] B o
inrated.mﬂm
trainer
Digital speech

Long-distance
television

b amaarinanrcadiakbictog



Digital speech
Lﬁ' | alnC




Wireless World, July 1981

WW-—001 FOR FURTHER DETAILS

i

WIRELESS WORLD JULY 1981

Front cover shows cross-
section of the new type of
coaxial cable described in
this issue, superimposed on
a photographic montage of
punched tape symbolising
the digital techniques in
other articles. Photographer:
Paul Brierley.

IN OUR NEXT ISSUE

Radio and the birth of the
Universe. A review of the
significance of the 3K cos-
mic microwave background
in the Big Bang cosmologi-
cal theory.

Electronics on the road.
Broadly surveys electronic
ignition, anti-lock brakes,
cruise control, active sus-
pension and other electronic
systems; also social in-
fluences on design.

Correlator for angles. Mea-
suring technique suitable for
testing timing scatter in
automobile ignition systems
and other rotary mechan-
isms.

‘Current issue price 60p, back is-

sues (if available) £1.00, at Retail
and Trade Counter, Units 1 & 2,
Bankside Industrial Centre, Hop—
ton Street, London SE1. Avail-
able on microfilm; please
contact editor.

By post, currently issue 96p,
back issues (if available) £1.50,
order and payments to EEP Gen-
eral Sales Dept., Quadrant
House, The Quadrant, Sutton,
Surrey SM2 5AS.

Editorial & Advertising offices:
Quadrant House, The Quadrant,
Sutton, Surrey SM2 5AS.
Telephones: Editorial 01-661
3500. Advertising 01-661 3129.
Telegrams/Telex: 892084
BISPRS G. -

Subscription rates: 1 year £10.00
UK and $33.80 outside UK.
Student rates: 1 year £5.00 UK
and $16.00 outside UK.
Distribution: Quadrant House,
The Quadrant, Sutton, Surrey
SM2 5AS. Telephone 01-661
3500.

Subscriptions: Oakfield House,
Perrymount Road, Haywards
Heath, Sussex RH16 3DH. Tele-
phone 0444 59188. Please notify
a change of address.

USA mailing agents: Expediters
of the Printed Word Ltd, 527 Ma-
dison Avenue, Suite 1217 New
York, NY 10022. 2nd—c|ass
postage paid at New York.

IPC Business Press Ltd,
1981 ISSN 0043 6062

www_americahradiohistorv_r‘.om

wireless
world

ELECTRONICS/TELEVISION/RADIO/AUDIO

JULY 1981 Vol 87 No 1546

29 Decline of the philosophical spirit

30 New development in h.f. coaxial cable
by S. C. Carter and H. M. Barlow

33 6809 evaluation system for £100
by R. Coates

38 World of amateur radio

~ 39 Leap seconds
by L. Essen

41 Parallel tracking pickup arm modifications
by R. Cooper

) 45 Digital storage and analysis of speech
by I. H. Witten

49 Long distance television reception
by K. Hamer and G. Smith

51 Letters to the editor .
Radio Amateurs Examlnatlon/James Clerk Maxwell/Science and society

57 Wafer-scale integration .-
by I. Catt : ' |

60 Sound SYI’ItheSIS using Walsh functnons
y A. A, Thomas

65 Which way h.f. broadcast receivers?
by Y-C Heng and R. C. V. Macario

70 News of the month
Frequency hopplng radio/Broadcasting satellites report

73 The twins paradox of relativity
by I. McCausland

75 Circuitideas .
Low-noise m.c. pre-amp/Plotting c.r.o. waveforms !

77 Designing with microprocessors — 9
by D. Zissos and G, Stone

81 Electrical and mechanical units
by D. A. Bell

83 New products 7




2 WIRELESS WORLD JULY 1981 WIRELESS WORLD JULY 1981

DON'T GAMBLE
WITH PERFORMANCE
BUY

LEVELL OSCILLATORS

sl

AT
i {p ”'
WW' 0

.

i
0

A ““

\ 1 & I ':
“ i !
“‘“‘*“‘t&t»:its’@r'“*mw,m o | | ‘

| N“\“MM!‘ FREQUENCY 1Hz to TMHzin 12 ranges.
k WM“ 0 to 1% fine control on TG200DMP.

| I ACCURACY *1.5% +0.01Hz up 10 100kHz.

e ' ) SINE OUTPUT N 200,V with Rs =

&“\“ DISTORTION ?8%5% from 50Hz to 15kHz,

ma’ <0.1% from 10Hz to 50kHz, <0.2%
from-5Hz to 150kHz, << 1% at 1Hz and

‘ 1MHz.
it SQUARE QUTPUT TG200D, DM & DMP only, 7V peak

down to <200uV. Rise time

[

’ < 150nS,
! SYNC OUTPUT < WV r.m.s. sine in phase with output
SYNC INPUT + 1% freq. lock range per volt r.m.s.
METER SCALES TG200M, DM & DMP only: 0/2V’
0/7V & —14/+6dBm.. |
SIZE & WEIGHT 260 X 130 X 180mm. 4,3kg with
batteries.

TG200 TG200D TG200M  TG200DM TG200DMP

£99 £108 £125 £130 £135

FREQUENCY 3Hz to 300kHz in 5 decade ranges.
ACCURACY +2% % 0.1Hz to 100kHz.
Increasing to * 3% at 300kHz. |
SINE QUTPUT 2.5V r.m.s. down to <200,V
DISTORTION <0.2% from 50Hz to 50kHz.
< 1% from 10Hz to 200kHz.
g SQUARE OUTPUT 2.5V peak down to < 200, V.
A s SYNC. QUTPUT 2.5V r.m.s. sine.
ROk 7 . 'METER SCALES ' 0/2.5V & —10/+ 10dB on
} “m ol : TG152DM. _
o BAN ; SIZE & WEIGHT 260 x 130 x 180mm. 3.4kg with
] { e [ batteries.
TG152D TG152DM
- Without £80 With £99
meter P meter ’
u A
he PrOfeSSIOnaIS FREQUENCY , 0.2Hz to 1.22MHz on four decade
: controls. '
I VALVES . SEMICONDUCTORS ACCURACY + 0.02Hz below 6Hz.
" O ST * 0.3% from 6Hzto 100kHz.
&COMPONENTS for: ® e mmmmmg e + 1% from 100kHz to 300kHz. l
- Cooo (500 (o gom X + 3% above, 300kHz.
£ f 4 . SINE OUTPUT 5V r.m.s. down to 30pV with Rs =
Communications, Displays, ; - ! ® @ o @ & 6000
Radar.C o 4 DISTORTION <0.15% from 15Hz to 15kHz.
adar, Computer, o St A, <0.5% at 1.5Hz and 150kHz.
Audio etc h ’\\ on® VT 0T i METER SCALES 2 Expanded voltage and —2/ +4dBm
: it : SIZE & WEIGHT 260 X 180 x 180mm. 5.4kg.
Hall Electric Limited. Wogst | veesa
Electron House,

Cray Avenue, St. Mary Cray.
Orpington, Kent BRS 3QJ.
Telephone : Orpington 27099
Telex: 896141

we £265 Ut £280
model battery model

Prices are ex works with batteries. Carriage, packing and VAT
extra.

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

MIN DEF APPROVAL 0529/0531

MOXON STREET, BARNET, HERTS., EN5 5SD.
LE v E L SLECTRONICS LTO TEL: 01-449 5028/440 8686
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lectronic Brokers~Europe’s Premier Test Equipment Company offer

SUPERLATIVE USED EQUIPMENT
ALIBRATED TO ORIGINAL SPECS

......July 1981...... Latest Test Equipment....

...... July 1981 .... Latest Test Equipment......
UARANTEE

Unless otherwise stated,
all test equipment sold
by us carries a 12 month
warranty; For VDUs and
Teletypes we offer a 90
days warranty, and
computers are offered

with on site acceptance

and diagnostic tests
(which may qualify them
for independent on:
going maintenance).
When you buy from
Electronic Brokers you

know the equipmentiis

in ‘top notch’ condition,
it is refurbished in our
-own service laboratories
and checked to meet the
original manufacturer’s
sales specifications. And
it's serviced by our own
highly qualified
technicians.

A copy of our Trading
Conditions is available
on request.

ANALOGUE VOLTMETERS
AND MULTIMETERS

Boonton.

93A True RMS

Voltmeter. |0Hz-

20MHz. 1mV-300V
£29!

Fluke.

883AB AC/DC Differential Voltmeter.

20Hz-100KHz. 1mV-1kV. Very high

ACCUrACY ..o T o 3

Hewlett Packard.

400E AC Millivoltrneter. 10Hz-10MHz. ImV-

300V DC o/p proportional to i/p

48B15A Vector Impedance Meter. SO00KHz-

108MHz. 0-360° in 2 ranges. Z range

1§2-100KS2 in 9 ranges £2150.00

7563A DC Log Voltmeter / Amplifier. Srngle ilp

range 360uV-lOOV O/PO-1.1V @ 10mV/dB
£250.00

8405A Vector Voitmeter. 1-1000MHz. O- 360“

in4ranges.. £1985.00

Marconl.

TF2604 Electronic Voitmeter. AC

20Hz-1.5GHz. 300mV-1KV. DC 10mV-1KV.

0.22-500M% £35

Philips.

PM2454B AC Mrlllvo)tmeter 10Hz-12MHz.

ImV-300

ANALYSERS

Biomation.

1650D 16 Channel Logic Analyser. Dusplays
Timing, Map, hex, octal. Clock rate upto
50MHz. Supplied with display formatter and a
Hameg HM312-8 oscilloscope £2500.00

General Radio.

1911A Sound and Vibration Analyser. /W
Graphic Jeve recorder. 4.5Hz-25KHz. 1/3 or

171 £950.00
8407A/8412A Netwark Analyser. C/W
B600A/BEOTA sweeper 0.1-110MHz

Hewlett Packard.

141T7-8552B-85548B Spectrum Analyser.
100KHz-1250MHz. + 10t0 —122dBm.
Variable percistence display.
1417-8552A-8554L Spectrum Analyser.
500KHz-1250MHz. Sensitivity — 1 17dBM. Scan
width 20KHz-1 250MHz 3500.00
310A Wave Analyser 1.5KHz-1.5MHz 10uV-
100V F.S. Dynamic range > 75d8 ... £1050.00
3580A LF Spectrum Analyser 5Hz-50KHz.
30nV sensitivity .. .£1950.00
3581 A Wave Analy: al Sweep.
15Hz-50KHz. 100nV-30V F.S. Dynamic range
> BOdB. Frequency indicated by 5 digit LED

8553L Spectrum Analyser RF Section. 1KHz-
1 10MHz Sensitivity — 120dBM. Scan wrdth

.200HZ-10MHz

Tektronix.

7L18 Spectrum Analyser Module. 1.5-18GHz

with Internal mixer. 18-60.5GHz with external

mixer. Sensitivity — 1 19dBM max reducing

with frequency £6900.

491 Spectrum Analyser. IOMHz-ZGHz direct.

Up to 40GHz with optional mixers ...£2700.00

Wayne Kerr.

RA200 Frequency Responce Analyser.

Frecl< ency range 20Hz-30KHz or 200Hz-
00KHz. 11 in. crt display

BRIDGES & COMPONENT
TESTERS

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

° General Radio.

160BA LCR Bridge. Accuracy 0.05%. 0.05pF-
1100uF:0.05uH-1100H. 0.05m-1.1M8
£92

Marconl.

TF1245-TF1246-TF1247 ‘Q’ Meter and

Oscillators. Q 5 to 500. 40KHz-300MHz
9

Rohde & Schwarz.

LRT (BN6100) Inductance Meter. 1pH- IOOuH
2.2-2B5KHz £395.00
\Wayne Kerr

B6420.1% LCR Autobalance Bridge
10u82-100GR. 1fF-10F, InH-10MH.....£750.00

CALIBRATION EQUIPMENT

Fluke.

332A DC Voltage Calibrator. 0 to o
T111.1110V.0.1ppm resolution. 0.003%
calibration accuracy £1495.00
760 Meter Calibrator. DC/AC Volts and current
........... R SRS © 211]5()
Tektronix.

191 Constant Amplrtude Generator. 350KHz-
100MHz 0.00

FREQUENCY COUNTERS
Advance.

TC15 & P1 Frequency Counter. DC —
500MHz, 9 digits ..

Fluke.

1900A-01 Frequency Counter. 5SHz-80MHz. 6
digits. Mains / battery operation.

1925A Frequency Counter. 5Hz-125MHz, 9
digits, EMI proof case . ..£375.00
Phliips.

PM6664 Fully Auto Frequency Counter 10Hz-
520MHz, 8 digits 0.

Racal.
9905 Timber Counter DC-200MHZ. 8 drglts

MULTIMETERS

Avo.

Test Set Number 1, 20KQ/volt, very robust5
£75.

Full lead kit.

S.El
Super 50 Selectest. 20K§volt....

OSCILLOSCOPES

Hewlett Packard.

1223A Dual Trace Variable Persistance Storage

Oscilloscope. DC-15MHz. 2mV-10V/div. Max

writing speed | cm/uS £9!

Phiilps.

PM3212 Dual Trade Portable Oscilloscope. DC

— 25MHz. 2mV-10V/div ...£575.00

SE Labs.

SM121 6 Channel Monitor. 12 crt. Irjternal
£395.00

Tektronix.
432 Dual Trace
Portabie Oscilloscope.
DC — 25MHz. imV
sensitivity. 20nS-5S.
AULO setting mains
input 100-250V
£510.00
454A Dual Trace Portable Oscilloscope
DC — 150MHz. 2mV-5V/div.
Fuli delayed sweep
455 Dual Trace Portable Oscilloscope
DC — 50MHz. 5mV-5V/div. Full delayed
sweep. Super condition... ...£925.00
464 Dual Trace Portable S g illoscope.
DC — 100MHz. 5mV-5V/div. Full delayed
sweep. Max writing speed 110 div/uS
4 . £2250.00
465 Dual Trace Portable Oscilloscope. DC —
100MHz. 5mV-5V/div. Full delayed swee
£1195.00

Watenabe
466 Dual Trace Portable Storage Oscmoscop MC641 6 Channei Chart Recorder. Imv-
Spec as per 464 but max writing speed 100V. 250mm scan width £1495.00
3000dv/uS... B d 71 Yokagawa.

475 Oscrllosco e DC-200MHz
SV By s e ooy

485{/ Osci}loscope C — 350MHz

S5mV-5V/div. Delayed swee|

5Z21A PAL Vectorscope. Megwres Luminance SIGNAL SOURCES
Amplitude, Chrominance Phase. Chrominancg
Amplitude, Differential Phase and Gain. As Avo.

new condition ... .£2650,08 HF 136 AM/FM Si Bgnal Generator. 4.0-120MHz.
T935A Oscilloscope DC — 35MHz = 0-100mV in 20dB steps plus fine control. O/P
2mV-10V/div. Delayed sweep E5 S O TSN s £410.00
7603 Oscilloscope C/W 2off 7

4 Trace. DC — 100MHz .. ...

7613 Storage Oscilloscope C/W 2 off

7633 Storage Main
Frame c/w. 2 Off
7A26, 1 Off 7B53A.
4 Trace. DC-100MHz.
Full delayed sweep.
Max writing speed
- - 1000cm/uS...£4495.00
7A26 and 7653A, DC — 100 MHz 4 Trace,
delayed sweep, max writing speed 4.9 cmius; K
_£3575.08 651B Test Oscillator. 10Hz-10MHz.
80, 7B85. 8 0.1mV-3.16V
_.£3550.00 3310A Functi
15V pkspk into 502 Sine, square triangle.
ramp and + or — pulse waveforms .. £385.00
3320A Frequency Synthesizer. 0.01Hz-13MHz.
£310 O/P range O— + 13dBm into 500, Lon? term
frequency accuracy + 10 partsin 10° o semrag

D34 Dual Trace Batte ery Portable lloscopel _ peryear .,
DC-15MHz. 2mV-5V/div. 24nS signal ciiilgy BECOA + BSOTA RV Sweeper+Markers
LR 1 O0KHzZ- 1 10MHz .. £1500.00
ual Beam Oscilloscope chw 2 Off V4
Moduiks. 4 Teaces. DC.1 Mz, Srv-20V/div. | 861 4A UHF Signal Generator. 800-2400 MHz.
“£725.00/ Max O/P + 10dBM into 508 Int square wave

mod. Ext AM-FM, pulse mod. .. ..£1950.00
_%32 %gﬁgiﬁg{’; Main Frame LY V3219 18616 UHF Signal Generator. 18004500

S6v/iv mnz Ma3>é or 3-&;8GBM from 1800-3000
Full delayed sweep. Very large CRT....£725.00) Mhz. + MHz-4500 MHz. Mod as
DM64 Dual Trace Spiit Screen Bistable Storage . DEMB6T4A . £1950.00

8640B Phase Locked S|gnal Generator
Oscilloscope. DC-10MHz. 10mV- SOWd;Vt ;VI 0.5 to 520MHz "£3200.00

e DC- B654A AM/FM VHF Signal Generator.

15MHz. 5mV-20V/div. XY Mode. | only;d ol (I)-%gge%ﬂzo%c?)’é\r{r{r)z 7%321{?;3}08% -
1KH £895,

OSCILLOSCOPE PROBES 8690/\/86995 RF Sweeper Systemn. 0.1-4GHz
EBS0X1 Probe. .2 mir length DC — ZOAéIHz in 2 ranges. Max O/P 10mW-to 2GHz and

il Hewlett Packard.
203A Variable Phase Osciltator. 0.005Hz-
60KHz. 0-360°. £4
| 4204A Decade LF
- ImV-10V into 6002 £695.
606B AM Signal Generator. S0KHz- 65MHz
AMO0-95%... ..£85
616B UHF Srgnal Generator. 1.8104. ZGHz It
pulse Mod. ..£1000.00
6208 SHF Signal Generator. 7-1 1GHz.
0.1uV-0.224V into 502. internal PM & FM

77

Dual Trace DC — 200MHz
Telequipment.

D32 Dual Trace battery/mains Portable
Oscilloscope. DC-10MHz. 10mV-5V/div

6mW to 4 GHz ..

EB91 X10 Probe. 1-2 mtr length DC — Marco!
100MHz. £11.00 “lTFI44H/4 AM Signal Generator. 10KHz-

TOMHz 01 DC — 100MHz..... g1s.00| 2MHz 2uv-2v £750.00

TF9958/5 AM/FM Signal Generator. 200KHz-
POWER SUPPLIES 220MHz. 1uV-200mV. Narrow denang ;cs)r
Advance.

- mobiles ..

TF1370A Wide R -
MG5-60 5V @ 60A switchin ide Range RC Oscillator. 10Hz
MG5-20 5V @ 20A switching.. £120. % )
MG5-10 5V @ 10A switchin £95. TF2002B AM/FM S -
MG24-12 24V @ 12A switching.......£130.00 ! 8BNS B ] uv-lvl%%i{zGZESEHz D43
Welr. frequency
762 Power Supply Unit
0-30V at 2A. Metered output.

RECORDERS

Hewlett Packard

7045A XY Recorder. Sensitivity 250uV-5V/cmy

Electrostatic paper grip. A3 size . ..£950.00;

7045A-001 XY Recorder As 7045A but with

int. time base £102§ﬂ Philips,

Racal. PMéb4

Store 7D Tape Recorder 56 Stereo Generator. Separate L and R

7 channels FM electronics DC —~ 20KHz.

L ‘/. +-60ips £4500.00
S.E.Labs Radiometer.

3006112 12 Channel UV Recorder. Gnd and SMGIC Stereo Generator, Separate L and R

timing lines. 6" paper qu nals Carrier frequency 100MHz. RF O/P

601250 Channel UV Recorder. Servo paper KV-100mV into 758 £375.

drive upto 5 metrs/sec. 12" paper .....£1100

£1200.00
TF2005R 2 Tone Srgnal Source. 20Hz-20KHz.
i”mo-r 11dB in 0,18 sieps £295.00
JTF2006 AM/FM Modular Signal Generator.
‘4 1000MHz 0.2uv-200mV. O/PZ= SOQ

O/P 3mV pk-pk

£160. gg 10MHz. Sine wave. square wave upto 100KHz

Signals. Carrier frequency 100MHz + I% RF
£250.00

Tektronix.

148 PAL TV insertion Generator.

Provides alf required signals to test and
measure on video TX systems. immaculate

1481C PAL Waveform monitor
in as new condition

SOUND LEVEL METERS

Bruel & Kjaer

2203 Sound Level Meter C/W 4165 /2"
Microphone. 26-140dBA. A, B or C weightin
Fast or siow response... g go
2203 Sound Level Met: Uus spec.
but also with 6613 octave filter set with centre
frequencves of 31.5H2-35.5KKzin 11 semngs

£2275.00

General Radlo.

1981 Sound Level Meter. 70-120dB. Digital
and analogue reading. Peak hold. A weightr’n.g
g, ...£300.

er. A
WeIGhting..... ... o o £195.00

TRANSMISSION
MEASURING EQUIPMENT

Marconi.
TF2332 AF Transmission Test Set. 20Hz-20KHz
................................................ e £425,00

Siemens.
. D2040 Selective Level

+50dB. 3uV-300V Lin

and logindication. 5

digit frequency readout

£1200.00

D2072 +W2072 Level Meter and Oscillator.
50KHz-100MHz. —110dB-0dB. Receive .
bandwidth 3.1 and 10KHz........ £2200.00
W 2006 + D2006 Carrler Level Test Set. 10KHz-
17MHz. —100to + 10dB £1650.00
W2007 + D2007 Carrier Level Test Set. -
6KHz-18.6MHz. —120to + 20dB ... £1800.00
Wandel and Golterman.
PF-1 Digital Error Rate Measuring Set.
Consisting of PFM-1 Digital Error Rate Meter
and PFG-1 Pettern Generator £2490.00
PSO-5 and PMO-5 Level Measuring Set.
10KH2-36MHz. —110to +20dB. /W AZD-1
Scale expander
SPM-6 and PS-6 Level Measuring Set.
6KHz-18.6MHz. —110dB to + 20dB. Mains/
battery operation .. .£2150.00
Andimat (PSM-4 2 M
Testing System) composed of the following
PCM-T PCM Test Set, PDA-64 PCM Signalling
Anaiyser, PMD-1 Digital Level and Noise
Measuring System, PDG-1 Digital Signal
_Generator. PDA-1 PCM Digital Signal
"Analyser, PSM-4 Level Measuring Set, MU-4
Scanner, R1-1 computer interface .....£6500.00

DVM's AND DMM's
Datron..

1051 5%z Digit DMM. AC/DC Voits,
Resistance. True RMS. 0. 14V resolution .
- £

8800A 5V2 Digit DMM. AC/DC volts,

resistance. 1uV resolution £450

Hewlett Packard.

3490A 52 Digit DMM. AC/DC votts,

resistance, 1uV resolution. 30 day warranty
£375

Philips.

PM2527 42 Digit DMM. AC/DC volts, current

and resistance. 10uV resolution. True RMS
£400.

Solartron.

1uV resolution. 30 day warranty
7055 Microprocessor
m resistance. {uV
resolution
7065 Microprocessor DMM. Scale length
1,400.000. AC/DC voits, resistance.....£695.00

A243 5% Digit DMM. AC/DC volts, resistance. -

£375.00
DMM. Scale Length
20,000. AC/DC volts,

7055 plus processor control and RS232

interface £

7065 plus processor control and RS232

interface £99!

MISCELLANEOUS
Data Laboratories.
DL 905 Transient
Recorder with Pre-
Trigger facility. Ideal for .
viewing single shot
voltage transients
lonly ... ..£990.00

Dranetz.

' 606-3 Power Line Disturbance Monitor. Ideal

unit for computer maintenance and installation

engineers

Ferrograph.

RTS2 Recorder Test Set Measures Wow &

Flutter, Distortion, Gain £345.00

RTS2 + ATU-1 Recorder Test Set and auxrlrary

EE STeS CEIR TR T £375.00

Hewlett Packard.

331A Distortion Meter. 5Hz-600KHz.

0.1%-100% FS

334A Auto Nulling Distortion meter. SHz-

6OOKHz 0.1%-100% FS. AM detector I/P

£800.00

432A Power Meter with 478A Thermistor

Head. 10MHz-10GHz. 100uW-10mwW
£450,00

4329A Insulation Resistance Meter. Range

500K to 2 x 10" °Q £5

8745A s Parameter Test Set. Fitted with

11604A Universal Arms 0.1-2GHz .. £2750.00

Marconl.

TF791D Deviation Meter. 4-1024MHz

. ..o R i £195
TF2162 MF Attenuator

DC — IMHz0-111dB

Impedance 75§

TF2331 AF Distortion Meter

20Hz-20KHz. 0.1 %-100%

ImV-30V voltage range.

Rohde and Schwarz.
MSC Stereo Coder. 30Hz-15KHz

Tektronix.

FG503 0. IHz-'BMHz
Function Generator -

SC502 Dual Trace
15MHz Oscilloscope
..£575.00
Hours of Business: 9 a.m.-5 p.m. Mon-Fri.
Closed junch 1-2p.m.
ADD 15% VAT TO ALL PRICES
Carrlage and Packing charge extra on all
items unless otherwise stated.

\W/\X/-200 for further
1, detalis
//4‘“\

Hours of Business. 9a.m. 5 p.m Mon-Fri.
Closed lunch 1-2p.m.

ADD 15%V AT TO ALL PRICES

Carriage and Packing charge extra on alf
items unless otherwise stated.




Electronic Brokers~Europe’s Premier Used Computer Company offer

SUPERLATIVE USED COMPUTER
EQUIPMENT-AS NEW CONDITION

e JUly 1981 ... Latest Computer Equipment ............

11 SYSTEMS  DEC

POP Y_S M VAX 11/780 with i1 MB, RP06,
TEE16,H9602, BA1l,DDI1,
DZ11A, LA120.........£112,000.00
PDP11/34 Sgstem {non-A) with
256KB MOS, 2 x RK0O6 Disk Drive
and control, LA 36 console

’y ....£10,500.00
PDP11/3 28KBMOS. KY11-LB
Programmers Panel, DL1 1\W/
Interface, 2 x RLO I Disk Drives
and Controller, 6ft. Cabinet.
VT100 Console b
PDP11/34A 128KBMOS, KYI 1-LB
Programmers Panel, DL11W
interface, RKOS5J and RKO5F Disk
Drives and Controller, 6ft. Cabinet.
DECwvriter 1V Consoie .£9,950.00
PDP11/34A 256KB MOS, KY11-LB
Programmers Panel, DL11W
Interface, 2 x RKO2 Disk Drives
and Controller, éft. Cabinet.
VT100Console . ........ £19,750.00
PDP11/34A 128KBMOS, KY11-LB
Programmers Panel, DL11W/
interface, 2 xRLO7 Disk Drives
and Controller, 6ft. Cabinet.

VT 100 Console

PDP 1 1/60 System with 2 RKO7
Disk Drives and Controller, choice
OEEORSTICHNR———— P.O.A.

PDP11 C.P.U:s

DEC.

PDP11/03-SD Processor in 3¥2" chassis complete with 16KW MOS
memory and E 1S option.

BRAND NEW — ONLY £1,495.00
PDP11/04 Processor in 10%2” chassis complete with 16KW MOS
memory and DL11W Interface.

BRAND NEW (can be enhanced to 28KW) £3,
PDP11/34A Processor, 5¥in. Chassis, 128Kb MOS, KY11-LB
Programmers Panel, DL11W Interface. £4,950.00
PDP11/34A Processor, 10V2in. chassis 1 28KB MOS, KY11-L8
Programmers,Panel, DL1 1 W INterface. ,...........ccoo. v £6,250.00

PDP11 MEMORY

DEC.

KKI11A 11/34A Cache Memory option ... £2,000.00
MF1 1L 8KW core memory ciw 9-slot system unif £975.00
MK11CB 512Kb 11/70 expansion MOS memory including frame
4,500.00

950.00

MM 1L 8KW core memory .
MM11LP 8KW parity core memory:
MM IDP 16KW core (ex DEC-maintained 11/34 systems)
BARGAIN OFFER — ONLY £
MM 1 1UP 16KW Parity core me

MM [ 1UP 16KW parity core memory (pre-requisite

MSTTJP 16KW MOS memory

MST1-LB 128KBMOS.

MS11-LD 256KBMOS

MSV11C 16KW MOS memory (LSI11) ..
MJI1-BE 64KW 11/70 memory

MK 1-BE 64KW MOS memory for 1 1

/70,
MS11-MB 256KB ECC MOS memory for 11/44 (NEW) . .£3 942, 00

DEC. :
RKO5J add-on disk drive 22 meg.
Exchangeable cartridge gpe.
From 00.00
RKOG-ED Add-on 14 Meg disk drive.
RK&11-ED Unibus Controller + 1 RKO6 drive.

RKO7-ED Add-on 28 Meg disk drive ..£4,750.00
RK711-ED Unibus Controller + I RKO7 disk drive
RLO1-AK Add-on 5 Meg disk drive ...

RLOZ-AK Add-on 10 Meg Disk Drive
RMO3-Add-on 67 Meg disk drive ..

RX11-BD RXO1 Dual floppy + Unibus Controller ,.£1,350 .00
Controllers usually available for above drives.

MAGNETIC TAPE

DEC.
Available from time to time — TU10, TU45, TE16 TSO3 etc.

PDP11 OPTIONS

DEC.

AA11D VTOI Controller with 4-slot System Unit..
BA11-KF expander Box ..

DD11A 4-slot System unit ..

DD11B 4-slot System Unit...

DD11-DK 9-slot backplane.

DL 11 Seriai Interface

DL11WA/B Serial Interface/Line Clock
DRI11C General Purpose Interface.
DZ11A 8&ine E1AMUX

DZ11-B8&-Line ExparrderMUx

FP1 1A Fioating Point

KL11 TTY Interface ..

KW1 1L Real Time Clock .

KW 1 1P Programmable Clock

M792 ROM Diode Matrix

M9301-YB Bootstrap

POWER SUPPLIES

DEC.

H720 Power supply forBA11 Expander Box, BRAND NEW
SURP

PDP8A C.P.U.

DEC.
PDP8A Processors, systems and add-on memory usually available.

PDP8A MEMORY

DEC. -

MMB8AA 8KW Core

MMB8AB 16KW Core ...

PDPSE CPU, MEMORY, OPTIONS

DEC.

DP8EB Communications Adaptor

KAS8E Positive 1/0 Bus ..

KD8E Databreak

KL8E Asynchronous Interface

KLBJA Asynchronous Interface

KP8E Power faillauto restart

MMBSE 4KW Core memory stack..

