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RADIOCODE CLOCKSLTD

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

1

( NEW PRODUCTS )

@ MINIATURE RUBIDIUM
OSCILLATOR MODULE
Lower power, fast warm up, optional
output frequencies, programmable
frequency offsets.

@ RUBIDIUM FREQUENCY
STANDARD
High performance, compact and
rugged instrument. 2U rack or '/, ATR
case options.

® INTELLIGENT OFF-AIR
FREQUENCY STANDARDS
Microcomputer controlled
instruments, directly traceable to
N.P.L., precision ovened local
oscillator, comprehensive monitoring
and status information, real time
synchronisation.

® LOW COST MSF
FREQUENCY STANDARD
Instant operation, directly traceable
to N.P.L., self-contained portable unit,
no scheduled frequency changes,
24 hr transmission, real time

k synchronisation J

® Off-air frequency
standards ‘

@ Intelligent time systems

@® Caesium/Rubidium based
clocks & oscillators

® Master/slave systems

® Time code generators/readers
® Record/replay systems

@ Intelligent display systems

® Precision ovened oscillators

® Time/frequency distribution

systems

Radiocode
Clocks Ltd*

Unit 19, Parkengue,
Kernick Road Industrial Estate, Penryn,
Falmouth, Cornwall. Tel: Falmouth (0326) 76007

(*A Circuit Services Associate Co.) y
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FIELD ELECTRIC LTD.

3 Shenley Road, Borehamwood, Herts WD6 1AA. 01-953 6009
Official Orders/Overseas Enquiries Welcome/Telephone Orders Accepted.
Open 5 days. 9am/5pm. Please ring for C/P details now shown.

All prices inc. 15% VAT unless stated.

SPECIAL OFFER: Prestel Adaptor Model P1. Complete with remote
C/keypad. C/W All electronics. CPU isolation T/x modem 1200 bauds rate.
UHF modulator. PSU IC’s AY-3-1015D, AY-3-9710HK, PIC 1650A-532,
TY16502, AY-3-9725 & Data. New and boxed. £15.95 C/P £3.0

Sonnenschein Dryfit A200 Batteries. 12 vdc 5.7ah. New and boxed 151.7 x
65.5 X 94.5m/m. Can be used in any position. High impact ABS Case.
Charging voltage 13.8V. Max. discharge current 80A. Discharge 20hr 285m/a.
£16.95 inc. 15% VAT & C/P )

24V 15 amp Gould
switch mode PSU.
New & boxed 215 x
72 x 89m/m. 240V

110Vinput. £57.50
CrP 2.50

24V 4.8a Ac/Dc
linear PSU. 240V
input. New & boxed
227 x 123 x
70m/m. £19.95
C/P350

Farneli G6-5m. 6V
5A. 240V input
switch mode PSU
145 x 88 x 33m/m

£20.00 cp1.75 ff0"|c/%1 8.00

inc.

19" Rack mount fan
unit3 x 240V, 1
X 120 fans. New
unboxed, louvred

Kingshill linear PSU

20 25V, 30A, 240V input

£30.00 c/P 20.00

Cherry qwerty keyboard
new. IC’s SN7493AN,
SN74151AN, SN7400N,
etc: £12.50 C/P 1.50

Die-cast AliBox 412
xilg x 2l2

£2.00
CIPs0p

NCR Micro Fiche 390 PCB 9 x 2532JL45
x 279 x 189m/m EPROI

New portable 240V
Ac. 24/12V Deinput.
£69.00 c/P 6.00

MS 4K x 8 bits
£12.95inc. C/P
New

22,000uf 25V
new

Computer.
Grade caps
£1.50
inc. C/P

Bardic/Chloride Safety
Handlamp C/W sealed

alkaline batt & charger pack,

24V Dc. New & boxed.
£34.50cP 375

Cetronic Ltd. Line
Conditioner 50Hz, input
freq. 240V-20A +10%
5KVA20 8 Amp.

£350.00

Gould Type DC379. 240V
input 5V 40A-12V 4A +
15V 11A switch mode
PSU. £55_00 C/P 5.00

Hewlett Packard 180A
O'scope C/W 1801A
D/CHN 50MHz Vert Amp
+ 1821A time base &
delay gen: with data rack
mount. £550.00

Cossor CDU150 Dual
Trace O’scope C/
data 35MHz.

£165.00

Kingshill Stablished Metered PSU
Type 601 240V Input 0-60V O-1A

£50.00

4 x AANi-Cads Re-
chargeable Shrink wrap
Ex-new equipment

£2.25inc. C/P

Fairchild 8m/m Type
70/07 Suitcase
Projector C/W audio

Sodeco 12V R al
Digit Panel Mounting New.

£6.75CP1.25

Counter 6

Universal Coupling Arms
ideal for robotics 4"
closed. £2.28§ inc. C/P

amp: Lens & case

240v £19.95
c/P3.00

Tektronix Type Sl

Data Recording Fan Cooled

Linear PSU 240V input + 15-158A

per output newrboxed

£40.00

120 x 120 x 38m/m
115V Fan’s new
condition £2.50
inc. C/P

Sampling Heads.

£200.00

12V Dg Q.Halogen 100W 30 x
10m/m. £2.00 inc. CIP

Comark Digital
Thermometer Type 3000
19510 1100C data VA.

Tektronix Linear IC
Test Fixture 178.
£500.00

BNC 502 Amphencel Surface
Sackets. £1,00 inc. C/P

£75.00 inc. Thermai
Coup

Tektronix Type 7A12
Dual Trace Amp.

12-0-12V 2A Per Winding
230V Prim. £2.50
C/P 1.00

£22.00
Tektronix Type 1AS

$-0-9V 1A 230V Prim. -

Meter Movement in Plas-Case.
Reads 230°C/450°F 195 x 127
% 500m/m case meter 88 x
72m/m. £9,95 C/P 1.50

£1.95¢P s0p

Differtial Amp
£60.00

20/22V 2A 230V Prim
£5.50 ¢/P 75p

CDC Hawk 5+ 5Mb Hard Disk
Drive. New & Boxed C/W Data.

£250.00

Tektronix 53/54C
Duai Trace Calibrated

Pre-Amp. £50.00

Cathoden Crystal Osc
20MHz with data. £2 50
inc. C/P

Philips Type PM 3212 Dual
Trace O'scope 25MHz

£350.00

VoltexCo + 12V 1-5A + 5
30A 12V10A Linear PSU.
115V/230V input. Rack
mount. 17 x 14 x 434",
£38.00 C/P 5.50 NEW

Tektronix Type 454
O'scope. 150MHz Dual
Trace Delay Sweep.

