD. 200 MHZ. 10-30mV (600 MHZ with (TP%OIOgG 75

£43.13

TP600 600MKZ - 10 Prescaler 10mV
GENERATORS (All bench models) mains operated

TG100 Function 1HZ-100 KHZ. Sine/SQ/Triangle/TTL  £80.85
T6102 Function 0.2 HZ-2 MHZ Sine/SQ/Triangle /TTL  £166.75

TG105 Pulse. 5 MHZ-5HZ (200nS-200m$S) various outputs £97.75
0SCILLOSCOPE {Bench model low power portable)
10MHZ 2" trace. 10mV. 0.1 micro sec. All facilities.
Mode! SC 110 £159.85
Rechargeable battery pack £8.63. AC adaptor /charger £5.69
OPTIONAL ITEMS

Carry case (bench only) £6.84 AC Adaptors (state model) £5.69

10MEG ohm. 10n Sec
with carry case. LP1G

- HZ65 Component Tester £29.95

TMK500 23 range plus 12A DC plus cont. buzzer YFS00L 500V/100Meg. Plus 0-100 ohm
WSO " o [KEITHLEY PROFESSIONAL
166m 36 range large scale 10 AC/DC 50K/Volt £28.50 | k3103 600v/ 100Meg Pius 026k ohm | DIGITAL UK c/p 75p
AT2050 17 range Deluxe plus Hie tester 50 K/Volt £109.00 M UlTlM ETER
AT210.23 range Deluxe t2A AC/DC 100K /Volt gggg e 202%’\:;900 Model 130, 25 range. Easy to Rold and use gl
360TR 23 range large scale 10A AC/DC Hfe test K4101 Earth resistance tester £149,00 kg:rﬁ;e[s)MM Size 7x31x15 <> X TVCOLOURGENERATORS
Simes o 'KVAGHOC 190 Kivolt B0 | N cyanked insulation stel, 1 DC Volts 200mV-1000V 0.5% 100micro volt PAL UHF and VHF Models

A N UNITS SUITABLE 9 50| AC volts 200mV-750V 19 100 micro volt LCG393 VHF 6 pattern £143.75
SCOPE ADD ON UNITS  cr ALt scopes (Ko7 459 DC current 2mA-10AMP 1-2% 1 micto amp LCG392u UHF 15 pattern  £228.85
LTC905 Semiconductor Curve tracer £9545 LOGIC PROBE 2 L AC current 2mA-10AMP 2% 1 micro amp LCG382v VHF 15 pattern  £231.15

{post 85p) | Leader LDPO76 50 MHZ Resistance 200 ohm-20 Meg 0.5% 0.1 ohm LCG398 VHF/UHF 13 pattern £57270

€102.35 MC101 UHF pocket colour

(Post 55p) | 10Mhz probe £28.50

301 EDGWARE ROAD,LONDON, W2 1BN,ENGLAND. TEL 01-724 3564
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2

Fitted NICADS } £16250

Model 129 as above £79.35

CUBEGATE
LIMITED

Order by Post

with CHEQUES/

ACCESS/VISA

or Telephone

your order Send large SAE
( 20p UK)

Allow ppt010days Schools, Companies,
fordelivery etc. free on request.

WIRELESS WORLD MAY 1982

WE ARE CFEN 6 DAYS' A WEEIK —CALL IN AND SEE FOR YOURSELF,

WW - 040 FOR FURTHER DETAILS
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NRDC-AMBISONIC
UHJ SURROUND/
SOUND DECODER ' b

The first ever kit specially produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years' research by the Ambisonic team. W.W. July. Aug., ‘77
The unit is designed to decode not only UHJ but virtually all other ‘quadrophomic’ systems (Not CD4). including the new BBC HJ. 10 input selections. .
The decoder 15 linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output an,als are provided in this most versatile umt
Complete with mains power supply, wooden cabinet, panel, knobs, etc,

Complete kit, including licence fee £57.70 + VAT or ready built and tested £76.95 + VAT .

INTRUDER 1 Mk. 2 RADAR ALARM

With Home Office Type approval

& NRDC~AMBISONIC

’ o

Y - 5 Survound Sound Decoder
B " L ™ T
—w eem
' 4 3
a

*

The original “"Wireless World"" published Intruder 1 has been re-designed by Integrex to incorporate several new features, atong with improved
performance. The kit is even easier to build. The internal audible atarm turns oft after approximatety 40 seconds and the unit re-arms. 240V ac mains
or, 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells

etc. ;
Complete kit £52.50 pius VAT, or ready built and tested - £68.50 plus VAT.

Wireless World Dolb;( noise reducer

Trademark of Doiby Laboratories Inc.

Typical performance
Noise reduction better than 9dB weighted

e ERE Clipping level 16.5dB above Dolby level (measured at 1% third

#ois redvcsr harmonic content)

WEeorwr § Harmonic distortion 0.1% at Dolby level typically 0.05% over
c\ most of band. rising to a maximum of 0.12%

Signal-to-noise ratio: 75dB {(20Hz to 20kHz. signal at Dotby level)
at Monitor output
Dynamic range >YuUaot

torm0n

Complete Kit PRICE: £49.95 . vat (3 head model available) 30mV sensitivity
Also available ready built aNd 1St ..............coiimeeririiieiciecicaiers et Price £67.50 + VAT
Calibration tapes are availabte for open-reel use and for cassette (specify which} ........PrIce £2.75 + VAT
ACCESS and VISA welcome

All kits are carriage free Please send SAE for cor;iplele lists and specitications

Portwood Industrial Estate, Church Gresley,
|n‘E G n E “ ll m I'E n Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432 Telex 377106

: Dewsagent op CF

—_— ,'_(.iit;e.c.t, for 7(fp inc. "

Ambit’s new - ab -"—'--- » __'

w -
g Ampre style catalogue
1 TRTERNATIONALY continues to

lead the market
with low
prices, new
items, info,

3 x £1 discount
vouchers.
Here'’s a few
examples of
some super.low

prices: 4 =47 J CAPACITY TYPE 19 1049
= - 500 mAh AA 80 74

Wi

2200 mAh Cc 235 1.99
78XX 1A 37p 1200 mAh D 214 2.06
4000 mAh D 3.05 285
BC237/8/9 8p 110 mAh PP3 3.70 350

3SK51 54p
10MHz XTALS £2

8 Pole 10.7MHz XTAL filters £14.50
2GHz coax relay 150W  £10.95

Prices shown EXCLUDE VAT.
Access/Barclaycard may be used
with written or telephone orders,

official MA details on application.
+ all the usual stuff at rock bottom prices +
Toko coils, crystal and ceramic filters,

E&EO.
: 1 andycel i POSTAGE and PACKING
micrometals toroids, Fairite ferrites, Alps

switches, OKI LSI, Piezo sounders, RF, IF 50[) per order
Modules + Kits etc.

= = TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG

L LRGS0 [ 200 north Service Road, Brentwoaod, Essex
WW - 006 FOR FURTHER D_ETA[LS
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ELECTROVALUE

MORE POWER
TO YOUR £

Start with CATALOGUE 82 and our
newest price list (effective to June 1st}
and see how you save on ordering ~
and see how Electrovalue service
glves you confidence and satisfaction
no matter what the size of your order.

Send 70p for Catalogue 82
(Ad — 60 pages) by return. It
includes a voucher for 70p
spendable on orders for £10
or more.

SEND FOR YOUR COPY
AND START SAVING NOWI

STANDARD

CONTROLLED SOLDERING IRONS

SOLDEHING |R0~s ANTEX Type C 15w... ...£4.50

CN 15w .. £4,

Control range 200°C to 400°C set by Sw... - £5.30

ggs‘agonal key supplied. Factory set to *New types with moulded 13A plug
£13.75 ANTEX

Stand £1.70

= == MPORTANT
I | = All 7oldarlnlg
- equipment is
DESOLDERING TOOL sauipgent b

VAT at 15%

K £1.50

ELECTROVALUE LTD., 28a St. Judes Road, Englefield Green, Egham, Surrey TW20 OHB
Phone Egham 33603 {STD 0784, London 87). Telex 264475.
Northern Branch: 680 Burnage Lane, Burnage, Manchester M19 INA. Phone (061) 432 4845,

TELEMET AB164
COUNTERTIMER

a professional, portable
low cost unit

3 frequency ranges DC to 180MHz with
1 Sec gate including phase locked loop
1Hz-1KHz providing 0.01Hz resolution within
10 seconds.

Period/Time ranges to 1uSec, iImSec and 1Sec
resolution.

Manual and logic gating on the time and event
ranges.

13mm 8 digit display with leading zero
suppression.

Internal charger and NiCad batteries.

Price £195.00 plus VAT (carriage incl.) from

Telemet

Unit S17, Europa House,
Fraser Road, Erith,
Kent DA8 1QL.

Tel. (03224) 39677.

WW — 050 FOR FURTHER DETAILS
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The NEW
KEF Constructor

Series

A new generation of drive units from KEF is now
available to the home constructor.
KEF's-drive units have been improved in terms of
reducing audible colouration as a result of the detailed
analysis of speaker vibrational characteristics, using
computer aided techniques.

Now the improved units and complete technical data on
them are available to you to build a system to your own
design or to use in any prescribed combinations to
complete a system designed by KEF.

DRIVE UNITS
— e

Melinex dome hligh § unit with ded Low col lon dome high & y unil with
frequency response and wide dispersion. extended frequency response.
B110.A B110-B
ﬁ =1 S 2
- 4 5‘: =| 5
= 1 &
fo
1
i
3 s
/ 'h - J
\o o

Compact, bass/mld range unit:
sultable for use in elther & compar:t full range
sysleun, or as a speclalised mld range unit in a

B139.B

1

Long throw bass/mid range unit, suftable for use
in elther a compact full range system, or as a
speclallsed mid range unit in a multl-way system.

i ~

)

Low freq y unit with foll d ded Low/mid range unit with visco-elastic damped
polystyrene diaphragm and highly compliant Bextrene diaphragm and high temperature volce
swrround. sultable for totally enclosed box. reflex, coll assembly, sultable for use where low
transmission line, horn and other specialised low  distortion and high power handling are required.

frequency applications.

The Speaker Engineers

KEF Electronics Ltd., Tovil, Maidstone, Kent ME15 6QP.
Telephone: (0622) 672261. Telex: 96140.

Please send me complete technical data of
KEF Drive Units

I Name:__

\ WW5 82
[ N N N N N N N B ]
WW — 032 FOR FURTHER DETAILS

Address:_
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The Professionals  ...es sevconoucrons

& 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

WW - 009 FOR FURTHER DETALLS WIRELESS WORLD MAY 1982




TEST COMPONENTS

ON THIS NEW OSCILLOSCOPE

—

OSCILLOSCOPE DTCI2

...from < O > Fﬂmﬂ“

USE READER CARD FOR DETAILS

— 001 FOI FOR} FURTHER DETAILS

NEW PRODUCTS
1.B.S. now manufacture Industrial quality S100 products in Scotland.
1.8.5. 1903 and 1906. S100 19°’ Sub Rack System.
il These racks were designed originally to the exacting specification of the Electrlcity
Generatmg Board for use on nuclear power stations.
1903 is a 3U high card cage and 8-amp power supply and will take 6 S100 cards.
1906 is a 6U high card cage and 16-amp power supply and will take 12 $100 cards.
¥ |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. g
% Carrying handles.
v Supplied assembled complete with Power supply, IEEE (696) motherboard, card
guides, and cooling fans.
LB.S. 1903... o
1.B.S. 1906 .., . W
6-slot Card caga card guudes mother board and fan .
12-slot Card cage, card guides, mother board and fans................c.cc..cc.comn

| 1.B.S. 64K CMOS Static RAM/PROM Board for $100.

This is a superior quality Ram/Prom board tor the industrial user, the board will accept
either H6116-3 {2K x 8) Ram chips or 2716 EProms in any combination.
* S100 |EEE (636) Compatible. W Will run at 6Mhz with standard Rams.
Y 24 Bit Addressing. W Wait state generation for Proms.
* Can be used with any CPU. W Phantomable.
% Prom/Ram selectable on 2K boundary.
| % Prom/Ram can be disabled to suit popular memory mapped devices.
* Low power.