TABSE Dual Cassette Drive and Controlle
VT8E Set graphics Control Modules

TERMINALS

DEC. )

LA34 DECwvriter 1V 30cps desk-top terminal, 132 columns,
upperflower case ASCH.... £495.00
LA36 DECwriter 11 Keyb erminal. The Terminal that has
become an industry standard, with 132 column ug)per/lower case
printng and switch-selectable speeds of 10, 15 & 30cps. Available
with either 20mA or RS232 interface, NOW ONLY £595.

00
VT 52 SPECIAL PURCHASE of this ~

outstanding Video Display
Terminal featuring full upper/lower
case ASCI! character set, 24 x 80
display, auxitiary keypad, direct
cursor addressing and tabulation,
scrofl or hold screen mode with
X-off facility. 9 switch-selectable
baud rates (75-9600 baud) choice
of 20mA or RS232 interface.

- BRAND NEW SURPLUS.

VT55 Graphics VDU with integral hard copy unit, 20mA or RS232
Interface.. £1,250!
igh spe eyboard

terminal. 132-column printer with
adjustable tractor feed and fuil
upper and tower case ASCH
printing (7 x 7 dot matrix}. 180 cps
print speed and operator-selectable
baud rates up to 4800 baud.
Integral stand. RS232 interface.

BRAND NEW SURPLUS {limited
quarmty) ONLY... ..£750.00
VTI00— mltedquanntyrn as-newt
£650.00
p terminal
complete with tractor feed, paper-
out, cable and keypad options

PRINTERS

Centronlcs 101.

Heavy Duty Matrix printer with 64 ASCli upper case character set.

165 cps operation. 132 print positions with adjustable tractor feed,

Parallelinput. ONLY. ...£495.04

Diablo Hyterm 1620

Daisy-Wheel KSR (keyboard-send-receive} model with standard

RS232 interface, 45 cps print speed. 110/150/300 baud, switch-

selectable parity, top-of-form selector, Graphics capability under

software control.. ... $1,275.00

Diablo 1355

Receive-only daisy wheel printer with parallel interface £895.00

Selkosha GP80.
BRAND NEW — LOW COST
MATRIX PRINTER IDEAL FOR
MICROPROCESSOR USERS SUCH
AS HOBBYISTS &
EDUCATIONALISTS OR ANY
LOW-BUDGET APPLICATION

Full upperflower case ASCIi
PLUS GRAPHICS Mode
80-column printing with
adjustable tractor feed
Standard and double-width
characters {12 cpi ard 6 cpi)
go f1crps print speed with 1-line
U

er

Standard paralie| (Centronics~
type) interface

Optionaf interfaces available fol

RS232, IEEE488, Tandy, PET.

Appie ll

ONLY ... £199.00

{Mail order tota
GP80 Optionalinterfaces:
RS232 ? -

PET.
Apple.
Tandy .

GP80 Fanfold Paper e

Box of 2000 x 8in sheets R————

Hazeltine.

Thermal printer, 80 columns, 30 cps silent RO with parallef TTL inp
£395

. Tally 1602.

160 cps Matrix Printer with full 96 upper/lower case ASCil character
set, 7 x 7 dot matrix, 132 columns with adjustable tractor feed,
bidirectional printing, double-width character feature, self-test |
factlity. Centronics-type parailel interfact £87

Teletype. i

Reconditioned ASR33 Teletype Terminals with paper tape punch
and reader, even parr%keyboard and RS232 interface.

SPECIAL OFFER — SEVEN DAY WARRANTY —CASH AND CARR'

July 1981 ........ Latest Computer Equipment

Low Cost Printer Offer.

Teletype 33 printer mechanism
including case but no keyboard or
electronics, 64 upper case ASCII,

10 cps. pinfeed platen, ideal for the
electronic hobbyist ONLY . .£85.00

Texas.

745 Portable Data Terminal
including keyboard, printer,
integral acoustic coupier and
carrying case. Total weight only

Texas.

733 ASR terminal utilising Frgh performance twin cassette drive for
fast time-saving transmission and off-line storage.

+ Silent operation

* Switch-selectable transmission speeds 10, 15, & 30¢ps

* Full tape editing capability

745 LIGHTWEIGHT {13lbs) terminal with integral acoustré cougler
Shugart SA400.
density|

* High-speed duplication and rewind

* Standard RS232 interface .. £1375.00

10/30 cps, carrying case

FLOPPY DISK DRIVES Ew
g N

5%" MINI-FLOPPY | em—

* Capacity {unformatted): 110Kb (single density) 220Kb (double

* Power requirements +5VDC + [2VDC Dimensions
53%4"x3%" x 8", weight 3Ibs

Shugart SA450.
Double-sided, doubie density
minifloppy providing 440KB
unformatted storage capacity. yet
the same compadt size and weight
as the SA400... ....£299.00
Shugart SA801.
8' FLOPPY
* Capacity {unformatted):
400Kb (single density|
800Kb {double density]
% Power requirements
+24VDC + 5VDC —5VDC
Dimensions 48" x 9%2" x 14%4”
.. .£395.00

PAPER TAPE PUNCHES

Digitronics.

P135/20 paper tape punch. Solenoid-actuated unit capable of
punching 5 to 8 channel tapes at speeds up to 35 ¢ps.

Pulse amplitude 27 VDC. Compact tabie-top unit

Faclt 4070.

The top quality punch that has
become an industry standard.
Asynchronous 75cps opération.
Adjustabte for punching 5, 6, 7 or
8lével tape. Seff-contained desk-
top unit lncorporanngbsuppfy and
take-up spools, chad box, and TTL-
compatible control logic ... £650.00

KEYBOARDS

New ASCIl Keyboards
KB756MF 56-station keyboard with fult upper/tower case ASCII.
parallel mput mounting frame for extra rigidity power requirernents
+5V, —12v ..£39.00
{mail order total . ..£47.15)
KB77 IMF as per 756MF but with 71 keystations incorporating
numeric pad and cursor control keys .-£65
{mail order totai}
KB702 Steel-enclosure for KB7 56 keyboard
{mail order totat)

SURPLUS ASCH KEYBOARDS
Clare-Pendar KB3. 63 Station reed-switch ASCI! Keyboard with ROM
and tested working, circuit diagram supplied .£35.00
{mail order total ..
Clare-Pendar KB3 63-station reed-switch keyboard un
without ROM (circuit supphed) .......
{mail order total

PROGRAMMABLE CALCULATORS

Hewlett Packard.
9830A with 8K Memory, Extended /O ROM, String Variables ROM,
1 Serial and 3 paralle! interfaces £1695.00

MODEMS

Racal Miigo.
Modem 26 Isi 1200/2400 baud 2or4 wire, full/half duplex

GENERATORS

Mawdsley.

45KVA Generator system comprising AC Induction Motor, AC
Generator, AC Exciter and-Emreg Regulator.

The alternator comprises of a screen-protected rotating field,
complete with built in over-hung exciter of the brushiess pattern. it is
wound for 415V, 3 phase, 50Hz, 4 wire and developing 45KVA at
018P.F. when running at a speed of 1500 rpm.

The aiternator and exciter are used in conjunction with the
automatic transistorised voltage regulator, incorporating 3-phase
sensing. The regulator is so designed that when the alternator is on
balanced 3-phase load and with one phase switched off or
disconnected, the phase voltage will not vary more than F 6%
under any condmons £1250.00

VDUs

Hazeltine.

H1000 The fow, low priced
teletypewriter-compatible video
display terminal, offering your
choice of transmission speeds up to
9600 baud as well as parity
generation and checking. 12 x 80
display upper case ASCIf, RS232
interface, choice of baud rates
Standard baud rates either (a)
110/3000r {b) 300/1200. (£25
surcharge for other combinations
up to 9600 baud.
SUPER VALUE
H2000 Superb spec. including ful
XY cursor addressing and edit
facility, 27 x 74 display, upper case
ASCH, RS232 interface; switch-
selectable baud rates £299.00
H2000C NOW ALSO AVAILABLE
with 25 x 80 line format and
C-MOS logic £37

. Modular One. Now with
upper/lower case, XY cursor
addressing. 24 x 80 line display.
dual intensity detachable
keyboard. choice of 8 transmrssron

g rates up to 9600 baud.......£399.

Also available from time to time

Hazeftine 1500 from ...

Hazeltine 1510 from ...

Tektronix
4010-1 Graphics Terminal with high-resoiution graphics mode,

standard alphanumeric mode, printer port, integral stand £1,750.00

Hours of Business: 9 a.m.-5 p.m. Mon-Fri: Closed lunch
1-2p.

ADD 15% VAT TO ALL PRICES

Carrlage and Packing charge extra on all items unless
otherwise stated.

\X/\X/-ZQI for further details

\\\\u'
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-HI-FI

DRIVE

UNITS

AUDAX HD12.9D25 £8.75
AUDAX HD11P25EBC £7.50
AUDAX HD20825H4 £14.95
AUDAX HD13D34H £12.95
AUDAX HD24S45C £21.95
AUDAX WFR15S £23.95
CHARTWELL CEA205 pair £61.25
“COLES 4001 £7.65
COLES 3000 : £7.85
COLES 3100 . £7.95
COLES CE2000 6 %2 £14.95
CELESTION HF1300 11 £12.50
CELESTION HF2000 £13.60
DALESFORD D 10 tweeter £8.45
DALESFORD D 10 ferrofluid £8.95
DALESFORD D30/110 £11.25
,DALESFORD D50/153 £12.25
‘DALESFORD D50/200 £12.25
DALESFORD D100/250 £29.95
DALESFORD D300 £35.75
DECCA London Hom £79.95
ELAC 6NC204 62" £7.50
_ELAC BNC298 8'* £8.95

EMI type 350, 13" x 8, 4 ohm £9.45
EMI 14A/770, 14" x 9", 8 ohm £19.50

ISOPHON KK8/8 £8.15
ISOPHON KK 10/8 £8.45
| JORDAN WATTS Module | £24.95
JORDAN WATTS Module Mk It £28.50
JORDAN WATTS HF kit _ . £10.50
JORDAN 50mm Unit £31.50
JORDAN crossover each £15.95
KEFT27 - £9.45
KEFB110 £12.25
KEF B200 £13.50
KEFB138 . £27.75
KEF DN12 £9.40
KEFDN13 £6.75
LOWTHER PM6 £63.00
LOWTHER PM6 Mk | £67.7%
LOWTHER PM7 £89.00
PEERLESS KO10DT £10.95
PEERLESS DT10HFC £10.50
-PEERLESS KO40MRF £13.60
RICHARD ALLAN CG8T £13.50
RICHARD ALLAN CG 12T Super  £29.50
RICHARD ALLAN HP8B £20.75
RICHARD ALLAN LP8B £14.50
RICHARD ALLAN HP12B £33.50
RICHARD ALLAN DT20 £9.95
RICHARD ALLAN DT30 £10.75
SEAS H107 £9.95
SEAS H211 ferrofiuid £10.95
SHACKMAN ES units £138 pair

SHACKMAN ES units with cabs. £170 pair

SWIFT

OF WILMISLOW
The firm for Hi-Fi
- 5 Swan Street
Wilmslow, Cheshire

- McKENZIE C15 bass

PA GROUP &
DISCO UNITS

CELESTION G12/50TC
CELESTION G12/80CE
CELESTION G12/80TC
CELESTION G12/125CE
CELESTION G15/100CE
CELESTION G15/100TC
CELESTION G18/ 200
CELESTION Powercel 127150
CELESTION Powercel 157250
FANE CLASSIC 45 12"
FANE CLASSIC 55 12",
FANE CLASSIC 80 12
FANE CLASSIC 85 15"
FANE CLASSIC 150 15
FANE CLASSIC 125 18'/
FANE CLASSIC 175 18
FANE GUITAR 80L 12"
FANE GUITAR 80B/2 12"

- FANE DISCO 100 12"
FANE PA85 12''
FANE BASS 100 15"
FANE CRESCENDO 12E 12"
FANE CRESCENDO 15E 15"
FANE CRESCENDO 18E 18'
FANE COLOSSUS 15E 15"
FANE COLOSSUS 18E 18"
FANE J44
FANE J73
FANE J104
FANE J105
GAUSS 3181A 10’ 150 watts
GAUSS 4281 12" 300 watts
GAUSS 4581 15" 300 watts
GAUSS 4583A 15’ 400 watts
GAUSS 4882 18" 400 watts
GOODMANS 8PA
GOODMANS PP12
GOODMANS DI12
GOODMANS GR12
GOODMANS 18P
GOODMANS HIFAX 50HX
GOODMANS HIFAX 100HX
MCcKENZIE C12100GP
MCcKENZIE C12100TC

- McKENZIE C12100 bass
McKENZIE C12125GP
McKENZIE C12125TC
MCcKENZIE GP15
McKENZIE TC15

MOTOROLA PIEZO HORN 3%

MOTOROLA PIEZO HORN 2/ x 6" £12.26

RICHARD ALLAN HD8T
RICHARD ALLAN HD10T
RICHARD ALLAN HD 12T
RICHARD ALLAN HD15
RICHARD ALLAN HD15P
RICHARD ALLAN 15"
RICHARD ALLAN 18

£19.50, l

WILMSLOW
AUDIO

KITS FOR MAGAZINE DESIGNS

Kits include drive units, crossovers,
BAF/long fibre wool, etc, for e pair of
speakers
Carriage £3.95
unless otherwise stated

Practicat Hi Fi & Audio PRO9-TL
including felt panels and level controls

£152.78
carriage £5

Hi Fi Answers Monitor £148.00 -
Hi Fi News State of the Art £189.00
Hi Fi News Midiline £99.75
Hi Fi News Miniline £49.00

Hi Fi News Tabor with J4 bass units
£66.00
Hi Fi News Tabor with H4 bass units
£70.00

Hi Fi for Pleasure Compact Monitor
£116.00
Hi Fi for Pleasure E.C.M. (includng felt
panels, foam etc) £77.50
carriage £5
Popular Hi Fi Jordan System 1 £125.00

Popular Hi Fi Mini Monitor £77.00
Popular Hi Fi Round Sound
including complete cabinet kit £74.00

Practical Hi Fi and Audio BSC3 £65.00

Practical Hi Fi and Audio Monitor

.................... £180.00
Practical Hi Fi and Audio Triangle

! £120.00

Practicai Hi Fi & Audio DBS4 £85.00

s carriage £5

Everyday Electronics EE20 £29.50

Everyday ELectronics EE70 £150.00

4 carriage £5

Wireless World T.L. KEF £125.00

Wireless World T.L. RADFORD £190.00

Smart badges FREE with all the
above kits (to give that professional
touch to your DIY speakers).
Reprints/ construction details of the
above designs 10p each.

EVERYTHING IN STOCK
FOR THE SPEAKER
CONSTRUCTOR!

BAF, LONG FIBRE WOOL, FOAM,
CROSSOVERS, FELT PANELS, COM-
PONENTS, SPEAKER STANDS,
BRACKETS, ETC.

LARGE SELECTION OF GRILLE
FABR{CS.

(Send 22p in stamps for grille fabric
samples)

SPEAKER!
KITS

PRICES PER PAIR
CARRIAGE £3.95
UNLESS OTHERWISE STATED

COLES NIMBUS KIT £69.00
(mounted on baffle)

DALESFORD SYSTEM 1 £54_00
DALESFORD SYSTEM 2 £57.00
DALESFORD SYSTEM 3 £104.00
DALESFORD SYSTEM 4 £110.00
DALESFORD SYSTEM 5 £142.00
DALESFORD SYSTEM 6 £95.00

DALESFORD ‘D’ KIT {including cabinet)
£79.95
KEF Reference 104aB kit
£133.00 plus £5 carriage
KEF Cantata kit £199.00 plus £5 carriage
LS3 Micro Monitor kit £76.00

LOWTHER PMS kit £132.75 -
LOWTHER PM6 Mk 1 kit £139.95
LOWTHER PM7 kit £199.00 -
RADFORD Studio 90 £181.00
RADFORD Monitor 180 £243.00
RADFORD Studio 270 £309.00
RADFORD Studio 360 £450.00
RICHARD ALLAN Tango Twin £55.50
RICHARD ALLAN Maramba £77.50
RICHARD ALLAN Charisma £111.00
RICHARD ALLAN Super Triple  £102.50

RICHARD ALLAN Super Saraband li

£159.95
RICHARD ALLAN RAS kit £62.75
RICHARD ALLAN RA82 kit £98.75
RICHARD ALLAN RA82L kit £108.00
SEAS 223 . . £42.50.
SEAS 253 £67.00
SEAS 403 £79.95
SEAS 603 £134.95
WHARFEDALE DENTON XP2 kit £31.45

WHARFEDALE SHELTON XP2 kit £40.40

WILMSLOW AUDIO BA1
sub bass amplifier /
crossover kit £37.95

plus £1 carriage

ALL PRICES INCLUDE VAT @ 5%
and are correct at 1/2/81

SEND 50p FOR 56-PAGE CATALOGUE
‘CHOOSING A SPEAKER’

(or price list only free of charge)
Export Catalogue £1 or $3 U.S.

Tel. 0625 529599 for speaker drive units, kits, PA equip-
ment, mail order enquiries, and all export
enquiries.

Tel: 0625 526213 for Hi-Fi equipment and complete

speaker ehquiries.

Lightning service ontelephoned credit card orders! ]

[ WILMSLEW
AUDIN

WHARFEDALE LINTON XP2 kit £56.20
WHARFEDALE L60 kit £52.50
WHARFEDALE L80 kit £72.00
WHARFEDALE L100 kit £87.00
WHARFEDALE E50 kit £129.00
WHARFEDALE E7O kit £180.00
WHARFEDALE E9O kit £249.50
CARRIAGE & INSURANCE
Tweeters/ Crossovers 70p each
s
4" 10 84" 90p sach
8" t0 10" £1.10 each
12",13" x 8", 14" x 9" £2.00 sach
15" £3.00 each
18" £5.00 sach
Speaker Kits £3.95 pair
Mag. Design Kits £3.95 pair
unless otherwise stated

The firm for Speakers

' 35/39 Church Street
Wilmslow, Cheshire

WW - 032 FOR FURTHER DETAILS
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ultimeters.
what price
excellence?

.. . certainly less than you think. By incorporating

a custom made LSI chip, these fully auto-ranging

31 digit multimeters are available at prices from
under £50.00.

SK-6110
(illustrated). ¢

£67.17 ¥V = ~—

T
, »y
V A T tra 4‘.,.

SK-6220

£45.43

+ VAT

Ay
7

Supplied complete
with batteries, test
leads, spare fuse and
instruction manual.
Free Carrying Case
supplied with every Meter

SK-6110 and SK.6220 _
Full auto-ranging on both voltage and resistance

Current measurement up to 10A DC and AC

Unit and range automatically displayed

Auto polarity and auto zero

Only 5mW dissipation—200 hours continuous use

Zero adjust key to correct for test leads on low
value measurements

High impact ABS case
Low battery indication

oo ooaoood

SK-6110 _
] Audible continuity test function

[] Range hoid function
[J Audible over-range indication
\ectroy, .
QQSE s ’D’)l(:s,

Ly
Stand %,
No: °

6/7

Telephone orders welcome for Access and Barclaycard oo w
and all account customers. All prices inc. P.&P. \ 4

WEST HYDE

West Hyde Developments Limited,
Unit 9, Park Street Industrial Estate, Aylesbury, Bucks. HP20 1ET.
Telephone: Aylesbury (0296) 20441/5.

WW ~ 044 FOR FURTHER DETAILS

wwan americanradiohietory com

HM312 Duai
Trace
Oscilloscope.

DC-20MHz.
Sensitivity bmV-
20V/cm. Time
base range
0.5uS-0.25/cm
with x5 horiz mag
10 100nS/cm,
with variable
control
uncalibrated to
40nS/cm. CRT
screen 8 x 10cm.
Fuli XY using chll
as X input.
Bandwidth
2.3MHz. TV
trigger.

NOW BETTER
VALUE THAN
EVER AT

220

HM512 Dual -
Trace
Oscilloscope
with delayed
swaeep.
DC-50MHz.
Sensitivity 5mV-
20V/cm Time
base range
0.1uS-2.0S/cm
with x5 horiz mag
10 20nS/cm.
Delay ranges 7
decade steps
100ns-1S with
fine control CRT
screen 8 x 10cm.
Full XY usingch |l
as x input,
bandwidth 4
MHz. Z input.
Delay line allows
viewing of
leading edge.
Vertical overscan
indicated by 2

LED's.
Other models available.
HMB307 10MHz plus component tester. £138.00

HM412 20 MHz with sweep delay.  £350.00
HMB812 50 MHz storage.  £1458.00
All scopes can be fitted with a iqng persistence CRT at extra cost.

World-beating Oscilloscope Offers

FROM

Electronic Brokers
61/65 Kings Cross Road,
[ J
I :q L Tel:01-278 3461.Telex 298694
. Prices do not include carriage of VAT.

London WCIX 9LN.
WW - 053 FOR FURTHER DETAILS
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CX80 COLOUR

MATRIX PRINTER

At last a low-cost Colour Matrix Printer for
Text, Graphics, Histograms, Colour VDU
Dumps, etc. ‘

Colour printout is quickly assimilated,
makes graphics more understandable
-and is an ideal medium for the presen-
tation of complex data or concepts.

Compatible with most microprocessors riht i isti e
; s in 7 colours —
programme makes the CX80 easy to use.p S = sophisticated internal

Dot Addressable + 15 user programmable characters, 96 AS ics
. . . f ’ C”

characters in rom, antronlcs interface with RS232 and IEEE488 opt?c;‘r?s.64 St

The CX80 is a product of our own desi

sents a British breakthrough

request, OEM pricing available.

_ gn and development laboratories. It repre-
in colour printer technology. Colour brochure on

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

NRDC-AMBISONIC
UHJ

SURROUND SOUND

DECODER ‘

ihe fir_n»ovar»kit specially produced by Integrex for this Briti
he unit is dgsngned to decode not only UHJ but virtually all
The decoder is linear throughout and does not rel

Comblete with mains power supply, wooden cabi

SN NREIC sl
fa) NROC-AMBISONIC

oo >
Bannd Breodpr £
¢ rove e wm B A W eux ' y

S| DC backé surround sound system which is the result of 7 years® re: earc| the Ambison m Al 77
hNR' d» hich h ult of 7 years’ research by the Ambi i ‘

: i v v * B i i ic team. W.W. July, Aug , 5
i o ei qui ad|°p onic” systems (Not CD4), including the new BBC HJ. 10 input selections.

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

f " o
gic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output suindls are provided in this most versatile urut:

Crewkerne
Somerset TA18 U

Crewkerne (0460) 74433
Telex 46283 inface g

WW — 034 FOR FURTHER DETAILS

MORE SPEC. FOR YOUR MONEY

INTRUDER 1 Mk. 2 RADAR ALARM

With Home Office Type approval '

The original ""Wireless World'* published Intruder 1 h i

e ] € as been re-designed by inte
per{g:/m;nce. The kit is even easier to build. The internal audible alarm '(Srns offyafter g;;ep):
Z:c attery operated. Disguised as a hard-backed book. Detection range up to 45 feet,

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

to incorporate several new features, along with improved
oximately 4Q seconds and the unit re-arms. 240V ac mains
Internal mains rated voltage free contacts for external bells

A

5 PRI PSS BT WY

; o P
20 0
@
yoe—ey Sy
» » » »
o
2 ‘-

TYPE 631 FILTER OSCILLATOR
£112 & 2.50 carriage, ins. etc.

E»H

g
o °

Wireless

Trademark of Doiby Laboratories Inc. Typical performance

Noisg reduction better than 9dB weighted.
Cllppmg tevel 16.5dB above Dolby levei (measured at 1% third
harmonic content)

Harmonic distortion 0.1% at Dolby | ‘
b y level typrcally 0.05%
most of band. rising to a maximum of 0. 1 2‘}¥>p' y * g

Signal-to-noise ratio: 75dB (20Hz to 20kH, ;!
S A z. signal af Doiby levei)

Dynamic range >>90dB

complete kit PRICE: £49.95 . VAT (3 head mode! available}

30mV sensitivity

World Dolby noise reducer

Also available ready built and tested ..Price £67.50 + VAT

Calibration tapes are available for open-reel use and for cassette {specify which) ........ Price £2.75 + VAT

&n itwith Acess

All kits are ca rriage free

INTEGREX LIMITED

‘Please send SA_E for complete lists and specitications
Portwood Industrial Estate, Church Gresley
Burton-on-Trent, Staffs DE11 9PT , ’
Burton-on-Trent (0283) 215432 Telex 377106

COVERS THE RANGE 0.1Hz to 100KH:

MODES —
ACCEPT Q from less than 1 to over 300
REJECT 90 dB notch
HI and LO PASS 12 dB per octave
OSCIHLLATE Sinewave and squarewavé

TYPE 631LF — £118.13 & 2.50 carriage. ins. etc.
Low frequency version 0.01Hz to 10)(Hz

OMB ELECTRONICS . RIVERSIDE , EYNSFORD, KENT DA4 OAE
Tel. Famingham (0322) 863567

Prices , which are CWO énd ex- VAT, are correct at the time of going

to press and are subject to change without notice .

FROM OMB ELECTRONICS
WW - 049 FOR FURTHER DETAILS

waaa americamradiohietory com

1"

8050A 4% Digit LCD
DMM with true RMS on
AC volts and current
DC volts 200mV-1KV,
10uV resolution AC
volts. 200mV-750V,
104V resolution.
DC/AC current
200uA-2A, 0.01uA
resolution resistance
2002-20M$2, 0.018
resolution. Also reads
dB direct referenced to
16 stored impedances.
Conductance ranges
2mS and 200nS.
£245 mains model
. j £285 mains battery
8012A 3 Digit LCD DMM with true RMS on AC volts and current.
DC volts 200mV-1KV, 100uV resolution. AC volts 200 mV-750V,
100uV resolution. DC/AC current 200uA-2A, 0.14A resolution.
Resistance 200§2-20M$2, 0.152 resolution Low resistance 2§ and 20%,
1m$2 resolution Conductance ranges 2mS-20uS-200nS
' £218.00 mains mode!
£244.00 mains battery.

8010A 3 Digit LCD
DMM Same spec as
8012A plus a 10Amp
AC/DC currentrange,
but no low resistance
range.
£167.00 mains model
£193.00 mains battery.
8024A 32 Digit hand
held LCD DMM with peak
hold Leve! Detector
and continuity tester.
DC volts 200mV-1KV,
100uV resolution.
AC volts 200mV-750V, 100uV resolution.DC/AC current 2mA-2A,
1uA resolution. Resistance 20052-20M$2, 0.1%2 resolution.
Conductance 200nS.Peakhold of AC or DC volts and current.
Level detector operates around + 0.8V reference. Audio tone on
_level and continuity, £155.00, carrying case £8.00 extra.
8020A 3% Digit hand held LCD DMM. spec as per
8024A with extra conductance range of 2mS but
no peak hold, level or continuity ranges.
Complete with carrying case. £125.00.

8022A 3 '» Digit hand held LCD DMM. Spec
as per 8020A but no conductance ranges
i and slight reduction in accuracy, £89.00
v carrying case £8.00 extra. c

Also available a range of
accessories including
current shunts, EHT
probe, rf probe,
Temperature probe and
‘touch and hold probe.

. Full details on request.

- The warranty period on
all items shown is 1 year
other than the 8020A
which is 2 years.

London, WC1X 9LN

Electronic Brokers
61-65 King’'s Cross Road ;
] 4
l =q sm» Tel 01-278 3461 - Telex 298694
Prices do notinclude carrage or VAT,

WW — 054 FOR FURTHER DETAILS
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“070 0 UGl A s TRANSFORMERS FROM TITAN

NEW FRANCHISE AT FANTASTIC PRICES - EX STOCK

12/24V RANGE PRI 220/240V 15/30V RANGE PRI 220/240V 25/S0VRANGE PR1120/220/240V 30/60V RANGE PRI 120/220/240V

- CETIINY SEC: SEC: '
SEC‘O 32V OV 12y OV 12V 15V OV 5V 9V 15V £ 0OV 20V 25V QV_ BV 15V 25y SEc'f)v 24y 30V QV 10V 1BV30V
4 VOLTS AVAILABLE 3==)15—0—15 VOLTS DUT 5§ =»25—0—25 VOLTS 6= 30—0—30

TYPE szsta ZR'CE EP/ P TYPE % AMPS PRICE  P/P

y 24v 15y 30v £ £
i L % 8% 112 1050 247 095 TvPE  AMPS PRICE  P/P RER- N RECEL I
7 21 251 090, H 218 316 095 25v 50v £ £ 124 105 292 143
18 42 324 143 2% gt 564 143 102 1.050 288 143 126 21 578 143
68 315 315 143 21 8 659 173 103 210 360 143 122 42 713 173
85 5 2.5 552 143 2 o 780 173 104 42 704 173 . 126 0GE3 1073 1.90
70 63 626 143 SIS DR o0 105 63 833 190 123 84 1228 220
108 84 736 173 . - lo97 205 106 84 11.18 1.90 40 105 15.55 2.20
116 12 6 857 190 e 18 8 1465 220 107 126 1479 220 120 126 1772 235
17 16 8 1053 205 ° 8 ) 1693 235 178 168 2049 255 121 168 2509  2.65
115 20.10 369 205 20 e 1884 255 118 20 10 2452 255 122 20 10 2907 4.0
187 30.15 1772 2.45 g} 28 zg g:: gg 5'28 109 24 12 2939 350 189 24 12 3351 4.60
232 2020 - 2518 350 :
226 60 30, 3535  4.00 AUTOTRANSFORMERS 240/220—115V CASED AUTOTRANSFORMERS LINE ADJUSTMENT AUTOTRANSFORMERS

65VA —10KVA 240v LEAD IN:115V 2PIN SOCKET OUT

48/96V PANGE PRI 120/220/240V oV 1mbv 220v 240V 0 200 210 220 230 240 250
SEC: SveV Aty SV AoV asy UEe B GBICE P TYPE VA  PRICE pp | TYPE VA PRICE P/P
VOLTS 12==) 48 —0— 48 gi gg 3.82 1.10 £ 2 £ £
- 4.40 110 56W 20 552 0.58
TYPE :BMP;SS ZRICE £P/P eg ;gg 5.64 1.43 64W 80 7.63 1.43 415C 50 213 058.
v 96v 713 173 w 1 .63 1.7,
430 105 414 143 53 350 897 190 oow 20 119 1a | 4ec S o R L0
431 21 1.2 1.73 67 500 11.09 2.20 67W 500 18.67 2.20 417C 200 3.65 1.43
432 42 1187 2.05 83 750 12.42 2.20 BAW 1000  26.90 2.65 1
433 63 1447 220 84 1000 1688 265 95W 2000 4g45 700 | 418F S0 S 63 >
434 84 1843 245 95 2KVA 31.26 4.00 W 3000  69.18 8.00 419F 500 6.13 1.73
435 10 5 2616 265 73 3 61.27 475
436 12 6 3275 400 57 5 7.02 660 . pr20E =9 0N )
437 16 8 3577  4.60 101 10 159.45  13.00 a21F 1000 1055 2.05

MAINS ADAPTORS .
13 amp plus in type, reversible L

spider jack lead
VA

MAINS ISOLATORS (SAFETY SCAEEN) MAINS ISOLATORS {SAFETY SCREEN} INVERTOR
In: 12v D.C. Nom.