£615.00

Telequipment D67 Dual
Trace 25MHz Delay Sweep.

£250.00

Tektronix Type 422 O'scope
15MHz Dual Trace FET
Inputs. £300.00

CDC Lark Hard Disk Drive
C/W PSU Smoke Damage.
£50.00

Coutant Linear PSU. New &
boxed with data. GP series
15-18V 10A 240V input.
£46.00 inc. C/P
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CHUM ONE A

Industrial Computer

Control BASIC and Z80 Assembler Language
On Board EPROM Programmer

Detachable Hand-Held Keyboard and Display
4K Bytes of Battery Backed Memory

Up to 64 Relay Outputs

Up to 64 Opto-Coupled Inputs

4 Analogue inputs

1 Analogue Output

RS232 Interface

Cassette Back-Up Memory

Real Time Clock

The Chum One A offers the complete solution to all
measurement and control problems. Programs can be
written, tested and modified in RAM then-at a touch of a
switch blown into an EPROM.

WARWICK DESIGN GROUP, 12 ST. GEORGE’S ROAD
LEAMINGTON SPA GV31 3AY (0926) 34311
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This is just a sample of our huge
inventory — contact us with your

requn‘ements.
OSCILLOSCOPES
Hewlett Packard
182T Scope Mainframe £1850
1715A opt 101 200MHzScope £1950
Tektronix
212 Miniscope 500KHz £350
4658/DM44  100MHz Scope DMM £2000
4658 100MHz Scope £1450
475A 200MHz Scope £2350
475 130MHz Scape £2000
475A/DM44  200MHz Scope/DMM £2750
- 485 350MHz Scope £4950
608 Monitor £1500
634 0pt 1,20 DisplayMonitar £750
5223 Scaope Mainframe (Mint) £3600
5441 Scope Mainframe (Mint) £1950
7603 100MHz Mainframe £1950
R7603 ScopeMainframe £2100
7704A 200MHz Mainframe £2850
7904 500MHz Mainframe £6850

A large selection of 7000 series plug-ins available at up to
B60% saving on list. Please call for quotations.

ANALOGUE METERS
Fluke
887AB Differential Voltmeter £850
931B Differential Voltmeter £750
Marconi
TF 2603 RF Millivoltmeter £550
ANALYSERS
Anritsu
MS 628 Spectrum Analyser

10KHz-1700MHz £7250
Hewlett Packard :
332A Distortion Analyser £600
8568A SpectrumAnalyser P.0.A.
8908A opt 01  Modulation Analyser £4800
Marconi
TF 2330A Wave Analyser £850
TF 2337A Automatic Distortion Meter £450
TF 23008 Moduiation Meter £950
TF 2808 Dataline Analyser £650
Radiometer

. BKF10 Automatic Distortion Analyser
+RECB1 Plotter £1500

Thandar
TA 2160 Logic Analyser 16 channel. MINT £950
Tektronix )
308

DataAnalyser £1750

Marconi Instruments

INDUCTOR ANALYSER TF 2702

SPECIAL OFFER £950
0.3rH-21,000 Henries
Int. Freq. 10KHz, 1KHz & Powerline
Ext. Fre& 20Hz-20KHz

SIGNAL SOURCES
Hewlett Packard
214A Pulse Generator £750
8007B Pulse Generator £950
8011A Pulse Generator 20MHz £550
8015A0pt02 PulseGenerator £1500
8614A Signal Generator £3950
B861BA UHF Signat Generator

1800-4500MHz £2750
86260A Sweep Generator Plug-in

12.4-18GHz £3500
86408 001-002 AM/FM Signal Generator £4500
86808 Sweeper Mainframe £950
4204A Digital Osciflator £475
3314A0pt 01  FunctionGenerator £2500
3325A Function Generator £1950
Marconi
TF 2002B AM/FM Signal Generator £995
TF 2006 AM/FM Signal Generator 1 GHz £1950
Wavetek
166 S50MHz Pulse/Function Generator  £1500
184 5MHz Sweep Generator £650
185 Sweep Generator 5MHz £595
TEKTRONIX G.P.T.E.

ENORMOUS SAVINGS — NEW LOW PRICES — SAVE
UP TO 80%

0C 504 opt 01 Counter £95
DC 508A Counter ¢ £500
DD 501 Digital Delay £300
FG 501 Function Generator £95
FG 504 40MHz Function Generator £1250
PG 502 Pulse Generator £1000

Pulse Generator

PG 505 £150
PG 506 Constant Amp. Generator £1500
PG 508 Pulse Generator £800
RG 501 Ramp Generatar £100
SCBo1/2 Scopes each£350
SG 502 Signal Generator £325
SG 505 Signal Generator £260
TG 501 Time Mark Generator £1350
TM 501 Mainframe £320
TM 506 Mainframe £325
TM515 Mainframe £400
HEWLETT PACKARD COMPUTERS
2631B opt 005, 017, 018 Printer £650
3497A opt 001 DataAcquisition Unit £2950
9408 Multiprogrammer £1495
7910H opt 015 Disk Drive £1500
9862A Plotter £500
9915A Computer £850

Alsg available:- 9816A e 98255 @ 9825T ¢ 9826A
* S835A ¢ 3836GA ¢ 38455 @ 98458 ¢ 9845C-150
® 0827C ¢ 9827T.

GENERAL PURPOSET&M

Farneil

SS8G 520 + TTS 520 Transmission Test Set £4275
Fluke

887AB AC/DC Differential Voltmeter £850
5200A/5215A ACCalibrator £7500
7220A Comms. Freq. Counter £495
G. P. Industrial

MFL 373 Fault Locator. MINT £395
Hewlett Packard

3437A High SpeedD.V.M. £1250
3465A 4'2DigitD.M.M. £350
87468 SParameter Test Set £7500
7475A 0opt 001 Plotter £1275
Keighley

192 opts 1810, 1923 Prog. Systems D.M.M, £995
Marconi

TF1313A LCRBridge0.1% £750
TF 2702 Inductor Analyser £950
TF 2807A PCMTester £1350
TF 2905/8 TV Pulse Generator £750
Tektronix

148 TVInsertion Signal Generatar £4250
520A Vectorscope (NTSC) £3750
521A Vectorscope (PAL) £4250
6305R Calour Monitor £1500
576 Curve Tracer £7500
81 SamplingHead £850

1411Ropt 04 TV Generator
1421 \ectorscope
1481R TV Wavefarm Generator
PBO15 40KV H.V. Probe (New)

AII prices are exclusive of VAT and correct at time of going to press . Camage and packing charges extrag A copy of our trading conditians is avaflabie ‘onreguest.