PRICES:
BARE BOARD Assembled/ 16K 3K 48K 56K 64K
tested £65.00 £17900 £239.00 £299.00 £329.00 £359.00

Educational and industrial discounts available.
SOFTWARE SALE {whilst stocks last).

IRVINE BUSINESS
SYSTEMS LTD

..\_—v_

Microsoft Basic 80 WAS £175 NOW...........£149.00
Microsoft Baslc Compiler WAS £180 NOW..... ..£159.00
Introductory offer

MicroPro CALC STAR WAS £175 NOW.............£148.00

v Visit our stand at the Thames Valley Business Show, on 23/24/25th March ‘82
% Stand H50/51 % Slough
% The Fulcrum Centre

The above prices exclude VAT at 15%

IRVINE BUSINESS SYSTEMS LTD.

E P.0.BOXS TEL. 0294 218888
L 10 NORTH VENNEL

Telex 777582
BOURTREEHILL Mark: attn. IBS
IRVINE

AYRSHIRE KA11 INE

WIRELESS WORLD MAY 1982

The NEW

KEF Constructor

Series

The ideal design of a loudspeaker system involves
the detailed and scientific study of the enclosure,
drive units and crossover network. By applying
computer aided techniques to the questions of
enclosure volume, band width, efficiency, power
handling capacity, probable system location and
required directional characteristics, KEF have
prepared detailed designs for the home constructor.
All this experience is now available to you - to
help you build your own system - successfully and
at the right price.

LOUDSPEAKER DESIGNS

'MW”W% Model CS5

‘{ AEA T —1 This floor standing

i g T loudspeaker, based on
f??"* <+ — 8 the KEF Carlton, can

i e I provide remarkably sharp

BeyC7d i|-#! stereo imaging dueto a
Lo 4! novel method of

{ - ; minimising inter-unit time
ﬁ&ﬁ- - delay, and will produce a

full frequency range with

I y’ [ outstanding clarity and
| low distortion.

Model CS7

2 A new three way design
[n@wﬂmm% e i .
Shilrt 167 ® incorporating the B139,

p ;[ | 1{_ which was the world’s first
> _____l_ fl?]t diaphragm loudspeaker.
T tH : The system offers an
| 11 : %P extended bass response and
it 1 excellent power handling

|

AR > < BB capability, with the three

; drive units being combined
through a computer
designed crossover network
to give a very smooth
frequency response
characteristic with finely
detailed reproduction of

critical mid-range information.

KEF

Making it together

KEF Electronics Ltd., Tovil, Maidstone, Kent ME15 6QP.
Telephone: (0622) 672261. Telex: 96149.

SR I IS D N N R e
Please send me details of KEF Systems Designs

’ I Name: . - —
I Address: b -

WAVS 82
SN NN BNN N IR N N =
WW — 033 FOR FURTHER DETAILS
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The Sound of the Professionals .

Sl SHURE§

Shure Electronics Limited Eccleston Road
Maidstone ME15 6AU
Telephone: Maidstone (0622) 59881
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brings a new dimension
to a hand-held
condenser microphone

This new high technology Shure microphone will change
the way people think of condenser microphones. The
SM85 is designed especially for on-stage, hand-held use
Its sound is unique —far more tailored to the special needs
of the vocalist: sizzling highs and a shaped mid-range for
superb vocal reproduction. and a gentle bass rolloff that
minimizes handling noise and “boominess” associated
with close-up use. Ultra-low distortion electronics make the
SM8S highly immune to stray hum fields. An integral, dual-
density foam windscreen provides built-in pop protection.

What's more. the'SM85 Condenser Microphone must
pass the same ruggedness and dependabili&;tests
required of Shure dynamic microphones. As*a result, the
SM85 sets a new standard of reliability for hand-held
condenser microphones.

The SM85 is extremely lightweight. beautifully balanced
—it feels good, looks good on-stage, on-camera, on-tour.
Ask your dealer for a demonstration of the new SM85 PRO
TECH Sound, or write to us (ask for AL664) for full details.

SMSS

Cardioid Condenser
Hand-Held
Professional Microphone
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Arms and the man

A great many words have been written in
the last year or two on the amorality and
expediency of engineering. On the one
hand, some engineers have come to believe
that the responsibility for rendering the
bellicose ambitions of political leaders
capable of realisation lies squarely with the
designers and makers of lethal hardware —
engineers themselves. If it were not for the
complaisance of engineers, they say, the
means to wage war in the modern manner
would not exist.

Those who do not embrace this belief
(or who choose to disregard its
implications) point out that if “‘defence
systems” — a weasel expression, referring
to all military equipment, including that
which by no stretch of the imagination can
be seen in a posture of defence — were not
available, then one “‘side”” would subdue
the other and impose its own ideclogy on
the defeated. The solution to this problem,
the holders of this view assert, is for each
camp to arm itself to the teeth at an ever-
increasing rate, threaten to irradiate the
planet if provoked, but only to do so if the
other side does it first. The unspeakable,
impenetrable folly of such an attitude is
almost too obvious to warrant argument:
its holders would scarcely deny that that
this method of preserving life and liberty is
hardly compatible with the pursuit of
happiness.

It is perfectly true, as apologists for the
arms race often point out, that some of the
effects of the insane compulsion to
accumulate weapons are not at all as
unsavoury as their raison d’étre. “Spin-
off”’ has provided most of the advances in,
for example, electronics in the last few
decades. Innovation and development are
accelerating at such a rate that it is barely
possible to see five years into the future,
assuming there is one. But to what effect?
After the expenditure of so much effort
over so many years, with neither East or
West yet persuaded that that an unstable
equilibrium is a poor way to avoid
catastrophic failure, are we being asked to
believe that the possession of home
computers, video games and digital
wristwatches makes the whole thing worth
while?

Some of the greatest scientists and
engineers in the world, in both East and
West, have laboured their entire working

lives to produce hellish machinery, the
whole point of which is that it shall never
be used. Hospitals, schools, universities
are closed or run down so that more
weapons can be bought or made and the
only benefits in our own field that we have
to show for all this misdirection of effort
and resources are a few gadgets.
Admirtedly, communications have
improved immeasurably in response to the
stimulus of military requirement, buta
good deal of the improvement is taken up
by the provision of entertainment.

It is a specious argument, which takes
no account of the time scale involved: even
in the absence of military urgency, the
“improvements” and engineering
advances would most probably occur in
their own good time, and who is to say that
that sooner is better than later when the
pace of progress outstrips our
understanding of it?

Much that has been written on this
theme has not dwelt on the inconveniently
large question of waste. Materials, the
efforts of gifted men and women,
irreplaceable earth resources, time and the
wealth of nations are all squandered to
produce equipment which, if employed in
the manner for which it was designed,
would have failed in its purpose. And this
while millions of people in all continents
are deprived of the simplest staples of life.
The contrast between profligacy in the
highly developed and privation in the
primitive is too stark for us to contemplate
the continuation of useless armed
posturing into the indefinite future: for
that is the outlook — either a sudden and
complete end to humanity or an
interminable attitude of menace between
East and West. Scientific American has
pointed out that there are now more than
three TNT — equivalent tons of nuclear
explosive for every single person on earth.

It has been said before on this page, and
it will bear repeating, that engineers in all
the developed countries have made the
confrontation possible. It is therefore
engineers who are in the best position to
bring it to an end, by simply refusing to
work on armaments. Call it rebellion or
simply common sense, but since
politicians the world over seem bent on
killing us all, it is the only way to avoid
collective suicide.
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ORCHESTRAL SOUND,
HALLS AND TIMBRE

or—‘why does it sound so beautiful?’

This article examines aspects of the appreciation of orchestral sound, with particular
reference to the transfer characteristics of the outer ear and its influence on timbre in
various directions and on our sense of orientation. New subjective criteria are proposed.
The Kingsway Hall is used as a model in the discussion

by Denis Vaughan*

For several decades the most sought-after
venue for recording orchestral music in
England has been the Kingsway Hall in
London: legend has it that Sir Thomas
Beecham was the first to identify this hall
as particularly suited for the purpose. Are
there some identifiable reasons for its
superior warmth and clarity? Could they
be applied elsewhere.

My interest in acoustics was stimulated
by a request from the Australian
Broadcasting Commission. The quest to
find a common denominator for warm,
rich string tone in a hall and in a recording
has led me to study many halls, and to
analyse musical qualities and our hearing
capacities. These analyses have brought
several surprises. First of all come our
hearing capacities.

Timbre

QOur localization of sound is based on three
main complementary systems: only two of

*Musical Director, State Opera of South Aus-
tralia
30

Horseshoe balcony in the Kingsway Hall is
only 17m wide, giving early reflections
back at the orchestra.

these have been used so far in stereo
recording techniques. The first is based on
the exact timing of impulses to each ear. A
difference of 0.63 milliseconds we
interpret as a change of angle of 90° in the
direction of the earlier impulse. So we can,
miraculously, recognise a timing
difference is ‘small as 0.007ms, the time
necessary to move the sound source one
degree to the side. The second is based.on
loudness and intensity: a softer sound will
seem farther away. We apply this in
localization: just a small change in volume
on one channel will shift a stereo picture to
the left or right and a general rise in level
brings an instrument nearer to us. But the
third system, timbre, has yet to be
explored.

We hear a different timbre from every
angle. Move a small clock around close to
your ear, and you will notice that you can

always tell where it is, and that the sound

is never identical. If the clock is near your
ear but always equidistant from it, this test-
excludes the possibility of the impulse or
intensity methods contributing to the
effect: we recognize each and every
direction partly by its own particular
timbre. If you change the timbre, the
apparent direction changes. The filtering
effect of our external ear, illustrated by
Fig. 1 and Fig. 2, causes us to hear a very
odd balance in sound reaching us face-on.
The left-hand column of Fig. 3 shows that,
with 400Hz as 0dB, there is a strong peak
at 3kHz of 12dB and a deep trough at
10kHz of —10.5dB. So we hear certain
upper-high frequencies (e.cept 14 and
15kHz) frontally very much weaker than
those at 3kHz.
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Fig. 1. Filtering effect of the ear canal,
showing peaks near 5 and 10kHz, common
to all that we hear. All frequencies above
11kHz are much weaker.
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Fig. 2. Filtering effect of the outer ear on
sounds arriving in the horizontal plane. 0°
corresponds to a point straight in front.

Horizontally to the side at 90° the
balance is more even. The upper
frequencies become as much as 15dB
stronger than the frontal spectrum and the
various peaks at lower pitches are
smoother, thus reducing the range
between the extremes to only 15dB as
opposed to the 22.5dB range of the frontal
spectrum. But the sensitvity which we
have at 90° for 12 and 13kHz starts to
disappear already at 54° and 144°. Figures
4 and 5 summarize the table of Fig. 1
graphically.

You may have noticed another aural
characteristic. We tend to identify bass
notes as coming from below our ears; also,
the higher we sit in a hall, the warmer it
sounds. I believe that we react similarly to
loudspeaker placing. Surprisingly, above
our heads we can hear a strong peak at 8§
and 9kHz, as shown by Fig. 6. In fact we
can only hear 8kHz .as coming from that
direction, no matter where the sound
source. But further up the spectrum,
above 10.5kHz, we hear very little from
over our heads. Therefore in a low room or
a hall, where the predominant early
reflections come from the ceiling, we can
perceive very little refinement, delicacy or
texture in the sound. Figure 7 is the
graphical representation of Fig. 6.
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Musical qualities

It is no easy task to prepare a preferential
list of musical qualities in sound.
Celibidache and other conductors, and
several recording engineers and producers
have approved the following list, which
should only be regarded as tentative, and
wide open to improvements:

richness — powerful multiple reflections;

density — many reflections across the hall
within one second from a single impulse;
warmth — a strong bass-heavy frequency
response curve, with a plateau in the tenor
octave (125-250Hz) tapering off smoothly
towards the top;
clarity — medium high frequencies
arriving from all directions shortly after
the original sound;
intimacy — an adequate supply of
frequencies between 11 and 15kHz
arriving early at the ear between 54° and
144° horizontally, and below 60° vertically;
weight — low frequencies arriving shortly
after the original sound;
singing tone — a growth in the
reverberation reaching a peak about 100
milliseconds after the original sound, then
dying away smoothly over about 1.8 secs.
One reason why richness — and not a
long reverberation — tops the list is
because a variety of reflections coming
from many angles close upon each other
gives our ears a full frequency coverage.
With our aural limitations of timbre in any
one direction, the deficiencies can be made
good only by receiving sound from all
sides. In Avery Fisher Hall in New York,
you can hear that in some upper/front
balcony seats, where richness is present,
any lack of the other qualities is much less
noticeable.