Out: 240v A.C. square wave 100VA Con.

PAI120/220/240V SEC 60V SSv Qv S5V GOV 6OV S5V OV 58V 60V | PR ABO/415/4B0V SEC 60V S8V OV 55V 6OV 60V 5!v o! 5§v &0V

TYPE

P/P 150VA Paak. g

TYPE VA PR::CE £ TYPE VA PRICE P/P INV 1, Cased—pvc covered steel case with 13- ms PRIECE B
Vg & 735 i £ £ amp, 3-pin sacket £49.95 plus £2,50 carriage. 100 6-7.5-9v 250 385 - 058
108F 100 8.61 173 gﬁ: 60 7.35 1.43 INV 2. Open frame for OEM £39.95 plus £2.50 REGULATED B

X 5 100 8.61 1.73 carriage. -7.5- 4.70 0:58
151F 200 12.15 2.05 245F 200 12.15 2.05 - ™ — - . -
::;F: 2:8 1;.7; ggg g:‘;; §§’8 :g;g ggg SEND TODAY 50p {(REFUNDABLE WITH FIRST ORDER} FOR CATALOGUE

3 182 55, | 2agF 500 27 i

il oo Sl 16 200 7770 g6 TITAN TRANSFORMERS AND COMPONENTS
155F . 750 32.08 7.00 250F 1000 41.26 8.00 Dept. WW, CENTRAL HALL CHAMBERS, GRIMSBY

7.00 ’ S. HUMBERSIDE DN32 7EG
MAIL ORDER ONLY — PRICES INCLUDE 15% VAT

WW - 022 FOR FURTHER DETAILS

41.26

—

NEW DISTRIBUTORS WANTED

JUST WRARPS ...

replacement
Just wrap™ wire-wrapping tool RIW-E  Blue wilSey
Why cut? Why strip? Why slit? Why not just wrap?

R-JIW-W White wire 5
R-JW-Y Yellow wire 5

AWG 30 wire.
0.025" square posts.
Daisy chain or point to point.
No stripping.

Built-in cut off.

Easy loading of wire.
Available wire colours: Blue, white, yellow and red.

JW-1-B  Blue 50 foot roll and’just wrap tool.
JW-1-W White 50 foot roll and just wrap tool.
JW-1-Y  Yellow 50 foot roll and just wrap tool.
JW-1-R " Red 50 foot roll and just wrap tool.

Just wrap ™ kit

Contains: Just wrap tool. Roll of blue wire {50 ft). Roll of
white wire (50 ft). Roll of yellow wire (50 f]. Roli of red
wire (50 ft). Unwrapping tool.

JWK-6  Just wrap kit ‘

%K A DIVISION OF OK MACHINE & TOOL UK LIMITED

Tronsom,
* don. 01-402-8137

{London) Ltd.,
) 01-624-0805

Cobbies Ltd.,
London. 01-699-2282

Microdigital Ltd.,
Liverpool. 051-227-2535

Elecironica CG Lid., DUTTON LANE EASTLEIGH SO5 4AA TEL{0703)610944/5

Manchester. 061-788-0656 AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS

Spectron Electronics ‘Manchester) Ltd.,, Jee Distribution Ltd., Watford Eiectronics Ltd., Technomatic Ltd.,
Salford. 061-834-4583 Middlesex. 01-897-3429 Watford. 0923-37774 London. 01-452-1500

WIRELESS WORLD JULY 1881

13

WE CUT THE PRICE.
 WECUTTHESIZE
WE LEFT THE OMRON QUALITY.

With the increased reduirement for
complete reliability in electronic circuitry,
you'li need relays at the right price and
the highest quality. j a

In a word, Omron-from IMO.

3 IMO

you real design flexibility. All usual AC and DC

IMO can now offer you the high quality
coil voltages are available from stock.

and reliability that you have come to expect in
Omron relays, in their new series of low profile,
printed circuit mounting subminiatures.

There's a tremendous range for every
interface, communication and output application,
suitable for mounting with sockets or directly
onto printed circuit boards, There are low cost
types like the LC1-NE, where price is a major
consideration, and high reliability types like

the LZN's with goid-clad, bifurcated crossbar Muchmore -
contacts and card lift-off operation. koA thanyou may know
With contact ratings up to 10A and 240VAC
and down to10u A, all ina variety of housing IMO Precision Controls Ltd., i L
styles and sizes, and up to four changeover 349 Edgware Road, London W2 1BS. ;
contacts per relay, this range from IMO offers e — I Tel: 01-723 2231/4 or 01-402 7333/6. L
y
WW — 029 FOR FURTHER DETAILS o

adiohicstory com
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ew! Sinclair ZX81
rsonal Computer.
it: £49.% .ot

Reach advanced ®
computer comprehension B"ll':
£69.2
®

in a few absorbing hours
complete

1980 saw.a genuine breakthrough-the
Sinclair ZX80, world’s first complete
personal computerfor under £100. At
£99.95, the ZX80 offered a specification
unchallenged at the price.

Over 50,000 were sold, and the
ZX80 won virtually universal praise from
computer professionals.

Now the Sinclairlead is increased:
for just £69.95, the new Sinclair ZX81
offers even more advanced computer
facilities at an even lower price. And
the ZX81 kit means an even bigger
saving. At £49.95 it costs almost
40% less than the ZX80 kit!

Lower price: higher capability
With the ZX841, it's just as simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
but incorporates a new, more powerful
8KBASICROM —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

The picture shows dramatically ho
easy the ZX81 kit is to build: just fou
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 Vv

cassette, for example, or to select a DC nominal unregulated (supplied with New
program off a cassette through the built version). Si .
keyboard. Kitand built versions come complete inclair

. . with all leads t " ( ;
Higher spec:f:;:atlon, lower price - (colour or glac?( g(r)\r(:lr;/sl'?itts gr?g - teach yourse.lf-"
how’s it done? : cassette recorder. BASIC
Quite simply, by design. The ZX80 ) manual

reduced the chipsinaworking computer
from 40 or so, to 21. The ZX81 reduces
the 21 to 4!

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

Every ZX81 comes 3
with a compre- ;
hensive, specially-
written manual-a
complete course
in BASIC program- = —
ming, from first principles to complex
programs. You needno priorknowledge
—children from 12 upwards soon

become familiar with computer

Proven micro-processor, new 8K BASIC operation

ROM, RAM-and unique new master chip.

b
4
4
L T
A
4
4

WIRELESS WORLD JULY 1981

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

7 deal of tiresome
typing. Key words

. (RUN, LIST, PRINT,
2~ etc)havetheirown

gf single-key entry.

// .
@ Unigue syntax-
heck and report codes
=/ identify programming
7 errors immediately.

7
(7
/7
/
2
72
A
7

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

A

display facilities.

@ Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

. ®Randomise function—useful forgames

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
(not available yet—but coming soon!)

® Advanced 4-chip design: micro-
processor, ROM, RAM, plus master chip
~unigue, custom-built chip replacing

18 ZX80 chips.

— g [ — ||
ZX8l

Sinclair Research Ltd,

8 Kings Parade, Cambridge, Cambs.,
CB21SN. Tel; 0276 66104,

Reg. no: 214 4630 00

ABANAL a‘mericaﬂh’adiohistor‘v ~oOm

If you own a
Sinclair 2X80...

The new 8K BASIC ROM used in the
Sinclair ZX81 is available to ZX80
owners as a drop-in replacement chip.
(Complete with new keyboard template
and operating manual.)

With the exception of animated
graphics, all the advanced features of
the ZX81 are now available on your
ZX80-including the ability to drive the
Sinclair ZX Printer.

Coming soon-
the IX Printer.

Designed exclusively for use with the
ZX81 (and ZX80 with 8K BASIC ROM),
the printer offers full alphanumerics
across 32 columns, and highly sophisti-
cated graphics. Special features include
COPY, which prints out exactly what is
on the whole TV screen without the
need for further instructions. The ZX
Printer will be available in Summer 1981,
at around £50 —watch this space!

15

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 com-

" puter to multiply your data/program

storage by 16!

Use it for long and complex pro-
grams or as a personal database. Yet it
costs as little as half the price of com- -
petitive additional memory.

sinciair
ZX 15K BYTE RAM PACK

How to order your ZX81

BY PHONE —Access or Barclaycard
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 or
Barclaycard.

EITHER WAY —please allow up to 28
days fordelivery. And there’s a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt—and
we have no doubt that you will be.

- Sinclair Research Ltd, FREEPOST 7, Cambridge, CR2 1YY Order |

To: Sinclair Research Ltd, FREEPQST 7, Cambridge, CB2 1YY.

Code

I Qty | Item ltem price Total I
£ 14
I Sinclair ZX81 Personal Computer kit(s). Price includes I
I ZX81BASIC manual, excludes mains adaptor. 12 49,95 I
Ready-assembled Sinclair ZX81 Personal Computer(s).
I Price includes ZX81 BASIC manual and mains adaptor. 11 69.95 I
I Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95 I
16K-BYTE RAM pack(s). 18 49.95 I
I 8K BASICROM to fit ZX80. 17 19.95
I Post and Packing. 2,95 I
I Please tick if you require a VAT receipt O TOTALE I
| * enclose a cheque/postal order payable to Sinclair Research Ltd,for& |
I *“Please charge to my Access/Barclaycard/Trustcard account no. I
I S ol | et SleSE{T ] | W E) U I
“Please delete/complete as applicable. Please print.
Y o S O o Y 8 T W et I i S B %
M el T Y Tl D S
AT e et A U T I o T L IR T B 4
i WRWO7

EREEPOST - no stamp needed.

WW — 015 FOR FURTHER DETAILS
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@ ORDER BY POST OR TELEPHONE
OA )
WITH BARCLAYCARD/ACCESS - Hi MODEC QURISF Lo ROCOMIF R COVIPU
® ELECTRONIC TEST RETAIC S ML CDER - FAS I JERE I ING 0 i ‘ DELIVER
EQUIPMENT EXPORT — INDUSTRIAL DEVICE PRICE | IDE :
B A ! iC i
SPECIALISTS ©® OPEN SIX DAYS A WEEK TcPUs x?ﬂff P:';E’ ginvc;? =S
@ ALL PRICES INCLUDE VAT @ CALL IN AND SEE * B300 35 | 7aiszo 013 | 001 o1z
, FOR YOURSELF 8802 15274 741821 015 | 4002 012
- = ¢ 453 22 015 | 4006 0.69
A ran'gwea?rf‘ sSg::geBs Itnt sto/c“I’(I f!'om 5mHZ Single Trace to 50mHZ Dualtrace ALL PRICES 1 ! ggggA %gg ;f':ggg g'}g 28875 061
i ) : , \ i 61
9 SINGLE TRACEY ains portables. Many on demonstration < . NCLUDE Var : %Sg,fﬁ‘;u ;'go ;:tggg o1s 2809 8.31
(UK c/p etc £2.50) DUAL TRACE (uk ¢ 4 ‘ s 92 1 741832 o1e a1 Y
3030 15mHZ 5LV 6.6x6.60m. display plus componenttest __ CS1866AT0mHZ, D o ] £267.00 . SLFRORT CHIES N S33 017 | 4012 ols
3035 10mHZ 5LV 57 display plus componenttest  £189, OmHZ, BV B 10 £264.00 350 | 7aisim 017’ | aoia va
3035 101 _ i wa i U S UL 6522 560 | 74538 017 | 4014 0
cm 307-3 10mHZ. 5mV, 6x7 cm display plus componéa;\;éegsé gg}ggﬁ IZIO1 5rn§251n8\!}ﬂ\5/ sg.é:ir%plgplay 2331288 gggf Z;g ;f[g:g gl: 2812 g§
01303D 5mHZ, 10mHZ, 7x7cm di i mHZ, SmV, 6 display £339.00 ; g ;
§G110 10mHZ Batte bortanie, 10y S2x2.60m ciapiay . * mNicatmmprora - o oc display Battery/maing. Portatig Sulty B 1 Saaop 8% | 7aisas 0% | aote 029
o i £538.20 b . i
(Qpiona cas £8.88 N £8.63 Main urin 560 £158.95 3034 15mHZ 5LV 6.6x6.60m display battery/mains with Nicads and ' e Y8 | 7aLsst T 036
= mHZ 10mV. 5 display 23200 - A4 20mHZ, 5, 85106 dlaplay plus Sweep Dafay 2352 4 5 6871A1T 2090 | 74LS54 0.15 | 4021 0.70
AFGAN DUAL TRACE c/p uk £250 CS1577A 38mHZ, 2mV. 5 display £359.50 , v Vears 6875P 416 | 74LS55 015 | 4022 0.68
10mHZ £194.95, 12mHZ £201.25, 15mHZ £216.20 C€S1830 30mHZ, 2mV, 5” display plus sweep delay and delay line — new s in th pere 197 | Jaen o A
— OPTIONAL PROBES (ALL MODELS) i Hekg Y 569,00 ‘ A Speci. this e 920 | Jaisre dooa Yaes 922
€. €U MY, X1£650,X10£8.50, X100 £12.35, X1-X10£10.95 R LB0R 14 i Ay, (onEcrn display. Delay Sweeb £667.00 eXDert i1Ise you e T alist 8216 198 | 7als76 022 | 4o% 11
%" HAMEG @ TRIO @ SINCLAIR @ LEADER @ CROTECH | 7 enYTRe LR hi W can depend on L 228 £ | 7arses iz | i o
gt 8228 420 | 741583 054 | 4028 064
‘ﬁ'r_' . ‘ A 8251 475 | 74585 077 | 4031 155
GENERATORS stz 100kiz somzwith am '‘PRO’MULTIMETERS | Poten MEFERg ™ | ‘ Eie i | s | 6l i
(UKc/p£178) &%1;, 6|a1t.on £68.00 | (UKc/p £1.20) POWER METERS 280CTC 400 | 74LS91 081 | 4035 0.85
RF and Pulsing, Mains operatad. "' Harmoni?:gl)(Hz (300mkig S PRI eI ) eera (NS X fl %33%9/? 1182 ;ﬁtg?ﬁ e Boned Lyt
; . £63.25 amp £67.00 .52 0.39 4038 2.45
0957 To0 21 2 (adives I e ey [ Z80A DMA 1725 | 74LS85 048 | 4040 0.67
' FM stereo generator, pil ét Fuc :1%'3) M1500 20K /Volt 42 range pis AC/DC 10 ar:': -k . ) W‘hen you choose a mast ZBODART 720 TaL5109 026 | 4041 0.70
PULSE £195.00 | K200 38 range FET 10m OHM input 200 10 10z s up to IK/watt frpm tRECHppreiensive SR a0 | 7Sz aZs | 4o 8s2
2001 1HZ-100KHZ (function) 8970 Qhal iz imeter £95.00 | power PL259 sockets. Also 25 Clarke range you are 28051007 440 | TS o | doae 30
TG105 5HZ-5mHZ £92 50 e L assured of a high 7805101 } 1790 | Jalsiza 048 | a0d 078
40010.5HZ-5mHZ £109.25 SWRS0 SWR/Power meter. 37a standard of Engineerin s yj PaLsted 107 | 447 078
200P 0.00 2HZ 5.5mHZ £253.00 | LOGIC PROBES/MONITO 150mHZ 0-1000 watts £13.96 : el g ol 7415125 029 | 4048 044
200SPC a5 200F plus builtin: fraq. | coate PRUBES) RS{Rlizny 2 Clon0wads i a1 and operational 780A $10-1 } 2290 | 7418126 029 | 4049 0.28
display/100mHZ counter £437 thagt gc‘:aroesez:r‘wdéﬁ'atm%nIg'h/k‘)w' Hcrcatra il AR A0l ELZD reliabilit A osics 7ol 3138 029 aos1 o2
;2100 {function 100KHZ) £90.85 | alilCs. 7 ieselcicy tipoweredifon g; As 110 Twin meter plus Y [JEMOHIES : ;ﬁtggg g'?o 383% g'§§
102 0.2HZ-2mHZ (function) £166.75 | LP350mHzlogic probe £55.95 |{ Plus large range of BNC/ﬁ.;'so i g}m 284 | 748139 040 | 4053 0.2
A LP1 10mHz logic probe £35 S B3/ Wh ? % g
AGlg(leAo {All sine/square) LP2 1mbiz g1 peobe £19.gg sc:ﬁnleitao?-ssarlus a dtap;t(orS/ y compromise! 2114 200ns low power ;3t§}23 ?Zg :ggg }%
20HZ-200KHZ £69. LM1 Logic monitor i WaYSITISICC KN ! 1.35 . -
§T] | LAG26 20HZ-200KHZ £7g'gg LDP076 50 MHz logic probe with case ?5?88 :Zﬁmstvg%%v"fengfa; Wé’ Extended h ights 4 g?;?g (5v) Je %tgl 2:1; ggg ﬁgg ggg
LEADER @ TRIO @ NEWTRONICS @ LEVELL G203 10HZ-1mHZ sine/sq £126.80 | Also in stock range of Protoboard kits and | 40mHZmatch att, B2 S191Ls 2732 2532 (specify) 759 | 741515 050 | 4068 038
I T LAG120A 10HZ-1mHZ £146.00 : KDMG Gnd Dip 1/2-250mHZ m e"gls'%f 'lnf?t it ( Yo 2xng 125 | Zar2%e0 30 | 4oea 07
r. 8.50 0 | it 00ns 1.20 - 3
D G I A ' M Arange of LED and LCD Bench and Hand DMMs battery operated with ca pa e ot liming 6810P 143 74L5158 0.40 4069 0.15
M . # y ', . E :
L M U i I ETE Rs :g::::lia:. -::l:c::;pm:. lamsElh optional Nicads. All supplied with M ULT'M ETERS (UK.c/p 75p) " headload 1 kg .-200 kg S. - REGULATORS ;z::g} g? g:g 38;? ggg
= HAND HELD BENCH PORTABLESuccrpe| (1~ s — Sectional or telescopic air 7o G | Jazies be | 8
e 115 4 s igit A ] H 3 . 0.20
GL35C 3% Dicit L((L:JDK postetc8Sp) - yN RS2 Dl D 21 ranges, 0.5% . — operated for field or o 7905 . 065 | 74LS164 051 | 4075 0.20
- gi in AC/DC with o £60.38 =l o Wri I 7912 065 | 74LS166 037 | 2076 0.67
: case 4 2950 DMB3503% Digit LED 34 ranges AC/DC vehicle mounting. Write CRT CON -| 74173 077 | 4077 023
TM352 3Y; Digit LCD plus 10A DC and 04 ™ £83.38 or phone us for details Saoanp oS el 08§ Shus 0.20
Hfe checker £54.95 TM3533"2Digit LCD AC/DC 2 amp tod 6845 1192 | 74s178 060 | 4081 020
LM2001 3% Digit LCD 2 amp AC/DC . £96.60 oCay. 72| s 150 | 4082 0.20
e R . £51.70 TM35137% Digit LCD AC/DC 10 amp BUFFERS 7415190 061 | 4085 045
6200 3% Digit LCD 0.2A AC/DC. At L £115.85 CLARK W.T.16 vehicle- §1Ls08 12| JAsie 06 | 409 043
~ range £45.95 LM100 3%z Digit LCD AC/DC 2 am ; : = 1.25 0. 0.43
MOl . P mounted in a Saviem- 81597 120 | 74L5193 069 | 4502 0.80
3 plus 10AAC/DC £55.95 o L £86.50 Renault. An air-operated Ly 1250 ) TAaies ol 0-37
6100 As 6200 plus Cont. test/range 5110 4% Digit LED 34 ranges AC/ D telescopic mast mainly. HEN 130 | Jarsiee Se | 4% Y
ALl . RaAE . . m 150 15196 068 | 4510 067
, 6110 As6100 plus 10AAC/DC  £85.95 (DM series options. Carry case £8.86 JKRT1011K/V used for raising heavy SI95N 150 | 74L8197 068 | 4511 051
ko ) p i ' ns. j t10 " i
(o) (5 o] TM354314Digit (CD2ADC  Eds.g5 Nicads E863Mains adaptor £5.69) " | ATMIATI OV O 12 AD ket foon antennas and HE 150 | Jaa 051 B Hcia 5
- 1303'% digit LCD 10A. AC/DC £102.35 1503 4% Digit LCD 28 range AC/DC 10 NH55 2K/Volt 10 range pocket £6.50 instruments. - ; 74LS241 1.15 4515 ;gg
amp includes mains adaptor £159.95 ?ﬂéggggggﬁ,’ggg p°°fre1‘2‘fl'3‘-g‘e £7.75 . Extended heights 3.2m. to x¢s§$02;P0RT C“'Pg ol [ e 08s | 4o16 072
r nge +conts  £22.75 3 = s or ~\349 | 7415243 085 | 4518 i
FREQUENCY Portable and Bench LCD and LED Counters CLAMP METERS/ S/ ctai gnoeReCkeiplus hictest y 05m AY.82376 (;a;nx.tuva- 700 | Jarie dsi | oo iz
COU NTERS re';;g 600mHZ, Prices include batteries and (I‘I\“SULATION TESTERS AT1020 20K/Volt 18 range de luxe plus hfe‘ega-so ¢ Mg}m o ;2t§§3§ ;-ﬂ 325? - 2';‘1’
. Il multi ’ i '
d ! multirange except Kzaf) 7081 50K/Volt 36 range plus 10 amp DC gggg Mc1$1 2@ ;ﬁtg%ﬁ g;z :ggé a;g
TR303TR 20K/Volt plus 124 DC pius hfe test £15.95 2 7.99 | 7415251 045 | 4527 1.00
HAND HELD ?{3% (Z:OK/Volt 21 range de luxe plus 10A D£c and DATA CONVERTERS | 7415253 046 | 4528 0.79
B ‘ 21.95 ZNA25E ¥ 74LS257 0.57 4532 0.90
PFM200 2017 to 200m i3 8 D1ai LED) £67.27 2 AT P 2nazeE 300 | 7arS2se 040 | 4541 115
MAX50 100HZ to 50mHZ 6 Digit LED £56.35 . 0 g0V Z RN e e U PNaee s oSz iif | s 250
MAX550 30KHZ to 550mHZ 6 Digit LED AT (5% ZN429E 210 | 73508 02 1 dase $37
£97.00 o § 2050 50K/Volt 18 range de luxe plus hfe test g ZN432 28,09 74LS273 0.97 4556 047
: 2303. 30 AMPS. £2850 ? :
! BENCH PORTABLES - g‘:& 300 AM%SEO%(\]/(?%A?A‘%? AT210 100K/Volt 23 range de luxe 12A AC/D(i’:29 ¥ égt?gonvener o %ﬁtg%g gi-z’ i -4 EA
. . £2. 415290 i
MAXIO 8D Len iz 100015 Fapon | itts o awes. oo vich % | SR iepen e e e e g e i gl S R
igit LCD 10HZ to 200mHZ £166. ‘ £63.95 KRT 500 9 | ) 13360 03
L Ll e e 5000 heshovs S comredscnes _ E1539 7401 ol | 7alS3) 838 | AigocTs
2005330%'“3'2 Pre-Scaler .£43.13 K3103. Transistorised insu IaZio-?j CHOOSE FROM UK'S LARGEST SELECTION Ly 014 JaLSI68 038 2 py
igit 100mHZ LED built_into | continuity tester. 100 MEG, 600 ' Jaie 013 | Tassm 05731 1.1 0.08
0.002HZ to 5.5mHZ Pulse Generator £437.00 | VYAC.0/2%K es.00 | TV GEN ; ' — 7aisce o5 | 7aisyre o%0 | 18 014
TF040 8 Digit LCD 40mHZ £12650 | MS00 insulation tester, 100 MEG. ERATORS (uk c/p 2150 |\ 7arS08 o3 | Tasas 050 1Yie! 0.14
- E 500 VOLT. 0/200 OHMS continuity I':gG'393V PAL 8VHF 6 patts £143.75 ' 741509 015 | Jasam ol 2 018
C @ SINCLAIR @ OPTOELECTRONICS ® NEWTRONICS Also digital and D types n sisek. | LHM 80A 40KV Y raotor e 0 ) s 2 7 st 8% | 7aisihe st | i
) - - : { 18.40 : 7415386 029 | 28 0.24
Stockists of electronic equi i ; ey 74L812 0.15 i
) pment, speakers/kits, PA g L ] e 022
range of accessories @ UK carriage/packin’; as indicated .%?(‘::ng e_n;r;:(l:‘;: 2:%2quest FRE' 2es Ul 0.52 :
® All prices correct at 15.5.81 E & OF @ All prices include VAT CATA UEO/ CLARK MASTS LTD. OFFICIAL ORDERS WELCOME QUANTITY DISCOUNTS AVAILABLE
L°6‘ a 7 _All prices exclude post and packing on
AUDIO ELECTRONICS ¢« OPEN SIX DAYS Send ot Biiseac, | \ i TG CAMBITEREY, LTDMEEBianith B s S
} Limited A WEEK (zOp'ST;SAE Isle of Wight, d HEWITT HOUSE, NORTHGATE STREET RECEIPT WITH FULL REFUND FOR OUT
301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 356 Scho s, Comaani PO33 3PA, England. BURY SHEDMURG e UL O e e Coat Cacc O
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2 1ED 4 etc. fr e on 'ecuelset_s' Telephone : Ryde (0983) 63691, Telex: 86686. > 24.hour Telephone Credit Card Ordets
: ! CREDIT CA5L ORDERS WELCOME
- WV S HRIC PR B DE FATES ) WW~—018 FOR FURTHER DETAILS ' BRON UL SIS AL LIR B EBEMES
wawvw americadradiohistory com
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 ONEUPONTHE

The EP4000 is not just an EPROM Programmer . ..

powerful editing

facilities really useful
(and this is in addition to
the in-built LED display
for stand-alone use), but
it also comes as standard

with comprehensive ,
input/output — RS232, 20mA loop, TTL, g
parallel handshake, cassette, printer and direc
memory access. Now the programming power

‘can be expanded with our range of add-on

accessories listed below.

. . . but also a Real Tinie EPROM Emulator...

Real'time EPROM Emulation is the second
major function of the EP4000. This facility
allows the machine to directly replace your in-
circuit EPROMs during the process of program
development — the EP4000 can be configured:
to look like any EPROM it is capable of
programming. The press of a button isolates

the external system so that data changes,

. entries, editing and downloading can be

implemented. When the program is complete

~and working, the simulator cable can be

replaced by an EPROM programmed by the
EP4000.

. . . with real technical back-up and service.

The EP4000 comes with a technical manual
describing every aspect of the machine — its
purpose, its use, and how to use it. It also has a
section describing the whole process of !
program development. y

And if you ever need technical help or advice,
you can now dial direct to our technical
department for instant attention — Tel. (0803)
863380.

Finally, a full range of accessories in now
available — these include Bipolar programming

i

modules, multi-EPROM simulator adaptors,
buffer pods, EPROM Erasers, video monitors,
2764/2564 programming satellite, printer and
production programmers. The EP4000 is ex-
stock. Price — £545 + VAT (+£12 for
DATAPOST delivery). Telephone, telex, write
or call for full data and Distributor list, or place
your order for immediate despatch — Overseas
customers, please telex or write for quotation
and terms. Agents in some countries, and
distributors in Britain required.

G.P. Industrial Electronics Ltd.
Unit 6, Totnes Industrial Estate Totnes, Devon TQ9 5XL

Tel. Sales (0803) 863360. Technical (0803) 863380
Telex: 42596 GPELEC ‘

WW-057 FOR FURTHER DETAILS

WWAWW americal

Not only does the

EP4000 copy, store,

program and duplicate :

the 2704/2708/2716(3) |
/2508/2758/2716/2516/2532

and 2732 EPROMs .
without personality ,
cardsor modules, but Introducing the first 472 cigit handheld DMM in a s

alj’? 1l111tc }g;if; ;;é?;c;n ap market that’s been the exclusive domain of 3%z digit BB 135 DIGITAL MULTIMETER
el models. Until now . . . s e
display to make the The new Keithley 135.

Combining outstanding specification with
impeccable performance. And confirming Keithley’s
position as a major innovator in D.M.M. technology:

‘ 0.05% DCV accuracy
‘ Five functions
‘ Low battery indicator

‘ Full overload protection: 1000V max DCV,
1000V peak ACV, 300V max Ohms

‘ 10 amp range
@ ACV bandwidth to 20 kHz.

Need a bench unit? Then take a look at the new
Keithley 176. Five functions, 4Y2 digits, +0.05%,
DCV accuracy, and full function annunciators.
Built up to a standard — not down to a price.

Yet the 176 gives quality, 4" digit performance
at a cost some 3'2 digit manufacturers would
dearly love to match.

To find out more, fill in the coupon. And see
what keeps Keithley one step ahead.

m\ |
A

’

‘ 0
Man s

KEITHLEY

Keithley Instruments Ltd

1 Boulton Road Reading Berkshire RG2 ONL
Telephone (0734) 861287

Telex 847047

WW — 040 FOR FURTHER DETAILS
& 4




AFIT 1500 Automatic Fault Isolation Tester |
A low cost complete PCB tester designed for quality
control or service/repair work. Its powerful self-
pontained microprocessor provides rapid in-circuit fault
isolation on complex digital PCBs.

. MTL'’s comprehensive Programming Service |
wili provide all the expertise required. 98% confidence i
level recorded in service applications.

" Solves ‘wired or’ problems.

MTL Microtesting Limited
1-15 Butts Road, Alton, Hampshire
Telephone: Alton (0420) 88022

WW — 019 FOR FURTHER DETAILS
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FIVENEW SENSES

FOR YOUR MICRO

IEEE STANDARD
A-D CONVERTERS
D-A CONVERTERS
RELAY UNITS
APPLE INTERFACES

electronics ftd .