=S et leh o | Electronic Brokers Ltd, 140-146 Camden Street, London NW1 9PB

233;2 et ekl =
ElectronicBrokers| - = [ =

Telephune' 01- 267 7070 ¢ Tele)(' 298694 o Fax: 01-267 7363
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STS founding directors left to right: Mike Stone, Roger Ashby and Nick Heckford.
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Satellite tv company aims for 25% share

Satellite Technology Systems
are set to capture 25% of the
UK market for satellite tv and
data reception equipment. The
company, formed in 1983 and
who made their first sale a
year ago, hope to sell at least
1,500 systems by the end of the
year. They estimate the UK
market size this year to be
8,000 units, give or take 2,000,
with a value of £9 million and
expect that to double in 1987.
Speaking at the company’s
recent product launch, m.d.
Roger Ashby expected STS
turnover would be £1 million
within a year, rising to £10
million after five years. At this
sort of level prices could be

expected to fall to £600 for a
domestic equipment set-up.
The STS 300 ‘entry level’
domestic system costs around
£1000 and comprisesa 1.2m
dish (for SE England) with
42dB gain, down-converter
with a noise figure of typically
1.9t02.3dB (2.5dB max) and
50dB gain, and a receiver with
40 preset channel positions,
subcarrier tuning from 5 to
8MHz, remote polarization
control, and both v.h.f. and
baseband video outputs.
“Our domestic product offers
very high quality reception”
says technical director Mike
Stone, “far better than
anything else at a comparable

price.”

The ‘600 series’ for
commereial and educational
use has a larger dish diameter
and a different receiver,
operating with voltage
synthesized tuning in 20MHz
steps and wide/narrow
bandwidth selection. For hotel
and club installations
receivers would be
individually tuned to permit
simultaneous reception, and
could feed up to 600 tv sets.

The company disclosed that
Television South plc had
acquired a 47% shareholding
in STS with an investment of
£440,000.

Radio waves that don’t radiate:
anew resource?

Research being conducted at
Bradford University could lead
to a hitherto unused part of the
radio spectrum being opened
up for public use. The ideais to
exploit wavelengthsin4.5—
5.5mm region (about 55-65
GHz) which normally suffer
strong atmospheric absorption
by molecular oxygen. At
60GHz, signals sufferan
additional propagation loss
factor of 20 for each kilometre
traversed.

Professor Peter Watson and
Dr Andrew Richardson plan to

4

exploit thislimited range in
such a way that the same
frequency can be re-used more
or less ad infinitum for short
range wideband links. Such
links, for local area networks,
ENG applications, etc. would
for all practical purposes be
non-interfering, analogous
perhaps with a number of
human conversations going on
simultaneously in the same
Toom.

Watson believes that
these properties make 60GHz
uniquely suitable for an

entirely new form of
regulation based on land
ownership. Aswith a garden
hosepipe, it would be possible
to spray one’s own property,
taking only slight care to avoid
it going over the fence.

Their work is directed
toward eliminating the bulky
precision components at
present in use. Gunn
oscillators and antennas
fabricated with microstrip
technology are just two
examples of the approach
currently being explored.

Goodidea-
shame about

the business
sense

“British inventors still don’t
understand the needs of a
start-up business” says Keith
Gummery, from Spicer &
Pegler, one of the judgesin the
Internepcon IDEA 86 award
scheme for new electronic
designs or applications. The
100 entrants showed the
breadth of creativity available
but: “The judges were greatly
disappointed by the quality of
the plans seen. In spite of the
guidelines provided by the
organisers, few seemed to take
seriously the need to set out
the supporting facts for their
plan to convince other of their
business priorities,” he said.

Mr Gummery’s company of
chartered accountants will be
advising the four winners:
Brian Payne of Electronics
Aids for the Blind for a
telecommunications system
for the blind/deaf; Mark
Hawood of Enigma Electronics
for a secure seal for vehicles;
John McKechnie, MTS
Cambridge for a secure voice
transmission system; and
Steven Parkesfora
Transputer-based music
synthesizer.

Fibre Network

London University is to get

an interactive video network
based on fibre opticlinks. It
will link seven of the
University sites, allowing
meetings, tutorials, seminars,
lectures and conferences to
take place between remote
sites. The system will use
switched-star techniques and
the latest generation of optical
fibre equipment, developed for
transmission in BT networks;
each fibre can carry four
colour tv channels with the
associated sound and an
addition 2Mbit/s data channel.
The network will be developed
by the university in
collaboration with the BT
Research Labs, Martlesham.

ELECTRONICS & WIRELESS WORLD JUNE 1986




“Inarecent speech to RETRA,
thechiefexecutive of Grundig
International, Wolfgang
Barth, addressed the problem
oftechnological overkillin

“consumer products.

- He pointed out that the

‘effect of rapidly changing

‘technology “has often been to
build new technology into

‘products simply inorder to

convinee thecustomer that
they should buy something
new . Therealneeds of the
customer appear to take

-second place”.

- Going on todiscuss market
research into customers’
requirements, Mr Barth
¢laimed that “marketers
cannot create human want.
They canonly succeed with

products which satisfy a
current human need”. He
‘sought to argue that “people
are not only important... they
make rational choices”.

. ‘Whileagreeing whole-
heartedly with the {irst

Who needs it?

remark, one must point out
that the enormous suceess of
the policy to which Mr Barth is
opposed means that the second
remark cannotalwaysbe true.

Cupboards all over the
developed world must surely
bulge with unregarded
ealculators and home
computers, produced asa
result of market creation: no
human need for them was
expressed before the ;
advertising started. It became
possible to make them small
and cheap, so the customer was
madeto feelunder-privileged
unless he bought them.

Mr Barth comments thatone
now needs the skilis of an
airline pilot to operate the
controls of a hi-fi unit. There
are buttons to press, dials and
leds to take note of, switches
and knobs to adjust - and all
this to play a tape or disc. The
kind of equipment which offers

_all this gadgetry enjoys.a head
start-on the dealers’ shelf, the

no-nonsense variety being too
devoid of Jones-impressing
light-flashing to appeal to any

- but the person who just wants

to hear music. How many
purchasers of 'midl’ systems.
all of which appear to possess
rudimentiary graphic
equalizers, havethe uscofa
sound level meter and noise
source with-which to sét them
up? .