Impulses

Another reason for our appreciation of
richness is our astonishing capacity for
quickly perceiving separate impulses in

sound. Tests have shown that all listeners
prefer to hear orchestral sound impulses
which do not arrive simultaneously in both
ears — hence the preference for stereo over
mono. This scattering of the impulses is
called ‘binaural dissimilarity’. In a concert
hall, it is the extent of the initial time-delay
gap between the original sound and the
first reflection — often about 40ms in a
medium-sized hall — which gives much of
the character to the acoustic. (Intimacy has
been associated with this gap, but my list
suggests other requisites.) Our ears
appreciate these reflections most when
they arrive close to horizontally from the
side. My timbre lists show that the timbre
of a hall is influenced for us first by the
angle at which we hear the strongest first
reflection, and then by the shape and
materials of the hall, or room, and the
reverberant spaces beneath it.

When we receive a lot of early
reflections, one shortly after another, these
impulses come in an arpeggiated form —
in slow motion rather like the thrumming
of a chord on a harp. This sequence of
impulses we perceived as being much
richer than an instantaneous reflection. A
digital delay unit demonstrates this
quickly, by making two or three string
instruments sound like a rich chorus. Halls
are preferred where the sequence of
impulses, whether first or later reflections,
dies away evenly. It is called a ‘smooth
decay curve’.

Home simulation

These two keys to richness, namely timbre
and impulses, are demonstrable in the
home with a system which I hope will be
developed in the phonographic industry,
as soon as the field of the external ear is
completely measured. The system would
need at least ten loudspeakers: one large
one on the floor to represent the orchestra,
and the smaller ones set around the room.
above and below the ear level, with the
apposite timbre applied to each speaker
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Fig. 3. Lateral differences in timbre for one ear, compared to sound reaching us from
straight ahead at eye level (from Mehrgardt and Mellert).
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according to its direction (to help to lock
the stereo image) and with increasing time-
delays on each speaker, equivalent to those
we hear in a fine hall like Kingsway. A six-
track tape or cassette could probably
supply sufficient source material. All
initial tests I have made in this direction
improve the timbre and richness far
beyond the one-plane, identical-timing
and timbre of the quadrophonic system.
Without dropping hints, we might call the
new system ‘decaphonic’. It develops the
Bose system of reflections from all sides,
which works best for me in rooms with
little or no damping. Both point to the
increased physical satisfaction when our
orientation filtering system is being fully
utilized in the appreciation of musical
sound. The main problem lies in fixing the
delicate balance between focused image
and general immersion in the sound.

I have always found a stereo image to
improve greatly when the frontal speakers
stand at least three feet in front of a wall, as
the timing of the frontal wall reflection
seems to give full depth to the image.
Thus, under ideal circumstances, an
orchestra seems to be the same distance
behind the speakers as the orchestra was
behind the microphones in the studio —
hence the need for simple microphone
techniques. To obtain this effect in a
room, I have often needed to set the
speakers parallel and not angled towards
me. In general, and sometimes despite
manufacturers’ advice, the adage of the
RCA engineer Albert Pulley seems to work
well in practice — that is, to set the
speakers at a quarter of the width in from
the sides and a quarter of the length of the
room from the end. (Domestic bliss can be
rreserved with this obstructive placing if

FREQUENCY (kHz)
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Fig. 4. Graphical summary of lateral
differences in sound pressure for the right
ear. Negative angles refer to sound coming
from the left side of the head. Range is
from 500Hz to 3kHz.

32

the speakers are disguised as occasional
tables.)

Long reverberation

Until such a time as a ‘decaphonic’ system
is common currency, it is fairly obvious
why very reverberant halls will be
favoured for recording. Present systems
use mainly microphones which pick up
frontally frequencies that we can never
hear there (with our 3kHz peak, 10kHz
trough, and general cut-off in the ear canal
above 11kHz). Also the loudspeakers are
usually placed at angles where we cannot
perceive several other frequencies very
well, showing a 20dB range between the
3kHz and 11kHz readings. The simplest
way of covering up these two aural
mismatches is to add reverberation to dif-
fuse and thus beautify the sound.

This has the unfortunate effect of
robbing the interpreter of a number of
breathtaking dramatic effects, because he
can never achieve a quick silence, until the
common 2.5s of reverberation has died
away. That would never have done for
Verdi, Toscanini or Callas.

Instead we should seek out a true and
satisfying way to give us global (360°)
reflections in the reproduction, and thus a
natural, full-frequency spectrum,
concentrating on our most sensitive area,
between 40° and 140° laterally. Even most
headphones are unnatural (save those with
multi-speakers) in that they eliminate the
whole of our own aural frequency filter
system. The great advances in
‘Kopfbezogene stereophonie’ (binaural
recording) fall back at this point.

Architectural prerequisites

The quest for the physical conditions
necessary to produce warm, rich string
tone in a concert hall was sparked off by
the decision of my home town,
Melbourne, Australia, to spend 33.5
million dollars (A) to build a 35 metre
square, virtually all-concrete hall for that
purpose. Of the many indications given to
me, two of the most revealing were from
Villem Jordan and Derek Sugden. Jordan
could not obtain ‘lateral efficiency’ in a hall
wider than 27 metres, and observed that all
the famous halls had smaller widths.
Sugden stated:

“A hall must have ‘presence’ so that you
not only preserve clarity in a reverberant
field but the music will have ‘weight’. A
powerful sound in the first 100
milliseconds in necessary. This can be
achieved preferably with a width of about
18 metres, and if this is not possible then
deep balconies must be used, or the
technique of putting the audience in
terraces and providing large surfaces for
lateral reflections. There must be rapidly
following early reflections to really achieve
intimacy or presence.”

A third useful piece of wisdom came
from Decca’s former chief engineer,
Kenneth Wilkinson:

““I have recorded in many halls
thoughout Europe and America and have
found that halls built of mainly brick,
wood and soft plaster, which are usually
older halls, always produce a good,
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Fig. 5. Continuation of Fig. 4 in range
3.5kHz to 14kHz. Small peak at —90° on left
side persists up to 9kHz, then moves to
—75°

natural, warm sound. Halls built with
concrete and hard plaster seem to produce
a thin, hard sound and always a lack of
warmth and bass. Consequently, when
looking for halls to record in, I always
avoid modern concrete structures.”’ This
statement has been endorsed by most. of
the other large record companies.

First reflections

In all the famous orchestral halls, the first
lateral reflections come from the side
balcony faces. Their timing is exactly
controlled by the width (1 foot = 1s). So a
central seat in the Leipzig Gewandhaus,
with only 12.5m between the balcony
faces, had an initial time delay gap of
around 41ms. Vienna Musikvereinsaal ‘with
15m had 49ms, Boston Symphony Hall
(17/19.3m) 56/63ms, and the Amsterdam
Concertgebouw (19.3m) 63ms. Those
figures give a very good idea of the relative.
clarity and definition, intimacy and
density of sound in each of the above halls.
As upper-high frequencies fall off audibly
through atmospheric absorption after
about 15 metres, Leipzig and Vienna must
have the best quality.

Looking at the Kingsway Hall, it is easy
to see where it satisfies the main
requirements. Its full width is at the upper
limit, 27 metres, with inner walls set on
pillars at 19 metres width. But the width
between the horseshoe balcony faces, with..
a very useful curved reflecting surface
beneath them, is only 17 metres at its
widest point. The balcony surrounds the
orchestra at a height of 3.5 metres. To be
honest, I think that such a horseshoe
would bring any large symphony orchestra
good acoustical luck. It gives all the
players reflections back early enough, and
at the right angle, to allow them to obtain
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good ensemble. The unbroken surface
allows early bass reflections to come back
to the microphones (not too strong, mind
you) because the long bass waves are
reflected intact, and from a shape
consonant to their own. It might be worth
copying this reflecting shape in Abbey
Road, Maida Vale, Henry Wood,
Walthamstow, Brent and Watford, to
name but a few London recording halls.
The shape is reminiscent of those
marvellous small Italian theatres.

In recent years, the Kingsway lease has
been shared by EMI and Decca, also sub-
letting it to RCA and other companies.
Virtually all the seats have been removed
downstairs and many upstairs covered
with cloth. At tlre moment its
reverberation time with an orchestra
present is about 2.5 seconds.

Hall background noise

Poor Wagner cannot have guessed that in
‘Tristan and Isolde’, by giving his
shepherd on the rocks a woodwind solo
which lasted more than four minutes, he
was condemning one of his greatest
interpreters — Furtwangler — to
recording a duet for English Horn and
Piccadilly Line Train. Unfortunately,
collaboration between EMI and London
Underground is not yet such that the
engineer’s ‘red light area’ can extent to
such nether regions. The rumble of the
tube trains would not be so noticeable,
were Kingsway not such a good hall.
Moreover the cavernous storerooms and
airducts beneath the main floor, which
undoubtedly contributes to the warmth of
the sound there, develop the tube rumble
with equal generosity — a sound which is
cruelly revealed by digital recording
techniques. The hall is very much alive at

all frequencies, even when no-one is in it.

The presence of 80 musicians is something
which you not only feel there, but which

-gives the indispensable and audible human

element to the music, with myriad small
high-frequency extra-musical sounds. The
ease of tone and spaciousness achieved in
Beecham’s ‘Scheherezade’ and
Furtwangler’s ‘Tristan’ have to my ears yet
to be bettered on disc. Both recordings
managed to reproduce the ‘hush’ which
was present during the sessions, and which
is an integral part of the greatness of the
musical interpretations. A bald silence
behind the music is the antithesis of this
spell-binding, breathless hush, and
unfortunately I fear that Dolby techniques
so far, in their valiant battle to eliminate
tape hiss and mechanical noise, have also
eliminated some of this integral part of the
music. Digital recording is proving to be
one of the better ways, which do mnot
reduce the human element in a
performance, and the comment of the
acoustic on this human element.

‘Singing’ decay curve

It would be fascinating to know just why
the string sound at the beginning of the
third movement of the Beecham
‘Scheherezade’ is so natural. To write this
article, I went down on my hands and
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Fig. 6. Vertical differences in timbre (equal for both ears) compared to sound reaching us
from straight ahead at eye level. From Mehrgardt and Mellert.

knees, and ‘with the generous help of the
Kingsway caretaker, measured the various
distances, counter-checking them against
the few remaining plans of the hall. So
please do not expect total accuracy.

All the great halls have a certain
‘singing’ tone, characterized by a
crescendo in the decay curve. Just as we
can all sing better in the bathroom,
because the acoustic supports us, so the
‘singing’ curve gives a lift to the
performers, and allows the music to take
wing, without need for forcing. (I think
that adding a short peak of this nature to a
dry recording would give more musical
results than the general confusion caused
by the usual long revérberation.) No one
has the formula for its production in a hall.
Guildford thinks that it needs a large area
of parallel surfaces above the highest seat,

-as in Vienna, Boston, Amsterdam, etc.

Joan Sutherland (and I) think that it needs
also a set of hard surfaces around the hall
at the level of the performers. Schultz that
it needs a filigree of smaller surfaces for the
very first reflections. It is probably a
combination of all three.