WW — —051 FOR FURTHER DETAILS

Decoy Rd, Worthing, Sussex,
Tel: Worthing (0803) 200673

ACOUSTIC & VIBRATION
BRUEL & KJAER
2203 Sound Level Meter
2215 Soundmeter inc Octave Filter
2218 Soundmeter inc LEQ facility
2305 Level Recorder
4230 Sound Level Calibrator
4424 Noise Dosemeter
2603 Mic amplifier 2 Hz-35 KHz
1014 BF Oscillator 20 Hz-20 KHz
CASTLE ASSOCIATES
CS181A Sound Level Meter & Calibrator
CEL
112 Environmental LEQ Meter Batt op
144 Improved version of 112 model

95
375
200
150

325

450
1050

BRIDGES & V and | STANDARDS

FLUKE

341 DC Voltage Calib 10uV to 1100V
GENERAL RESISTANCE
DASE6 DC V and | Calib 1uV-10V 30mA
HEWLETT PACKARD

4342 QLC Meter 22 KHz-70 MHz
MARCONI

TF868A Universal LCR Bridge

TF1245 Q Meter 1 KHz-300 MHz
TF1313 Universal LCR Bridge
WAYNE KERR

8224 LCR Bridge 0.1%

B500 LCR Bridge

8601 LCR Bridge RF Osc & Det not inc

COMMS & CABLE TEST
EQUIPMENT
CHASE
35A Field Strength Meter 20-850 MHz
DYMAR
88015 VHF Radio Telephone — Portable
883 VHF Radio Telephone — Portable
BC282 Batt Charger for 880/883
HEWLETT PACKARD
3556A psophometer 20 Hz-20 KHz
MARCONI

1575

850

1100

250
350
350

500

285
95

250

MAINS TEST EQUIPMENT

COLE

T1007 Volt/Frea/ Spike Monitor Rec O/P

DATALAB

DLO19 Mains Interface for DL90S

DRANETZ

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

GAY

LDM AC/DC/Spike/Time inc Printer
MISCELLANEOUS

AVO y

RM215 AC/DC Breakdown/Leakage Tester

COMARK

1601BLS Thermom 10ch 87 + 1000°C type K

N.B. Thermocouples not included

DATALAB .

DL905 Digital Transient Recorder

TEKTRONIX

1485C TV Waveform Monitor PAL/NTSC
NETWORK ANALYSERS/
PHASEMETERS

GENERAL RADIO

1710/11/12/14 0.4-500 MHz 115dB range

PHILIPS PM 5326

R.F. SIGNAL GENERATOR
1000 KHz-125 MHz — Digitai freq.
Reagout & butlt in 5 digit 1 MHz
Frequency counfer. tnt & Ext AM/FM
Buiit in sweep with vorioble and

output altenuator.
£675

fixed morkers. Continuous ond switched

110

300

475

75

1150

2300

2200 _

THIS MONTH’S SPECIAL OFFERS
TEKTRONIX 4658 100 MHz OSCILLOSCOPE

Sensitivity 5mV-5V/DIV Dual Trace & 3rd channel trigger
view Dual/Del Timebase.
Supplied with pouch, probes and front cover

TEKTRONIX

466 100 MHz 5mV 2 Tr 2TB 1350cm/us

T912 10MHz 2mV 2 Tr 1TB 250cm/ms

7313 25 MHz 3 Siot M/ Frame split bem/us
POWER MEASUREMENT

FLUKE

8921A 10 Hz-20 MHz 4} Digit & Analogue .

TRMS dBm/V meter 502-12002 & 10MQ
HEWLETT PACKARD

8481A Type N Coax sensor for 435A
478A Type N Coax sensor for 432A
MARCONI

TF2512 DC -500 MHz Powermeter
TF893A 10 Hz-20 KHz Powermeter

POWER SUPPLIES etc

ADVANCE

1V5S Inverter 24V DC to 240V AC 500W
FARNELL

L308 0-30V variabie 1A Metered
FLUKE

4168 0-3.1 KV variable 30mA Metered
ITT
_Powerlab Dual 15V variable 1A

2750

590
2100

£1450

FLUKE8020A
HANDHELD DIGITAL MULTIMETER
3; digit (2000FSD) L.C.D. readout
Voltdge 100V to 1000 VDCor 750 VAC
- Current 1uta 2A AC ond DC.

OHMS 0.12 to 20M0
Conductonce ronge meosures to 10,000M¢
Sugplled wilh leads & soft carry cose

E £99

SIGNAL ANALYSIS
EQUIPMENT

MARCON!

TF2300A Mod Meter 1 MHz-1 GHz AM/FM  450.

TF2330 Wave Analyser 20 Hz-50 KHz 425

TF2331 Distortion Meter BW100 KHz + Det. 340

Note: see also *‘Spectrum Analysers”
SIGNAL/FUNCTION/ + SWEEP
GENERATORS

ADVANCE

SG63D Generator 4-230MHz AM/FM

GENERAL RADIO

1362 Generator 220-920 MHz

GOULD ADVANCE

SG70 Generator 5 Hz-125 KHz 600Q2/4W

HEWLETT PACKARD

86408 Generator 500 KHz-512 MHz

AM/FM

8690B Sweeper mainframe

86208 Sweseper mainframe

6188 Generator 3.8-7.5 GHz

612 Generator 450-1230 MHz

614 Generator0.8-2.1 GHz

MARCONI

TF144H/4S Generator 10 KHz-72 MHz AM

TF801D Generator 10 MHz-470 MHz AM

TF2171 Synchroniser for TF2015 |

TF2012 Generator 400-520 MHz FM &\\‘-

PHILIPS N\

PM5127 Function 0.1 Hz-1 MHz Sin

Sq Tri Rmp

PM5129 Func TmHz- 1 MHz Usual

+ swp/brst

PM5326X Gen as5326 inc 100 MHz Counter

RACAL

9081 Gen O Lock 5-520 MHz AM/FM/OM

TEXSCAN

9900 Sweeper 10-300 MHz 6/in CRT disp

VS60 Sweeper 5-1000 MHz

TV Markers31.6 32.5 35 39.5 41.6MHz

LN40A Log Amplifier

WAVETEK

2001 Sweeper 1-1400 MHz X tal markers
SPECTRUM ANALYSERS

HEWLETT PACKARD

141T7/85528/8555A Complete .01-18 GHz

8445A Pre-selector 0.01-18 GHz

3580A 5 Hz-50 KHz with digi store disp
VOLT/MULTI-METER
(ANALOGUE}

AVO

8Mk4 AC/DC/—VI+Q

ONE YEAR GUARANTEE

BOONTON
92C AC/RF 10 KHz-1.2 GHZ %mV-3V

HEWLETT PACKARD

a 9/7 M M TF2333 Trans Test Set 30 Hz-550 KHz 600
PYE

PF2UB UHF Radio Telephone — Portable 125

sonim 9
| QL@»
XIX INTERNATIONAL IMAGE, SOUND AND ELECTRONICS SHOW

TO SEE AND HEAR |

:‘Q;v
LA -
! u‘l\‘\\h‘l\\’ A

4 LARGE EXHIBITION PALACES DEALING WITH

‘ = Hi-Fi, Sound and Vision,

I Recording, Musicol
\ Recording and \ j Instruments and Spectacylor
h [ [

‘ploy back equipment. lighting systems.

; Photo, S i fi 3
Y T 2 e B Hamnaor Convsnioss
»4‘/ “ Professional Hi-Fi and Video

Efectronics. demonsirations.

Manufacturers of TV,
Rodio, Hi-Fi,

BARCELONA (SPAIN) 28th SEPTEMBER - 4th OCTORER 1981
[/

Feria de Barcelona

INFORMATION: PLAZA DE ESPANA S/N
BARCELONA-4 (SPAIN)

TEL. 223 31 01 - TELEX 50458 FOIMB-E "E‘Mﬁ

TRANSPORTISTA OFICIAL
|

N
|

arshall’s

WE ARE BROAD LINE DISTRIBUTORS FOR
SIEMENS & THOMSON CSF WITH FULL INDUSTRIAL
FRANCHISES AND CONSUMER FRANCHISES FOR:-

MULLARD, NATIONAL AND TEXAS.
WE ARE ESPECIALLY STRONG ON ITEMS LISTED

AND INVITE YOUR ENQUIRIES. PLEASE SEND
FOR STOCK LIST AND CLEARANCE LIST OF

SEMICONDUCTORS.

COME TO US FOR YOUR REQUIREMENTS OF:-
SIEMENS CAPACITORS e SWITCHES &

OPTO COMPONENTS.

T.T.L. « C.M.O.S. « BAHCO TOOLS

SINCLAIR TESTGEAR
LEADER INSTRUMENTS

PRESENSITISED LIGHT SENSITIVE
PRINTED CIRCUIT BOARDS
4 SIZES BOTH DOUBLE & SINGLE.

A. MARSHALL (LONDON) LTD.,
KINGSGATE HOUSE, KINGSGATE PLACE,

LONDON NW6 4TA.

_Industrial Sales: 01-328 1009
Mail Order: 01-624 8582 24hr service
Retail branches: London - Glasgow . Bristol

WAMW american

STC

74216A Noise Generator CCIT 275
74261A Psophometer CCIT 375
TEKTRONIX

1502 TDR Cable Tester CRT + Recorder 2950
WANDEL & GOLTERMANN

LDS2 200 Hz-600 KHz sender for gp Delay 2000
LDEF2 Filters for DLM1 250

COUNTERS & TIMERS
FLUKE
1910 126 MHz 7 Digit Counter Timer
1911 250 MHz 7 Digit Counter Timer
1912 520 MHz 7 Digit Counter Timer
1912A01 As 1912A but inc. re-charging
batteries 430
1920A 520 MHz 9 Digit Counter inc. Brst.
mode 575
1920A14 1250 MHz otherwise as 1920A 750
HEWLETT PACKARD
5300A 6 Digit Display Unit — P/in reqd. 99
5302A 50 MHz Counter Timer for5300 80
53058 1300 MHz Counter for 5300 325
5308A 75 MHz Counter Timer for 53008 12
5345 500 MHz 11 digit Counter Timer 1350
10590A Adapter 5245 to 5345 Plug ins 225
RACAL
9024 600 MHz 7% digit Counter Timer 250
9025 1 GHz 8 digit Counter Timer 500
SYSTRON DONNER
6053 3 GHz 9 digit Counter BCD O/P 790
6054 18 GHz 11 digit Counter BCD O/P 1950
51038 Strip Printer for 6053/6054 375

DIGITAL TESTING EQUIPMENT

HEWLETT PACKARD

1600S Legic Analyser 32ch 20 MHz 3700
1600A Logic Analyser 16ch 20 MHz 2300
1607 Logic Analyser 16ch 20 MHz 1500
5011T Logic troubleshooting kit 125
TEKTRONIX

7DO1F Logic Analyser 16ch 50 MHz P/in 2650
832 Datacomm Test V24/RS$232' | loop 1150

OSCILLOSCOPES &
ACCESSORIES

GOULD ADVANCE

0S1000A 20 MHz 5mV 2 Trace TV trig
0533008 50 MHz 1TmV 2 Trace 2T base
HEWLETT PACKARD

1740A 100MHz 5mV 2 Trace 2T base
Trig View

1804A 80 MHz 20mV 4 Trace Plug-in
1825A Dual Timebase Plug-in

1805A 100 MHz 5mV 2 Trace Plug-in
PHILIPS

PM3211 15 MHz 2mV 2 Trace TV trig
PM3212 25 MHz 2mV 2 Trace TV trig
PM3214 25 MHz 2mV 2 Trace 2T base
PM3233 10 MHz 2mV 2 Beam Ch sig delay
PM3244 50 MHz5mV 4 Trace 2T base
PM3262 100 MHz5mV 2 Trace 2T base
Tr View

TEKTRONIX

453 50 MHz 5mV 2 Trace 2T Base

465 100 MHz 5mV 2 Trace 2T base

475 200 MHz 2mV 2 Trace 2T base

485 350 MHz 5mV 2 Trace 2T base

7603 100 MHz CRT r/out 3 slot M/Frame
7704 200 MHz CRT r/out 4 slot M/Frame
7A12 105 MHz SmV 2 Trace Plug-in

7A22 1 MHz 104V Differential Plug-in
7A26 200 MHz5mV 2 Trace Plug-in
7853A 2 Timebase Plug-in 100 MHz Trig
P6013A X1000 12KV Probe

P6201 FET Probe DC-300 MHz
TELEQUIPMENT

D34 15 MHz 2mV 2 Trace Mains + int batts
D83 50 MHz 5mV 2 Trace 2T base Large crt
TEXSCAN

DU120 Large crt display unit

390
550
640
425
1675

1300

500
850
1600
2100
1350
1450
330
630
690
-550
95
300

540
725

220

Note: we hold a range of cameras P.O.A.

OSCILLOSCOPES (STORAGE)

HEWLETT PACKARD
1703A 35 MHz 10mV 2 Tr 2T8 1000 Div/ms

1400

MARCONI
TF2154/ % 0-30V variable Metered
VALRADIO
B812/2008 Inverter 12V DC to
230V AC 200W

PULSE GENERATORS
ADVANCE
PG57 10 Hz-50 MHz 10V 50Q Vari RT éns
EH RESEARCH
132 10 Hz-3.5MHz 50V 5081 RT 10ns 2 pulse
MARCONI
TF2025¢.2 Hz-25 MHz 10V 502 RT 7ns 2
pulse

190

120

350

RECORDERS & ACCESSORIES -

BRUNO WOELKE

ME102B’Wow and Flutter meter
BRYANS SOUTHERN

BS314 Chart 10°"* 4 Pen 16 speed

BS316 Chart 10"’ 6 Pen 16 speed
HEWLETT PACKARD

7015A XY 1pen Adsize

7046A X¥ 2 pen A3 size

KUDELSKI

NAGRA 4.2LSP Tape Recorder Portable
MEDELEC

M/scope Combined 4 ch scope + UV rec’dr
PHILIPS

PMB8251 Chart 10" 1 pen 12 speed

SE LABS

6150/51 UV chart 6" 12¢ch 12 spd +

6ch amp

994 6 ch galvo preamp + DC bridge supply
6008 UV chart 8’ 25 ch 16 speed
SMITHS

RE541 Chart 8" 1 pen 8 speed
RE501/4701 Cht 4" + XY 1ch 10 spd

AC Batt

SOLARTRON

3240 Modular Data Logger system

Note: UV recorders are priced less galvos

75

1950
2500

700
995

1400

1900

375

50

250

200

P.O.A.

427A AC/DC/Q AC-1 MHz

3400A TRMS 10 Hz-10 MHz 1mV-300V

DCO/P

MARCONI

TF2603 50 KHz-1.5 GHz 300uV-3V

TF2604 20 Hz-1.6 GHz 300mV-300V

PHILIPS .

PM24548 10 Hz-12MHz TmV-300V DCO/P 250
RACAL ; ‘

9301 RMS 10 KHz-1.5 GHz 1004V -300V 550
VOLT/MULTI-METER (DIGITAL)
ADVANCE

DMM7A 1999FSD AC/DC/V/1/Q 115
BOONTON

92AD 1999FSD 10 KHz-1.2 GHz 10uV res 525
FLUKE

8010A 2000 FSD TRMS AC/DC/VIQ 140
8010A01 AsB010A + re-charging batteries 159
8022A 2000 FSD Handheld AC/DC/VIQ 75
HEWLETT PACKARD

3490A 100000FSD AC/DC/V/Q 625
SOLARTRON »

A200 19999FSD DC only 1uV-1 KV

A203 19999FSD AC/DC/V/Q

A205 19999FSD TRMS AC/DC/V/Q

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.
(s =]

Full details and speclification ofvequipment listed, available. Because of long copy dates this list is not comprehensive — ring for inventory
update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fridays). Prices exclude delivery and VAT.
WW - 013 FOR FURTHER DETAILS

1, A D) el 2 u¢§“.

We take Access or Barclaycard.
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. 1008 1k . 10% 100%
_ 5 METALFILM RESISTORS 2 - 11 1% %
é .
METER PROBLEMS? 1%Tolerance, VaWatt 21 2 = &
- on o ok ook
e an gt ¥ o
S ina i S New Line of
330R 3k3 33k 330k
360R 3%6 36k” - i
390R" 3k9 39k =
430R 4k3 43k —
470R ak7 47% 470k :
510R 5k1 51k v
\ Wave Solderable
NGRS 620R 6k2 | 62% = -
O B 680R 6k8 68k 680k
s ’ 750R 7k5 75k — ‘
I ; iR sm aie W S
ONLY 3p EACH Special Offer: 5 PCS of EACH (445 RES|S- ea ln s -
oD pee or vt Lg“,?’g””.""ﬁ“ ' SOLDERABLE
per value ig ualit igh Stability, H : i
89 Values (E24) Strength. o ovll¥- Tuge Thermalloy International offers 35 different styles of wave STUD
VAT inclusive. Add £1.00 p&p all areas. ] i
ORION SCIENTIFIC PRODUC , : solderable heat sinks for TO-3 and plastic packages. Styles
UGTS LTD. include board ted stampings and flat sided extrusions
10 Wardour St., London W1 : S SRt 2O CYTIGRNISs S mpIos Sy i M3 Tieag
WW — 041 FOR FURTHER DETAILS 3 Solderable Stud™ Heat Sinks aIIovy the heat smk/deylce to A
be preassembled and treated as a single component on your Het Sink a7
) ﬁ production line. It is dropped into plated-thru holes in the P.C. o B ¥y
- . . 2C. Boar * E
ONLY £48.50 Post free, inc VAT @@ @] Board and wave soldered .w1th other components. Eliminates o 1/ [ | S L T
. hand soldering and extra inspections to reduce your produc- L3875 = 125 / 3MM (standoff
. . ted-thru Hole
@ @ $ v tion steps by 50% . All work can now be done from one side g e~ 7.125

of the board, and less mounting hardware is required.

@ @ R@ @ For &?tdﬁ%t lf?_:rlne;::ltes a_nd full technical literature
@ R $ R @ con ' ronics.

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be nade to order.

[] HOLDS UPTO SIX EPROMS ' :
1 SAFETY INTERLO i i
Full Information from: D R G e e MCP Electronics Ltd., Thermalloy International
[] FAST ERASE TIME dispatched C.0.D. at no extra charge. 38 Rosemont Road, Alperton, Wembley, Middlesex
HAR RIS E LECTRONICS (London ) [0 QUALITY STEEL CASE Distributor enquiries welcome. Telephone 01-902 5;941 Tele;(' 923455 ; ’ Advanced technology in semiconductor accessories.
138 GRAYS INN ROAD. W.C.1  Phone: 01/837/7937 ] MONEY-BACK GUARANTEE ' ' )
Telex: 892301 HARTRO G _ NORTITERN ELECTRONICS
= : 51 Arundel Street, Mossley, Lancashire. ‘Tel:  Mossley (04575) 4119
WW — 033 FOR FURTHER DETAILS k WW—056 FOR FURTHER DETAILS WW — 026 FOR FURTHER DETAILS
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200 North Service Road, Brentwood, Essex

WW — 011 FOR FURTHER DETAILS WW — 012 FOR FURTHER DETAILS

waaww americakadiohistory com



24

' I Address:

Voltstab.

The simple
answer to your
current problem.

If you are experiencing random faults and failures in your
microprocessor-based equipment, they are probably caused
by voltage irregularities. Even dedicated supplies may not be
the answer - they will still suffer from momentary voltage
transients and power supply breaks.

Gaiatrek have the simple answer. A piug-in VOLTSTAB
Constant Voltage Transformer. Reliable, efficient and
economical, the Galatrek VOLTSTAB offers you:

@ Output stabilisation to + 1% from mains input fluctuations
of + 20%

@ Transient attentuation

@® Momentary power back-up

Available ex-stock from regional stockists in a choice of power

ratings from 250VA to 5kVA, the Galatrek VOLTSTAB will

keep your sensitive electronic equipment running smoothly.

Both the factory and the regional stockists throughout the UK

will assist you technically to ensure you match the VOLTSTAB

unit exactly to your requirements.

Mr R Koffler, Galatrek International, Scotland Street, Llanrwst,
nr Coiwyn Bay, Gwynedd LL26 OAL, North Wales, Great Britain.
Tel No: 0492-640311/641298 Night Service: 0492-30592

Telex: 617114 A/B Galahu b

Voltstab is the Registered Trademark of Galatrek International

ALATREKS® )

I Please send me the 18 page Gé latrek VOLTSTAB
catalogue, which includes details of your Mains Filters
I and Standby Power Supplies.

I Name:
Position:
Company:

- TelNo:

‘ Trade 0] OEM O (please tick where appropriate) ww
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WHO'’S
LOOKING....
FOR .

MULTI-LED
ARRAYS

OUR
OFF THE SHELF RANGE
OFFERS

....any combination and sequence of
Red(GaP), .Green{GaP) or Yellow
(GaAsP/GaP) colours incorporated in one
array,

....fully end-stackable, 2, 3, 4 or 5
segment options thereby enabling displays
encompassing any number of segments to
be created,

. ...black bezels as standard with white
bezels to special order,

. ...push-fit mounting into correctly
dimensioned panel cut-out,

....wide operating temperature range of
-40°C to +80°C. '

-So if you are into
TREND INDICATORS
BAR GRAPHS
or
EVENT DISPLAYS

Look at our

MULTI-LED ARRAYS

Our prices won't make your eyes water

Zaerix ElectronicsLimited
46 Westbourne Grove, London W2 5SF, England

Tel: 01-221 3642 Telex: 261306

WW — 021 FOR FURTHER DETAILS

WW — 014 FOR FURTHER DETAILS
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For personal service visit one of our stores.
Our new store at Hammersmith is conveniently situated near the end
of the M4 and the North and South Circular Roads.
There is excellent street parking on meters a few steps away and
Hammersmith Underground Station is nearby. Call in and see us soon.

inour @
TALOGUE @

%320 big pages packed with
| data and pictures of .
over 5,500 items ®

s Same day service on in-stock lines

# Very large percentage of our stock lines in stock
s All prices include VAT

% Large range of all the most useful components

s First class reply paid envelope with every order
4 Quality components—no rejects—no re-marks

* Competitive prices

s Your money is safe with a reputable company

On price, service, stock, quality and security it makes

sense now more than ever to make MITRLIN your
first choice for components every time!

Don’t miss out on your copy.
On sale now in all branches
WH Smith &1 price £1.
in case of difficulty check the coupon below.

mal_(g iteasy... |
o = % Writh MAPUN

O ot e @ o

o w‘&"‘@sf?’&\&a\“\‘“ ®
o " e -
0 o0 Exbniig
® @ ¥ 5yperh specification. §
Comparable with organs selling for &

up to £1,000. Full construction details #

in Electronics & Music Maker commencing .z

March, 1981 issue. Back numbers available.

n‘“@"))l"n ELECTRONIC SUPPLIE 1.

All mail to: P.O. Box 3, Rayleigh, Essex $S6 8LR. Tel: Southend (0702) 554155  Sales: (0702) 552911

WW — 017 FOR FURTHER DETAILS
9

1

Post this coupon now. 1

l Please send me a copy of your 320 page catalogue. | enclose £1.25 l
(incl. 25p p&p). If | am not completely satisfied | may return the

i catalogue to you and have my money refunded. If you live outside the I

U.K. send £1.68 or 12 international Reply Coupons. .

i

i

Name.
Address

(WW7/81)
L-----------------

J'adiohistorv ocom
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Preciselyontime.

The Model 4401 Frequency Standard Two short-circuit protected  Giving you an’ exceptionally accu-
by Global Specialties: for precision  50-ohm BNC outputs are capable of  rate, stable source for oscilloscope
and value, it's a source whose time  driving 10 TTL loads into matched timebase calibration, frequency
has come. 50 lines, providing square waves  counter calibration, laboratory time-

The heart of the 4401 Frequency ~ from 0.1Hz to 10MHz in 9 decade  keeping and other high-precision
Standardis a unique 10MHz precision ~ steps, with LED indication of the timing applications . . . 0 whatever

. temperature controlled crystaloven decade in use. And a frequency your application, the Global 4401
MODELIKSO0TL SORERLZ0 MODEL H150TC osci-ﬁator {TCXO). Boastir% anaccu- multiplier switch (1X, 2X, BX) enables requency Standard is precisely

S&R BREWSTER LIMITED
MANUFACTURE A WIDE RANGE OF
SOLDERING IRONS TO CATER FOR MOST TYPES OF

JOBS FOR HOBBIES, PROFESSIONAL & INDUSTRIAL USE.

MODEL K200

The largest standard ATemperature Our medium sized A temperature controlled i i

soldering iron in controlled version  general purpose versioﬁ of the H70 I ' racy of -J:O,Sppm (iO'OOOQS%)‘ you to select fractional frequencies  £118.
our range of the Model K200  soldering iron with Power 150 Watts from 0 to 40°C, it offers exceptional  in each decade.

Power 200 Watts long term stability—aging 1ppm per Our new 4401 Freguency Stand-

Power 500 Watts - interchangeable bits r
Bitsize 14, 6mm Bit fitted £17‘36

£25'3o P£ov'ie'i :OSW6tts ggé\t/:;e b6p extra

year. And it's directly traceable to ard sets a new value standard.
the National Bureau of Standards
via factory calibration to WWVB.

Bitsize 11"

£19-55

inc, VAT inc. VAT Spare bits for H serie
Postage 93p extra Postage 93pextra  inc. VAT £El’ .27 eachinc. VA'Ts
Postage 66 p extra Postage 10p extra
Y Sizes available
4.5mm
6.0mm
Al our range of soldering irons 9.5mm
‘ are available in 100/110 volts and 11.0mm
. 220;240 volts. The type 1 and
TheTYPE 1 b L
L . pecify
The original when ordering) MODThEL D?o
MIGHTY MIDGET te;;g;gtjf;
lglxzarlitrtxg iron ~controlled soldering
Fitted with iron in our range with

interchangeable bits

No. 20 (3mm) bit Power 50 Watts
£4-95 £12:07
inc. VAT inc. VAT

Postage 28pextra
Spare bits for model D
82peach inc. VAT
Postage 10p extra
Sizes available 1.5mm
3.0mm (fitted as standard)
4.5mm 6.0mm

Postage 28p extra

Spare Bits 69p
inc. VAT and postage
Sizes available
1.5mm (No. 19)
3.0mm (No. 20)
4.5mm (No. 21)
6.0mm (No. 22)

Special Bit
No. 78 |.C. Desoldering Bit

£1.27 inc. VAT
Postage 12p extra

Universal

SOLDERING SOLDER
IRON SAFETY

STAND Postage

Savbit 22 SW.G. 20t. 70p 12p
Savbit 22 SW.G. 10it 40p 8p
Low Melt 145°C 20 S.W.G.10ft

(Suitable for white
metalkits.) 80p 12p

Suitable for most
soldering irons
up to 50 watts

S & K IREWSTES,
gD

o
& ‘, ¥
e/ El... |

o -
N
.,

GLOBAL spEClALTlES CORPORAT'ON r G.S.C. {UK) Ltd., Dept 7R, Unit 1, Shire Hill industrial Estate, Saffron Walden, Essex CB11 35

Qnty.
Fead

ol

Postage 80p extra. Inc. VAT
FROM YOUR LOCAL RETAILER OR DIRECT FROM MANUFACTURERS.

S&R BREWSTERIID

‘CECO’ 86-88 UNION STREET PLYMOUTH PL1 3HG ENGLAND G.S.C. (UK) Limited, Dept. 7R (e RN

= . . . 3 A —
. Lek (0752) Rt o ctexchd S0t Upit I ' Sh're ] lEl nduséga‘ll‘lE;’tAag’ FOR IMMEDIATE ACTION — The G.5.C. 24 hour, 5 day a week service.
j 7 a Retail, whol le & industrial enquiri | Saffron Walden' ssex R . Tetephone (0799) 21682 and give us your Barclaycard, Access, American
- s e 22 : el s o : Temphone: Saffron Walden (0799) 2 1 682 L Express number and your order will be in the post immediately.

i TE‘EX817477 —————————————A-——————

I Modet 4401 | FREQ STANDARD lUnit price inc P&P 16% VAT £138.58

Narne
Address

- _or debit my Barclaycard/Access/’
exp. date

For Free
catalogue
tick box

WW — 045 FOR FURTHER DETAILS

.~ WW — 008 FOR FURT]:[JER PETAILS
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The Sound of the Professionals.

5 sHURE )

Shure Electronics Limited Eccleston Road
Maidstone ME15 6AU
Telephone: Maidstone (0622} 59881

WW — 077 FOR FURTHER DETAILS
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SOUND x

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

SMB85 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 l
SM85 highly immune to stray hum fields. An integral, duai- |
density foam windscreen provides built-in pop protection

What's more, the SM85 Condenser Microphone must
pass the same ruggedness and dependability 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 hightweight, beautifully balanced
—it feefs 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.

SM85

Cardioid Condenser
Hand-Held

Professional Microphone

et gy N il | s BB 2T

AAAAAA



30

WIRELESS WORLD JULY 1981

New development in
h.f. coaxial cable

Structure offers lower losses and improved power handling

by S. G. Carter, M.Sc., Cable and Wireless and H. M. Barlow, F.R.S., University College, London

Recently it has become possible to
make a high-frequency cable which is
a cross between the conventional
coaxial design and waveguides, a

- type of structure that exhibits much
lower losses than is usual when based
on attenuation per unit of cross-
sectional area. This cable transmits in
the dipole mode, well known for its
application in optical fibres, and
consists of an outer screen, as in the
ordinary coaxial cable, with a group of
paraliel wires forming a concentric
cylindrical structure for the innerin
place of the more usual solid metal
wire or tube.

At very low frequencies the guided trans-
mission of telecommunication signals over
long distances can be carried out by a
single wire, using an earth return, or by
pairs of parallel wires in space. However,
as the frequency is increased the lack of
electrical balance of the wires and the un-
restricted spread of the field from them
begins to present interference problems
and a change has to be made to a screened
transmission system. Up to the present,
this has almost invariably taken the form
of either TEM transmission in a coaxial
cable or propagation in a hollow metal
waveguide. Both of these arrangements
have their own advantages and disadvan-
tages but, as expected, signal attenuation
has always been a major factor influencing
system design. Any reduction of attenua-
tion can lead to lower transmitted powers,
small cables, an improved system noise
performance and increased repeater spac-
ing, either separately or in combination,
according to design.

In the structure shown in Fig. 1, the
currents set up the inner multi-wire
structure are such as to provide for electric

Inner structure
consisting of
N parallel wires

/

Continuous
" metal screen

Fig. 1. Cross-sectional view of basic form of
dipole-mode cable.

field across a diameter as well as a circum-
ferential field: thus the arrangement
supports a wave in the dipole mode. As a
rule, a large part of the transmitted power
is located within the wire-grid structure
while, outside the grid, the field decays
rapidly. In these circumstances the outer
metal tube functions primarily as a screen
and normally only produces a small pertur-
bation of the field, even when its radius is
reduced to about double that of the inner
wire grid. Consideration of the operating
conditions show that the inner multi-wire
structure at u.h.f. behaves very much like
the optical fibre at infra-red frequencies,
where transmission is in the same HE;;
mode with the power largely confined to
the core and a rapid decay of field in the
cladding. Further, like the large core-
diameter optical fibre, the dipole mode

_cable can in principle support many dif-

ferent modes of propagation (as many as
there are separate conductors) but, in
practice, provision is made to ensure that
only the lowest order dipole mode is car-
ried. There is, however, one significant
distinction between the behaviour of
multi-conductor coaxial cable and optical
fibre. Any attempt to screen a dielectric
rod transmitting in the dipole mode in the
u.h.f. region results in destruction of the
field and inhibition of propagation in that
mode. This is because the boundary condi-
tions on the inside of the screen cannot be
satisfied at such frequencies. The wire-
grid coaxial cable suffers no such limi-
tation. As with ordinary TEM transmis-
sion in conventional coaxial cables (and
unlike tubular metal waveguides), the di-
pole-mode cable does not exhibit fre-
quency cut-off and, in principle, can
therefore be operated at any part of the
spectrum down to d.c. However, it is in
the high u.h.f. and s.h.f. regions that the
losses are so much lower than those ob-
tainable with current-day coaxial cables.