There is a large section of the.

consumer market whichrelies
for its very existence on
persuading customers that
they need a slightly reduced
version of the Houston mission

~eontrol centre to perform the

simplest of operations, a large
proportion of the front panel
probably never being used, or
used in ignorance.

Mr Barth's heart isclearlyin
theright place, but hisremark
that people “canonly be
persuaded to buy what they
actually need” must, in the
light of experience, be suspect.

Recursive geography

The pattern on the front cover
is a computer image of part of
the Mandelbrot Set. Benoit B.
Mandelbrot studied fractals;
those mathematical equations
which invoke themselves and
can therefore be reiterated ad
infinitum. In particular he
used a computer to study the
graphical representation of
complex numbers using the
formula, amongst others,z =z
+ c¢wherecisalsocomplex.
Starting withz = 0 + jO, he
used the formula to get a new
value of zand then reiterated
to get another new value, and
soon. The size of zis recorded
over arange of values forc.
For most values z rises
rapidly toward infinity,
however for a few values the
size of zdoes not rise in this
way and it is these values that
comprise the Mandelbrot Set.
Computer graphic images are
produced by plotting the real
and imaginary valuecsof con
the x and y axes. Foreach
position of c the number of
iterations of the formula
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needed for the value of zto
reach a limit is counted.

For a colour computer the
number of counts can be
represented by colour bands.
In monochrome it is necessary
to alternate betweenblack and
white for the bands or provide

agrey scale. The computer
program to plot the images is
deceptively short. The image of
the complete Set on this page
takes about two hours to run

on a BBC Micro: close-up
images like the one on the
front cover can take days.
(Recent Transputer
demonstrations have included
generation of Mandelbrot
images in seconds to illustrate
the speed of the system.)

Radar to
watch
raindrops

There are two respects in
which the standard weather
radar sets are not very good
establishing the severity of'a
storm and deciding whether
it’s rain, hail, snow or
whatever. The reason is that
echoes on conventional radars
look much the same whatever
the nature of the precipitation.

Since 1982, Professor Peter
Watson of Bradford University
has been collaborating with
the Rutherford Appleton
laboratory to develop the use of
switched polarization radar to
overcome thisdifficulty. The
importance of polarization in
the context of meteorology is
that horizontally and
vertically polarized waves are
reflected to diftering extents
by different forms of
precipitation. Snowflakes,
because they tumble in
random fashion, reflect
horizontal and vertical waves
more or less equally. The same,
though, isnot true of rain.

Contrary to popular belief.
araindropin flight is not pear-
dropshaped; it’s more like an
oblate spheroid, flattened
above and below. What's more,
the ratio of the vertical to
horizontal axis variesina
known way with the size of the
drop. Because of'its consistent
symmetry, a raindrop of
whatever size will therefore
reflect horizontal and
vertically polarized waves to
differing extents.

Professor Watson has
quantified all these effects
using a switched polarization
radar developed a nuinber of
years ago at the Rutherford
Appleton Laboratory. This
radar was originally designed
toresearch the effects of rain
on satellite transmissions.
Watson has now been able to
use it to asses its value in
termsofterrestrial weather
forecasting. So confident is he
of the value of switched
polarization radar that he
believes it will measure
accurately the amount of
precipitation falling on the
ground anywhere within
theradar’srange.

Lt



New law proposed for ideas

The whole patent and
copyright regulations are to be
overhauled according to plans
published in a government
White Paper ‘Intellectual
Property and Innovation’. Its
main proposals are to:

@ make the Patent Office a
statutory body.

@ introduce a new
unregistered design right
which will cover protection of
original designs which are not -
artistic works, such as spare
parts.

® make patent litigation
easier.

® introduce a 10% levy on
blank audio tapes. The levy
will entitle users to make
private copies of broadcasts or
pre-recorded material but not
to copy programs. (There will
be confirmation thae computer
programs are protected by
copyright. Private recording of
tv programs will alsobe made
legal).
@ permit educational
recording of radio and tv
programs and to reduce
copyright obstacles on
photocopying for education.
The copyright laws will

include transmissions from
satellites. The statutory
recording licence is to be
abolished. Anyone wishing to
record a perfomance of a work
will have to negotiate
individually with the owner of
the copyright, and the
Performing Right Tribunal
will be extended to cover all
copyrights.

The tape levy has aroused
much heated discussion on
both sides, and there are likely
to be some lively debates when
the proposals are introduced as
a Bill.

Research initiatives

Collaboration between
companies at the pre-
competitive stage isto be
encouraged by National
Electronics Research
Initiative, sponsored by the
DTI. Two such initiatives has
been announced by Geoffrey
Pattie, the minister for
information technology:
pattern recognition and silicon
microsystems.

Pattern recognition is
part of amachine intelligence
programme and consists of two
parts; one for image-

understanding systems and
the other on self-learning
machines and speech
recognition. The overall
objective of the scheme is to
cover high-level inference,
integrated pattern processing
machines, automatic machine
learning from training
examples, and the
implementation of all thisin
v.l.s.1. circuits.

Silicon microsystemsisa
method of interconnecting
integrated circuits on a silicon
motherboard. Chip

manufacturing technology
will be used to provide very
fine lines for connection and
allow a greater density of
mounted i.cs. The programme
will cover thermal, electrical,
mechanical and optical
properties, Design
methodologies, attachment
and sealing methods and the
effectiveness of the techniques.

There are a number of
companies participating in the
two initiatives which will both
be based at the RSRE,
Malvern.

Crystals for up to 75MHz fundamental

Crystals oscillating at up to
75MHz in fundamental mode
and third-overtone crystals up
to 200MHz can be produced “on
acommercial scale” according
to manufacturer STC. Devices
for up to 60MHz are already
available.

Current wet-etch techniques
have only been able to produce
quartz crystals thin enough to
operate at up to about 26MHz
in fundamental mode. Trying
to produce crystals for
operating at higher
frequencies results in very low
yields; the lapping processing

starts to break the edges of the
quartzblank. .

By selectively etching
quartz blanks in buffered
hydrofluoric acid, say STC, itis

possible to produce dish-
shaped crystals withan
extremely thin middle disc—
22pm—and a more substantial
outerrim.

Is your database illegal?