For the Beecham sessions, with the
orchestra facing the organ, the
microphones were about 2 metres in front
of the stage. For an instrument just under
the microphone this gives the following
sequence of delays in the reflections from
various parts of the hall after the original
sounds:

Stage front, 14ms; upper stage front,
30ms; side balconies, 48ms; back balcony,
54ms (first frontal reflection); ceiling,
57ms (larger); diagonal walls beside organ,
73ms; side walls down stairs, 8lms
(larger); .arches between side pillars and
inner walls, 93ms (et seq.); ceiling curves,
100ms (larger); backwall downstairs,
105ms (larger); curves organ ceiling,
111ms; side wall upstairs, 133ms (larger);
back wall upstairs, 147ms (larger).

Some of these figures should be higher,
where the reflection can only come back to

the microphone with the help of a
secondary surface, such as side wall
upstairs/lower ceiling. As the microphone
is not very sensitive on top (and fickle
memory suggests that the stereo
microphones were hung upside down for
‘Scheherezade’), this means that the
effectively larger reflections start about
18ms after the original sound. Boston’s
singing tone is based on a growth up to a
peak in the decay curve, the peak reaching
from 100 to 150ms. Amsterdam puts it
even later. By Sugden’s standards of
‘presence’ and ‘weight’ Kingsway has
quite a lot of powerful reflections to offer
within the first 105ms, because the larger
reflections continue to return up to 14ms,
the substantial and lengthy support of the
musicians is assured, before the riotous
ping-pong of the subsequent reverberation
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in every direction sets in. All later
refections are naturally weaker.

Curves

Robert Lloyd, the bass, has observed that
wherever the;e are a lot of curved surfaces,
the acoustic tends to be very good. When
the curves are concave, they may match
the shape in which the sound waves first
reach them, and thus reflect them well.
When the curves are convex, they distri-
bute the sound waves evenly over wide
areas. Kingsway is rich in both types of
curve. Nearly all the stage-end surfaces are
curved one way or the other, with many
interim small reflections, such as curves
over doors, etc. I hope sincerely that this
article may stimulate others to copy them,
above all because of the full-frequency-
range efficiency of the initial long
horseshoe curve of the balcony face and its
undercurve. For a full symphony orchestra
it comes at an ideal moment to break up
the sound, and is as worthy of respect as
the exact measurements of the orchestral
shell in the Boston Symphony Hall. If you
wish to copy a Stradivarious, all details are
relevant!

Reversal

It would be interesting to know whether
sharp-eared listeners with refined
equipment can detect the differences in
recordings made in Kingsway the other
way round, with the orchestra’s back to
the organ. Many recent opera recordings
use this setup, which puts the singers in a
better relationship to the orchestra, and

.allows them to move as though on a stage.

It also allows the full depth of the voices to
develop, in the essential 8-10 metre
distance to the main orchestral
microphones.

But this way round, the reflection pat-
tern for the orchestra is changed.- The low
front of the stage and the small upper stage
must substitute for the 3.5m high curve of
the long back balcony face. The frontal,
early deep-bass reflection at microphone
height at 54ms has been replaced by a very
early one at about 8-10ms. The difference
ought to be noticeable to keen listeners as
this new reflection is behind the
microphones.

Awareness
Perhaps the foregoing analyses of several
aspects of hearing will help listeners

towards a greater appreciation of colour
and texture in sound. The measurements
of timbre are far from complete, and more
details are due to be published next year,
covering the whole of the upper right
hemisphere of our field of hearing.

When stereophony was introduced,
analyses of aural localization mentioned
the three systems available to our body —
giving the greatest importance to the
timing of impulses, much less to intensity,
and virtually dismissing timbre differences
as inessential. It remains to be seen

‘whether in fact timbre is not the Cinderella

of the trio, ready to blossom into the most
beautiful attribute when it is identified,
recognized and espoused for its true
worth. O

Further reading

Analyses of musical qualities and hear-
ing: §. Sound and Vibration, 1980, vol. 69
pp 110-138. Musical Times, Jan./Feb./-
Mar. 1981. Studio Sound, J y 1981, pp
62-66.

Timbre lists;
Jan./Feb./Mar. 1981.

Musical Times,

Langmuir thin-film
trough for molecular
electronics

Collaboration between scientific instru-
ment makers Joyce Loebl and a number of
research establishments, especially Dur-
ham University, RSRE Malvern and ICI,
has resulted in what is believed to be the
world’s first commercial ultra-thin film
“growing” equipment. The films in ques-
tion are monomolecular layers of a class of
materials floated on a liquid surface,
usually water transferable to a solid surface
by passing it through the liquid. The
material originally used by the pioneer of
this technique — Irving Langmuir of
General Electric back in 1917 — was the
soap-like fatty acid salt sodium stearate,
but other materials and their deposition on
solid surfaces were subsequently investi-
gated by Langmuir and Blodgett, one result
being the development of glass anti-reflec-
tion coatings. Chief property of the
materials used is a rod-like molecule, one
end of which is attracted to water and the
other end repelled so they stand end-on
(assuming the material is correctly com-
pressed). But the trough is aimed at pos-
sible new applications of L-B films that
arise largely out of microelectronics tech-
nology. Such layers, one molecule thick,
are becoming important in what is called
molecular electronics — the “science of

Etectrobalance Comparator

Morolayer
Barrier
\
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clever chemistry and electronics”. Appli-
cations include insulating layers as thin as
10~° metre in gallium arsenide devices
and as a resist in electron-beam lithogra-
phy. Organic layers may have application
for gas detection, while biological mole-
cules such as antibodies and enzymes may
make field-effect devices feasible for in
vivo monitoring. In integrated optics they
offer a route to the precise building of
multilayer films to one tenth of an Ang-
strom unit, perhaps with the molecular
addition of metallic atoms to tailor res-
ponse to radiation.

“Molecular Lego”, as it has been
dubbed, also has potential application to
energy conversion devices, photosynthe-
sis, magneto-optics, three-dimentional
memory devices, and to display devices,
where high electric fields may allow a high-
speed alternative to current technology.

Molecules are compressed in the Lang-

muir trough with a constant-perimeter
variable-area boundary which encloses the
monolayer and prevents film contami-
nation. A sensitive microbalance with sen-
sor in the liquid surface monitors differen-
tial surface tension, and links through a
control system to the barrier drive. A
motor-driven micrometer screw automat-
ically drives a substrate in and out of the
liquid. Constant surface pressure is pro-
vided by a differential feedback system to
maintain film integrity. A pre-determined
number of monolayers can be programmed
by a control unit using a range of dipping
speeds, and a two-pen recorder charts sur-
face pressure and area during deposition.

The trough is made by Joyce-Loebl, a
subsidiary of Vickers Instruments, of
Team Valley, Gateshead.

Enter WW 500 on reply card for further
details.
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NETWORKING SMALL
COMPUTERS ‘

Simply transferring a program or data from one computer to another by telephone is not
too great a problem, but if a number of remote computers are to work together regularly
in a network, relatively complex software is required to organize received information
efficiently. This article describes such software designed for Pet microcomputers and

As personal computers become more
"popluar, the need for simple methods of
exchanging programs and data between
them increases. Eventually, it may be
possible to exchange this information
through some form of readily accessible
global communications network, but at
present, we have to make the best possible
use of the facilities available. Some of the
‘more important information dissemination
techniques currently being explored are:

— teletext broadcasts

— viewdata systems, such as Prestel

— and distributed computer networks.

Each of these approaches has its
advantages and disadvantages. In the UK,
experiments have been carried out using
Ceefax and Oracle as a means of dis-
tributing software! but these methods
can only be used to access information
from a central point. With Prestel, two-
way information exchange is possible, but
there are two categories of ‘user’ — the
ordinary customer, who can only receive
-and examine pages of stored material, and
information providers. The major
drawback of this method is that not all
users can be information providerst. The
Council for Education Technology is.
currently investigating this type of
information dissemination in conjunction
with a number of schools and colleges?.’

A truly distributed computing network>-*
is the third approach to program and data
distribution. Such a system has the
advantage of allowing totally unrestricted
bi-directional data exchange between any
two parties. In this article I describe
using the public switched network (p.s.n.)
as a means of distributing programs and
data between owners of personal com-
puters.

Source program transmission
The distributed computing system’s
architecture significantly influences the
type of data it can accommodate. Broadly
speaking, these systems fall into one of two
categories — one in which intermediate
data storage is available, and one in which
data transfer is direct.

In Fig. 1(a), the microcomputer owner
at site X is able to dial the telephone

1 British Telecom say that potentially all users
can be information providers so presumably Dr
Barker refers to cost limitations. — Ed.

* Dr Barker is a Principal Lecturer at the
Department of Computer Science, Teesside
Polytechnic.
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outlines networking generally.

by Philip G. Barker*

number of the owner at site Y and then
transmit information to him/her. In the
context of data exchange, transmission
takes place as if the two microcomputers
were linked together directly’. No
intermediate data storage is available so
error detection and correction procedures
have to be incorporated in the software
used for receiving the data. Messages
passing over the communication network
are susceptible to corruption by noise or
crosstalk and as a result, if the receiver
fails to respond to the transmitter, data
transfer is inhibited.

In Fig. 1(b), the microcomputer owner
at point X can store material in a
mainframe at site V or W for later
retrieval. Provided that the computers at

‘points Y and Z can meet all the necessary

(a) Direct transfer

X

(b) Transfer via intermediate mainframe

access control requirements, they too can
gain access to the data. With this kind of
network, information can be shared easily
and distribution to other geographical
locations is simplified.

Details of using a microcomputer as an
interactive terminal, in conjunction with
the public switched telephone network %7,
and of using a microcomputer as an
intelligent terminal® have been presented.
In reference 8, algorithms for information-
file transfer between a mainframe and
microcomputer are discussed in detail.
These files may contain machine-code
programs, high-level (source-language)
programs or data. Using the software
described, communicating programs
between one microcomputer and another
(via a mainframe) is reasonably
straightforward but a decision has to be
made regarding whether the programs are

Z MICRO
Y

MAINFRAME
v !

MICRO

x| X~

/4

MICRO

MICRO
Y

MAINFRAME
W

Fig. 1. In (a), the public switched network is used to link two computers together directly.
Messages passing over the network are susceptible to corruption by noise or crosstalk — if
the receiver fails to respond to the transmitter, data transfer is inhibited. Data from any of
the three microcomputers shown in (b} may be stored in a mainframe computer and
retrieved later. Using this type of network, certain codes can be imposed to restrict access
of information from the mainfrares to those microcomputer owners with knowledge of

the code.
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to be transmitted in machine-code or
source-language form.

Factors influencing the ease with which
programs may be communicated are
— the level of language used
— the availability of internationally

accepted language standards and the

ability of programmers to keep within

limitations imposed by these standards
— compatibility of the computers used.

These factors alone are probably
sufficient to justify transmitting program
files in source language form rather than as
machine-code memory images. In this
context we have been examining the
problems associated with transmitting
both Pascal and Basic programs over the
p.s.n. between microcomputers and
mainframes. Some interesting results have
been obtained — a few of which are
described here.

Files transmitted between the two
computers consist of a contiguous set of
characters. Certain special characters
interspersed in the sequence, for example
end-of-line $0D*, impose a simple record
structure on these files. That the files may
not be physically stored in this way in
either the source or destination computer
is of little consequence as far as this article
is concerned.

Loading Basic from secondary
storage

Once a Basic program has been
transmitted from a remote computer and
stored locally on a secondary storage
medium such as a tape or disc drive, it is a
simple matter to load the program into
memory for subsequent execution. How
the program is loaded will depend on the
type of microcomputer used. To illustrate
the purpose of this article, specific
descriptions pertaining to the 3000 series
Commodore PET microcomputer are
included.

The function of a loading program is to
recognize Basic statements contained in a
secondary storage file, convert them to the
appropriate format, and store them at the
correct location in the memory space
available. Functional requirements of such
a program for the PET are summarized in
Fig. 2(a), where it can be seen that the
storage area for Basic programs starts at
$0400 and ends at $7FFF where 32K of
memory is available. Obviously, the
loading program at the top end of the
memory will slightly reduce the amount of
space available for other programs.