Cable structure

While Fig. 1 shows the basic structure of
the dipole-mode cable, comprising a
number of parallel wires to form a cylindri-
cal grid, coaxial with an outer meral
screen, it is of course necessary to support
the inner conductors and separate them
from the outer. Although regularly spaced
disc insulators or beads may, when the
cable is straight, keep the wires of the
inner in position and also help to reduce
the amount of dielectric employed, the

need for a flexible cable tends to demand a
centinuous dielectric tube fo support the
wires. So far two different types of cable
structure have been developed experimen-
tally and these are illustrated in Fig. 2.
The polythene tube is extruded to include
the group of parallel wires attached either
to the outside or the inside of the tube and
this inner structure is then, as a whole,
located within the outer screen by one of
the methods employed in the construction
of ordinary low-loss coaxial cables; for
example, a dielectric membrane helixed
around the inner or, alternatively, a cart-
wheel-type dielectric spacer. For experi-
mental purposes the method chosen was to
support the inner structure by thin p.t.f.e.
discs with a hole in the centre through
which the inner cable structure was in-
serted. These supports were spaced ap-
proximately every 8 cm.

The cable attenuation is dependent not
only on the number of wires included in
the inner structure but also on their diame-
ter. In general, the loss decreases as the
number of wires increases and as more of
the circumference of the inner is covered
by metal. However, capacitive circumfer-
encial current is necessary for HE;; mode
propagation and consequently the wires
must always be spaced far enough apart to
maintain this dipole mode at an adequate
power level. Clearly, there are practical
problems in fabricating a cable with a large
number of very thin wires or strips of
metal and therefore the experimental work
was limited to structures having not more
than 16 wires.

Cable terminations

Instruments and components available to-
day for measurements all employ conven-
tional, coaxial connectors and cables, so
that the introduction of this new form of
multi-conductor, dipole-mode cable re-
quires special arrangements. Not only is a
connector required to maintain the conti-
nuity of the multi-wire system, but
transducers are necessary to convert the
TEM waves of the supply to dipole-mode
configuration prior to launching the wave
on the cable. This operation has to be
carried out with minimum loss and over as
wide a band of frequencies as possible.

One method of launching into a dipole
mode cable is to take the output from a
conventional coaxial supply and, using a
power divider, split it into as many parts as
there are separate wires in the inner

WIRELESS WORLD JULY 1981

structure of the dipole-mode cable. At the
same time the amplitude and phase of each
input is adjusted so that when superim-
posed they comprise the required dipole
mode field distribution. This has been
tried experimentally but it was found to be
difficult to establish and maintain the
precise amplitudes and phases required.

A more practical method of launching
the required dipole mode from a TEM
source is to use either electric or magnetic
coupling into the multi-conductor cable.
In general, transverse electric field coupl-
ing as shown in Fig. 3 gives more effective
transfer of power but this tends to be at the
expense of bandwidth when , compared
with the corresponding magnetic coupling
shown in Fig. 4. In the electric field
coupler (Fig. 3) a transverse wire fed from
the coaxial input is located at approxi-
mately a quarter of the signal wavelength
from a short-circuit termination formed by
connecting together all the inner wires and
the outer screen. Matching from the char-

Inner structure
dielectric support tube

acteristic impedance of the coaxial feed to
the dipole mode cable is obtained by
suitably adjusting the series and shunt pis-
tons shown in the diagram. The magnetic
launcher (Fig. 4) is typified by a small loop
of wire inserted into the end of the dipole
mode cable and extending a short distance
from the short-circuited end. A three-sec-
tion matching unit is used to transform the
impedance of the coaxial input down to the
very low impedance of the loop. Table 1
shows the loss and bandwidths achieved in
practice with these two different types of
launcher. 8

Cable attenuation

Particular interest in dipole mode cables
centres on the fact that their attenuation
has been shown to be considerably lower
than that of an equivalent, conventional
coaxial cable. furthermore, the dipole-
mode cable has no cut-off frequency and,
unlike a hollow metal waveguide, can be
used satisfactorily at quite low frequencies.

Fig. 2. Two different forms of dipole-mode cable.

Short circuit
termination

Co-axial input

Dipole-mode cable
inner structure

Transverse launch wire which runs through
the centre of the dipole mode cable {but
is electrically insulated from it)

Fig. 3. TEM-to-dipole-mode transducer, using transverse-electric field coupling.

End plate

Dipole mode cable inner

OUTeytreen

Co-axial input

'

oy e |
7

_%

I

>

3-stage Wire loop

matching section

PTFE support insulator

Fig. 4. Cross-section of dipole-mode launcher using magnetic coupling.
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Attenuation measurements having been
made at various frequencies on two dif-
ferent dipole mode cable structures, both
mounted inside a 2.22 cm-diameter copper
tube. A simple substitution method was
employed, consisting of a direct compari-
son between the loss of a known length of
the cable with that of a back-to-back
connexion between two dipole-mode
launchers. Joints were made in the cable
by employing short, thin, brass tubes to
interconnect the individual wires and a
sleeve was placed over the break in the
outer. .

The measured losses are shown in Fig. 5
and, while these display the very low atte- .
nuation obtainable, a more interesting re-
sult is a direct comparison between dipole
mode and TEM losses in the same cable.
The dipole-mode cable can be made to
operate in the TEM mode, simply by join-
ing them together, at each end, all the
inner structure wires and then feeding be-
tween them jointly and the outer, as in a
conventional coaxial cable. The use in
TEM transmission of an inner structure,
comprising parallel wires rather than a
solid metal conductor, only causes be-
tween 7% and 10% increase in attenuation.
The results of such a comparison made at a

| |

Cable type I

Cable type I
inner structure

inner structure

2 it
/@’@/

@
=

N

<
~

N

5
FREQUENCY (GHz)

o of—
w

Cable type [ in dipole -mode propogation
Cable type I in TEM mode prapagation
Cable type ITin dipole mode propagation
Cable type Il in TEM mode prapagation

BER e e

Fig. 5. Measured losses of multi-conductor
cable in dipole-mode and TEM-mode
transmission.

Table 1. Comparison of available
bandwidth and losses for dipole-mode
launchers shown in Figs. 3 and 4.

Bandwidth Nominal
(between loss
"aﬁy”‘f:er 3dB (TEM to
: points) dipole
MHz mode) dB
Magnetic ’ '
coupling 500 35
(see Fig. 4)
Electric }
coupling 150 y 0.26
(see Fig. 3)
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frequency of 3.3GHz on five different
forms of cable are shown in Table 2. From
these results it is clearly seen that when
using an inner structure with a radius of
about half that of the outer the losses are
reduced to about 50% of those of the same
cable operated in the TEM mode.

Practical applications

Optical-fibre transmission seems destined
to take a large share of long-distance tele-
communications and ih due course to
displace many of the coaxial line systems.
However, there will always be a large
number of circumstances in which conven-
tional coaxial cable remains applicable and
it is in these areas that the dipole-mode
cable could find a useful place. The re-
duced attentuation characteristics of this
cable reflects the more uniform energy-
density distribution over the cross-section
and the effective use made of the area
occupied by the inner structure. Since the
breakdown voltage of a cable is directly
related to the uniformity of energy-density
distribution within the cable, the expecta-
tion is that the power-handling capacity of
dipole-mode cable will prove superior to
that of the corresponding ordinary coaxial
cable.

" A typical example where this factor, to-
gether with the lower attenuation behav-
iour, could be particularly important is in
application to high-power u.h.f. aerial
feeders, such as those carrying the output
from a television transmitter to the point of
radiation. Here the size and weight of the
transmitter equipment requires that it be
located at ground level while the aerial has
to be as high as possible consistent with the
coverage required. The interconnecting
cable has therefore to be both of consider-
able length and capable of handling high
power. i

Various structures have been considered
over the development period for a practical

dipole-mode cable, and the one that now -

emerges as likely to be of particular success
is shown in Fig. 6. This has 12 parallel
wires spiralled around an inner polythene
tube and supported centrally within a con-
centric flexible outer screen using a ‘cart-
wheel’ type dielectric spacer. This cable
can be expected to exhibit the required
low-loss characteristics while remaining
flexible enough for all normal purposes.
Jointing the cable can be performed in a
number of ways, ranging from the simple
technique of soldering the individual wires
together with small metal sleeves to the
construction of a connector arrangement
similar to that employed in conventional
coaxial cables but with plug-in joints for
each of the inner wires, An alternative
jointing technique has been used in which
the separate wires are laid in metallized
grooves cut longitudinally in a small length
of dielectric tube.

In this new form of coaxial cable,
transmitting in a wave mode not
previously applied to such a purpose, an
important development is foreseen,
offering much lower losses, coupled with
high-power operation at frequencies up to
and including the bottom end of the

Table 2. Comparison of dipole-mode
and TEM losses for five different

types of cable contained within 2.22¢m
diameter outer screen.
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. | Measured losses at
Cable Wire | Cross sectional o i
type size view of inner SkzRtin di /i
number | (swg) | structure Dipole TEM
mode mode
18 @ 0-22 037
18 -@. 0-15 0-34
22 @ 0-27 0-45
18 {(:)} 029 039
22 020 0-36

PVC or polythene "Cartwheelsection
sheath polythene

Folded copper tape . l 12 x 20 swg wires

covered with [ I |

copper braid (e ’ .
| La-s J
i

22-2- |
Measurements are in mm

Fig. 6. Dipole-mode cable.

microwave band. The opportunities for
future application are considered to be
clearly distinguishable from optical-fibre
competition,
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Handbook of Fiber Optics, Edited by Helmut
T. Wolf. 558pp, hardback. Granada, £25.00.

Ten authors from Germany, Japan and America,
collaborated to produce this book, which is on
the use of optical fibres in communications:

~ applications for fibres conducting unmodulated

light are largely ignored, except in the case of
endoscopy.

The book is a concentration of a large body of
widely scattered information, and is thus a con-
venient survey of the subject, with a large
number of references. Each author undertakes a
review of a particular facet of optical commu-
nications (the book was first published in 1979)
and there are reviews of research activities in
Europe, the USA and Japan. The writing is at a
level which would be suitable for engineers and
scientists in other disciplines who need to use
optical fibres, and could be used by students.
For the worker already involved, it is a useful
reference source and guide to further reading.

After a long introduction to the subject by the

editor, four chapters describe the components
of a system —waveguides, sources, detectors,
connectors and switches. These are followed by
sections on economics, applications in commu-
nication systems and a piece on medical endos-
copes.

Ferromagnetic Core Design and Application
Handbook, by M. F. DeMaw. 256pp.,
hardback. Prentice-Hall International, £12.95.
The emphasis in the title of this book ought,
perhaps, to have been on the applications of
cores rather than on their ‘design, since the
majority of the text is devoted to very practical
information on the specification and use of in-
ductors which employ iron or ferrite cores.

Properties of materials and the physics of
cores are covered in the first chapter, the suc-
ceeding three being concerned with the use of
cores in the forms of rods and bars, toroids,
beads, sleeves and pots. Chapter S deals with
permanent magnetic materials. A good bibliog-
raphy, a list of references and a number of
appendices complete a most helpful book. The
circuit diagrams used throughout the book to
illustrate the use of cores, and reference to com-
mercial cores by type number are especially
useful, though the references are to American
components.

6809 evaluation system

for £100

interface

The 6809 is a recent 8-bit
microprocessor which uses a 16-bit
architecture to considerably improve
the performance available from an 8-
bit device. Because development of
conventional 16-bit processorsis
accelerating, many designers think

-that the 6809 represents the practical

limit for an 8-bit device.
Unfortunately, few potential users
have been able to evaluate this
processor because there is very little
hardware available at present and
information is still scarce. This design
is based on the well-tried and tested
Nanocomp (Jan. 81) and provides a
useful low-cost evaluation system for
the 6809.

The 6809 is the most recent addition to the
Mé6800 family of microprocessors, and
provides a much more advanced architec-
ture than the 6802. Internally the device is
a 16-bit processor, which can perform 16-
bit operations, with several extra registers

Uprated Nanocomp and cassette
by R. Coates
Table 1. Revised memory map
7FFF
monitor
——————— 7C00
;< user 7800
eprom - 7400
7000
- 4003
pia
4000
/ 13FF
display buffer
——————— 13FA
monitor workspace
——————— 13E0
2114 } — ——————13D0
rams 1 monitor stack
——————— 13B0
user stack
program ram
: 1000
pia
4000 output/data direction register A
4001 output/data direction register B
4002 control register A
4003 control register B

- and other improvements. However, be-

cause the device retains an 8-bit external
data bus, the hardware is very similar to
the 6802 and can therefore be used with a
slightly modified Nanocomp.

The improved performance of the 6809
is attributable to several factors besides the
potential of 16-bit operations. An impor-
tant advantage is the addition of extra and
more powerful addressing modes which
enable the processor to recognize 1464 dif-
ferent variations of instructions and
addressing modes from a basic instruction
set of 59. Despite this large number of
instructions, the improved architecture
makes the device easier to program.

To preserve software compatibility with
earlier Motorola microprocessors, the 6809
is compatible at source-code level with the
6800 so all but a few of the existing mne-
monics are included. Exceptions such as
INX have been excluded to maintain as
rigidly as possible the regularity of the
architecture. Extra addressing modes have
been provided for the existing instructions
and new instructions, unique to the 6809,
have been added. Therefore, source
programs written for the 6800 can be re-
assembled using the 6§09 op-codes, (not all
are the same as the 6800) and existing
software can be transferred. All mnemon-
ics excluded from the 6809 can be per-
formed by new instructions. Although it
may seem pointless to transfer existing
software to a more powerful processor, it
allows users to upgrade their systems with-

wwWw americankadiohicetory com

out having to re-learn completely.

Branch instructions have been improved
by adding 16-bit 2’s complement offsets as
well as 8-bit. This permits a branch to be
made from anywhere to anywhere in the
full 64K address range, which makes the
writing of position independent programs
much easier.

Circuit modifications

The block diagram of this design is iden-
tical to the original version except that the
6809 does not have an on-chip r.a.m. and
the 128 bytes at address 0000 to 007F are
not available. The circuit diagram in Fig.

‘1 is almost identical to the original and,

apart from the obvious change of c.p.u.
chip, the main difference is that the
74LS00, which generated the VMA.E sig-
nal, is omitted. This i.c. is not required
because there is no valid memory address
signal on the 6809, and invalid memory
addresses are forced to FFFF. The E out-
put can be used directly in place of
VMA.E. Another alteration is the provi-
sion of an extra interrupt input, the fast
interrupt request FIRQ. This input is not
used in the present design, but is brought
out to a pin for possible future use, Reset
on the 6809 has a Schmitt-trigger input
which, with capacitor Cy, provides auto-
matic power-on reset. Because the c.p.u.
on-chip r.a.m. is not available, the

memory map has been revised and is
shown in Table 1. The monitor workspace
is now positioned at the top of the 1K
memory and therefore about 40 bytes are
lost for user programs. All other aspects of
the circuit and testing are as described for
the 6802 version.

Operation

Operation is more or less the same as the

6802 version. As the monitor software list-
ing now includes cassette-tape handling
routines, the full 1K allocated to the moni-
tor program, 7C00-7FFF, is now used.

‘These routines use the L and P keys and

are described later. The main alteration to
the monitor is the register display com-.
mand R which has been revised to take
account of the increased number of c.p.u.
registers. This command is automatically
entered after a SWI, but may be re-entered
with the R key. The condition-code regis-
ter contents are first displayed with the
right-hand digit denoting the register be-
ing displayed as shown,
~ = condition-code register
acc A
accB
direct page register
X register (index)
Y register
user stack pointer
program counter
hardware stack pointer
The I key will increment through the
various registers, and their contents will be
shown on the left four digits. After
displaying 5, the unit automatically re-
turns to the monitor start. The two new
software interrupt instructions, SW12 and
SW13, are not used by the monitor but,
with the hardware interrupts, the program
can jump to and continue from a specified
‘address in certain memory locations.
These are listed in Table 2.

When an interrupt occurs, the continua-
tion address is fetched, which is usually
the interrupt service routine, and proces-

Ty
I

R Tol W ol W
o

Table 2. Interrupt jump locations

When an interrupt occurs, an address is
fetched from the memory shown and’
processing continues from that address.

Interrupt Address
SwW13 13E5/6
SwW12 13E7/8
FIRQ 13E9/A

NMI 13F2/3

IRQ 13F4/5
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sing continues from that point. The NMI
input, however, is used for the abort key
and its jump address is set automatically
when a reset occurs, but it may be mod-
ified for other purposes by a users
program. The monitor has been written to
ensure that the useful monitor subrou-
tines, listed in Table 2 of the original arti-
cle, function identically and have the same
entry address points. The re-entry point to
the monitor from a user program is 7D97,
which also applies to the 6802 version.

The four original programs can be in-
cluded if a 2 or 4K e.p.r.o.m. is used. The
start address for hex-decimal/decimal-hex
converter is 7800, duckshoot — 7940,
branch calculator — 7A00 and mastermind
—7A80. For duckshoot, the speed is set at
location 1000 and 1 because there is no
memory at 0000 in the 6809 version. Two’s
complement offsets used by the branch
instructions of the 6802 are limited to 8
bits but the 6809 also uses 16-bit offsets,
with the PC relative addressing mode,
therefore the branch calculator program
now caters for these. In addition to re-
questing the start and destination
addresses, the program requests the
number of bytes in the instruction, & in
the right-hand display, which must be en-
tered. If an instruction has only two bytes,
it must be an 8-bit offset so an 8-bit value
is given or two dashes if it is out of range.

An instruction which requires a 16-bit
offset must be three bytes or more, so a 16-
bit answer is displayed if a byte value of
three or greater is given.

Programming

Because programming information for the
6809 is not widely available yet, a brief
description of the architecture is given to-
gether with the instruction set and pro-
gramming details. However, for serious
programming, Motorola’s MC6809 Pre-
liminary Programming Manual is essen-
tial.

A programming model of the 6809 is
shown in Table 3, and details of the regis-
ters are given below.

Accumulators (A, B, D)

The A and B registers are general purpose
8-bit accumulators for arithmetic calcu-
lations and data manipulation. Some in-
structions link the registers to form a

single 16-bit accumulator (D) with A as the
most significant byte.

Direct page register

The direct addressing mode in the 6800
allows a shorter form of instruction to be
used for accessing the bottom 256 bytes of
memory. This facility has been enhanced
in the 6809 so that the 8-bit direct page
register is used as the most significant byte
for direct addressing. This allows the
direct mode to be used under program
control at any place in memory.

Index registers (X, Y)

These are the same as the single 6800 regis-
ter. The 16-bit address in the register takes
part in the calculation of effective
addresses and can be used to point to data
directly. The address can also be modified
by an optional constant or register offset.
The 8-bit constant offsets are supple-
mented with 5 and 16-bit offsets. All four
pointer registers (X, Y, U, S) can be used
as index registers.

Stack pointers (U, S)

The hardware stack pointer, S, is used by
the processor’ during subroutine calls and
interrupts, and points to the top of the
stack instead of the next free location as in
the 6800.

The user stack pointer. U, allows argu-
ments to be passed to and from subrou-
tines. Both stack pointers can also be used
as index registers, and have additional
Push and Pull instructions which can
operate on any or all of the registers (ex-
cept themselves).

Program counter

Used by the processor to point to the
address of the next instruction to be exe-
cuted.

Condition code register

This register, also known as the flag regis-
ter, defines the state of the processor at any
time. The register comprises

C (bit 0) CARRY. Indicates that a carry
occurred on the last ALU operation, or a
borrow from subtraction instructions.

V (bit 1) OVERFLOW. Set by an opera-
tion which causes a two’s. complement
arithmetic overflow.

Z (bit 2) ZERO. Set if the result of the
previous operation was zero.

N (bit 3) NEGATIVE. Contains the
m.s.b. from the result of the preceeding

15

Table 3. Programming model of the 6809

0

X — Index register

Y - Index register

U — User stack pointer

Pointer registers

" S — Hardware stack pointer

PC

Program counter

A s

Accumulators

. D

7

7

DE Direct page register
: 0
Eﬂmnma CC - Condition code

0

. register
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operation. Therefore, a negative two’s
complement will leave N set.

I (bit 4) IRQ mask bit. Interrupts on this
line will not be recognised if I is set. NMI,
FIRQ, IRQ, RESET and SWI all set the I
bit, but SW12 and SW13 do not affect it.
H (bit 5) HALF CARRY. Indicates a carry
from bit 3 in the ALU after an 8-bit addi-
tion. Used by the decimal adjust instruc-
tion to perform the b.c.d. decimal add
adjust operation.

F (bit 6) FIRQ mask bit. Interrupts on this
line will not be recognised if I bit is set.
NMI, FIRQ, SWI and RESET set the F
bit. IRQ, SWI and SW13 do not affect it.
E (bit 7) ENTIRE FLAG. Used to indi-
cate whether all the registers were stacked
or a subset (PC and CC) performed by a

-FIRQ. The E bit of the stacked condition

code register is used on return from in-
terrupt (RTI) to determine the extent of
unstacking.

The main improvement offered by the
6809 is the proliferation of addressing
modes which are summerised below.

INHERENT. In this mode the opcode
contains all necessary address information
(single byte instruction).

IMMEDIATE: The data to be used by the
instruction immediately follows the op-
code in memory. Can be an 8-bit or 16-bit
value depending on the instruction.

EXTENDED. The contents of the two
bytes following the opcode specify the 16-
bit effective address used by the instruc-
uon.

EXTENDED INDIRECT. A special case
of indexed addressing where one level of
indirection is added to extended
addressing, ie, the two bytes following the
postbyte of an indexed instruction contain
the address of the address of the data.

DIRECT. Similar to extended but only the
lower 8 bits of the effective address are
specified in the byte following the opcode.:
The upper 8 bits of the effective address
are supplied by the direct page register.
Therefore, programs using this mode
rather than extended will use less memory.

INDEXED. The most complex
addressing mode. In all indexed
addressing, one of the pointer registers (X,
Y, U, S and sometimes PC) is used in a
calculation of the instruction. The
postbyte of an indexed instruction
specifies the basic type and variation of
addressing mode, and the pointer register
to be used. Table 4 gives the details neces-
sary for calculating the postbyte opcode for
all forms of indexed addressing. The five
basic types of indexing are

Zero Offset. The selected pointer register
contains the effective address of the data to
be used by the instruction.

Constant Offset. A two’s complement off-
set and the contents of one of the pointer
registers are added to produce the effective
address of the operand. The pointer regis-
ter’s initial content is unchanged by the
addition.

Three sizes of offset are available, * 4-
bit (~16 to +15), £ 7-bit (—128 to +127)
and * 15-bit (—32768 to +32767). The 5-
bit offset is included in the postbyte,
whereas 8-bit and 16-bit offsets require 1
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Table 4. Indexed addressing modes
Non indirect Indirect
Assembler Postbyte + + Assembler Postbyte | + +
Type Forms form op-code . % form op-code ¥
Constant offset from R no offset R 1RR00100 0 0 (Rl 1RR10100 3 0
(signed offsets) 5-bit offset n, R ORRnnnnn 1. 10 defaults to 8-bit
8-bit offset n, R 1RR01000 1 1 [n, R] 1RR11000 4 1
16-bit offset n, R 1RR01001 4 2 [n, R] 1RR11001 7 2
Accumulator offset from R A — register
(signed offsets) offset A R 1RR00110 1 0 [A,R] 1RR10110 4 0
B — register
offset B, R 1RR00101 1 0 [B, R] 1RR10101 4 0
D — register
offset D,R 1RR01011 4 0 [D,RI] TRR11011 7 0
Auto increment decrementR | increment
p by 1 R+ 1RR0O0000 2 0 not allowed
increment
by 2 R++ 1RR00001 3 0 [,R++] 1RR10001 6 0
decrement N
by 1 —R 1RR00010 2 0 not allowed -
decrement 1
, by 2 ~—R 1RR00011 3]0 | (~-R 1RR10011 6 | 0
Constant gffset from PC 8-bit offset n, PCR 1XX01100 1 1 [n, PCR] 1XX11100 4 1
3 16-bit offset n, PCR 1XX01101 5 2 [n, PCR] 1XX11101 8 2
Extended indirect 16-bit
address = ! = = = [n] 10011111 5 2
R=X Y UorS X =00 Y =01 X =don'tcare . U=10 S=11
+ and +¢ indicate the number of additional cycles and bytes fog' the particular variation

or 2 bytes respectively after the postbyte
for the offset.

Accumulator Offset. Similar to constant
‘offset indexed except that the two’s com-
plement value in one of the accumulators
(A, B or D) is used as the offset, the
postbyte specifies which. Neither register
is altered by the operation.

Auto Increment/Decrement. Similar to

zero offset, but with auto increment. After
the pointer register is used it is incre-
mented by 1 or 2 and then used.
Indexed Indirect. All indexing modes, ex-
cept auto increment/decrement-by-one
and 5-bit offset, can have an additional
level of indirection. This means that the
effective address is contained at the loca-
tion specified by the content of the index
register plus any offset.

RELATIVE. Branch instructions use the
relative addressing mode, i.e. the byte(s)
following the branch opcode is a signed
offset which is added to the program coun-
ter. If the branch condition is true, the
calculated address (PC + signed offset) is
loaded into the program counter. Execu-
tion then continues from the new address.
Short branches require a 1-byte offset and
long branches require 2 bytes.
PROGRAM COUNTER RELATIVE.
Another type of indexed addressing where
the program counter is used as the pointer,
with an 8 or 16-bit offset. This is very
useful for pointing to blocks of data in a
program which must be relocatable, i.e.
runs anywhere in memory. The Load
Effective Address instruction makes use of
this mode. For example, to point the X
register to a block of data by specifying an
offset, relative to the current PC position,
where the data block resides. This offset

will remain constant wherever the program
is run, whereas with a LDX instruction
the absolute address must be specified. An
additional level of indirection is available

with this mode.

New instructions

PSH/PUL. These instructions allow any
combination of registers to be pushed onto

or pulled off the hardware (S) or user (U)

stack. Which registers are pushed or
pulled is defined by an immediate byte

Fig.2. Cassette interface. This circuit is

powered from the Nanocomp via the p.i.a.

connector.

after the opcode. Each bit in the byte
specifies a register.

CC =h01it0
A,D = bit 1
B,D = bit 2
D P = bit 3
X = bit 4
Y = bit 5,
- U,S = bit 6
PC = bit 7

" TFR/EXG. Any register may be trans-

ferred or exchanged with any other register
of the same size, i.e. 8-bit to 8-bit or 16-bit
to 16-bit. Also, a 16-bit register can be
transferred to an 8-bit. The registers to be

Cassette
recorder ‘
connector C2

PIA
R2 connector

Mic O=— 4}

AN — PBg

+5V

R IC4
& é ok R CA3140

R7 % 10k T
Gnd¢ . —o
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-

]
5 e PBy
” 4k7 ‘ :

Gnd
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Fig.3. Layout and compdnent placement
for the cassette interface. -

transferred are specified in an immediate
byte. A code contained in the most signifi-
cant four bits specifies the first register and
the least significant four bits specify the
second.

The register codes are

0000 = D
- 0001 = X
0010 = Y
0011 = U
0100 = S
0101 = PC
1000 = A
1001 = B
1010 = CC
1011 =DP

MUL. Multiplies the unsigned binary
numbers in the A and B accumulators and
places the unsigned result into the 16-bit D
accumulator.

Although this short account of the 6809

is by no means complete, it should enable
the constructor to start programming this
very powerful processor..

Cassette tape interface

One facility which is more or less essential
with any computer system is a means of
storing programs. The cheapest conve-
nient method of storage is a cassette tape
and, as most users will have access to a
cassette recorder, all that is required is the
appropriate interface and software. This
simple interface can be used with either
version of the Nanocomp and will load the

1K memory in about 15s. An important’
part of the tape storage system is a set of-

routines, so readers using the original mo-

“nitor will need to reprogram their

€.p.r.o.m.

Data to be stored is transmitted to the

recorder from a p.i.a. output line in the
usual asynchronous serial format of a start

Bvdiohicstorvy com
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bit, eight data bits and two stop bits for
each data byte. Data bytes are transmitted
in blocks of up to 16 bytes and each block
starts with a 2-byte code, which identifies
the start of a block on playback, followed
by 2 bytes which give-the start address of
the block. The data bytes are then sent,
followed by a checksum byte which is cal-
culated by adding all the bytes in the
block. The end of a recording is identified
by an end-of-file code. Each bit is encoded
onto the tapeas one cycle of a square wave,
and the period of 500us or 2ms determines

‘whether it is a 1 or 0 respectively. When

loading a program, the period of each cycle
is measured by checking whether it is
greater or less than the average period,
which makes the system reasonably
tolerant of tape speed changes between
different machines.

The interface plugs into the p.i.a.
connector and is powered by the Nano-
comp. Spare lines PB6 and PB7 are used
for data transmission and reception so the
interface can be permanently connected.
The data to be recorded is transmitted
from PB6 and reduced in amplitude by the
potential divider R;, R; in Fig. 2. On
playback, the output from the recorder is
limited and squared for driving the logic
input of the p.i.a. A CA3140 is used for
IC; because it operates satisfactorily from a
single 5V supply. y

The cassette interface can be assembled
on a small p.c.b. as shown in Fig. 3. Only
four connections are required to the Nano-
comp and the connector numbers are

+5V 7a
0V  2a

PB6 12a

PB7 - 12b

If a ribbon cable is not available, ordinary
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stranded wire can be used and.soldered
onto the connector.

Operation ,

The L and P keys are used to load and
dump data respectively. To save a
program, key P and the display will re-
quest the start address of the memory
block to be saved 5, followed by the finish
address . Transmission will start im-
mediately the last key is released, so the
recorder should be started before this.
When the recording is finished, & will
appear in the left of the display which
indicates that the recorder can be stopped.
Abort or Reset will. return the monitor
prompt.