Now that the Data Protection
Act has become law, there are
still only a third or a quarter of
the estimated 300 000 data
users who have registered,
according to the National
Computing Centre. While
many of the large users left it
to the last minute, many more
may have received erroneous
advice that they are exempt
and do not need to register.
“More worrying than
the failure of so many
organisations to register” says
Tony Elbra, author of the
NCC’s Data Protection

Training Package, “isthe
probability that they have also
neglected the other
requirements of the
legislation. These include the
obligation to take security
measures to protect personal
data; to grant access to the
records by the subjects of the
data; tokeep data accurate and
up-to-date and to avoid
unauthorized disclosure or loss
of personal data. This can only
be met where all staffhave a
good understanding of the
legislation and their
responsibility underit.”

Mobile
batteries

Anunusual contribution to the
MRUA annual conference,
reported on page 15 of this
issue, gave some idea of
developments in novel forms of
battery for mobile radio use.
One of the most promising is
the nickel-cobalt rechargeable
cell, a modification of the
familiar nickel-cadmium cell.
It provides twice the power
density and gives a virtually
identical cell voltage, yet costs
only 30% more inraw
materials. Prof. Tseung has
solved certain unspecified
technical problemsin
fabricating the cell and
believesthat all it needs now is
financial commitment from a
manufacturer.

The size and weight of
batteries have already become
limiting factors in
miniaturising portable radio
equipment. And indeed the
battery industry hasa long
way to go before it can equal
the 10MW power transfer rate
that motorists enjoy at petrol
stations. However, Prof.
Tseung (City University) has
narrowed the gap by
investigating two other
chemistries for high-power
portable applications.

Oneisthezinc-air battery,
which offers an energy density
of 150Wh/kg. This uses
atmosphericoxygenasa
depolarizer. In the
conventional zine-air button
cells used for electronic:
watches, access to airis
restricted to prevent drying
and carbonation of the
potassium hydroxide
electrolyte; and thisin turn
limits the current output.
However, the zinc-air battery
might be radically redesigned
for radiotelephone use to
provide extra air holes which
could be opened up to supply
heavy currents under transmit
conditions.

Another type, the
aluminiume-air cell, doubles
the energy density yet again to
ten times that of the
conventional NiCd cell. The
City University has solved
problems of sludge formation
and hydrogen evolution and
suggests the battery may be an
attractive proposition for
high- power portable units.
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RI ‘ EDEI( E LEC I RONICS T s
Telex No 312242
SERVING THE COMMUNICATIONS AND ELECTRONICS INDUSTRIES MIDTLX G.
102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM, B28 OTB. ENGLAND.
TRANSISTORS: ALVES: )
TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE LIST: TYPE LIST: TYPE: LIST: TYPE LIST:
£ £ : £ £ £ £ £
2N3375 10.90 25C1978 640 AH211A 137.50 EF94 2.00 0A3 2.60 6AUSGT 370 812 30 00
2N3653 1.60 2SC2053 0.80 AH2511 90.00 EF95 1.60 082 2.50 6AZ8 380 934 18.00
2N3632 12.95 2802237 68.00 AH2532 3150 EF183 1.90 0B3 2.50 6BA6 1.50 935 41 20
IN3733 12.95 262287 9.60 BTS5 52.50 EF184 1.80 0oc3 2.50 6BES 195 2050 480
IN3866 120 5565290 20.00 BT5B 52.50 EK90 1.40 2€39A 39.90 68H6 215 2050A 480
5NA418 0.75 MRE240 50.70 BT17 142.00 EL34 3.90 2C39WA 42.00 6BJ6 200 5544 81.00
INaa27 740 MRF248 3300 BT17A 130.00 EL36 2.30 2021 200 6BK4C 450 5545 95 00
INeoso 1090 MRES4S 3% BT95 125.00 EL84 1.60 2€26 750 6BN8 350 5557 24 50
ZNa0s0 Toe A - c3J 30.00 EL86 210 2K25 114.00 6826 250 5559 52,50
N5 . MRF433 9.00 C3JA 30.00 EL519 7.70 3.400Z 78 00 6C4 195 5727 295
2N5160 3.00 MRF448A 10.16 E55L 56.00 EL803S 9.95 3-5007 85.00 6CBEA 180 5867A 140 00
2N5589 7.60 MRF450 11.50 E8OCC 14.00 EL821 13.75 3828 1500 6CJ3 230 5879 615
2N5590 7.90 MRF450A 13.80 E8OL 21.00 EN32 16.25 3C45 24.50 6CWa 630 5965 220
2N5591 9.50 MRF454 17.25 E88CC 3.90 ENO1 2.00 3CX100A5 3500 6DCE 245 5991 32.00
2N5641 6.95 MRF454A 17.25 E90CC 7.50 EZ80 1.60 4-65A 52.50 B6E5 420 6130 24 50
INE642 330 MRE456 16.50 E130L 2125 £281 1.50 4.125A 60 00 6EAS 225 6146A 9.00
INEG43 11.85 MRF458 1720 EB91 135 - EZ90 1.50 4-250A 76.00 6GKB 250 61468 9.00
INB913 250 MRF475 230 EBCY1 1.10 FG17 2450 4.400A 80 00 BHFS 425 6360A 4.95
INS94a 235 MRF476 5715 EBF89 1.35 FG105 160.00 4-400B 80 00 6HS6 395 6550A 7.25
SNoo4s 1659 MREBaq 2580 EC90 125 GXU1 1500 4-400C 8000 6JB6A 420 68838 870
IS . ECC32 325 GXU4 45.00 4832 30 50 6JEBC 625 6973 395
2N5946 80 MRF646 27.00 ECC81 1.60 GZ34 2.10 4C36A 135 00 6JS6C 470 7027A 6.50
2N6080 6.65 MRF648 32.70 ECC82 1.60 KT66 9.00 4CX2508 EX7 250 7199 420
2N6081 8.40 MRF901 2.75 ECC83 1.60 K177 8.75 EiM/AMP 55 00 K11 225 7247 320
2N6082 10.50 SD1013 9.75 ECC85 1.85 KT88 24.95 4Ccx2508 6KD6 590 7262A 26.00
2N6083 1120 SD1019-STUD  23.10 £cces 2.00 ML8536 275.00 NAT 48 00 6KD8 200 7360 12.20
INGOBA 12.00 SD1019-5 2280 ECC91 2.00 ML8741 265 00 4CX350A 87 00 BLEGC 330 7586 1150
58C1729 1250 SD1127 310 ECC189 2.00 NL SERIES 4%X150A 3370 6L06 625 7587 35.00
55C1945 3as 3011341 206 ECF80 1.50 QQVv02-6 22.00 5AR4 210 6Q11 225 7591A 4.65
59C1946A 16.00 301136 1190 ECF86 1.65 QQv03-10 5.30 SASAA 210 6SL7GT 225 7815AL GE  48.00
51947 S0 2R1143 8.0 ECF801 1.80 QV03-12 7.00 SRAGYA- B 350 BSN7GTE 305 7815R 53.00
231969 B '80 SD1219 - ECH81 230 QY3-65 57 50 5U4GEB 210 6UBA 200 8122 101.00
. 14.70 ECL82 1.80 QY3-125 63.00 5V4GA 250 12AT6 150 8906AL 56.00
2SC1970 1.40 SD1272 10.95 ECL86 1.60 QY4-250 69.80 6AHB 230 12AU6 1.70 15082 6.50
25C1971 3.50 SD1278 13.756 EF80 1.70 RG1-240A  10.00 BAKEW 250 12AV6 2.00 5728 52.00
2SC1972 9.50 Eggg 3(3)8 Qg?gogg 90.00 6AKE 195 12BA6 180 807 290
.25 5250 BALEW 180 12BA7 235 1
INDUCTION AND DIELECTRIC HEATING SPARES | ¢rg9 230 XG5-500 2450 6AQ5A 175 12BE6 200 194 oo
NCL EF91 2.95 XR1-3200  72.60 6AQBW 180 12BY7A 270
. EF92 220 XR1-6400 12000 6AS6 240 12876 370 WE ALSO SUPPLY
CERAMIC CAPACITORS SOLID STATE RECTIFIERS | EFS3 1.50 0A2 200 6AS7G 430 120W7 375 /Exlé/‘cAECssngfEssAND
éA%UtJ":AgQPAC‘TORS ZZCCT"_T_';?S/):\L/V?S s 7000°s of VALVES/TRANSISTORS/IC S IN STOCK, PLEASE ENGUIRE ON TYPES NOT LISTED.
RID LA ALV SERVICE AIDS PRICES — CORRECT AT TIME
HEATSINK COMP. (100g) — 1.50
v CARBON FREE HOSE COOLING FANS/FILTERS CONTACT CLEANER — 1.00 SILICONE GREASE — 1.50 OF GOING TO PRESS
WATER FLOW SWITCHES || etc. etc. EEZE IT AEROSOL TERMS — PLEASE ADD £1.00
FREEZE | OSOL —1.25 LARGE RANGE OF SOLDERING IRONS AND ACCESSORIES P&P AND VAT @ 15% to orders.
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CHOICE OF PROFESSIONALS