One of the loading program’s main tasks
is to convert the incoming source code to a
code which can be stored in the computer’s
memory, the two forms of which are
represented in Fig. 2(b). When the source
code is stored, each statement consists of a
two-byte pointer, a two-byte encoding of
the statement number, a sequence of
bytes representing the original source line
and a byte containing the ‘end-of-line’
marker. Further details on how Basic
*The ‘dollar sign’ indicates that the number
immediately following it is in hexadecimal form.
This is not the standard method of indicating
hexadecimal numbers, but is familiar to most
users of the microcomputer concerned. — Ed.
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{a} Principle

PET Memory Space

Secondary Storage Device

>

BASIC Program in
source code format

Resetved Area

$7E00

Loader Program

$7FFF
Screen Memory

(b} Comparison of internal and external

SOURCE CODE

forms of Basic

INTERNAL FORMAT

10 PRINT*“HELLO”
20 X=3+2

30 Y=32

40 = PRINT X,Y

50 PRINT“GOODBYE”

0400 00 OE 04 OA 00 99 22 48
0408 45 4C 4C 4F 22 00 18 04
0410 14 00 58 B2 33 AA 32 00
0418 22 04 1E 00 59 B2 33 AC
0420 32 00 2C 04 28 00 99 20
0428 58 2C 59 00 38 04 32 00
0430 99 22 47 4F 4F 44 42 59
0438 45 22 00 00 00 AA AA AA

{c) Memory map for a typical loading program

RAM ROM
$0400
Operating System
$C3AB
N
$7E00
User Written Code
7 = == s i -
il Borrowed Code
$7EE4f — T T T T T T 7]
$7Fot f
STFFF ..
Fig. 2. The function of a source-language Step 3:  if ‘end-of-line’, go to step 6
loading program. These diagrams, Step 4: if ‘end-of-file’, goto step 8
although 7p<;c:flcally relating to the PET, StepS: store source character in Basic
are typical of most microcomputers. buffer then go to step 2
Und'e'rhne'd sections in (b) indicate the Step6: prepare for operating-system en-
positions in memory of the Basic statement .
numbers. e 3
Step7: convert source statement held in
buffer, enter into Basic memory
programs are stored in memory can usually area, then go to step 2
be found in the computer’s manuals®. Step 8: pass control back to Basic com-

Once a statement has been converted, it
has to be placed in the correct memory
location. Both conversion and insertion are
usually carried out by routines built into
the computer’s operating system, which in
the case of the PET are locations $C34B to
$C43F, and there is no reason why these
routines may not be used in the programs
concerned. But for most readers, copying
the relevent r.o.m. information into r.a.m.
will be more practical than altering the
system’s r.o.m. A simple assembly
language progranr will serve this purpose.
The loading program’s basic structure is as
follows;

Step0: borrow code from the operating
system

Step 1: initalize Basic (usually using
NEW)

Step2: read input file (get next source
character)

mand mode with a ‘READY’
message.

As was suggested earlier, step 7 will
probably be carried out by a ‘borrowed
code’, and the remaining steps will be
implemented by the operator, see Fig.
2(c). An assembly-language program for
the above algorithm — for Basic source
files on cassette — is shown in Fig. 3, and
a complementary flow diagram is shown in
Fig. 4. When invoked, the initialization
code copies $94 bytes, starting from
$C34B, in the slot reserved for it through
manipulation of the assembler location
counter. When this is completed, the
loading operation starts. The program uses
a subroutine called TPREAD to transfer a
block of data from cassette into the
relevant buffer area. In turn, this routine
makes use of the operating utility code
commencing at $F855. Characters are then
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Fig. 4. Data flow diagram for the source code loading program shown in Fig. 3.

copied one at a time from the tape buffer,
$027A, across to the Basic input buffer,
$0200 — $0250, using the Y and X
registers respectively as pointers in the
indexed load and store operations. Each
time an end-of-the-line character, $0D, is
encountered in the input data-stream
(INCHAR) an end-of-statement marker,
$00, is sent to the output stream
(OUTCHAR) for placement in the Basic
buffer. Subsequently, at step 6, the
pointers at $77 and $78 are set to point to
the memory area containing the new
statement. A subroutine call to the
operating system utility CHRGET is then
made. This is essentially a line-fetch
routine that sets up the next Basic
statement for processing. More details on
how the routine operates are given
elsewhere!®!12.  Once the CHRGET
routine has been primed, the code for
converting/inserting the new line into the
BASIC program area can commence.
Further source statements are then
processed one at a time until an end-of-file
code, $00 for tape files, detected on
INCHAR terminates the loading process
and passes control back to Basic direct-
command mode with the prompt
“READY”.

A major disadvantage of the loader
shown in Fig. 3 is its lack of identity
checking. Inherent in the program is the
assumption that the tape will be positioned
at the point from which loading is to
commence; the first block (program
identity) is then skipped over. If
necessary, it would be a simple matter to
replace the first reference to TPREAD
(line 21) by a call to asubroutine that
allows the operator to interact. This
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subroutine could be used to ask the
operator for the name of the file to be
loaded and then automatically position the

tape ready for loading. A routine of this

type is essential in a loading program
designed for handling source programs
from discs.

To enable the loading program shown in
Fig. 3 to handle disc files, two additional
subroutines are needed: one to open the
disk file, DKOPEN, and another to read
and close it, DKREAD. Implementations
of each of these are presented in Fig. S.
DKOPEN fulfills the requirements
outlined above, that is, it prompts the
operator for the name of the file to be
loaded, checks its validity and then returns
an appropriate message. The DKREAD
routine emulates the action of the tape
cassette thereby minimizing-the number of
changes necessary to the code listed in Fig.
3. Indeed, only three changes are required;
the reference to TPREAD in line 21 must
be changed to DKOPEN and that to
TPREAD (line 65) must be altered to
DKREAD. Finally, the device number in
line 62 must be changed from 1 to 8.

As a means of checking- that tape
cassette emulation was a reasonable-approach
to use, a second version of the disc loading
program was written using a different ap-
proach. This involved reading the whole of
the disc file into memory, storing it, and
then processing it as an internal file. Other
than the slight modifications needed for
the revised input method, no major

_changes to the logic of the program shown

in Fig. 3 were required and no detectable
difference in performance between the two
disk-loading programs was observed.
Furthermore, as can be seen from the fol-

lowing table their load size differed by only
five bytes.
Main DKOPEN DKREAD Total

code store
Tape loader 257 - - 257
Discloader1 257 152 95 504
Discloader2 242 152 115 509

The loading programs can be located in
e.p.r.o.m. or in any part of the memory
space available for program loading When
siting these programs, two important
factors must be considered;

— that the programs do not over-write
themselves while running (this is
usually caused by locating .them too
near the low end of memory), and,

— that they do not interfere with any of
the operating system support software
that may be partly in r.a.m. (for
example, DOS support uses r.a.m.
above $7EAB in 3040 disc-based 32
PET systems).

Each of these restraints can be avoided
by using an appropriately structured
e.p.r.o.m. However, if the loading
programs are to be stored in r.a.m. their
security and effectiveness depends on
finding a suitable memory space into
which they may be loaded and run.
Unfortunately, disc loader 2 is too large to
fit into the tape cassette buffer areas,
$027A through $03F9, but its main body
and the smaller of the two input routines
(DKREAD) easily slot into this area;
DKREAD could now reside at the high
end of r.a.m. above about $7E10, the exact
location depending what other software is
present in this area. Because the version of
the loading program for handling tape-
based source files is too large to be stored
in cassette buffer 2, as with the DKOPEN
‘routine, it would also need to be positioned
somewhere above memory address $7E10.
Similar arguments apply in the case of disk
loader 1. Whatever parts of high r.a.m. are
used, the limit of Basic memory would
need to be lowered by suitably adjusting
the pointers held in zero page locations $34
and $35.

Each of the software systems described
above successfully loads Basic programs
from tape/disc files into memory ready for
execution. These files will usually have
been created by program transfer from
another remote computer through the
public switched network or a private
communication system. Alternatively,
they may have been prepared by an editing
system or as a result of LISTing to either
tape or disc. Because these files are in
conventional ASCII form rather than in
internal machine-code form they are more
easily exchanged between different types
of personal computer.

Comparing load times

Given that there are now several ways of

loading Basic programs into memory some’

consideration of loading times would be
appropriate. There are two important
comparisons to make:.

— the relative speed of loading source
programs compared with memory
image programs, and

— the relative speed of tape loads
compared with those from disc.
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To carry out the above comparisons a
simple program generator was con-
structed. This consisted of a series of Basic
statements which when executed produced
(as output) another Basic program. This
could be written as an ASCII file to tape
and/or disk. Furthermore, once processed

by either of the loaders described above, .
this program could also be saved in the:

conventional manner using a SAVE com-
mand. The program consisted of 1000
statements whose average length was about
22 characters. Its load size was 19K bytes.
Measures of the time required to load this
program under different conditions are

— time to load source program from tape,
1037 s

— time to load source program from disk,
260s

— tape load time for SAVEd program,
357s

— disk load time for SAVEd program,
10s.

There are two observations immediately
apparent. Firstly, loading source programs
is much slower than loading memory
images; secondly, loading from disc is very
much faster than loading from tape. These
relationships could have been predicted
intuitively and so the only value of the
above figures lies in the quantitive
comparisons they permit. From the values
shown it can be seen that disc loading is
about 35 times faster than tape loading
where memory images are concerned but

-only about four times faster in the case of

source-code loading. In the latter case, it
took only 11 seconds to read ‘the source
program into memory from disc. This
would suggest that about 96% of the
program loading time is devoted to
converting source statements into a form
suitable for storage, and storing them.
Similarly, in the case of tape loading, it
takes about six seconds to read a block
from tape into memory. The test program
contained 131 blocks, i.e., 192 x 131
characters, and so its input/output time
would be about 786 seconds. This means
that only 24% of the program loading time
is spent on conversion operations. It is
interesting to note that the time spent
converting and inserting programs in
memory is the same for both programs —
249s for the disc loading program and 251s
for the tape version. This means that the
modifications converting the tape loading
program into its disc equivalent do not
influence the program’s performance
characteristics. These results illustrate the
advantages of memory-image loading over
source-code loading, but most readers will
probably prefer to sacrifice some efficiency
to make their programs more compatible
with computers of a different type. 0
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Teled’on‘videotex»in UK

The first private viewdata system based on
‘Teledon technology has been introduced
by Poulter Computervision, a new com-
pany in the Poulter advertising and mar-
keting group. Developed by the Canadian
Department of Communications, Teledon
is an easy-to-use system to enable text and
high-quality animated images to be
transmitted to tv sets. It was chosen for
audiovisual communication by Poulter
largely because of its impressive graphic
capability.

The company have moved fast since
they discovered it late last year. In fact
Graham Poulter told WW he didn’t even
know of it until 14 weeks prior, when
Peter Ashley (now a director) told him of it
after seeing it on an Australian NEB trip.
They now have sole UK rights to Teledon,
negotiated with the CDC licensee Norpak.

Two equipments are available, the sim-
plest being a decoder with 64K of usable
r.a.m. (there is further memory for screen
mapping and holding software) controlled
by a 6809 microprocessor and fed from a
cassette player. Up to 200 frames or
“slides” can be displayed in any order,
each one appearing either instantly or pro-
gressively. With a modem attached, 10
pages of information can be recorded in 60
seconds — ten times faster than other
viewdata systems of the alpha-mosaic
kind. The other terminal is an information
provider’s graphic creation unit with digi-
tizing tablet, colour monitors, two floppy
disc drives and PDP11/03 computer. With
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about ten minutes” learning time, it is
claimed, images can be created by retriev-
ing an image from a library to edit, by
sketching or tracing drawings on the
tablet, or by using high-level commands
defined as geometric elements. Animations
of any length are possible and the combi-
nations of colours with grey shades are
unlimited. A page of text takes about 5
minutes to assemble while a chart might
take 10 to 15 minutes.