To load a program, key L and start the
recorder just before the beginning of the
program. To provide a form of feedback,
the top and bottom segments of the
lefthand display are turned on as data is
received. When a 1 is received, the top
segment is on and when a 0 is received, the
bottom segment is on. If the program is
loaded correctly, when the end-of-file code

-is received ¥ is displayed. Abort or Reset

returns the prompt. If a checksum error is
encountered in one of the data blocks, a £
is displayed and loading is stopped. If this
occurs the tape must be rewound and res-
tarted. .

~ With some experimentation the record
and playback levels can be optimised al-
though, with a reasonable recorder, they
are not critical. It should be noted that the
requirements for recording data on a cas-
sette tape are high so only high quality
audio cassettes or, preferably, certified
data quality should be used. Also, a worn
recorder which does not give an acceptable
performance with speech or music is un-
likely to produce reliable data recordings.
Auto record-level machines may also cause
problems because their circuits are not
designed to be used with a low mean-to-
peak ratio square wave. ‘

Although the Nanocomp was originally
intended as a microprocessor trainer,
many constructors may want to uprate the
unit as shown, and interface the circuit to
other systems. We intend to support this
design with a further article describing
extra peripheral devices such as a-to-d and
d-to-a converters and a simple e.p.r.o.m.
programmer. '

The original monitor/utility program
has been revised to remove a potential bug
in the master mind program, and to im-
prove the performance if poor quality keys
are used. A hex list of the new monitor,
which also contains the cassette interface
software, can be obtained from the edi-
torial office by sending a large s.a.e. clearly
marked 6802 or 6809.

A set of p.c.b.s for the 6809 Nanocomp
(power supply and logic board) will be
available for £9.00 and a cassette interface
board for £1.50, inclusive of v.a.t. and UK
postage, from M. R. Sagin, 23 Keyes Road,
London N.W.2,

Technomatic Ltd, 17 Burnley Road, Lon-
don N.W. 10, 01-452 1500, and Magenta
Electronics Ltd, 135 Hunter Street, Burton-
on-Trent Staffs, 0283-65435, will be

-offering a kit of components. Both com-

panies will also reprogram e.p.r.o.m.s for
both versions of the Nanocomp.
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CB — so close to 28MHz

One factor arising from the Home Office’s
draft ‘performance specification’ for
27MHz f.m. equipment, for what is now
officially termed the “Citizens Band Radio
Service”, will be viewed with some dismay
by many radio amateurs: the minimal fre-
quency gap between ‘“‘Channel 40”’
(27.99125MHz nominal carrier frequency)
and the 28.000MHz low-frequency end of
the 28MHz amateur band. This represents
an unexpectedly savage turn-down of the
RSGB request that any such service should
not be located close to an amateur band.

It can be argued of course that if c.b.ers
stick to the proposed conditions — for
example that all equipment must be cov-
ered by a licence of which it will be a
condition that ‘“the apparatus fulfils, and is
maintained to, certain minimum technical
standards’ — then there may be few prob-
lems. But there seem certain to be “social
problems” when licensed c.b.ers find, as
almost certainly they will, that their low-
power, low-cost rigs cannot be expected to
function satisfactorily when one of their
neighbours is legally running a 28MHz
amateur transmitter at 150 watts d.c. input
or 400 watts p.e.p. output only a few kHz
away from the c.b. channel! .

Although the latest Home Office plans
have received a good deal of criticism one
cannot help feeling that if the same propo-
sals had been made several years ago they
would have been warmly welcomed by
almost all those interested in the de-
velopment of c.b. What remains to be seen
is whether the proposed regulations will be
obeyed or enforced.

For example, it is difficult to imagine
even an otherwise conscientious c.b.
operator actually taking care to insert a
10dB attenuator when using a high aerial!

Amateur television

The latest issue of CQ-TV, journal of the
British Amateur Television Club, reports
an increasing number of television contacts
with Continental amateurs. Andrew Em-
merson, G8PTH, of Canterbury mentions
his successful reception of lockable SE-
CAM colour transmissions from FIEDM
at Le Havre. Several British amateurs are
experimenting with video transmissions on
the 1.3 and 10 GHz bands. In Melbourne,
Australia a television repeater accepts sig-
nals on 440MHz and retransmits them on
S79MHz and can thus be received on un-
modified domestic television receivers. In
the USA the FCC is continuing to permit a
handful of amateurs to experiment with
“medium scan television” on 29.150MHz
with a maximum bandwidth of 36kHz.
This concession is resulting in the exploita-
tion of a number of novel techniques, in-
cluding frame grabbing at an eighth of the
60 fields per second of standard American
television. It has been found that at least

7.5 fields per second are needed to give a
reasonable illusion of movement. One of
the amateurs concerned in this work
(W3EFG) was the originator, several years
ago, of the General Electric (USA) “Sam-
pledot” narrow-band system and plans are
now being made to use some of the original
Sampledot equipment in conjunction with
a digital scan converter and frame grab-
bing to provide a 7.5 rather than 60 Hz
field rate.

Slow-scan land and sea image data with
a format of 256 by 256 pixels and 16 grey
levels with digital transmission on the bea-
con signal at 145.825MHz are among the
facilities that will be provided by the
British amateur satellite UOSAT (Univer-
sity of Surrey) due to be launched in a few
months time. UOSAT will carry an earth-

- pointing c.c.d. two-dimensional imaging

array.

Amateurs at British Telecom’s research
centre at Martlesham are planning tv
transmissions both for local “news” and
for regular contacts with Holland. BATC
deserves congratulations on the new
“Amateur-Television Handbook” edited
by John Wood, G3YQC and Trevor
Brown, G8CJS. This excellent 96-page
booklet is packed ‘with eminently practical
information and designs provided by some
20 amateurs and covering principles,
aerials, receivers, transmission, vision
sources, video processing and colour
television (non-members £2 plus 35p
postage from I. Pawson, 14 Lilac Avenue,
Leicester LES 1FN). '

IARU Region 1
Conference

The many sessions of the IARU Region 1
Conference at Brighton, at which the
national amateur radio societies of some 36
countries were represented among the 150
or so delegates, resulted in many recom-
mendations that in the coming years
should help to make as effective as possible
both operating and technical investiga-
tions. But less happily this conference will
also be remembered for the deaths of two
of the delegates: Peter Balestrini, G3BPT
and the Dutch amateur PAocOK. Peter
Balestrini was the 1980 President of the
RSGB and was attending the conference in
his capacity of RSGB Emergency Commu-
nications Manager. Professionally engaged
with Port of London Authority telecom-
munications, he was for many years one of
the leading enthusiasts who built up the
“Raynet” emergency system.

Although there can be few amateurs
who did not wish the Conference well,
some criticism has been expressed of the
Home Office decision to permit the use of
a special callsign, GBIIARU, since the use
‘of “four-letter’’ callsigns is not specified in
the international Radio Regulations.
However the Home Office clearly regarded

this as a very special “special event” and

* even gave blanket permission for the sta-

tion to be operated by foreign delegates not
holding a reciprocal British licence. ‘

April solar storms

Highly disturbed h.f. propagation condi-
tions were experienced during April, parti-
cularly during the periods April 7 to 13
and April 21 to 27, following intense solar
flares. On some days F2 critical frequen-
cies remained abnormally low and on April
13 between 0600 and 1700 hours the F2
layer was not detectable at The Appleton
Laboratory, and the amateur h.f. bands
remained virtually unusable during much
of the day. A considerable number of

- severe h.f. blackouts and auroral condi-

tions were experienced during the month.
Such ionospheric disturbances tend to take
place most frequently during the early de-
creasing phase of a sunspot cycle, but the
events of April were unusual by almost any
standard. '

Observations made on 3.5MHz by
G3XR]J and VK7AE in Tasmania, Austra-
lia during an eclipse of the sun on Feb-
ruary 4 around 2030 hours showed a very
marked enhancement of this low h.f. path
between England and Australia during the
total eclipse period. The effect, during the
Australian ‘“dawn”, was to keep the path
open almost an hour longer than normal,
although there was a very rapid fadeout of
signals after the sun re-emerged.

In brief

A weekend ‘Hamfest’ from Friday to Sun-
day, 26-28 June, is being organized by the
Leeds & District Amateur Radio Society,
opening with a “welly disco” and with
arrangements for overnight camping and
caravan facilities. A demonstration station,

GB2WYR, will operate . . . The RSGB’s"

v.h.f. national field day, probably now the
biggest UK contest event of the year, is on
July 4to 5. . . Mobile rallies include three
on June 28: Longleat Park, Warminster,
Wilts; Rolls Royce Sports and Social Club,
Barnoldswick; and Crawfordsburn Scout
Camp, Crawfordsburn County Park, near
Bangor, Co. Down; July 12 Droitwich
High School, Droitwich; July 19 Brighton
Raceground, Brighton and Cornwall Tech-
nical College, Pool, Camborne. . . . Abuse
of the South London 144 MHz repeater
continues, including the weekend of the
Brixton disturbances . . . J.T. Dolan of
Seattle, USA, was fined $750 for operating
the pirate broadcast station “RX4M Voice
of Clipperton” after FCC engineers traced
him using sophisticated mobile direction
finders. In California, David Lee Grimm
was fined $1500 for illegal c.b. operation
after repeated warnings and equipment
valued at about $8000 seized, including
four linear amplifiers, two amateur radio
transceivers and one c.b. radio transceiver.

PAT HAWKER, G3VA
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Leap seconds

Story of the transfer from astronomical to atomic time

by L. Essen, D.SF., F.R.S.

Most people now know that all time
measurements and time signals
throughout the world are based on
atomic clocks but the need to adjust
them by one second at the end of the
year is not well understood. It follows
from the fact that the signals must
not only give precise uniform
intervals of time but must also give
the time of day which is determined
by the non-uniform rotation of the
earth. The transfer from astronomical
to atomic time and the co-ordination
of the two systems was an important
step in the advance of science and it is
surprising that the full story has never
been told. The requirements of radio
engineers were always prominent in
the discussions.

The time of day is not required very accu-
rately for civil purposes — it is changed by
an hour, twice a year — but for navigation
at sea it should be fairly close to the time
scale based on the position of the stars,
known as UT1. Time intervals, on the
other hand, are required to be as precise
and uniform as possible, particularly for
air navigation and the control of the fre-
quencies of radio transmitters. For these
applications the actual time or epoch of the
signals is irrelevent.

These two requirements are so different
that it might be asked why two separate
sets of signals are not used, giving astro-
nomical time for sea navigation and civil
purposes and atomic time for everything
else. This was indeed suggested by Dr
G.M.Clemence of the US Naval Obser-
vatory who proposed that two units of time
should be defined, adding, probably not
very seriously, that the atomic unit should
be called the Essen. The fundamental ob-
jection to this is that it would constitute a
duplication of one of the basic units of
measurement; and a practical objection is
that the use of two time scales would un-
doubtedly lead to confusion, as our exper-
ience with standard frequency transmis-
sions had shown. It was therefore worth
while to make an effort to construct a
single time scale, which would give the full
accuracy of the atomic clock and the time
of day as accurately as needed. This prin-
ciple was accepted but it took 16 years to
get international agreement on the details.

The first caesium atomic clock was put
into operation at the National Physical
Laboratory, Teddington, in June 1955;
and it was immediately obvious to us that

Ladiohistorv com

The original caesium resonator, designed at the NPL by the author and J. V. L. Parry,
which led to the development of the atomic standard of time.

the necessary checks on its performance
under different conditions could not be
made in terms of astronomical time. A
provisional atomic unit was defined and an
atomic scale maintained by quartz clocks

checked by the atomic clock, under stan-

dard conditions, as often as necessary. _

It happened that the International As-
tronomical Union was meeting in Dublin
that summer and through the courtesy of
the Astronomer Royal, Sir H. Spencer
Jones, I was able to attend this meeting to
describe the clock and the initial results.
One of the main topics of discussion at the
meeting was a proposal to redefine the unit
of time, making it in effect a fraction of the
time of revolution of the earth round the
sun instead of a fraction of the time of
rotation on its axis. It was believed that
this unit, the second of ephemeris time

(ET) would be more constant than the

second of universal time (UT1). It is diffi-
cult to measure it and the value being

The next leap second will be
on 30th June 1981 in the last
minute of the day. The minute
before midnight will contain
61 seconds instead of 60
seconds.

recommended was in effect the average
value of the second of UT1 over a period of
200 years. Such a unit might be useful for
astronomical work but it is not of the slight-
est use to the physicist and radio engineer.
I suggested that it might be wise to delay a
decision until agreement was obtained on
the definition of an atomic unit which
would certainly be required in the future.
However, the proposal to change to ET
was adopted and was confirmed at the
General Conference of Weights and Mea-
sures in 1956. It was a strange decision and
it meant that from 1956 until 1967, when
an atomic unit was defined, the definitive
unit of time existed only on paper. The
unit ‘used in practice was the second of
UTI; and at the NPL this was defined in
terms of the provisional atomic unit, which
was made available throughout the world
by our standard frequency transmissions
and their 1s timing pulses derived from the
standard. These were used at the Interna-
tional Bureau de ’Heure to smooth out the
irregularities of the astronomical signals.
Although the atomic clock had a luke-
warm reception at the Dublin meeting an
important resolution was passed with the
advocacy of Dr W. Markowitz. It was
agreed that when the relationship between
the atomic frequency and the second of ET
had been established the atomic clock
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would be used to make ET available. We
planned together a programme of mea-
surements to obtain this relationship: the
time interval between certain agreed sig-

nals about a month apart was to be mea-
sured at the NPL in terms of the atomic-

clock and at the USNO in terms of ET.
Markowitz had developed a method of ob-
taining ET more quickly than by direct
observations of the sun; but even so the
measurements were continued for three
years before it was decided that further
averaging was not likely to improve the
accuracy of the result which was therefore
announced. The result expressed as the
frequency of the caesium atomic transition
in terms of the second of ET was:
9192631770+20 cycles
The second of atomic time was therefore
the time occupied by 9192631770 cycles of
the caesium line, the limits of error being
omitted since they were due almost enti-
rely to the astronomical measurements.
This value was used at the NPL in place of
the provisional value, from 1958, in
accordance with the Dublin resolution.
There was still strong opposition from
astronomers to the formal adoption of the
atomic unit. They regarded the atomic
clock as a kind of superior quartz clock
which could be used to smooth astronomi-
cal time, and ignored the fundamental dif-
ference between them. The quartz clock is
simply a stable oscillator which can be
adjusted to have any frequency by altering
its dimensions, whereas the atomic clock
has a frequency determined with great
precision by, natural constants. It is repro-
ducible anywhere in the world and pro-
vides a unit of time which is immediately
and readily available. It is ideally suited to
be a definitive standard of measurement. It
must be admitted, as was often pointed
out, that unlike the earth, it does
sometimes stop, but this is an academic
point of no practical significance. When
one clock stops it can be reset by reference
to one that has not, with a precision enor-
mously greater than any astronomical mea-

surement. And even if they all stop they
can be reset by reference to the stars so
that one is no worse off.

It must be remembered too that the
major observatories, including the Royal
Greenwich Observatory, were founded
with the specific object of providing the
navy and merchant ships with time. Their
responsibility was later extended to
providing a uniform time scale for scien-
tific purposes. The determination of astro-
nomical time became a complex operation,
the measurement made at many observato-
ries being correlated at the Bureau de
I’Heure which published the definitive
corrections to time signals about 12
months in arrears. There was a consider-
able vested interest in retaining astronomi-
cal time as the definitive system. As several
of those concerned jokingly said, there was
no doubt that we must change to atomic
time, but not before we retire, please.

Another question to be settled was the
type of atomic clock to choose. In spite of
the known performance of the caesium
standard at the NPL and then at laborato-
ries in Canada, the USA, and Switzerland,
clocks based on the same spectral line of
hydrogen and thallium were possible
contenders. A lot of attention was also

. devoted to the study of a spectral line of

ammonia; and although this was never a
serious contender as a time standard it led
to the development of the maser and the

. laser. The advantages of the caesium clock

prevailed and in 1967 it was accepted for
defining the unit of time, with the value
given above.

The co-ordination of the 1Is pulses car-
ried on standard frequency transmissions
with astronomical time signals presented
some awkward problems. The first step
was . taken when they were made to
coincide on Ist January 1958. It -was
realised that they would diverge because of
the variations in the rate of rotation of the
earth, and the question to be resolved was
the amount of divergence that could be
tolerated. The first figure suggested was

educated at High Pavement School in
Nottingham and Nottingham Univer-
sity College, gaining a London exter-
nal degree. Joining the NPL in 1929,
he worked with D. W. Dye on tuning-
fork and quartz oscillators and has
continued to investigate frequency
standards throughout his career.
Working with A. C. Gordon-Smith
from 1946 to 1950, he was able to
establish, using a cavity resonator, a
new value for the velocity of light,
which is still accepted..

Taking up a proposal by . I. Rabi in
the United States, Dr Essen collabo-
rated with J. V. L. Parry at the NPL to
produce, in 1955, the first atomic cae-
sium frequency standard: a later de-
sign now serves as the British national
standard. Work in this field brought an
involvement with relativity, which led
to a belief that Einstein was wrong in
one important respect and to a dif-
ferent interpretation of the Michelson-
Morley experiment.

Dr Essen gained a Ph.D in 1941, a

Louis Essen was born in 1908 and"

D.Sc. in 1948 and was elected FRS in
1960. He was awarded the Popov Gold
Medal of the USSR Academy of
Sciences in 1959 and, in the same
year, the OBE. ’
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0.1s and to keep within this tolerance the
actual frequency of the transmissions was
offset from its nominal value by a stated
amount each year, and in addition oc-
casional step adjustments of 0.1s had to be
made to the timing pulses. A further move
towards co-ordination was made in 1960
when it was agreed with the RGO that all
time signals transmitted from the UK
would have the same epoch.

It was of course rather illogical to offset
the constant unit in order to accommodate
the variations of the astronomical unit and
strong efforts were made to end this situa-
tion particularly through the International
Scientific Radio Union. A satisfactory so-
lution became possible when astronomers
agreed that the signals could diverge by as

much as 0.7s from astronomical time UT1. .

The frequency offset was eliminated, stan-
dard frequency transmissions operated on
their true nominal values and the timing
pulses on them gave true atomic time in-
tervals. The divergence of the pulses from
UT1 was compensated by a step adjust-
ment of precisely 1s, when necessary on
30th June or 31st December. This enabled

. the pulses to continue undisturbed but the

marker distinguishing the 1 minute pulse
was moved along by 1s. The use of these
leap seconds enables the time signals to be
maintained within 0.7s of UT1, and for
those who need it, the difference from

UT]1 is given more accurately by a code or"

Morse announcement. The only incon-
venience caused to those measuring time
interval is the need to check whether there
have been any leap seconds if the interval
extends through June or December. The
astronomer no longer had to struggle to
derive a uniform time scale from the com-
plex and non-uniform periodicities of the
solar system, but could measure these
periodicities in terms of the atomic clock.
If I may finish on a personal note, I
often think how lucky I was to work in a
branch of science which was advancing
rapidly, which exploited many different
techniques and in which there was full
international co-operation. The problem
being tackled at the NPL when I joined in
1929 was the measurement of radio fre-
quencies. The first solution was to mea-
sure them in terms of a tuning fork main-
tained in continuous oscillation. The
accuracy achieved was 1 part in 107 which
was considered by the Radio Research
Board to be adequate for the foreseeable
future, making further financial support
unnecessary. The next advance was the
quartz clock, which proved to be much
more stable than the observatory pendu-
lum clocks and gradually replaced them.
They revealed an annual periodic change
of 1 part in 10% in the rate of rotation of the
earth. It was clear that any further im-
provement was prevented by the uncer-
tainty in the value of the astronomical
second. In 1945 I.I.Rabi, at Columbia
University, suggested that the atomic
beam magnetic technique might be

" adapted to form the basis of an atomic unit

of time. The atomic clock has not only
made the measurement of time and fre-
quency far easier but has increased its ac-
curacy by about one million times.

WA americand
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mrallelet'racking pickup arm
modifications and improvements

Construction is not as d-iffi:cglt
as you might think: “precision
assembly is simply not required”

By Rod Cooper

A working model of the parallel-
tracking pick-up arm, first described
in the December 1979 and January
1980 issues, drew widespread interest
at a recent exhibition as well as
several constructive proposals for
improvements, some of which are
detailed in this article.

Two curious facts emerged from a showing -

of the parallel-tracking arm at the last
Breadboard exhibition. Firstly, many
people expressed doubts about their ability
to construct an arm with sufficient accur-
acy, even when building from a kit qf
parts. This problem seems to have magni-
fied out of all proportion. The parallel-
tracking arm is far more tolerant .of
mechanical shortcomings in construction
because of the “cleaning-up” effect of the
servo system, and because of this particu-
lar design of gimbals, the inherent advan-
tages of which were explained in the
original article.

In addition, as the basic accuracy of the
servo system is +0.2 degrees which repre-
‘sents about lmm at the stylus, precision
assembly . is simply not required. The
human eye is very good at detecting
parallelism and it is therefore not at all
difficult to set up the reference arm and
parallel track to well within this limit using
an ordinary set-square and a straight rule.

Moreover, the parts have specifically

been designed to be adjusted — they are -
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not pre-set ~ and so any error in assembly
can be adjusted out. The wear points such
as bearings and pivots have been given

" particular attention in design so that any

slack introduced by wear can also be ad-
justed out. It is salutary to compare this to
the lack of serviceability and the built-in
obsolescence of much of the equipment on
the market today.

The second emergent fact was that the
principle of parallel tracking had been
dismissed out-of-hand, even by those who
had read the original article and the
analysis by Randhawa on the grounds that
“jt only saves 0.7% distortion, which isn’t
audible anyway”. Nothing could be
further from the truth! There is in fact not
one isolated advantage to this technique
but a package of benefits as listed below.
@®Reduction of tracking distortion, as
already mentioned.

@Reduction of stereo delay-distortion with
elliptical styli.

@Capability for re-centering eccentric
records. This deserves some comment as
the design is the enly one, as far as I know,
which permits rapid and accurate correc-
tion of eccentricity. There are two impor-
tant effects of eccentricity. On some types
of music, the “wow” introduced by this
defect is audible. That re-centering makes
an audible difference I know to be true,
from results obtained from my record col-
lection. Also, the eccentric record is con-
stantly levering the arm to the left and
right every revolution, working against the

inertia of the arm and the friction of the
pivots. Unfortunately the audible effects of
wear from this source cannot yet be quan-
tified, but the loading on the record sur-
face can be calculated in a similar manner
to that given later in this article for record
warp, and is not negligible.

@Low inertia of the arm means that
seriously warped records, eg 6mm warp,
can be tracked. The benefits gained by low
inertia are similar to those achieved from
re-centering the record — reduced wow
and record wear. Again, the audible effects
of wear are not quantifiable, but an
analysis of the loading due to inertia is
given at the end of this article.

While the reduction in tracking distor-
tion is probably not audible on its own to
most people, when it is added to the audi-
ble effects of the other three ppints, the
result is noticeable. Add to this the iI'l-
creased “trackability” and reduction in
record wear, and the parallel tracking
technique can be justified on all grounds
except that of cost. And the cost factor can
be reduced to a minimum by building your
own!

Improvements .

Pivot system. On the original design, the
cup-type horizontal pivot tended to be a
natural collector of dust. By inverting the.
cup and placing the pivot pin undernegtt'l,
this problem can be avoided. However 1t 1s
then no longer possible to use the pivo¢
height adjustment to help correct for neu-
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tral equilibrium as suggested in the Jan-
uary 1980 article because the effective
height of the tracking arm above the hori-
zontal pivot cannot now be altered. This is
not so important as it might seem because
the majority of modern cartridges can be
set up for neutral equilibrium without hav-
ing to resort to adjusting the horizontal
pivots. With heavier-than-usual cartridges
which cannot be set up by adjusting the
vertical pivot, filing away some metal from
the underside of the counterweight will
help.

Light slit. The light slit is also the cue rest,
but it can also be adapted to perform a
third function as dust bug. It is in the
perfect position to do this as a brush at-
tached to the light slit will clean the record
just in advance of the stylus. It can be
raised for cleaning simply by cue-ing the
arm, and as it is earthed can be used to
remove static by incorporating carbon
fibres in the brush.

Lead-out wiring. Litz wire can be used to
greater effect than first realised. Because
individual strands of litz wire are insulated
it is possible to conduct most of the signals
in just a couple of wires. The soldering
technique for such fine wire is more de-
‘manding, but the unwanted forces intro-
duced by the lead-out wires at the point
where they exit from the tracking arm are
reduced, considerably.

Tracking arm. The diameter of the dura-
lumin tube used for the tracking arm has
been increased to 9.5mm. The original
smaller-diameter tubing performed well
with most types of cartridge, but with the
increased use of moving-coil cartridges I
felt that a much stiffer tube was needed. A
comparison of the new arm with a conven-
tional arm is given at the end of this article.

Slider (part 19). The material now recom-
mended for this part is Nylon 66, which is
a high-tensile grade of nylon and has far
superior low-friction and low-wear proper-
ties compared with the original brass/steel

arrangement. It is also very easy to cut to
shape.

Drive cords. A superior material has been
found in the form of round-section ex-
panded neoprene cord. This is a soft, resi-
lient cord which has excellent vibration
absorbing properties, and which is de-
s1gned to be joined with cyanoacrylate
“super-glue” to form a fitted drive band.

Acoustic isolation of the servo motor and
gearbox was neatly solved by the introduc-
tion of Sorbothane. This is a remarkable
visco-elastic compound (modestly des-
cribed by the manufacturer as “a signifi-

‘cant advance in polymer technology”)

which can recover from deformations of
more than 500% and which is very lossy to
any mechanical excitation, typically 90%
absorption. The texture is somewhere be-
tween that of plasticene and soft rubber.
Used as mounting pads for the servo as-
sembly in place of the rubber grommets
first specified, it gives superior results. It
is also an excellent material for decoupling
the counterweight.

Gimbals. On the original model, if the
horizontal pivot of the gimbals was
knocked off the support pillars, there was
nothing to stop them from going com-
pletely adift. The design of the support
pillars has therefore been modified to in-

‘corporate the pivot pins in a U-shaped

recess so that this cannot happen. The
improved design is shown on page 43.

Fast traverse. The criticism most often
voiced concerned the two-minute return
time, which was found by many to be
inconveniently long, even for transcription
purposes. This simple modification has
been developed for a traverse time of just a
few seconds. It can be retro-ﬁtted to exist-
ing machines.

The modification consists of a second
motor which drives the lead screw at speed
without the assistance of the servo motor.
Several constructors appear to have tried

" this method already, by driving the lead
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Modifications and improvements
shown on page 43 include simplified
‘side supports and pivots, new tracking
.arm, and fast traverse action and
:slipping clutch, as well as a suggested
alternative parallel track (bottom).

‘The track, which uses two steel rods
instead of a long slot in a strip of
aluminium alloy, is easier to make if
‘you have a drilling stand for an electric
drill. Accuracy of the assembled track
depends on the straightness of the
'steel rods and not so much on the
‘accuracy of drilling (drill both plates
together); this simplifies the task of
producing a well-trued track.
Precision-ground steel rod of Vain
‘diameter is readily available from
engineers merchants and is not

" expensive. The rods are fixed into the

4

.end plates with Loctite, which is
allowed to set with the assembly
resting on a flat surface such as a
piece of plate glass.

screw direct and simply slipping the drive
band from the servo motor —not good
practice because of the stretching and gen-
erally increased wear of the drive band. It
also puts an unfair strain on the miniature
gears in the worm gear transmission. A
much more acceptable method is to drive
the lead screw indirectly as-on page 43.

By using a double-groove pulley wheel
with a slipping clutch on the output shaft
of the servo gearbox, the drive bands are
operated within their limits, and the slip-
ping clutch relieves the gear wheels inside
the gearbox of excessive strain. Such a
slipping clutch is easy to construct from a
couple of wavy-type spring washers and set
collars, as shown on page 43.

The servo motor now has to overcome
the magnetic drag of the second motor
during normal operation, if this second
motor is a permanent-magnet type. This is
avoided by applying a small bias current
to the second motor of a value that will
overcome the drag but not make the motor
revolve. This can be done by a suitable
resistor via the switching network. Alter-
-natively, a motor with a field coil can be
used, avoiding this requirement alto-
gether. But whichever type of motor is
used, it needs to be sufficiently powerful to
overcome the slipping clutch and drive the
lead screw, without the advantage of the
reduction gearbox that the servo motor
employs. There is no requirement for it to
be vibration-free or quiet running like the
servo motor, so a relatively robust and
inexpensive motor can be used.

The new arm is of the same aluminium
alloy as the Mk 1, HT30TF, which is a
hard alloy fully heat-treated and cannot be
manipulated (eg drawn, bent or com-
pressed) in the usual way without
cracking. The diameter of the 9.5mm tube
was chosen to give an increase in overall
stiffness over the Mk 1 arm. Wall

Alternative to original parallel track
comprising two steel rods is edsier to make
ifyou have an electric drill and stand.
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thickness remains the same at 22s.w.g.
The cartridge holder design has been mod-
ified to fit directly onto the end of the

tracking arm instead of sliding along it.

The weight of 100cm of the 9.5mm tubing
is a mere 55gm.

Inertia of arm
without cartridge
The inertia of the arm from pivot to stylus
position can be assumed as that of a uni-
fqrm circular cylinder 18cm long, ignoring
-difference in mass between -cartridge
holder and tubing. This is
2 P
I =M %"'?l

where a is the cylinder radius, [ the length
and M the total mass, and 7, the inertia
about the pivot. Substituting the value
10gm for M, 18cm for !/ and ignoring a
(which is small) then I, is 1080gm cm?.
To this must be added the inertia of the
counterweight, /., about the pivot. Using
the same formula and substituting the
-values 80gm for M, 2.5cm for / and 1.2cm
for a -then I, is 185gm cm? These
measurements for a and / are taken with
the arm in the equilibrium position
without the cartridge. Thus the total
inertia is 1080+185gm cm?=1265gm cm?.
Now M.=I,,/R?, where M. is the mass
referred to the stylus point, I, is the total
inertia of the arm about the pivot and R is
the pivot to stylus distance. Substituting
the values 1265gm cm? for I,,; and 18cm
for R, then M. is 3.9gm.

Comparison of new arm

with conventional arm

As R and [ are roughly equal in any arm,
the terms in R? cancel out in the equation
for M. which becomes M.<M. Thus if the
same tubing is used for both an 18cm arm
aqd a 23cm arm, then the overall mass
will clearly be less for the 18cm arm. The
actual figure is 22% less, but is not
meaningful for the reasons given below.

. Mgre important is the large reduction in
inertia for the 18cm arm. As I,,ocRZ a
small reduction in R will lead to a large
reduction in I,,. A simple calculation
.show.s that an 18cm arm will have 39% less
inertia than a 23cm arm made from the
same material.