| B COMPACT LATTICE TOWERS and
SLIMLINE TUBULAR MASTS

TELESCOPIC—TILTOVER, FIXED—MOBILE FROM 6m UP TO 36m

Suitable for a wide range of civil and military
applications such as:

RADIO COMMUNICATION
SURVEILLANCE & CCTV
| METEOROLOGICAL MONITORING
AMATEUR RADIO
AERO & MARINE NAV AIDS
FLOODLIGHTING, ETC.
Purpose designed using 4.5m and
I§ 3m section modules for low
% retracted heights and cost .
effective shipment.” Engineered to -
B.S.\. Standards and hot dip L
galvanized to BS729 for protection. ;
& Wind loads are based on / .
: &l B.S.C.P.3. Chap V. PT2, 1972 for / \
P! ¥4 wind speeds up to 100 mph/160 / |
! I kph. ) \
\—‘ '+ RELIABILITY QUALITY KNOW HOW \

N /ot
N4 .
WE DESIGN, WE MAKE,
h WE SELL DIRECT

. PRICES RANGE

g FROM £253.00 incl.
VAT. & UK

+ DELIVERY

" SAE FOR MORE

DETAILS, PLEASE

Allweld Engineering Normally
Factory 6, 232 Selsdon Road, despatched
South Croydon, Surrey, CR2 6PL, G.B. within
Tel: 01-680 2995 {24 hr) 01-681 6734. 7 days

E.M.S. POWER
SYSTEMS

MAINS STABILIZER
AT SPECIAL
INTRODUCTORY PRICE /

Solve all your Power Problems by contacting
E.M.S.

E.M.S. specialise in systems to eliminate your
power problems.

Products range from 35VA switched square wave
Power Packs to 1KVA fully uninterruptible sine
wave systems.

E.M.S. also manufacture chargers which range up
to 60 amps.

For further details please contact:

E.M.S. Manufacturing Limited
Chairborough Road
High Wycombe
Bucks
Tel: (0494) 448484
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MANAGING
ELECTRONICS

AsJapan gradually overtakes
the USA in the mass production
of integrated circuits and is far
ahead of both the USA and
Europe in the adoption of
surface-mounted-device
technology, and with the
possibility that manufacture of
Sinclair home-computers will,
under Amstrad aegis, move
from the UK to the Far East,
there continuesto be
speculation on the decline of
British electronics
manufacture. Poor
management, poor reliability,
lack of marketing skills, lack
of imagination and business
acumen, misguided
interventions by Government
and civil servants or the
politicians they attempt to
advise... all are being mooted
as prime causes of the decline.

It has always seemed to me
that at least some of our
troubles stem from the
precipitate withdrawal of
major British firms from
“consumer electronics” 20-30
years ago, mainly because
profit margins seemed more
assured in defence and
professional electronics as a
result of the calamitous “stop-
go” policy on consumer credit
by successive British
governments. The sudden
surges of demand whenever
creditrestrictions were
relaxed and over-production
when “disposals” suddenly
dried up againreduced the
industry to a game of chance
and left the door open for the
Japanese tocomein, in a big
way, during the colour-tv boom
of the 1970s.

American industry has not
been without its problems. Dr
Ralph Evans, the editor of
IEEE Transactions on
Reliability, has attacked
traditional “western movies”
thinking about good guys
versus bad guys. “Ifabad
situation is identified, any
change will be (considered) a
change for the better, and the
sooner the better... the
difficultiesitengenders are
directly proportional to the
amount of ignorance about the
situation... busines schools
taught for many years thata
manager did not need to know
much, ifanything, about a
company’s products and

COMMUNICATIONS COMMENTARY

processes, that management -
techniques were independent
of theseirrelevant things.” On
the contrary, Dr Evans
stresses “managers have to
know enough about the
processes and products for
which they’re responsible to be
able to answer the four quality
questions: (1) What can go
wrong? (2) How and when we
know it did go wrong? (3) What
can we do if it does go wrong?
(4) How can we prevent it
going wrong (or mitigate its
effects)? [f managers come up
short of any of the answers,
then they must allocate
resources to find the answers.
Many of the processes for
which managers are
responsible are people
processes rather than machine
processes, but these processes
do depend on the product
(including services) being
offered by the company. You
can’t control it if youdon’t
understand it.”