Secret of Teledon is the picture descrip-
tion instruction coding that describes
image content by co-ordinates — two for

lines and rectangles, three for arcs, more
for polygons, hence the name alpha-geo-
metric. Images can also be described by
scanning point-to-point, and they are re-
constructed to whatever resolution the re-
ceiving equipment allows. Among claims
made for it are future equipment compati-
bility as well as future information compa-
tibility, easy conversion to alpha-mosaic
or d.r.c.s. and it is said to handle
more CCITT videotex-attributes than any
other scheme. Teledon is in regular use in
Canada, on trial in the USA, and European
rights have been bought by Siemens. &
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DIGITAL TELEVISION
STANDARDS

Towards a worldwide compatibility for broadcasting studio equipment at recent
meetings of the CCIR in Geneva, decisions were taken which will have an
important bearing on the introduction of digital systems into television studios

Discussions on digital video coding have
been going on for many years; in Europe
they have taken place mainly in the EBU.
In fact, the CCIR was largely responding
to a submission from the EBU reached
after extensive consultations among its
members and with industry, other broad-
casting unions and the American
SMPTE.

It had long been accepted that to ob-
tain the maximum benefit from digital
technology one should handle the three
components of the videp signal (e.g. lu-
minance and colour-difference signals)
separately throughout the digital studio
rather than combined into the composite
PAL, SECAM or NTSC composite form
as in most of the analogue studio opera-
tions of today. The use of component
coding will also ensure commonality of
equipment design throughout the 625-
line world and to a valuable degree with
the 525-line world — assuming agree-
ment on the basic parameters defining
the video signal.

There may be a case for establishing in
due course a compatible family of coding
standards to suit different quality re-
quirements, e.g. of ENG at one extreme

throughout the world.

by A. Howard Jones
BBC Research Department

and high-definition television at the
other. But the most urgent requirement
was to specify the standard that will be
used within all of the main studio equip-
ment and .at the inputs to the recording
and transmission equipment used for in-
ternational programme exchange.

It was agreed at Geneva that the main
studio standard would use sampling rates
of 13.5 MHz for luminance and 6.75
MHz for each of the two colour-dif-
ference signals. This corresponds to 864
and 432 samples per line respectively in
625-line countries and 858 and 429
samples per line respectively in 525-line
countries.

8-bit linear p.c.m. coding will be used
and it was agreed by most delegations
that the coding ranges should be set as
indicated in Fig. 1.

There is a good chance that these
figures will have been formally written
into the Recommendation by the time of

The author is chairman of EBU Specialist Group Vi-
VID in which much of the discussion on standardiza-
tion has taken place,

CODING RANGES

255 ———— (11111111)

85— Whlife— {11101011)
1

16 —— Black —— (00010000}

0 —————— (00000000}
LUMINANCE

25— (111111)

239— Mu)gimum—(1110111‘l)
L]

128 Zero wolts — (10000000}
(]

16 — Minimum —(00010000)

0 ————(00000000)
COLOUR DIFFERENCE

Fig. 1. Coding ranges for the 8-bit linear p.c.m. system

5 66
105
'\J e
b 9-8
720 l 12 [ 132 720 12| 3

Fig. 2. The EBU proposal for 625-line signal.and nominal analogue timing for reference

with 864 luminance samples for each line.
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the Plenary Assembly next year, together
with a statement to the effect that in both
625- and 525-line areas the circuits which
process only the active part of the televi-
sion line should accommodate 720 lumi-
nance and 360 colour difference samples
per line.

At a sampling frequency of 13.5 MHz,
720 samples occupy somewhat more than
either of the nominal active line periods.
The intention is that the latter will be
defined by a blanking operation to be
carried out when the signal eventually
emerges into the analogue composite
world. Meanwhile, an appropriate posi-
tioning of the 720 samples (Fig. 2
shows the EBU proposal for 625-line sig-
nals and digital and nominal analogue
timing for reference) will ensure that the
system will accept the whole of an anal-
ogue active line at its input regardless of
‘the actual timing within permitted
tolerances.

The adoption of this specification will
ensure maximum compatibility of equip-
ment throughout the world and will lay
the foundation upon which further speci-
fications, covering studio interfaces, digi-
tal video tape formats, and the multiplex

structure to be used on international digi-
tal links, can be built. ]l

Corrections

Remote control for a hi-fi system. Unmarked
components in Steve Kirby’s article in the
March issue, page 54, are p-n-p transistor in
Fig. 1 and 3.9kQ for its base-emitter resistor.
Transmitter diodes are high-power types — RS
Components 308-512 or equivalent. Labels
‘“standby’’ and ‘‘normalise’’ should be
transposed on the keyboard. Notes on setting
up the link, a simplified tone control summing
circuit, and p.r.o.m. listing will be published
next month In the mean time they can be ob-
tained by sending a stamped, addressed enve-
lope to Steve Kirby at the Department of
Electronics, University of York, Heslington,
York YO1 5DD.

Heating-fuel saver. The introductory
paragraph states that the outdoor temperature
sensor is not essential but in fact, the scheme
would not work without it. The non-essential
part is the meter to indicate the reading of the
sensor. If this is not required, the milliameter
and IC;,, can be omitted. In the first paragraph
of the main text a d-to-a converter has been
misprinted as a ‘data-a converter’.

Digital, multi-track tape recorder. Contrary to
the impression by the April part of this article, it
was not the final section. A further part on the
playback facility will be published in the next
issue.

BBC micro. See News of the month.
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Tracking vehicles

Disclosure of hitherto secret Home Office
guidelines on the police use of “bugging”’
and other electronic equipment has drawn
attention to a form of surveillance that has
largely passed unnoticed: the ‘“tracking”
of suspect vehicles by the attachment of a
miniature transmitter which can then be
located using sophisticated fixed or mobile
Doppler-type v.h.f. and u.h.f. direction-
finding equipment that overcomes many of
the usual problems of accurate d/f in built-
up areas. Equipment of this type is made
in several countries, and indeed two years
ago Rohde & Schwarz specifically des-
cribed their PA002 and PA0OS systems as
suitable for “specialized applications in the
field of personal protection or even in
trailing ‘prepared’ vehicles”. From fixed
bases such equipment can locate an urban
transmission to within about 100 metres.
At least one American firm makes mobile
equipment that would have little difficulty
in following a vehicle at a discreet distance.

Direction-finding, the first application
of a radio navigational aid early this cen-
tury is once again in vogue. Marine v.h.f.
d/f systems in the English Channel
supplied by Racal have proved their use in
sea rescues. American portable (man-pack)
d/f equipment is currently being promoted
for military detection and tracking of
armoured vehicles.

Broadcast relays

For several years, some of the European
external broadcasting services have been
using satellite circuits to carry programmes
to their overseas relays. But most of these
have made use of Intelsat earth stations
built primarily for telecommunications
services.

However, Marconi Communication
Systems have recently announced a
£500,000-plus order from the Foreign and
Commonwealth Office for a 10-metre, re-
ceive-only, Standard B earth station to be
located on Masirah Island, off the east
coast of Oman, to be completed this year.
This station is expressly to receive the BBC
Overseas Service programmes for
retransmission on the high-power FCO
transmitters forming the Middle East Re-
lay Station, including two 750 kW m.f.
transmitters.

The users of extremely high-power h.f.
over-the-horizon radar and broadcasting
stations may have noticed with some
concern a report of recent joint-work of the
Max-Planck-Institut fiir Aeronomie and
‘the University of Leicester (Nature, 25
February 1982). This shows that the ionos-
phere has non-linear characteristics such
that above a certain optimum power, sig-"
nals received at remote sites decrease with
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additional power. The optimum power is
usually not much more than about 6.5
MW e.r.p. — a power less than that cur-
rently used by some broadcast and radar
stations.

Mobile radio and s.s.b.

The outlook for the use of v.h.f. single-
sideband with 5 kHz channelling in
the private-mobile radio or in the
Radiophone services cannot be regarded as
bright — and seems to depend on whether
the fast-acting, companding-type a.g.c.
system being developed by Dr McGeehan
at Bath University proves suitable for in-
corporating into s.s.b. mobile phones.

The intensive work in the UK over the
past few years on the Wolfson project for
mobile s.s.b. has failed to produce the
clear-cut results needed to convince users.
Completely independent user-trials by
British Telecom Research and by the
Home Office, and related trials by manu-
facturers, all seem to have shown that on
frequencies of the order of 160 MHz,
s.s.b. equipment (without companding)
does not provide fully equivalent perform-
ance to that of 12.5 kHz channelling f.m.
systems and is significantly degraded in
comparison with 25 kHz channelling f.m.
The British Telecom results suggest that
s.s.b. also requires a much higher co-chan-
nel interference protection ratio (about 20
dB) which would mean that there could be
much less re-use of channels, substantially
reducing the theoretical spectrum-saving
advantages of s.s.b. The earlier Home
Office trials highlighted the problem of
Doppler frequency shift and the need -for
an extremely good a.g.c. system if speech
quality is to be maintained above 200 MHz
with vehicles travelling at more than 30
km/h.

The BT trials (Electronics Letters, Octo-
ber 29, 1981) used s.s.b. equipment
specially designed to assess the suitability
of the mode as a replacement for f.m. in
the Radiophone service, with tests carried
out under carefully controlled conditions.
Speech of a well defined level was
transmitted simultaneously over three
radio links (12.5, 25 kHz f.m. and s.s.b.)
and recorded in a moving vehicle. The
recordings were later carefully assessed in
an acoustic room with simulated vehicle
noise, under conditions of fading, interfer-
ence and signal level. The conclusion was
that s.s.b. subjectively degraded the per-
formance compared with 12.5 kHz f.m. by
as much as a change from 25 to 12.5 kHz
f.m. With co-channel interference, ‘“‘mean
scores” were: s.s.b. 1.8, 12.5 kHz f.m.
2.1,and 25 kHzf.m. 2 4.

Unless the Bath University work on
a.g.c. reverses the situation, early wide-
spread adoption of s.s.b. seems unlikely.

Marine communications

The official opening of the Marecs-A mari-
time satellite communications system on
March 1 provided a notable technical hic-
cup. The planned inaugural call by Ken-
neth Baker, Minister for Information
Technology, had to be called off at the last
moment due to the aftermath of “intense
solar activity”.

While we all know how easy it is for
press and public demonstrations to go
adrift, this incident must have been parti-
cularly galling for those promoting a
sophisticated system that seeks to high-
light and then supersede the radio propa-
gation vagaries of traditional marine radio!

Shipping companies have seldom
proved eager to introduce new commu-
nications or navigational systems unless
the costs can be off-set by lower marine
insurance rates — so that 24-hour reliabil-
ity must be counted a vital consideration.

There can be little doubt that marine
satellite systems offer many advantages for
deep-sea vessels, and will eventually
supersede long-distance h.f., just as
marine v.h.f. has gradually won through
for short-range operations. But I wonder if
I am alone in recalling the high commu-
nications efficiency of the old pre-war pas-
senger ships using “long waves” above
2000 metres?

When static was not too bad, the highly
professional radio officers and coast sta-
tions could handle traffic in a manner sel-
dom heard on the other marine frequen-
cies. Today, with few large passenger-
carrying ships, .marine traffic tends to be
lighter and largely confined to the running
of the ships or personal messages of the
crew. As with all radio communications
“progress” seems to be a matter of ever-
higher frequencies ~ though marine ra-
dars have long paved the way to
microwaves.

Topics in the air

M. Hansen and J. P. Loughlin of the
American Naval Ocean Systems Center,
San Diego have described (JEEE Trans.,
Vol. AP, No 6, November 1981) a four-
element adaptive aerial array that automat-
ically minimizes multipath reception.
Typically, at frequencies between 3.4 and
9.3 MHz over a 234 km over-ocean path,
unwanted modes were reduced by more
than 15 dB.

George J. Flynn of Washington Univer-
sity, St Louis, Missouri has forecast that if
the rate of increase of objects in orbit con-
tinues to increase, the first collision be-
tween satellites can be expected in the next
10-15 years. He warns: “A reversal of this
trend is required to prevent a serious
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hazard to orbiting satellites in the twenty-
first century”. Although the number of
objects in near-Earth orbit decreased be-
‘tween 1978-1980, they have since in-
creased rapidly to an all-time high of 4,740
objects, in October 1981. 137 new objects
were associated with the US Landsat 3
satellite, launched in 1978, and 118 with
Cosmos 1275, launched in June 1981.