.This effect is exaggerated by the car-
tridge being mounted at the very end of
the arm. The inertia 7. of a cartridge of
mass M_ at ther end of an arm length R is
MR?. A typical cartridge of mass Sgm
mounted at the end of an arm of 18cm has
therefore an I, value of 1620gm cm? due
solely to its own mass. The same cartridge
mounted on a 23cm arm will have an I,
value of 2645gm cm?!

_Because the manufacturers of conven-
tional arms cannot influence the mass of
the cartridges as made by the specialist
firms, or even reduce the length of their
arm designs without running into other
prob!ems, most of them attempt to reduce
inertia by using exotic materials for con-

One way of achieving faster traverse is to
usea second, inexpensive, motor with
slipping clutch.

struction, or by using ultra-thin walled
tube. As has been shown above, this is the
least effective method of reducing inertia
because it only reduces M. The most’
effective method is to shorten the arm,
becau§e of the presence of R? in the inertia
equations.

Making use of exotic materials has good
marketing appeal because of the aura sur-
rounding titanium, carbon fibre etc. but it
does not make good economic sense as it
costs a lot for little gain. Using thinner
sections is not good practice because the
arm becomes less able to withstand the

- knocks and bumps of everyday use. Also,

the thinner the material, the more likely it
is to flex,

In the design of the new arm, the design
principle has been quite different. A relati-
vely robust straight stiff tube has been
specified to give good rigidity. A light-
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weight but inexpensive material has been
chosen to get the economics right, and give

~ reasonable overall mass. But more impor-
tant, the arm length has been specified to
give a large reduction in overall inertia
without running into the problems asso-
ciated with arms that are too short (e.g.
stability, and the need for fail-safe tracking
iu case of servo failure).

This approach provides all the potential

. for a radical improvement in performance
over the conventional arm.

Of what practical importance is M.,>?
Firstly it influences the resonant frequency
qf the pickup arm and cartridge combina-
tion, according to the equation
fol’2nVM.C where C is the compliance
of the stylus. With modern high-
compliance cartridges a low value of M, is

a prime requirement for avoidance of:

resonance problems. (See page 64 of April
1978 Wireless World for an analysis of these
_problems.)

Secondly, M. influences record wear as
mentioned earlier. Take the case of a
record with a 1mm warp, which is not an
uncommon amount even on a new record.
This is taken to mean 1mm up and Imm
down from the mean record surface level
in the following calculation.

For every revolution the record surface

has- to work against M., the work done
against g by moving distance d being M.d
ergs. In this case d will be 0.2cm. Now,
one state-of-the-art conventional tracking
arm that has just appeared on the market
has an M. of just 9gm. If a typical disc of
650 grooves is played say once a week for
five years with this arm then the work
f:lone against M. will be 315,900 ergs. This
is equivalent to lifting a 63kg man approxi-
mately Scm into the air. Remember, this
work is being.done by the delicate playing
surfaces of the record! If the same disc is
played with a parallel-tracking arm of M,
only 4gm, then the work done will be only
140,400 ergs, or 56% less. These figures
speak for themselves.
.Carbon fibre, neoprene cord, Nylon 66, and
other components are available from J. Biles
Engineering, 120 Castle Lane, Solihull, West
:Midlands B92 8RN.

| soon, an electronic ignition circuit.

Born and raised in Birmingham, Rod
Cooper now lives in Lichfield, working
as Sales Manager for the electronics
repair and calibration laboratory of

DMR Ltd of Nottingham. A mechanical l"'«‘.'-‘%}f

engineering background and an in- 2%,
terest in applying electronics to the
solution of mechanical problems un- %
doubtedly contribute to the success of =
his parallel-tracking pickup arm de- -
sign (not forgetting the mercury pick-

up switch, April 1980) and, coming
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Digital storage and analysis

of speech

1 — Storing waveforms digitally

by lan H. Witten, M.A., M.Sc., Ph.D., M.LE.E. University of Calgary

One of the difficulties with digital
speech storage and analysis is that
new signal-processing techniques
have been developed to handle digital
signals. Since these only appeared
recently, and are rather mathematical,
they are not understood very widely.
Concepts like the z-transform, the
discrete Fourier transform, and digital
filters are quite unfamiliar to many
practising electronic engineers.
Although there are several textbooks
on the subject, nearly all of them treat
it in a frighteningly theoretical and
abstract way. The aim of this article is
to introduce some of these ideas in a
down-to-earth manner by putting
them in the practical context of the
speech waveform.

Computer-generated speech is still a rather
esoteric subject, despite the explosive
growth in practical applications that we are
witnessing. Texas Instrument’s Speak ’'n
Spell toy — now about three years old — is
probably the best example of a consumer
device that uses speech output. But there
are others. Cheap speech synthesizers in-
tended for hobby computers have been on
the market for several years now, as has'a
talking calculator. Digital transmission of
speech is used in the telephone network,
and the new System X exchange developed
by the Post Office uses messages stored in
digital form to guide the user and tell him
what is happening to his call. Note that
analogue storage of speech has been used in
the telephone service for many years, for
the speaking clock, weather forecasts, and
even bedtime stories.

Analogue storage of speech. The most
familiar device that produces speech out-
put is the ordinary tape recorder.
However, this is unsuitable for speech out-
put from computers. One reason is that it
is difficult to access different utterances
" quickly: although random-access tape re-
corders do exist, they are expensive and
subject to mechanical breakdown because
of the stresses associated with frequent
starting and stopping.

Storing speech on a rotating drum in-
stead of tape offers the possibility of access
to any track within one revolution time.
For example, the IBM 7770 Audio Res-
ponse Unit, employs drums rotating twice
a second which are able to store up to
thirty-two 500 ms words. These can be
accessed randomly, within half a second at
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most. Although one can arrange to store
longer words by allowing overflow on to an
adjacent track at the end of the rotation
period, the discrete time-slots provided by
this system make it virtually impossible for
it to generate connected . utterances by as-
sembling appropriate words from the
store.

The Cognitronics Speechmaker has a
similar structure, but with the analogue
speech waveform recorded on photo-
graphic film. Storing audio waveforms op-
tically is not an unusual technique, for this
is how soundtracks are recorded on ordi-
nary films. The original version of the
“speaking clock” of the British Post Office
used optical storage in concentric tracks on
flat glass discs. This was developed in the
mid 1930s, and synchronization of
utterances with real time was achieved in
an intriguing manner. A 4 Hz signal from a
pendulum clock was used to supply cur--
rent to an electric motor, which drove a
shaft equipped with cams and gears that
rotated the glass discs containing
utterances for seconds, minutes and hours
at appropriate speeds! :

A second reason for avoiding analogue.
storage is price. It is difficult to see how a
random-access tape recorder could be in-
corporated into a talking pocket calculator
or child’s toy without considerably inflat-
ing the cost. Solid-state electronics is much
cheaper than mechanics.

But the best reason is that, in many
applications of speech storage, it is neces-
sary to form utterances by linking together
separately recorded parts. It is totally in-
feasible, for example, to store every pos-
sible telephone number as an individual
recording! And utterances that are formed
by linking individual words which were
recorded in isolation, or in a different
context, do not sound completely natural.
For example, in an experiment performed
in 1960, individual words were recorded
on acoustic tape, which was spliced with
the words in a different order to make
sentences. The result was played to
subjects who were scored on the number of
key words which they identified correctly.
The overall conclusion was that while em-
bedding a word in normally spoken sen-

tences increases the probability of
recognition (because the extra context
gives clues about the word), embedding a
word in a constructed sentence, where in-
tonation and rhythm are not properly ren-
dered, decreases the probability of
recognition. When the speech was uttered

slowly, however, a considerable improve-
ment was noticed, indicating that if the
listener has more processing time he can
overcome the lack of proper intonation and
rhythm.

Nevertheless, many present-day voice
response systems do store what amounts to
a direct recording of the acoustic wave.
However, the storage medium is digital
rather than analogue. This. means that
standard computer storage devices can be
used, providing rapid access to any seg-
ment of the speech at relatively low cost —
for the economics of mass-production en-
sures a low price for random-access digital
devices compared  with random-access
analogue ones. Furthermore, it reduces
the amount of special equipment needed
for speech output. One can buy very cheap
speech input/output interfaces for home
computers which connect to standard
hobby buses. Another advantage of digital
over analogue recording is that solid-state
r.o.ms can be used for hand-held devices
which need small quantities of speech.
Hence this article begins by showing how
waveforms are stored digitally, and then
describes some techniques for reducing the
data needed for a given stretch of speech.

Digital storage. When an analogue signal
is converted to digital form, it is made
discrete both in time (sampling) and in
amplitude (quantizing). Much of the
theory of digital signal processing investi-
gates signals which are sampled but not
quantized (or quantized into sufficiently
many levels to avoid inaccuracies). The
operation of quantization, being non-
linear, is not very amenable to theoretical
analysis, since it introduces issues such as
accumulation of round-off noise in arith-
metic operations, which, although they are
very important in practical implementa-
tions, can only be treated theoretically un-
der certain somewhat unrealistic assump-
tions (in particular, independence of the
quantization error from sample to sample).

Sampling

A fundamental theorem of telecommuni-
cations states that a signal can only be
reconstructed accurately from a sampled
version if its highest component frequency
is less than half the frequency at which the
sampling takes place. Figure 1(a) shows
how a component of slightly greater than
half the sampling frequency can masque-
rade, as far as an observer with access only
to the sampled data can tell, as a compo-
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Fig. 1 Different sine waves which appear
the same when sampled

(a) components near halfthe sampling
frequency

(b} a component at just under the sampling
frequency and its low-frequency equivalent

‘nent at slightly less than half the sampling
‘frequency. Call the sampling interval T
seconds, so that the sampling frequency is.
I/T Hz. Then components at 12T + f,
32T — f, 3/2T + f and so on all masque-
rade as a component at 127 - f.
Similarly, components at frequencies just
under the sampling frequency masquerade
as very low-frequency components, as
shown in Fig. 1(b). This phenomenon is
often called “‘aliasing’’. :

Thus the continuous, infinite, fre-
quency axis for the unsampled signal,
where two components at different fre-
quencies can always be distinguished,
maps into a repetitive frequency axis when
the signal is sampled. As depicted in Fig.
2, the frequency interval [1/T, 2/T)* is
mapped back into the band [0, 1/7), as are
the intervals [2/7, 3/T), [3/T, 4/T), and so
on. Furthermore, the interval [1/27, 1/T)
between half the sampling frequency and
the sampling frequency, is mapped back
into the interval below half the sampling
frequency; but this time the mapping is
backwards, with frequencies at just under
1/T being mapped to frequencies slightly
greater than zero, and frequencies just
over 1/2T being mapped to ones just under
1/2T. The best way to represent a repeat-
ing frequency axis like this is as a circle.

* Intervals are specified in brackets, with a
square bracket representing a closed end of the
interval and a round one representing an open
one. Thus the interval {1/, 2/T) specifies the
range 1/T < frequency < 2/T.

Figure 3 shows how the linear frequency
axis for continuous systems maps on to a
circular axis for sampled systems. For pre-
sent purposes it is easiest to imagine the
bottom half of the circle as being reflected
into the top half, so that traversing the
upper semicircle in the anticlockwise
direction corresponds to frequencies in-
creasing from 0 to 1/2T (half the sample
frequency), and returning along the lower
semicircle is actually the same as coming
back round the upper one, and corre-
sponds to frequencies from 1/27 to /T
being mapped into the range 1/27 to 0.

As far as speech is concerned, then, we
must ensure that before sampling a signal
no significant components at greater than
half the sample frequency are present.
Furthermore, the sampled signal will only
contain information about frequency com-
ponents less than this, so the sample fre-
quency must be chosen as twice the high-
est frequency of interest. The telephone
network aims to transmit only frequencies
lower than 3.4 kHz. This region will con-
tain the information-bearing formants, and
some — but not all — of the fricative and
aspiration energy*. Transmitting speech
through the telephone system degrades its
quality very significantly, probably more
than you realize since everyone is so accus-
tomed to telephone speech — try the dial-
a-disc service and compare it with high-
fidelity music for a striking example of the
kind of degradation suffered.

Since speech contains significant
amounts of energy above 3.4 kHz, it
should be filtered before sampling to re-
move this. Otherwise, the higher compo-
nents would be mapped back into the base-
band and distort the low-frequency
information. Because it is difficult to make
filters that cut off very sharply, the sam-
pling frequency is chosen to be rather
greater than twice the highest frequency of
interest; for example, the digital telephone
network samples at 8 kHz. The pre-sam-
pling filter should have a cutoff frequency
of 4 kHz; aim for negligible distortion
below 3.4 kHz; and transmit negligible
components above 4.6 kHz — for these are
reflected back into the band of interest,
namely 0 to 3.4 kHz. Figure 4 shows a
block diagram for the input hardware.

Quantization

Before considering specifications for the
pre-sampling filter, let us turn from sam-
pling in time to amplitude quantization.
This is performed by an a-to-d converter

*See “The Chatterbox,” Wireless World 84 and
85 (December 1978 and January 1979), for a
simple explanation of formants, frication, and
aspiration.
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(analogue-to-digital), which takes as input
an analogue voltage (produced by the
sampler) and generates a corresponding
binary value as output. The simplest corre-
spondence is uniform quantization, where
the amplitude range is split into equal re-
gions by points termed ‘“quantization
levels”, and the output is a binary repre-
sentation of the nearestquantization level
to the input voltage. Typically, 11-bit
conversion is used for speech, giving 2048
quantization levels, and the signal is ad-
justed to have zero mean so that half the
levels correspond to negative input
voltages and the other half to positive ones.

It is, at first sight, surprising that as
many as 11 bits are needed for adequate
representation of speech signals. Research

on the digital telephone network, for
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Fig. 3 The circular frequency axis of
sampled systems
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Fig. 4 Block diagram of input hardware for speech digitization
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example, has concluded that a signal-to-
noise ratio of some 30 dB is enough to
avoid poor speech quality, loss of intelligi-
bility, and listener fatigue for speech at a
normal level. But 11-bit quantization
seems to give a very much better signal-to-
noise ratio than this figure. To estimate its

magnitude, note that for N-bit quantiza- ~

tion the error for each sample will lie be-
tween
~¥.2Nand +%2.27N,

Assuming that it is uniformly distributed
in this range — an assumption which is
likely to be justified if the number of levels
is sufficiently large — leads to a mean-
squared error of

7N-1
Jenoe

where p(e), the probability density func-
tion of the error e, is a constant which
satisfies the usual probability normaliza-
tion constraint, namely

N1

pe)e = 1.

Hence p(e) = 2V, and so the mean-squared
error is 2-2N/12. This is 10logo(2~*V/12)
dB, or around —77 dB for 11-bit quantiza-
tion.

This noise level is relative to the maxi-
mum amplitude range of the conversion. A
maximum-amplitude sine wave  has a
power of —9 dB relative to the same refer-
ence, giving a signal-to-noise ratio of some
68 dB. This is far in excess of that needed
for telephone-quality speech. However,
look at the very peaky nature of the typical
speech waveform given in Fig. 5. If clip-

is nine ty dol lars and sev enty nine cents

1111.1 J
jl H

h

The price

1
{

b

Fig. 5 Typical speech waveform

ping is to be avoided, the maximum ampli-
tude level of the a-to-d converter must be
set at a value which makes the power of the
speech signal very much less than a maxi-
mum-amplitude sine wave. Furthermore,
different people speak at very different
volumes, and the overall level fluctuates
constantly with just one speaker. Exper-
ience shows that while 8- or 9-bit quantiza-
tion may provide sufficient signal-to-noise
ratio to preserve telephone-quality speech
if the overall speaker levels are carefully
‘controlled, about 11 bits are generally re-
quired to provide high-quality representa-
tion of speech with a uniform quantiza-
tion. With 11 bits, a sine wave whose
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Piecewise linear
approximation to
A-law

A-law defined as zero

02
]/forzem input

A-law is defined
for negative inputs

amplitude is only 1/32 of the full-scale
value would be digitized with a signal-to-
noise ratio of around 36 dB, which is not
much greater than the figure mentioned
above for adequate quality. Even then it is
useful if the speaker is provided with an

_indication of the amplitude of his speech: a
“traffic-light indicator with red signifying

clipping overload, orange a suitable level,
and green too low a value, is often conve-
nient for this.

Logarithmic quantization

For the purposes of speech processing, it is
essential to have the signal quantized uni-
formly. This is because all of the theory
applies to linear systems, and nonlineari-
ties introduce complexities which are not
amenable to analysis. Uniform quantiza-
tion, although a nonlinear operation, is
linear in the limiting case as the number of
levels becomes large, and for most pur-
poses its effect can be modelled by assum-
ing that the quantized signal is obtained
from the original analogue one by the addi-
tion of a small amount of uniformly-distri-
buted quantizing noise, as in fact was done
above. Usually the quantization noise is
disregarded in subsequent analysis.

However, the peakiness of the speech
signal illustrated in Fig. 5 leads one to
suspect that a non-linear representation,
for example a logarithmic one, could pro-
vide a better signal-to-noise ratio over a
wider range of input amplitudes, and
hence be more useful than linear quantiza-
tion — at least for speech storage (and
transmission). And indeed this is the case.
Linear quantization has the unfortunate
effect that the absolute noise level is inde-
pendent of the signal level, so that an ex-
cessive number of bits must be used if a
reasonable ratio is to be achieved for peaky
signals. It can be shown that a logarithmic
representation like

y=1+klogx,

T T T
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e

Logarithm diverges
when input is zero

Fig. 6 Piecewise linear approximation to
the A-law input/output relationship

where x is the original signal and y is the
value which is to be quantized, gives a
signal-to-noise ratio which is independent
of the input signal level. This relationship
cannot be realized physically, for it is un-
defined when the signal is negative and
diverges when it is zero. However, realiza-
ble approximations to it can be made
which retain the advantages of constant
signal-to-nojse ratio within a useful range
of signal amplitudes, one widely used ap-
proximation being called called the A-law.
The idea of non-linearly quantizing a sig-
nal to achieve adequate signal-to-noise
ratios for a wide variety of amplitudes is
called “companding”, a contraction of
“compressing-expanding”. The original
signal can be retrieved from its A-law com-
pression by antilogarithmic expansion.
Figure 6 shows one common 8-bit
coding scheme which is a piecewise linear
approximation to the A-law. This provides
an 8-bit code, and gives the equivalent of
12-bit linear quantization for small signal
levels. It approximates the A-law in 16
linear segments, 8 for positive and 8 for
negative inputs. Consider the positive part
of the curve. The first two segments,
which are actually collinear, correspond
exactly to 12-bit linear conversion. Thus
the output codes 0 to 31 correspond to
inputs from 0 to 31/2048, in equal steps.
(Remember that both positive and nega-
tive signals must be converted, so a 12-bit
linear converter will allocate 2048 levels for
positive signals and 2048 for negative
ones.) The next segment provides 11-bit
linear quantization, output codes 32 to 47
corresponding to inputs from 16/1024 to
31/1024. Similarly, the next segment cor-
responds to 10-bit quantization, covering
inputs from 16/512 to 31/512. And so on,
the last section giving 6-bit quantization of
inputs from 16/32 to 31/32, the full-scale
positive value. Negative inputs are
converted similarly.. For signal levels of
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less than 32/2048, that is 278, this imple-
mentation of the A-law provides full 12-bit
precision. As the signal level increases, the
precision decreases gradually to 6 bits at
maximum amplitudes.

Logarithmic encoding provides what is
in effect a floating-point representation of
the input. The conventional floating-point
format, however, is not used because many
different codes can represent the same
value. For example, with a 4-bit exponent
preceding a 4-bit mantissa, the words
0000:1000, 0001:0100, 0010:0010, and
0011:0001 represent the numbers 0.1 X

29,0.01 x 2, 0.001 x 2%, and 0.0001 x 23 -

respectively, which are the same. (Some
floating-point conventions assume that an
unwritten ‘1> bit precedes the mantissa,
except when the whole word is zero; but
this gives decreased resolution around zero
— which is exactly where we want the
resolution to be greatest.) Table 1 shows
the 8-bit A-law codes, according to the
piecewise linear approximation of Fig. 6,
written in a notation which suggests float-
ing point. Each linear segment has a dif-
ferent exponent except the first two seg-
ments, which as explained above are
collinear.

Logarithmic encoders and decoders are
available as single-chip devices called “co-
decs™ (for “coder/decoder”). Intended for
use on digital communication links, these
generally provide a serial output bit-
stream, which should be converted to
parallel by a shift register if the data is
intended for a computer. Because of the
potentially vast market for codecs in tele-
communications, they are made in great
quantities and are consequently very
cheap. Estimates of the speech quality
necessary for telephone applications indi-
cate that somewhat less than this accuracy
is needed — 7-bit logarithmic encoding
was used in early digital communications
links, and it may be that even 6 bits are
adequate. However, during the transition
period when digital networks must coexist
with the present analogue one, it is antici-
pated that a particular telephone call may
have to pass through several links, some
using analogue technology and some being
digital. The possibility of several succes-
sive encodings and decodings has led tele-
communications engineers to standardize

on 8-bit representations, leaving some

‘margin before additional degradation of
signal quality becomes unduly distracting.
Unfortunately, world telecommuni-
cations authorities cannot agree on a single
standard for logarithmic encoding. The A-
law, which we have described, is the
European standard, but there is another-

system, called the p-law, which is used -

universally in North America. It also is
available in single-chip form with an 8-bit
code. It has very similar quantization error
characteristics to the A-law, and would be
indistinguishable from it on the scale of
Fig. 6.

The pre-sampling filter

Now that we have some idea of the accur-
acy requirements for quantization, let us
discuss quantitative specifications for the
‘pre-sampling filter. Figure 7 sketches the

characteristics of this filter. Assume a sam-
pling frequency of 8 kHz and a range of
interest from 0 to 3.4 kHz. Although all
components at frequencies above 4 kHz
will fold back into the 0-4 kHz baseband,
those below 4.6 kHz fold back above 3.4
kHz and are therefore outside the range of
interest. This gives a “guard band” be-
tween 3.4 and 4.6 kHz which separates the
passband from the stopband. The filter
should transmit negligible components in
the stopband above 4.6 kHz. To reduce
the harmonic distortion caused by aliasing
to the same level as the quantization noise
in 11-bit linear conversion, the stopband
attenuation should be around —68 dB (the
signal-to-noise ratio for a full-scale sine
wave). Passband ripple is not so critical,
for two reasons. Whilst the presence of
aliased components means that informa-
tion has been lost about the frequency
components within the range of interest,
passband ripple does not actually cause a
loss of information but only a distortion,
and could, if necessary, be compensated
by a suitable filter acting on the digitized
waveform. Secondly, distortion of the
passband spectrum is not nearly so audible
as the frequency images caused by aliasing.
Hence one usually aims for a passband
ripple of around 0.5 dB.

Passband ripple
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Fig. 7 General characteristics of the pre-
sampling filter

The pass and stopband targets we have
mentioned above can be achieved with a
9th order elliptic filter. While such a filter
is often used in high-quality signal-proces-
sing systems, for telephone-quality speech
much less stringent specifications seem to
be sufficient. Figure 8, for example, shows
a template which has been recommended
by telecommunications authorities. A 5th
order elliptic filter can easily meet this
specification. Such filters, implemented by
switched-capacitor means, are available in
single-chip form. Integrated c.c.d. filters
which meet the same specification are also
marketed. Indeed, some codecs provide
input filtering on the same chip as the a-to-
d converter.

Instead of implementing a filter by anal-
ogue means to meet the aliasing specifica-
tions, digital filtering can be used. A high

sample-rate a-to-d converter, operating at,
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Fjg. 8 Specifications of the pre-sampling
filter for telephone-quality speech

say, 32 kHz, and preceded by a very
simple low-pass pre-sampling filter, is fol-
lowed by a digital filter which meets the
desired specification, and its output is
subsampled to provide an 8 kHz sample
rate. While such implementations may be
economic where a multichannel digitizing
capability is required, as in local telephone
exchanges where the subscriber connec-
tion is an analogue one, they are unlikely
to prove cost-effective for a single channel.

continued on page 59

Table 1. 8-bit A-law codes, with their float-
ing-point equivalents.

8-bit codeword

= e e e

sign  exponent mantissa

bit

codeword interpretation
0000 0000 .0000 x 277
0000 1111 1111 x 277
0001 0000 277+ .0000 x 277
0001 1111 277+ .1111x 277
0010 0000 2764+ .0000 x 2-¢
0010 1111 275+ 1111 x 2-6
0011 0000 275+ .0000 x 23
0011 1111 275+ .1111 x2-5
0100 0000 274+ .0000 x 274
0100 1111 2%+ 1111 x 2~
0101 0000 273 4+ .0000 x 273
0101 1111 273+ .1111 x 2-2
0110 0000 224 0000 x 22
OIID LUIT oy S22t (i e 25 2
0111 0000 271 4+ 0000 x 27!
OLTISUITH » v st e a1
1000 0000 —.0000 x 277
111 1111 = 21— 1111 x 2-!

Negative numbers treated as above, with a
sign bit of 1
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Long distance television reception

1 — An introduction

by Keith Hamer and Garry Smith

In these occasional articles, the
authors will introduce readers to the
hobby of long-distance television
reception, or DX-tv as itiis often
called, and pass on their experiences

‘as dedicated amateurs. This first part

discusses how tv signals are affected
by weather and atmospheric
conditions, basic tv set requirements,
simple aerials and signal
identification.

There are many factors, such as transmit-
ter powers and terrain, which will in-
fluence the range over which a television
signal can be reliably received, but in gen-
eral, the strength of the signal becomes
weaker as the distance between the
transmitter and receiver increases. Relia-
ble reception is normally limited to ap-
proximately 70 miles from the transmitter.

Readers have probably noticed that the
strengths of signals from the more distant
transmitters vary during certain weather
conditions. Distant signals, which are nor-
mally very weak, may become comparable
in strength to that of the local transmitter
for a matter of hours, or even days.

Sometimes a distant signal will be re-
ceived on the same channel as the local
transmitter. This is termed ‘co-channel
reception’ (or interference, depending on
whether you are an enthusiast or a viewer).
These temporary extensions in the range of
disant signals are connected with varia-
tions in the troposphere, which extends
from the earth’s surface to about 20,000ft
above. For example, when an anticyclonic
weather condition exists, together with a
cold front stretching between Scandinavia
and the UK, a temperature inversion in
the troposphere usually takes place. Tem-
perature inversions enhance long-distance
television reception.

Fortunately for the average viewer, but
not for the DX-tv enthusiast, widespread
interference on u.h.f. television caused by
tropospheric conditions of the type des-
cribed above is relatively rare. Enhanced
reception on Bands I and III is also asso-
ciated with these conditions.

Ionized patches in the E layer of the
atmosphere often cause interference on
Band I frequencies between early May and
September, The E layer is between about
60 and 80 miles above the earth’s surface.
Before BBC 1 transmissions were
duplicated on u.h.f., viewers had to rely
on 405-line UK Band I transmissions, on
which sporadic E signals would cause quite
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a lot of interference, This interference of-
ten manifested itself as a herringbone pat-
tern superimposed on the picture which
could last for up to several hours. At times,
the BBC 1 picture was totally obliterated.
Viewers relying on channel 2 might also
have experienced a loud buzz on the sound
channel from the video signal of foreign
transmissions on the same frequency. Un-
fortunately, there was little the viewer
could do apart from switch over to ITV or
turn off the set! Later, in some areas, the
BBC duplicated their BBC 1 transmissions
on higher frequencies in Band III to help
overcome the problem. !

If the viewer was curious enough to tune
through the Band I frequencies while spo-
radic E signals were present, he/she would
obtain video information resembling a
mass of unlocked white lines without the
sound channel. At other frequencies, a
distorted sound signhal may have been pre-
sent. The reason for the unlocked video is
fairly simple: The 405-line system, as used
on the v.h.f. channels in the UK, employs
positive video modulation whilst most
Continental countries employ a 625-line
system with negative video modulation,
This is in some ways similar to our own
625-line system but with different sound
and vision spacings and channel band-
widths. Also, most Continental countries
employ the 625-line system on both v.h.f.
and u.h.f. channels, unlike our own
system which is only used on the u.h.f.
channels. We will cover the difference in
transmission standards in greater detail in
a subsequent article.

Some readers will have already realised
that, as the European 625-line system is
similar to our own, we should, at certain
times, be able to resolve u.h.f. television
signals from the Continent on a standard
u.h.f. receiver designed for use in the UK.
This is precisely the case and if your exist-
ing u.h.f. receiving aerial is already
directed towards the Continent, you
should be able to receive Continental
transmissions when the right atmospheric
conditions exist. It is unlikely that the
sound channel will be received because of
the different sound and vision spacings in
use but good quality colour pictures may
be received. It is possible to re-tune the
sound stages of the receiver but, unless
you are well versed in foreign languages,
there is little point.*

Resolving signals enhanced by sporadic

*On Dutch television many programmes are in English
with Dutch subritles. — Ed.

2590mm -

[

=T,
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tubing

7501 coaxiat
downlead

* To receiver

Fig. 1. A simple dipole for frequencies
around 55MH:z.

 E in Band I is slightly more difficult due to

the greater differences in transmission
standards. We have already said that a 625-
line signal received under sporadic E con- -
ditions will show up as a mass of unlocked
white lines when displayed on the screen of
a British receiver operating on 405-lines
v.h.f. To resolve these signals the receiver
will need to operate on the 625-line system
but with the tuner covering v.h.f. frequen-
cies. Fortunately the problem can be
overcome in several ways. ‘

Certain portables are available which
were originally intended for the European
market. These sets have 625-line coverage
on Bands I and III and this is probably the
easiest way round the problem.

If an old dual-standard receiver is on
hand it may be modified so that band
selection, that is u.h.f. to v.h.f., is inde-
pendent of the system switch setting. The
system switch is left permanently in the
625-line position.

If a single-standard receiver is available,
it is possible to fit an additional inexpen-
sive tuner and incorporate a change-over
switch at the i.f. input to select the output
from the existing u.h.f. tuner or the addi-
tional v.h.f. tuner. The latter two sugges-
tions will of course depend on the compe-
tence of the individual to carry out such
modifications.

Another way is to employ a frequency
converter which is connected directly to
the aerial input of a single-standard re-
ceiver. Such converters are sometimes
used in conjunction with communal aerial
distribution systems, in which translated
u.h.f. signals are distributed at v.h.f. fre-
quencies, to minimise cable losses, and a
converter at the receiver converts the sig-
nals back to u.h.f. Hence, if we feed the
input of the converter with a DX signal in
Bands I or III, the unit will translate the
signals to a u.h.f. frequency to enable a
single-standard receiver to be used for
both systems. Suitable converters may be -
obtained from aerial suppliers currently
advertising in various magazines.