A reportin Nature claims
that the disaster to the
Challenger space shuttle was
inpart due to the failure of bad
news about the risk of rocket
failure to travel upwards to the
people responsible for deciding
how quickly to push ahead
with the programme...“the -
familiar phenomenon that the
bearers ofbad news usually
win less than meagre credit”.

TRANSMITTING
LOOPS

For many years it was usually
considered that an electrically
small resonant-loop antenna,
although effective asa
directional receiving system,
had far too low a radiation
efficiency to be a serious
contender as a transmitting
system. This was because, as -
for allelectrically small = =
elements, radiation resistance
can be extremely low. With a
conventional wire loop, most of
the energy fed to the system is
dissipated by ther.f.
impedance to the loop. In the
mid-1960s, however, the US
Army Limited War
Laboratory, faced with the
problems of mobile and
transportableradio -
communication in the jungles
of south-east Asia, developed
anoctagonal loop having 5 ft
sides, capacitively matched to
50 ohm co-axial cable and
mounted on a short pole for use
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between 2to5 MHz. Thiswas
claimed as being capable of
“usually doing as good a job as
afull-length dipole 40 feet
above the ground”. The loop,
being tunable to the operating
frequency, did not, unlike a
vertical whip antenna, depend
on an efficient earth system or
ground plane.

The ability to achieve an
efficiency approaching that of
adipole depended on using a
matching unit with high-value
capacitors rather than lossy
(ohmie) inductors and the use
of large surface copper tubing
of atleast 1.5 in diameter,
having extremely low r.f.
resistance at these
frequencies.

Subsequently a number of
radio amateurs showed that
reasonable results could be
achieved using the outer
sheath of good-quality 0.5 in
coaxial cable, although
commercial units offered for
such applications as

- unobtrusive diplomatic radio

communications (an h.f. loop
antenna could—and possibly
still can —be glimpsed just
above the roof parapet of the
US Embassy in Grosvenor
Square, London) tended to use
4oreven 6 in diametertubing.
Flat roofinstallations usually

‘have also a heavy copper -

ground plane. They form
weighty but compact and
unobtrusive installations.

An alternative form of
“miniloop” patented by J.H.
Dunlay (“Wide-range tunable
transmitting antenna”, US
Patent 4,433,336, June 28,
1971) comprises an electrically
small, capacitively tuned outer
loop inductively excited by an”
even smallerinner loop. This
miniloop technique has been
used in various forms. Atthe
IERE’s “Radio Receivers and-

- Associated Systems”

conference at Leeds, July 1981
(incidentally, another
conference in this seriesis
being held at the University
College of North Wales,
Bangor, July 1-4,1986), a

Swedish engineer Sven

Ramstron described a three-
turn, silver-plated tuned
transmitting and receiving
square loop (each side 500mm)
inductively coupled to a single-
turn loop, which in turn was
fed through a broadband balun
transformer from 50 ohm
coaxial cable; thishad
originally been tested on the

3.5,7and 14 MHz amateur
bands, but had been developed
asacompact1.9to 16 MHz
antenna for professional or
defence communications.
Amongthe features claimed .
for the Swedish design were
small size, integrated tuning
unit, norequirement for a
ground plane, omnidirectional
radiation in azimuth and
elevation (two 30dB nulls in
near field), no sliding contacts,
harmonicreduction due to
high Q, etc.

A recentnote by Donald E.
Barrick of Ocean Surface
Research IEEE Trans. AP-34,
January 1986) discusses the
operation and equivalent
circuit of the basic miniloop
antenna, verifying the
advantage that the input
resistance to the inner loop can
be large (50 to 200 ohms) and
broadband, although the input
(radiation) resistance of the
outer loop when fed alone is
generally only a fraction of an
ohm. This makes it much

‘easier to feed a miniloop than a
conventional loop design,
permitting a reasonably good
match over nearly a decade
bandwidth, provided that the
outer loop is tuned to the
desired operating frequency -
and is electrically small at the
upper end of the band. He -
shows however that the
miniloop technique may be
unacceptable in some radar
applications, because its high-
Qtends tostretch and delay
the pulses by many times their
width.

CORDLESS
’PHONES

Few subscribers appear to

be aware that both ends of
telephone conversations made
over “cordless telephones” can
be received over distances of at
least some hundreds of metres
and, with the higher-power
“illegal” models, over.some
miles. ; .

While the legal cordless
’phones are confined to specific
channels between 1.6 and 1.8
MHz (base to handset) there
are still many higher-power
“illegals” around 1.95 MHz
(within a shared amateur
band) some of which appear to
be used virtually as low-cost,
mobile-radio communication
systems by small firms.

The DTI recently warned



CP/M Plus (vers 3)

For NASCOM and Gemini computers

Features:

CP/M 2.2 file compatibility
Banked memory system
Fast warm boot from banked memory

Faster disk access:—
Directory hashing, memory cashing, multi sector /'O
Better implementation of USER levels -
Greatly extended and user friendly utility commands"
20 transient utility commands
Includes MAC the DRI assembler
Multi command entry on single line
Multiple drive searching facility
Console redirection
~ Password file protection
+ Date and time file stamping
Larger disk and file handling
29 additional BDOS calls
Extended BDOS capability by easily attached RSXs
Winchester, floppy and virtual dlsk
Mixed drive/formats
Full source code of BIOS supplied

Now Only £199

Are you

Developing Systems

Consider our modular approach
Nasbus/80 Bus compatible

CPU card

Z80 CPU incorporating memory mapping
64k RAM on board (expandable)

Z80 S10 providing two RS232 channels
CTC providing programmable baud rates
P10 providing parallel/centronics V'O
Parallel keyboard port

VIDEO card (VFC)

80 by 25 line output

Fast memory mapped display

On board floppy disk controller

Can be used with CPU card under CP/M
Available in kit or built and tested

DISK card (MPI)

Mixed 3", 3.5”, 6.258”, 8" drives supported
SASI Winchester interface

Z80 S10 providing two serial channels
CTC providing programmable baud rates
RAM card

64k to 256k (in 64k steps)

Supports 64/32k paging 4k mapping
Available in kit or built and tested

CLOCK card (RTC)

Attaches to any Z80 P10

Retains Centronics parallel output

Battery backup

PRICES

CPU £230 MPI £188
VFC £199 RAM (64k) £150
RTC £35 RAM (256k) £285

All prices exclude carriage and VAT

Excluding post and packing and VAT

+J

For further information contact:

IMAP 80 Systems Lid

Unit 2 Stoneylands Road, Egham, Surrey
Tel: 0784 37674
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Sowter Transformers

With over 45 years’ experience in the design and manufacture of
several hundred thousand transformers we can supply:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE

£149 new + £15 P&P.

bandwidth, £40.00 + £7.00P.
Cased Video Monitors :

+ £15.00 P+ P.