AMATTEUR
R/ADIO

Licence snafu

Following meetings between the R.S.G.B.
and the Home Office, the Home Office
confirmed officially that the new amateur-
radio licence schedule, as published in The
London Gazette on February 12, contained
errors and a revised schedule would be
published with a minimum of delay. The
Home Office also issued a statement that
they had had “no intention of changing the
basis of amateur radio operation in the
U.K.”.

In other words, the sensation caused by
the February 12 schedule was ascribed to
yet another “snafu” on the part of the
licensing authorities — although to the
credit of the officials concerned they re-
acted promptly and fairly when the conse-
quences of the error-prone schedule were
brought to their notice by the R.S.G.B.
and by many horrified amateurs!

Perhaps a light-hearted side of the inci-
dent was that, by omitting a key line, the
Gazette unwittingly deleted all regulatory
differences between Class A and Class B
licences. Any Class B amateur could have
legally operated on h.f. etc., until an
amending notice was hastily published on
February 26. The Home Office has
accepted that the introduction of new
power restrictions and mode restrictions
on 3.5 MHz and 432 MHz, etc.; were
errors and may revert to traditional power
regulations above 1 GHz at least while the
question of “equivalent isotropic radiated
‘power” is reconsidered further.

The world scene

No firm announcement about the release,
‘on a non-interference basis, of the 18 and
24 MH2z bands had been made at the times
these notes were written. All three new
bands, 10.1, 18 and 24 MHz, were re-
leased to amateurs in South Africa on Jan-
uary 18.

American c.b. licences are reported to
have fallen from 16 million to about 10
million during the past two years. There
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are just over 400,000 amateur licences in
the USA. A recent survey indicates that
only about one-in-eight instances of radio-
frequency interference (r.f.i.) problems
from all types of transmitters (but basically
due to inadequate electromagnetic compa-
tibility in consumer electronic appliances
etc) are reported officially to FCC — a
ratio that is believed to be roughly compa-
rable with similar interference problems in
the UK.

A 16-year-old instructor for the December
1981 Radio Amateur’s Examination —
John Morris, GU6BGI, of the Guernsey
Amateur Radio Society — coached six can-
didates. Five passed both sections while
the sixth passed one section. One who
passed, Tim Hodkinson, will have to wait
for his licence until his 14th birthday next
June, when he is likely to become (at least
for a time) the UK’s youngest licensed
amateur.

Here and there
Fifty-years ago, during 1932, the internati-
nal Madrid conference resulted in the first
clear recognition of amateur radio by de-
fining in the international radio regulations
what amateurs could and could not do.
The Madrid conference was one of the last
of the international conferences in which
no major changes were made to the fre-
quencies allocated to radio amateurs —
although it was already clear that pressure
on their frequencies from rival users was
more intense in Europe than in North
America and only with difficulty was the
““1.7 MHZz” band retained in Europe. At
that time the major ITU conferences were
held every four years.

Detailed observations on and conclusions
about the remarkable 5000-mile 145 MHz
Euro-Asia to Africa paths by transequato-
rial ionospheric reflection during Solar Cy-
cle 21 have been reported by Ray
Cracknell, Z22JV in Zimbabwe, Fred An-
derson, ZS6PW in Pretoria, and Costas
Fimerelis, SVIDH in Athens (OST, De-
cember 1981). They show that high-den-
sity, ionized zones exist 10 to 15 degrees
north and south of the magnetic dip equa-
tor capable at times of providing circuits
between stations up to 5000 miles apart at
frequencies up to 432 MHz. They believe
that amateurs in suitable locations “‘have a
unique opportunity to engage in pioneer
research”.

Amateur satellites

Ivan James, GS1J has described, in Oscar
News No 36, a novel form of 145 MHz
crossed-delta loop aerial suitable for
uplinks to amateur satellites in low orbits.
The aerial is based on the principles of the

broadband, apex-fed, polygonal loop as
described by T. Sukiji and Tou (JEEE
Trans AP-28, No 4, July 1980). The
system provides some horizontal gain, re-
quires no impedance transformer and can
readily be made from soft 8mm diameter
copper tubing. It has been tested on Oscar
9.

The six Russian amateur satellites, RS3 to
RS8, launched last December have all
been transmitting telemetry data but RS3
and RS4 are not expected to be fully activ-
ated until later in the year. The satellites
are in a nearly circular orbit about 1700 km
above Earth (periods of about 118.5 to
about 119.8 minutes). As with other satel-
lites in relatively low orbits it is proving
difficult to provide accurate predictions for
more than a few days at a time. The Rus-
sian transponders have uplink frequencies
in the band 145.86 to 146 MHz and down
links 29.36 to 29.5 MHz.

In brief

The 10.1 MHz band has still not been
released to American amateurs and there is
opposition from other users . . . A “dia-
mond jubilee hamfest” to mark the setting
up of the original “Lincoln & District
Amateur Wireless & Scientific Society” in
February 1921 is being organized by Lin-
coln Short Wave Club (GSFZ, G6COL) at
the Lincolnshire Showground, 4-5 miles
north of Lincoln on the Al5, on Sunday
May 9. The Club is aiming at a 5000 at-
tendance, with trade and “bring and buy”
stands plus family attractions . . . Derby
Dale & District Amateur Radio Society
has its 2nd mobile rally at Shelley High
School, June 20 . . . The Worcester Club
has its annual radio rally on July 11 at the
High School, Ombersley Road, Droitwich
. .. The RSGB has forecast 80 trade stands
at the 1982 National Amateur Radio Exhi-
bition at the New Alexandra Pavilion,
Alexandra Park, north London from April
15-17 . . . Mobile rallies at Harrogate and
Barry (May 23), Hull and Plymouth (May
30), Elvaston Castle, MHS Mercury (June
13) . . . With the legalization of c.b. radio
it would seem that some of the former
users of 27 MHz have moved elsewhere.
Recent reports indicate that an illegal
group of so-called ‘“International
Breakers’ have been active on about 6.6
MHz, a frequency that was a “pirate-
haunt” several years ago . . . . The Mar-
coni Group recently noted the 60th anni-
versary of the 2MT Writtle broadcasts in
1922 paying tribute to the efforts of the
amateurs, grouped in wireless clubs,
recognizing that it was their petitioning of
the Post Master General that helped set off
regular broadcasting in the UK.

PAT HAWKER, G3VA
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MICRO

CONTROLLED
LIGHTING SYSTEM

Hardware for the input side of the lighting system — the control desk.
Modular construction is suggested to allow for variations in total system size

The input portion of the lighting system —
the control desk — transforms the posi-
tions of the numerous faders into data in
the processor memory. To maintain
processing speed and hence the interactive
nature of the system input and output
operations are designed so that no proces-
sor WAIT states are required. This is read-
ily achievable in the output to the dimmers
by ensuring that the access time to each
dimmer is less than 410 ns (the maximum
data bus access time permitted by the
processor) and the use of a mapped-
memory input technique was chosen.
However, the analogue-to-digital conver-
sion of the fader positions is inherently
slow, and so some method of increasing
their apparent conversion speed is re-
quired. Three possible methods can be
considered.

@ Allocate a slow a-d converter to each
fader which continuously tracks the anal-
ogue level of the fader and then the proces-
sor addresses each converter in turn to
obtain data. The large number of faders in
a lighting desk means that this would
probably be a very expensive solution.

@ Use an a-d converter which is fast
enough to perform a conversion in the
maximum access time of 410 ns. The
practical conversion time must be much
shorter than this to allow for the multiplex-

John D. H. White and
Nigel M. Allinson

ing of the faders and the sampling of the
analogue levels. The cost of high-speed
converters and multiplexers means this
solution is also expensive.

@ Rather than set the conversion speed by
the processor requirements, set the speed
by the desk operator’s requirements. For
instance, the maximum useable “response
time” of the system should be about 20
ms. Hence use a converter which is fast
enough to perform all the conversions re-
quired 'in this maximum response time.
The faders can then be scanned by an
analogue multiplexer, converted to digital

code and stored in a block of memory

locations. The processor is then able to
access this block of memory. The major
difficulty with this method is the unambi-
guous access to a block of memory by both
the processor and the converter.

The final method was chosen for use in
the control desk because of its lower cost.
The fader units in this prototype system
were designed on a modular basis. Each
multiplexer connects one of 16 faders to a

The authors are at Keele University.
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Fig. 11. Address decoding is performed by a 4-bit code.
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common analogue bus and the faders
addressed via a 4-to-16 line decoder by a 4-
bit digital address bus. One a-d converter
was allocated to each of these 16 fader
modules; however, the converter and
sample-and-hold circuit used have a total
conversion time of 26 ps at a S00 kHz
clock frequency so one converter can
access over 600 faders within a response
time of 20 ms.

The input circuits can be split into three
parts — an analogue multiplexer which
connects the faders to the a-d converter,
the converter itself and associated sample-
and-hold and timing circuits, and the
shared memory with access control logic.

Analogue multiplexer module

The fader connected to the common anal-
ogue bus is determined by a four-bit code,
and address decoding is performed by a 4-
to-16 line demultiplexer (74154), Fig. 11.
Analogue switch control inputs are buf-
fered by level-shifting inverters. Fader po-
tentiometers are connected to a bipolar
reference bus derived from the a-d
converter internal reference voltage, Fig.
12.

As the lighting system scales the channel
presets by a master preset control, as
mentioned in the first article, this requires
the multiplication of stored data. For any
reasonable interaction time between fader
position and light output, software
multiplication by the processor is out of
the question. As described in the final
article, fader levels are stored in log form;
multiplication and division become simple
addition and subtraction, and an anti-log
look-up table r.o.m. is used to provide the
correct code for each output dimmer. Un-
usually, log-law potentiometers are used
for the faders.

The potentiometers can be considered as
a voltage source with an internal im-
pedance which varies with slider position.
The highest internal impedance is (frack
resistance)/4, that is 25 k() in this case. As
the output capacitance of each c.m.o.s.
switch is about S pF, the worst-case
switching time constant for 16 switches on
a common analogue bus is 2 ps. With a
sample time for the a-d conversion of 6 us,
this gives a significant sampling error. The
solution is to introduce a capacitor C; to
the input side of each switch. The percent-
age error in the final output voltage is
100% x C,/(Cs + C,) so for C, = 100 nF
the error is only 0.08%. The switching
time constant is now about 25 ns; T is
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qu. 12. Control signals are generated by
twisted ring counter comprising two D-
type flip-flops.

switch on-resistance X C,. However, there
is now a significant time constant asso-
ciated with the potentiometer resistance
and C;, but the worse-case value is 2.5 ms
which does not effect operation of the
control desk.

AD conversion and timing

module

The ZN427E 8-bit converter of Fig. 12
is clocked at 500 kHz, derived from the
terminated processor system’s 1 MHz
clock (generated from the 3 MHz
microprocessor clock in the Quarndon de-
velopment system). The various control
signals and associated sample-and-hold,
are generated by a 2-bit twisted ring coun-
ter, comprised of two D-type flip-flops
(7474). This type of counter was chosen
for its simplicity and that all states can be
detected by two-input NAND gates. The
first state of the sequence enables the
sample-and-hold circuit, the second state
is used as a write request for the memory
access logic¢, and the final state is used to
clock a third D-type flip-flop. The output
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Counter bus

of this flip-flop is used as the start conver-
sion pulse of the a-d converter. The end of
-conversion signal (EOC) goes low, and is
used to hold the counter in its reset state.
The positive-going edge of EOC clocks a 4-
bit counter (74161A) used to address the

shared block of memory and the analogue
multiplexer. The data outputs are always

éé

enabled, by holding OE (pin 2) low. The
LF398 sample-and-hold circuit has more
than adequate specifications for 8-bit ac-
curacy at 6 us sample time.