Aerials

In the minds of most people, the very
mention of receiving television signals
from other countries conjures up an elabo-
rate array of aerials atop an enormous lat-
tice mast. This need not be the case. Spo-
radic E enhanced signals can attain very
high signal strengths, especially during an
intense opening, and consequently the
simplest of aerials will suffice.

It should be noted that for serious DX
work and the reception of weak signals, an
outdoor multi-element system should be
considered. Use can be made of the direc-
tional properties of the aerial if some
method of rotation is used. As the majority
of Continental transmissions are horizon-
tally polarized, the receiving aerial should
be mounted in the same plane, i.e. with its
elements horizontal.

A simple aerial system for the beginner

can consist merely of a half-wave dipole, as
shown in Fig. 1, mounted outside for best
results. The rods can be cut to suit a fre-
quency in the centre of Band 1, i.e. around
55MHz. As a horizontal dipole will be
directional to some degree, best results will
be obtained if the aerial can be rotated.

Signal identification
After a distant signal has been received,
one will automatically want to identify its
source. This can be difficult if the source
happens to be a programme, but if a test
pattern is received the chances of identifi-
cation are greatly improved. o . .
Until fairly recently there were many
different test patterns in use throughout

the world and almost every country had its -

own design. Unfortunately a growing
number of broadcasting organizations have
introduced similar electronically generated
test patterns and at present there are two
main types; the Philips PM5544 and the
FuBK-type as shown in Figures 2 and 3
respectively. But most services now incor-
porate some form of station identification
and so during sustained reception it is rela-
tively easy to identify the country of origin
and sometimes even the transmitter.

Books

. Until recently there was very little in-
formation available for the would be
televesion DXer, but the situation has now
changed. One publication which should be
of interest to both the beginner and the
established DXer is ‘Long Distance
Television Reception For The Enthusiast’
by Roger Bunney, published by Babani.
Other books and publications which may
be of interest to television DXers will be
mentioned in due course.

The authors will be pleased to hear from
readers with experiences of long-distance
television reception and will hopefully be
able to assist with any identification prob-
lems. Reception reports and any photo-
graphic examples of DX reception will be
welcomed. |

Readers wishing to respond to the authors’
invitation should write to them clo WW edi-
torial dept.
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4 Fig. 2. The Philips PM5544 electronically
generated test pattern. This photograph,
taken directly from the screen, shows
typical reception quality of the Italian RA}
under sporadic E conditions.

Fig. 3. A photograph of the FuBK
electronically generated test pattern used
by the West German Bayerischer
Rundfunk. This signal was also received
under sporadic E conditions.
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Application note 757-4, from Ailtech, describes
the use of the Ailtech 757-57 GPIB Interface
Unit in conjunction with their 757 -spectrum
analyser. Copies are available from Eaton Ltd,
EID, Sherwood House, High Street, Crow-
thorne, Berkshire. Ww405

Reference guide to HBM strain gauges, which
lists hundreds of types and presents information
on mounting adhesives and accessories, can be
had from Carl Schenck (UK) Ltd, Stonefield
Way, Ruislip, Middlesex HA4 0]JT.  WW406

A great many housings and accessories from the
UK and overseas, together with tools, instru-
ments and small components are described in
the new West Hyde catalogue, which is obtaina-
ble from West Hyde Developments Ltd, Unit 9,
Park Street Industrial Estate, Buckinghamshire
HP20 1ET.
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LETTERS TOTHIE EDITOR

CB PIRATES — OR
PROTESTERS?

In your editorial in the May issue you were
rather hard on the c.b. pirates. If a reasonable
request is unreasonably refused it is unreason-
able to expect the applicant to accept the deci-
sion. The applicant therefore has a moral right
to ignore the decision and the blame for the
consequences lies with the person who made the
wrong decision.

You admit that the request for a citizens’
band service was reasonable and that the initial
refusal of the Home Office was unreasonable.
The blame for the effects on the community
therefore rests with the negligent robots in the
Home Office, and the pirates have every reason
to grumble at the expense of changing to the
new system. Indeed, if logic ruled the world the
officials in the Home Office would be made to
pay for the new equipment out of their own
pockets. That would teach them to be reason-
able in the future.

S. Frost
Edinburgh 2

JAMES CLERK"
MAXWELL

Mr Wellard’s recent two-part appreciation of
James Clerk Maxwell published in your March
and May issues was rather forceful in depreciat-
ing the work of Albert Einstein. Undoubtedly it
will evoke reaction from the disciples of Relativ-
ity but, in my view, Wellard is to be applauded
for his forthright contribution. It was indeed
deplorable that the 1979 celebration of the cen-
tenary of Einstein’s birth did not take into ac-
count the memory of Maxwell who died in the
same year. More to the point, however, it is
fitting to note that in 1980 experimental proof
showing that the ether can assert a force was
reported in Nature (G. M. Graham and D. G.
Lahoz, Nature, 285, 154 (1980) and it was Max-
well and not Einstein that was supported.

I hope we will see further acceptance of Max-
well’s principles in the years ahead, perhaps in
regard to the third of the four alternative empir-
ical laws of electrodynamics presented in Max-
well’s treatise. This particular law is an inverse-
square law of attraction with force acting
directly between like charged bodies when
moving at the same velocity. It can, therefore,
give physical basis to Newton’s law of gravita-
tion and may even extend to provide accord
with the equations, but not the underlying phi-
losophy, of General Relativity (H. Aspden, ¥.
Phys, A, 13, 3649 (1980)).

H. Aspden

‘Chilworth

Southampton

It pains me to find two glaring fallacies in M. G.
Wellard’s discussion in the March issue of the
Michelson-Morley aether-drift ‘‘experiment”,
as it is generally termed. The first, that a mirror
may function as a frequency-changer, is prob-
ably peculiar to Mr Wellard alone; the second,
that the Doppler effect may be produced by the
movement of the medium across the source
appears to be quite widely held.

With respect, I would merely comment on
the first fallacy by sdying that a fortune awaits
the inventor of so simple a means of providing
superheterodyne radio reception; for the second

fallacy, may I perhaps be granted a slightly
more comprehensive comment? For our argu-
ment we require confidence in one assumption,
however: that energy manifested in a simple
coherent wave train may be represented by a set
of uniform material objects, which may be ar-
ranged in a regular pattern in space and in parti-
cular in a line representing the line of advance of
the wave, each object standing for either a peak,
zero-crossing or other phase-state. We could
.construct a mechanical model, then, with a
launcher which rolls a series of balls at regular
intervals onto a straight level track, along which
they would propel themselves at a steady veloc-
ity to a reception device with a counting mech-
anism, which would be matched by a similar
counter on the launcher. We could then say
what is the frequency of dispatch, and of arrival
at the receiver, and how many balls are in
transit. Now suppose that the track is the sur-
face of a continuous transporter-belt, and that
this is set to run steadily towards the launcher
(to match Mr Wellard’s example); what would
then have changed? Not necessarily either the
rate of dispatch or arrival at the end of the track.
The balls would be more closely spaced along

the track, in accordance with its speed, but they '

would travel between launcher and receiver
more slowly in a compensating measure. Would
we expect to detect the equivalence of the
Doppler-effect in this model?

Now suppose the belt to be halted, but either
the launcher or receiver to be moving along it.
What would be changing in this case? Not
necessarily the rate of dispatch. But the rate of
reception would have to change, because the

-number of balls in transit would be constantly

changing in proportion to the speed with which
the effective track-length was either increasing
or decreasing. Now could we be said to recog-
nise the change of frequency at the receiver of
this model as the equivalent of the Doppler
effect?

Surely the implication of this, and of Mr
Wellard’s discussion (erroneous though it may
be in some details) is that the designers of the
aether-drift “‘experiment” were suspending
their principles of scientific method. If this were
s0, the members of the scientific faculties have
been somewhat slow in offering criticism of this
lapse. Perhaps it is pertinent to mention here
that Fizeau’s aether-drag ‘“‘demonstration’
should be subjected to closer inspection; the use
of a “control” beam of light propagated in static
water, to be compared with its “twin” in water
flowing in either one or the other direction rela-
tive to the light’s direction would, I rather sus-
pect, provide indications against the drag
hypothesis.

To conclude, could I suggest, with all due
respect, that criticism be always welcome, as is
needed if the scientific ideal is to be upheld, but
that criticism should be more critically exa-
mined before publication? And that applies to
this, if it is considered worthy of print!

If by trial and error we may learn, then let us
by all means make etrors — and then learn to
recognise thetn!

C.B. V. Francksen
Farnborough
Hants

The author replies:

In C. B. V. Francksen’s working model of the
Michelson and Morley experiment the balls
represent the energy of consecutive cycles of a

light wave, the launcher the source of light and
the semi-transparent mirror, the 1eceiver repre-
sents the reflecting mirror, and the stationary or
moving track represents the stationary or
moving ether. The model can be improved by
allowing the launcher and receiver to change
positions when the light beam is reflected in the.
experiment. In the fourth paragraph of the let-
ter the receiver’s changed rate of reception is
analogous with the frequency changing effect of
the moving reflecting mirror.

Mr Francksen need have no fear that his

4-letter is unworthy of print. In the fifth

paragraph he has pinpointed the basic flaw in
the reasoning that gave rise to the experiment.
The history of this experiment is dealt with by
Dr Berkson in his “Fields of Force” from page
261 onwards. Fresnel had explained the pheno-
menon of stellar aberration by assuming the
ether did net interact with the Earth. When
Arago discovered that this phenomenon did not
occur when light passed through a prism, Fres-
nel said that the ether was trapped within the
volume of the prism and dragged along the
light. Fresnel calculated his ‘dragging coeffi-
cient’, and by passing light through a moving
column of water Fizeau proved Fresnel’s
‘dragging coefficient’. The moving volume of
water dragged along the light wave. Stokes had
already proposed an alternative theory to ex-
plain stellar aberration — the ether was dragged
along by the moving Earth — and Stokes’s
theory cannot explain Fresnel’s ‘dragging coeffi-
cient’.

Michelson and Morley ignored Fresnel and
Fizeau and accepted Stokes’s theory that the
Earth created an ether wind. If the Michelson-
Morley experiment is repeated, effectively im-

~mersed in a flowing volume of water, their in-

terferometer will show signs of interference.
M. G. Wellard

TELEVISION FOR
NO-SIGNAL AREAS

Mr Osborne’s case history of a practical applica-:
tion of an ‘active deflector’ system (May issue)
was read with great interest but with some ap-
prehension. This article could well give the im-
pression that such schemes are very simple and
demand little more than redundant aerials, sal-
vaged coaxial cables and modified standard
television distribution amplifiers employed with
ingenuity by an experienced amateur.

My company has become very involved with
‘self help’ schemes and supplies standard, and
specialised equipment together Wwith engi-
neering advice and assistance where necessary,
As a result of our involvement and experience, I
would like to make the following points:

1. Communities forced to consider ‘self help’
systems, usually of populations less than 200,
are entitled to the best possible television re-
ception, with a target of standards comparable
to well-engineered cable systems.

2. Cable systems should be used whenever pos-
sible with the advantages of multi television
channels, v.h.f./f.m. radio, teletext operation
and provision for future channel services.

3. Active deflector systems should be engi-
neered to the same standard as cable systems,
where we comply with BS 5603 and CTVRI/1.
Due regard must be paid to filtering of received
channels, minimum transmitter power, and cal-
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culation of s/x and s/n ratios, for broadband
amplifiers, relative to all known variations of
signal levels due to ‘off air’ and cable/equipment
temperature variations.

4. As advised under “Licences”, full use should
be made of the BBC/IBA transmitting authori-
ties, who share the difficult task of assisting the
remaining unserved 0.1% population not
catered for under Phase 3 of the UK television
coverage plan which is projected to 1986.

Please be assured that this is not a criticism of
Mr Osborne’s article and successful endeavours.
V. Lewis
Wolsey Electronics
Porth, Rhondda
Mid Glamorgan

SCIENCE AND SOCIETY

The quotation from the policy statement by the
British Society for Social Responsibility in
Science (BSSRS) in May letters contains serious
ambiguities, if not explicit errors, which do
great harm to the Society’s good cause, and
which must therefore not pass unchallenged.
The policy statement declares: “Science is not
neutral. It cannot be separated from politics. It
both reflects and helps to determine the values
of society.” Now if the term ‘‘science” is used to
denote the activities of the members of a social
group known as the “‘scientific community”’,
then these assertions are essentially true. For
the activities in question are inextricably linked
to the society within which they take place.

Unfortunately, the definition of science as
“the set of all activities by scientists” is rather
problematic, because one will then have to
specify what this peculiar breed of social
species, the scientist, is. And if one naturally
says that the scientist is a person who practises.
science, then the circle becomes obvious. In
fact, there has taken place inside BSSRS a de-
bate on whether “Science is a labour process™ or
“Science is not just social relations” (see Science
for People No 43/44, 1979). Sadly, it is now
evident that the former slogan has overwhelm-
ingly prevailed.

I would argue that the BSSRS in particular,
and a wide spectrum of political and philoso-
phical opinion in general, in going out of their
way to stress the social influences on scientific
research and the impact of scientific discoveries
upon society, have been carried away by their
bubbling enthusiasm for radical or revolu-
tionary policies, have thus missed the more fun-
damental content of the meaning of science,

have therefore fallen inevitably in serious errors,’

and so have generated a great deal of dangerous
confusion.

Science is best defined as, in the first place,
objective knowledge, plus, in the second place,
the activity to enlarge, and make use of, this
permanent and universal knowledge. Scientific
objectivity stubbornly and irrefutably exists and
refers to the permanent and universal
knowledge of facts and phenomena of nature
which are independent of any individual’s
whim: political affiliations, ideological persua-
sions, moral convictions, religiou¥ beliefs, and
so on. Facts and phenomena of nature are al-
ways the same for every member of the human
race.

If one disregards, as so often is the case, the
existence of objective knowledge (upon which
all scientific activity, of any political orientation,
must securely rest) one will unhappily be forced
to say that science is just another ideology, a
mere branch of politics, not better and not
worse than religion, ethics, and the like. It is
true that scientific facts are discovered usually
as a result of the activities of scientists, which,
we agree, are prone to (good or bad) political
influences. It is also true that there are certain

difficulties in one’s attempt to state the scientific
facts objectively — free, that is, of experimen-
tal, theoretical, and linguistic limitations or un-
certainties, and independently of any political
context. For these reasons, many people, not
being competent enough to surmount these dif-
ficulties, and having gone out of their way to lay
great emphasis on the political influences on
scientific research, have ridiculously concluded
that objective facts do not exist, and they have
declared that one cannot separate (the sup-
posedly) certain facts from uncertain theories or
from political prejudices. I have very strong
feelings about these issues, and suggest that
those who are incapable of distinguishing fact
from theory or from context should admit their
incompetence, rather than cynically persist with'
these preposterous assertions.

The mix-up between science and ideology is
confounded by the fact that all sorts of dubious
science (e.g. race and IQ studies, astrology,
cosmology) or faulty science (e.g. relativity,
duality) are frequently mistaken as authentic
science. This badly misguides philosophers into
creating dismally erroneous theories of science.
Conversely, the realization of the full extent of
the confusion between science and ideology is
necessary if one wishes to understand why im-
possible hypotheses have been foolishly accepted
as tenable and even as true ones (especially in
the sphere of theoretical physics).

The most striking instance of the mix-up be-
tween science and ideology, and that which gen-

erated the greatest harm is the following: Many ,

elements of so-called “‘modern physics” (relativ-
ity, quantum) were rejected by the Nazis be-
cause many (but by no means all) of their
creators happened to be Jews or socialists or
both. In this way, the military defeat of Hitler
sealed the fate of twentieth century theoretical
physics. As Hitler was (morally) wrong, those
who criticise modern physics must be (scientifi-
cally) wrong, too. This is one reason why so’
much scientific criticism of relativity went into
deaf ears. The sooner these and other facts are
recognised, the earlier the vagaries of relativity
will be retired to their well-deserved resting
place in the history of science, next to epicycles,
phlogiston and the like.

By speaking out in this way, I run the risk of
being dubbed a reactionary. But for the sake of
truth I do take the risk and I suggest that
BSSRS should correctly understand first the full
and exact meaning of science, if they really want
to ensure, as I do, that science serves the people
as a whole. And I earnestly appeal to the com-
rades of the BSSRS to re-examine the issues I
have raised with their brains, not with their
hearts; otherwise they will continue to alienate
the rank and file scientist, and allow the political
establishment to strengthen its position.

T. Theocharis
London SW18

ENGINEERING
EDUCATION

The article by Professor D. A. Bell in the Jan-
uary issue reviews the technologist vs theoreti-
cian question. In the USA we have recently
taken a different path, with separate schools and
degrees for technologists and engineers.
Whether this is better or worse than the drop
down to “pass” level of the UK is yet to be
determined. )
The question is so old that it should have
been solved. This is shown by the editorial in

your near-relative publication, The Electrician,.

in volume 21, page 579, September 14, 1888:

‘“Lord Armstrong, like most captains of industry,
knows exactly what he wants and how to get it; but he
is rather afraid of getting more than he wants, which he

probably would do if Sir Lyon Playfair had his own
way . . . Lord Armstring approves os_technical and
even scientific training only when and where they are
needed; Sir Lyon Playfair would scatter these accom-
plishments broadcast in case they may be needed.

“We suspect that the chief value of technical training
in the estimation of the artisan is that it will help him to
better his condition — to rise above his fellow workers.
The case of 39,000 workmen being thrown out of
employment by the invention of a new method of
making steel does not help the argument, unless we are
to believe that those men would have been kept in
work had they understood the process as well as Bes-
semer.

“The learned doctor hopes to create an unlimited
supply of Watts, Stephensons, Arkwrights, Cart-
wrights, and Bessemeers, by giving the multitude tech--
nical education, whilst his practical opponent appre-
hends that there would be nobody left to work their
inventions if we succeeded, and everybody left discon-
tented if we failed.”

Somehow, I feel that a definition of inertia,
conveniently placed on the same page of that
musty old volume, applies. This is attributed to
Prof Ayrton:

“There are two possible definitions of inertia: in this
country (England) it is defined as resistance to motion,
and in America as resistance to standing still.”

It appears that the motion on this question
has been a circular orbit for 92 years, and it is
time that we selected a re-entry point!-

J.D. Ryder '
Ocala
-Florida, USA

The writer was formerly Dean of Engineering at Mi-
chigan State University, USA — Ed.

The author replies:

If the problem has been with us for nearly a
century, and yet such a leading figure as John
D. Ryder cannot give an authoritative answer,
one’s first reaction is that the problem is insolu-
ble. However, I think it is worth while pointing
out that my remarks were made within the
context of the British university system. Firstly,
it appears that as the comparison between
“technologist” and “engineer” in American ter-
minology is set against our honours/pass discri-
mination, it must distinguish between “techni-
cian” and “professional engineer” rather than
between ‘‘technologist-engineer’” and “engi-.
neer-scientist”. (In Britain the term “technolo-.
gist” is of top ranking and covers both profes-
sional engineers and their equivalents in other
types of technology, in contrast to “technician”
which implies lower, academic standing, what-
ever the value to industry and to society.)
Secondly, all British universities have in theory
the same academic standards: this is supposed
to be ensured by the general use of the system of
external examiners, i.e. every degree examina-
tion is monitored by a senior member of some
other university. None the less, special prestige
attaches to some universities: one might perhaps
compare Oxford, Cambridge and Imperial Col-
lege with Harvard, Yale and MIT. The inhibi-
tion here of any further discriminatory classi-
fication is part of a very deep-rooted reluctance
in Britain to declare openly that anyone is in-
ferior to others -or is finally and irrevocably’
judged incapable of reaching the highest level.

A personal view is that the British university
pass degree is too often no more than a safety
net for those who (for one reason or another) fail
to reach honours standards. It is responsible for
the ' comparatively low drop-out rate from
British universities. (The system of financial
grants to students must also influence drop-out
rates.) There is little doubt that separate institu-
tions could produce better technicians, but the
question is how much human unhappiness
would be created by the forcible separation of
school leavers (high-school graduates in US ter-

minology) into two streams, professional engi-
neers versus technicians. It would depend partly
on the opportunities for exchange between the
two streams, which would seem to be minimised
if separate institutions are involved. In any case,
I do not believe that the vocational content of
education is such an important factor in national
prosperity. as is sometimes assumed, for
example in the Finniston Report on engineering
education.

D.A. Bell

RADIO AMATEURS'
EXAMINATION

I was glad to see the validity of the Radio Ama-
teurs’ Examination queried at last (May issue,
p.54). Since the Nuffield foundation introduced
many changes — even corrections — in the way
Physics is taught, many examiners have
persisted in regarding the “new approach” as
wrong, and marking it so.

“Traditional” and “modern” answers to a
question such as ‘“describe the changes which
take place when a capacitor is discharged
through an inductor” may be quite different at
first glance, whilst both could be right. Unfor-
tunately there are too many in authority who
would dismiss the latter.

W. H. Jarvis, GRAPX
Preston
Lancs

I agree with Pat Hawker (May 1981 issue) that

“the two errors in the December 1980 Radio

Amateurs’ Examination Paper 2 were inexcus-
able, but that is about the only point with which
I can agree. Even his comment about the pro-
posed c.b. arrangements permitting radiotele-
phony on 27MHz whilst Amateur Licence B
holders may only operate on frequencies above
30MHz has no relevance since the amateur ser-
vice is an international service while c.b. is a
national one and completely different consider-
ations apply. However, this is no concern of the
City of Guilds of London Institute.

I would very much like to see RAE question
papers published but the City and Guilds of
London Institute has its difficulties here which
are entirely connected with the integrity of the
examination and are not due to a desire for
secrecy in the way the examination is
conducted. One is tempted to ask whether what
Mr Hawker calls his good fortune did not, in
fact, arise from someone breaking faith with
undertakings given to the Institute.

As for the charge of a lottery, what of the old
written type examinations where only a very few
topics from the syllabus could be tested at each
examination? In spite of being reasonably well
prepared a candidate could find that the ques-
tions were all on his weakest topics and he or she
had no opportunity to demonstrate their strong
points.

The present multiple choice scheme tests
every topic in each section of the syllabus at
every examination and candidates know they
will have a chance of demonstrating their
strongest topics as well as being tested in the
weakest. As long as they have as many strong
topics as weak ones they have some chance of
passing. - ]

Multiple choice questions were not dreamed
up for the RAE; they have been widely used for
many years and the principles are well estab-
lished. The setting up of a bank of question
items is a long process and each item is tested
and edited at several stages and finally pre-
tested by volunteers in a mock examination be-
fore being accepted for the bank.

The question items are so constructed that
the correct answer cannot be selected simply
because the alternatives are obviously wrong.

Each option offering an incorrect answer must
have some credibility so that the candidate must
use knowledge of the topic to select which of the
options is correct in all respects and fully an-
swers the stem of the question. Errors and omis-
sions typical of those expressed by candidates in
the pre-1979 written answers are used in the
incorrect options to give them credibility. )

Multiple choice is not an easy way out and the
candidate needs as much knowledge of the sylla-
bus as he or she did when writing essay type
answers. If all this is thought to be unfair to
candidates, what is the explanation for the
number of candidates having increased from
about 1850 in May 1978 and 900 in December
1978 to some 3000 in May 1980 and 2800 in
December 1980 and that the percentage of
successful candidates has increased slightly?

As regards syllabus content, there has always
been a section on electrical theory and it has
always been supported by lecturers and other
interested bodies, in particular the RSGB, as
being valuable groundwork. The volume of
such theory has been reduced over the years as
technical considerations have changed and the
units now involved consist of volt, coulomb,
ampere, ohm, watt, hertz, farad and henry and
this does not seem excessive. Neither does there
seem any reason why knowledge of licence con-

" ditions should be less under multiple choice

conditions than it was under written answer
conditions.

As regards valves, the alternative would have
been a massive increase in training time, and I
for one see no need to ask would-be radio ama-
teurs to undertake a two-year training course.
Wilfred Dunell, G3BYW
City and Guilds Radio Amateurs’

Examination Subject Committee

Cambridge

The views expressed are those of Mr Dunell and not
necessarily those of the Subject Committee. — Ed.

Pat Hawker, G3VA, comments: :
Wilfred Dunell seems to have misunderstood
the point of my criticisms of the RAE held in
December. I am all in favour of the multiple-
choice form of examination, although, as in thé
equivalent American exam, it might be worth
adding some requirement for candidates to draw
a few very simple diagrams. But there are good
multiple-choice papers and bad multiple-choice
papers. Too many of the questions seem irrele-
vant to deciding whether somebody should be
entrusted with operating an amateur transmit-
ter; and unless one knows the “pass’ marks
then one cannot avoid the suspicion that a lucky
pin would have been alrnost as useful as careful
preparation.

So I remain convinced that not all the ques-
tions were either fair or relevant; that it is ridi-
culous to include coulombs but omit valves; and
that at least some questions should be concerned
with safety. Far from wishing that would-be
amateurs should have to take a two-year training
course, it would seem better to scrap the RAE
altogether than to continue to set such unsatis-
factory papers. As to anyone ‘‘breaking faith” to
show me the papers, surely such a charge would
be better levelled at those in any way respons-
ible for approving the papers! I notice that Mr
Dunell does not comment on the question I
quoted about s.w.r. meters.

SCIENTIFIC COMPUTER

In the eighteen months since I first wrote to you
(December 1979 issue) considerable evolution
of John Adams’ scientific computer design has
occurred.

At the time of my first letter, the high level
language available (BASIC using Reverse Polish
- “BURP”) was very restricted in its facilities

and therefore attracted my criticism. Subse-
quently, Mr Adams has made available a Mark
IT and then a Mark III version of BURP and I
understand that Mark IV is about to appear. A
floppy disc interface has been described (Octo-
ber and December 1980) and a 32K memory
expansion board is about to become available.

The presently available high level language
(Mk III BURP) represents a vast improvement
on the original and has answered virtually all the
criticisms I made. It now offers a full range of
variables, multi-dimensional arrays and vir-
tually all of the statements that one would ex-
pect of an “8K BASIC”, yet occupies only 4K
of memory. It is certainly more than adequate
for all “scientific”” purposes and one imagines
that the Mk IV will be even better.

Much of the evolution of the design has been
facilitated by the creation of a users’ group asso-
ciated with a monthly newsletter. Through this
medium, many advances in hardware, firmware
and software have been made available to users
of the computer; the updated BURP interpreter
is available via the users’ group.

Anyone still using the original, or even the
Mk II, monitor is struggling under unnecessary
difficulties. Those wishing to remedy this and
for ensure that they keep abreast of future ad-
vances would be strongly advised to contact the
users’ group c¢/o Mr Phillip Probetts, 50 Crom-
well Road, London SW19.

What was originally a very sound basis for
development has now blossomed into a very
satisfactory and useful machine and, as a final
comment, I would like to express the gratitude
of all concerned for the tremendous efforts
made by Mr Adams and Mr Probetts.

Fohn Whittington
North Harrow
Middlesex

MICROCHIPS AND
MEGADEATHS

I was absolutely delighted to read your
November editorial both because of your stand
on the matter and because you have raised the
issue in the technical press.

It seems particularly sad that such high levels
of effort and intellect must be employed on the
mutually assured destruction of mankind.
Those of us who have bothered to inform our-
selves and are astride the technology of nuclear
warfare can do nought but agree that a halt must
be called.

JFohn B. Gibson
Winchester
Hants

I am absolutely appalled by the sentiments ex-
pressed in the editorial ‘“Microchips and Mega-
deaths” (November 1980 issue), the article in
Sidebands (May issue) and a great many of the
published letters.

Can any of these people put together a viable
programme of action which would be com-
pletely successful in persuading the world’s en-
gineers to stop working on ‘“defence” projects?
Obviously no less than one hundred percent
success is acceptable, and equally obviously that
is not possible. -

Lately we engineers have been attempting to
improve the status of our profession; e.g. the
Finniston Report. If we do not wake up and
stop behaving like naive children, we will
neither get nor deserve any respect at all. True
engineers have to operate in the real world, not
in the rarefied atmosphere of the ideal one. ,

The only way to preserve world peace is to
maintain a balance of power. The West has
already fallen dangerously behind; therefore en-
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gineers should be redoubling their efforts to
make maximum use of their limited budgets.
Fack Anderson

Dunmurry

Belfast

I do hope that the proportion of letters in favour
of your editorial “Microchips and megadeaths”
in the November 1980 issue is typical of your
postbag and of engineers in general.

I am sorry to recall that, for two years after
leaving university, I too worked in ‘defence’
projects for a leading electronics manufacturer.
However, engineers and computer scientists are
fortunate in having a wide range of job opportu-
nities available. I would encourage anyone who
is employed on ‘defence’ work (especially pro-
jects for other countries which help to fuel wars
in which Britain has no interest!) to look for
more useful employment. When one leaves de-
fence projects it is a great joy to be able to talk
freely about one’s work, and to contemplate its
use without envisaging catastrophe. .

Could Wireless World take matters further by
publishing one or more detailed articles listing
the firms students should avoid when looking
for employment? The Campaign Against Arms
Trade (5 Caledonian Road, Kings Cross, Lon-
don N1 9DX, tel: 01-278 1976) would be only
too happy to supply information to any other
interested readers.

David Bailey
Manchester 16

OPTO-ELECTRONIC
CONTACT BREAKER

Your article on opto-electronic contact breakers
(April issue) suggests that they can be fitted to
any make of distributor. My own Hillman
Hunter uses a distributor in which vacuum ad-
vance moves one of the contacts of the contact
breaker and, as you can see from the enclosed

pages of the maintenance manual, all vacuum

advance would be lost if the contact breaker
were changed as the author suggests.

M.D. Samain

University of Salford

The author replies: .
Mr Samain is, of course, correct in saying that

~

the opto-electronic contact breaker is not suit-

able for sliding contact type distributors. This
type of contact breaker is designed to extend
contact life by spreading the area of contact
erosion, but must be regarded as a palliative
rather than a cure for the well known problems
of conventional ignition systems. It is particu-
larly unfortunate that no proprietary devices are
available to replace such a contact breaker, for
the same reasons which rule out my own device.

On re-reading the article as published I could
not, however, see where it was suggested that
any make of distributor was suxtable for conver-
sion.

J.R. Watkinson

DIVIDING BY
FRACTIONS .

Referring to the article by Gilbert Pearson in
your April 1981 issue, which described a
method of division from PAL sub-carrier fre-
quency to line frequency by digital counters, I
would like to suggest a simpler way to accomp-
lish this.

By wusing the dual pulse synchronizer
SN74120 together with a dual D flip-flop
SN74874, you can easily “remove” a single
period of the 4.43MHz signal 25 times per
second. After counting down by 1.135 you have
a frequency of 3906.25Hz with very low jitter.
Using a s