The 2.55V a-d converter reference
voltage is used to bias the fader potentiom-
eters. To reduce processing time, fader
codes (positions) are first checked to deter-
mine if they are zero (i.e. channel not in
use); only if they are non-zero will further
processing be performed. Contact and
end-resistance in the potentiometers gives
a small d.c. offset, even when the channel
is not being used. Hence a bipolar voltage
reference is supplied to the faders to give a
small “deadband”, for which the output
code is zero. These references are obtained
by buffering and inverting the converter
reference voltage by a 747 dual op-amp.

Shared memory and access control
The memory can be accessed by either the
microprocessor or the a-d converter, and
hence the data and address buses must be
multiplexed between the microprocessor
and converter. It differs from conventional
direct memory access techniques in that
the converter and processor have separate
buses and operate independently, Fig. 13.

The shared memory consists of two
AM27807 (16-word X 4-bit Schotiky
r.a.m.), and as these devices have separate
data inputs and outputs and the a-d
converter only writes to this memory while
the processor-only reads from it, no data
bus multiplexing is required. Data outputs
are tri-state which allows direct connection
to the processor data bus. Address bus
‘multiplexing is performed by two 74125
tri-state buffers; the appropriate one is
enabled for read or write operations. For
large systems standard 250 ns memory
chips may be used instead of the
AM27S07’s, but they will require addi-
tional data bus multiplexing.

The eight high-order bits of the proces-
sor address bus are compared with a bit
pattern set by eight wire links to determine
the page location in the memory map of
the input data addresses, Fig. 14. This is
achieved in the same manner as the output
addressing decoding described in Part 1.
When the processor needs to read from the
shared memory, a read request signal is’
generated before the system enable signal
E goes low, achieved by AND-ing the
address decoder output, M/IO and W/R
signals. The output is latched by the 8085

System clock { 1MHz |

ADC clock

I

Start cooversion

End of conversion

Sampte enable

L___l._.l|_‘_i

L |

write reguest
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address latch enable signal ALE to ensure
that the read request signal is low before E
goes low. Timing diagram: Fig. 15. The
read request signal enables the appropriate
address buffer and sets the memory to read
mode.

ADC data bus

The absence of a read request signal sets
the memory to write mode and enables the
a-d converter address buffer. A write re-
quest signal from the converter timing
control enables the memory and data is
clocked into the memory by the system
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Fig. 14. Eight high-order bits of address bus
are compared with bit pattern set by eight
wire links to determine page location in
memory map.
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enable, E. The duration of the write re-
quest is long enough to ensure that any
data is always stored in the memory. Since
the processor controls access to the
memory at all times, no conflict of simul-
taneous access requests occur.

Continued

The authors ask us to point out that E, and
E; in Fig. 9 should be inverted, for which
the two spare 7400 gates may be used.

o/ L P
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Ap-Aq >< Low order address valid
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Fig. 15. READ REQUEST enables the
appropriate address buffer and sets
memory to read mode.
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16-CHANNEL DATA
ACQUISITION SYSTEM

The article concludes with a continuation of the circuit description, its operation and a
sample program for scanning through sixteen channels.

Figure 8 is the timing diagram for the
listening sequence. On power-up, the
Reset line is brought low for
approximately 150 ms via R3 and C; to
reset the address latch IC; and the address-
enable flip-flop ICs.

To select a channel and start an a-to-d
conversion, the Basic statement below is
executed:

PRINT # DN, “*n”

where DN is the device number (0-30)

* is the ASCII character-““*”

n is the ASCII equivalent of the

required channel “0” to “F”.
When the system receives a device number
(DN) corresponding to that selected on the
address switches (Ss — S, in Fig. 7), the
961.§488 will initiate a timing sequence, as
shown in Fig. 8 (not to scale). The r.o.m.
(IC¢) decodes ASCII information to binary
data, its contents being outlined in Table
1. Four outputs of the r.o.m. give the
binary data obtained by converting ASCII
“0” — “F” to binary 0000 — 1111 and
additional outputs are used to detect a “*”
character and a carriage return (CR) —
data outputs 06 and 05 are used for this
purpose.

When the first “*’ character is sent (2 in
Fig. 8) the * line goes low (3) and the
RXST and RXRDY are pulsed (4) and (5)
in accordance with Fig. 5. As the data is
removed (6), * detect goes high and sets
the address enable FF — Q* goes high (8).
The next data byte is presented (9),
representing one of 16 address channels,
and as RXST goes high (10), CLK goes
high (11) and latches the address latch
(12). RXST and CLK than go low (13) and
(14), and data is removed (15).

A Carriage Return is now presented at
the data bus (16) and the CR detect (or GO
signal) goes low (17), and starts conversion
in the AD755S (to be discussed later). This
signal also resets the address enable F-F
(18), while RXST pulses (19) and (20),
CRD is removed (21) and GO is returned
high.

The result of all this activity is that one
of 16 channels is enabled in the AD7506
(16 channel multipleker) and a conversion
cycle of the appropriate channel is started.

Talking sequence
(conversion cycle)
The AD7555 is a 4Y4/5Y:-digit a-to-d
conversion subsystem. A free-running
clock (DMC) strobes out the b.c.d. data
from the AD7555 in a 4-bit-wide bus. In

* Analog Devices, Limerick, Ireland
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this application, the DMC signal is
controlled by the 96L.S488 handshake
signals to transmit the information to the
GPIB. Each b.c.d. data byte is signalled by
a digit line which goes low when that byte
is being outputted, DO going low for the
most significant digit (sign and first digit),
D1 for the next significant digit, etc., and
DS for the least-significant digit. In this
application, DS going low is used to send a

carriage return code on the IEEE-488 bus.

Although this loses one digit of resolution,
it considerably eases the interface
circuitry.

Figure 9 highlights the conversion
timing sequence. Upon receipt of a GO
signal (2) (from the listening sequence in
Fig. 8) HOLD goes high (3) which
instructs the AD7555 to start conversion:
the free-running DMC clock is also

enabled (4). Upon comparator crossing at
the end of phase 0, (the beginning of the
quad-slope a-to-d conversion procedure)
SCC goes low (5), enabling the 1.024MHz
clock to pin 12.

At the end of the conversion, SCC
returns high (6) and on the next DMC
rising edge (7), DAV goes high and
remains high for two DMC pulses (9):
during this period, the internal buffers are
updated with the latest data. After this,
DAYV returns low (10) and brings HOLD
Low (11). This is known as the master
reset and disables the free-flowing DMC
clock. From this point control of DMC is
taken over by the TXST handshake during
read-back.

At this stage, the data presented by the
AD7555 is the most significant digit;
TXRDY is high, indicating that data is
ready; and SRQ has been brought low (12)
telling the controller that a conversion has
been completed and the new data is ready.

Fig. 8. Timing diagram for the listening sequence.
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Fig. 9. Conversion cycle timing sequence.




PARTS LIST 4 150 (5%) 1

Integrated circuits 6-20 10k (5%) 15

1,2 MC3441 21 1k (5%) 1

3 961.5488 23 10M (1%) 1

4 74C08 24 5.1k (1%) 1

5,10 74C74 25 6.8k (1%) 1

6 6331 26, 29, 30 10k (1%) 3

7/ 74C175 27 1M (1%) 1

8 74C04 28 20k (1%) 1

9 AD?7555

11, 23, 24 74C157 Potentiometers

12 74C30 Rpl 500 multiturn 1

13 74C02 Rp2 200 multiturn 1

14 AD7506

15 74C901 Capacitors 1

16 7493 1,4,6,11 0.01p 4

17 LM399 2 0.47p 1

18 ADS517 3 150p 1

19, 21 AD301 S 10p 1

20 ADS542 7 0.2p 1

22 74C10 (polystyrerie)

25 74C14 8,10 33p 2
9 0.1p 1

Diodes

1-4 led 4  Miscellaneous

S IN914 1 X 4.096MHz 1

6 4.7V 1 S)-Ss,

1,2,5,22 470 (5%) 4 S-Sy d.i.l switch 2

39k (5%) 1
Readback cycle The sequence is repeated for D1, D2,

Data is transferred to the controller via the
input instruction INPUT # DN, RS,
where DN is the device number, and R$ is
an ASCII string. When this statement is
_executed, the 96L.S488 checks that

TXRDY is high (indicating that the first
character is ready). It takes the byte and
brings TXST in Fig. 10 high (1) to show
that it has received the data. This clocks
DMC high (2), which bririgs D0 back high
and loads the next data byte (4), and brings
TXRDY low (5), acknowledging that the
last byte has been received. TXST goes
low (6), completing the sequence. This
clocks DMC low (7) which brings D1 low
(8). TXRDY goes high (9) indicating that

the second data byte is ready.
TXST 0, (&) (10)
TXRDY (5) (9)
DMC (2) ()

D3 and D4 (10)-(23). TXRDY goes low
(23), acknowledging that D4 has been
received, and TXST goes low (24) to
complete the handshake. This clocks
DMC low (25) and brings D5 low (26).
The output from the AD7555 is DS at this
stage (the last and unused digit of the SV
digits). However, a carriage return is
transmitted to the controller instead,
indicating the end of the string, via the
data selector (IC;;). As D5 goes low, a
carriage return (ASCII 13) is presented to
the 961.§988 (27) and TXRDY goes high
(28), indicating that it has a byte (CR) to
send. D5 going low also resets the SRQ

Fig. 10. Timing of the readback sequence.

e

flag (29). The CR is loaded during the
rising edge of TXST (30) and the usual
handshake follows.

The data string received by the
controller is a S character string encoding a
4 digit word. The first character is an
encoded version of the sign and most
significant digit as outlined in the table.

The program shows a simple method of
converting the input string R$ to a number
R. A positive or negative over-range
(caused by a voltage greater than £1.999
volts) is transmitted as “0<<<<" and
“Q< << < respectively.

INPUT # 27, R$

IF R$ = “0O<<<<” THEN PRINT
“+VE OVERRANGE” : END

IF R$ = “2<<<<” THEN PRINT
“~VE OVERRANGE” : END
X$=LEFT $(RS$, 1)

IF X$ = “0” THEN X$ = “+1.”

IF X$ = “2” THEN X$ = “-1.”

IF X$ = “<” THEN X$ = “+0.”

IF X$ = “7” THEN X$ = “-0".

R$ = X$ + RIGHT $ (RS, 4)

R = VAL (R$)

PRINT “READING = ";R; “VOLTS”
END.

Service request and status byte

Bit 6 of the status byte, shown in Fig. 11,
contains the service request bit (needed in
the case of a serial poll), high when a
service is requested. The rest of the status
byte contains information as to why a
service was requested. (In this case there is
only one reason, an end of conversion
caused by Bit 4 high.) The four l.s.bs
contain the address of the last selected
channel. The status byte is read during a
serial poll and handshaking is performed
by STRDY and STST similar to Fig. 5.

System performance

As discussed, the a-to-d converter is
operated as a SY2-digit system, but only
4Y> digits are used. The a-to-d conversion
time varies from 1.3 seconds for full-scale
negative input, to 1.7 seconds for full-scale
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Address of the last
selected channel

0 Converter is busy

4 Converter has
tinished converting

0 No service request

1 Service requested
Fig. 11. Service request and data byte.

positive input. The conversion time can be

reduced by a factor of ten by operating the

a-to-d converter in the 42 digit mode.

Some minor changes in circuit values and

pin-straps are necessary.

— Change Ry to 360k} and C; to
0.22uF.

— Disconnect wire from pin 22 of ICy to
pin 1(ICyy) and pins 2, 5, (IC;4).

— Connect wire from pin 23 (ICy) to pin 1
(ICyy) and pins, 2, 5, (IC24).

— Disconnect pin 8 (IC;) from +5V and
connect to GND.

In the 4% digit a-to-d conversion mode

only 3% digits of information are

transmitted on the bus.

The a-to-d converter handles input sig-
nals in the range +1.9999 volts. Resolu-
tion is 100uV and accuracy of the proto-
type wire-wrap system was +200uV. The
converter exhibits no flicker or offset. Ac-
curacy would be improved by using a
printed-circuit board and by paying more
attention to leakage paths through i.c.
‘sockets, etc: it is also recommended that
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