Burroughs MT710: Intelligent Green 12’ VDU with 3
micros and 64K store. R$232. Programmable. Only

12" Open chassis Video Monitor: by Hitachi standard
composite: Video and 12v input. Green screen, wide

12" or 15" Green Screens
standard composite video & mains £60.00 + £7.00
&P. , .

Centronics 306 Line Printers: Professional fast {120 cps),
superb quality 80 column printer. Parallel i/f. ONLY £99

YOU NAME IT! WE MAKE IT!
OUR RANGE INCLUDES
transformers (all types), Microphone

Microphone Splitter/

Combiner transformers, Input and Output transformers, Direct

Injection . transformers ~ for Guitars, Multi-Secondary output

transformers, bridging transformers, Line transformers, Line
transformers to B.T. Isolating Test Specification, Tapped
impedance  matching transformers,  Gramophone  Pickup
transformers, Audio Mixing Desk transformers (all types),

Miniature transformers, Microminiature transformers for PCB
mounting, Experimental transformers, Ultra low frequency
transformers, Ultra linear and other transformers for Transistor
and Valve Amplifiers up to 500 watts, Inductive Loop
Transformers, Smoothing Chokes, Filter, Inductors, Amplifier to
100 volt line transformers (from a few watts up to 1,000 watts),
100 volt line transformers to speakers, Speaker matching
transformers (all powers), Column Loudspeaker transformers
up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR P.A.
QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE OF
SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard types are
in stock and normal dispatch times are short and sensible.

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. WE ALSO SUPPLY MANY
GOVERNMENT DEPARTMENTS, NUMEROUS RESEARCH LABORATORIES,
EDUCATION ESTABLISHMENTS AND MEMBERS OF A.P.R.S. Export is a speciality
and we have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST,
etc. Send for” our questionnaire which, when completed, enables. us to post
quotations by return.

E.A. Sowter Ltd.

Manufacturers and Designers

E.A. SOWTER LTD. (Established 1941): Reg.No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk.
P.0. Box 36, Ipswich IP1 2EL, England
Phone: 0473 52794 and 0473 219390
Telex: 987703G Sowter 14983

Texas Silent 700 Printers: Whisper quiet 80 col matrix

printer with RS232 interface. ONLY £99.00 + £7.00

P&P.

Diablo 630 Daisywheel printer: OEM i/f NEW £539 + £15 P&P.
Calcomp 565 Drum Plotter: OEF £450 + £10 P+P.

Many more bargains. Phone for your requirements. WE ALSO BUY.

BECKENHAM PERIPHERALS LTD

B6 5582
Road, Bromley
BR1 3JL

SAEforLIST

Callers welcome ) -
and enquiries

by appointment
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MARTEL LASERS

1mW LASER HEAD

COMPLETE WITH POWER \
SUPPLY KIT £139.00 + VAT.
P.P. INCLUDED

MAINS & BATTERY
OPERATED POWER
MODULES AVAILABLE.
OFFICIAL ORDERS FROM
GOVERNMENT DEPTS
WELCOME.

MARTEL LASER CO. LTD.
17/19 Whitworth Street

West Manchester - M1 5WG
United Kingdom

Telephone: 0612-228 0965

15014

10
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dealers still selling “cordless”
units not complying with the
frequencies and power limits
specified by the Radio
Regulatory Department that
they could lay themselves open
to a six months prison sentence
and a £5000 fine. However, the
DTI have still not formally
issued an order under the
Telecommunications Act that
would makeitillegal to sell,
advertise or rent out such
equipment.

Meanwhile cordless ’phones,
both legal and illegal, are
reportedly causing local
harmonicinterference in the
3.5 MHz shared-amateur band
and fundamental interference
at considerable distances to
amateurs using frequencies
around 1.9 MKz. The cordless
’phones use narrow-band
frequency modulation and
produce wide signals. both
during dialling and during
conversations. While it has
always beenillegal under the
Wireless Telegraphy Acts to
listen deliberately to these
conversations, it would be an
interesting test case under the
new Interception of
Communications Act 1985 ifa
case were brought as the result
of a complaint by someone
using an illegal cordless
telephone! But then it would
appear that very few users of
these devicesrealise how far
their private conversations
can be heard by anyone with a
suitable communications
receiver! The “base”
trahsmitter normally radiates
both sides of the conversation.
Itisthuspossible, I am told,
“accidentally” to listen to some
very private conversations.
Meanwhile British Telecom
are developing units operating
at around 900 MHz with
digital modulation techniques
in the beliefthat by the year
2000 something like 10 per
cent of all British telephones
could be of the “cordless”
variety.

INTERCEPTION

From April 10,itbecame a
criminal offence, under
the “Interception of
Communication Act 1985, for
any unauthorized person
intentionally to intercept “a
communication by post or by
means of a public
telecormmunication system”.
This Act Covers

COMMUNICATIONS COMMENTARY

transmissions by “wireless
telegraphy” although an
exception is made where such
communications are
intercepted, with the authority
of the Secretary of State, “for
purposes connected with the
issue of licences under the
Wireless Telegraphy Act 1949
or the prevention or detection
of interference with wireless
telegraphy.” On conviction
under indictment, an offender
can be sent to prison for up to
two years and/or fined.

While the primary purpose
ofthe Actis toprovide
safeguards against
unauthorized telephone
tapping and similar activities
by private investigations and
also by the police, the secret
services and the customs
{organizations thatcanbe
authorized to intercept
communications), there are
implications affecting anyone
who tunes his radio receiver to
other than broadcast or
amateur radio transmissions.
The Act coversnot only
telephonesbut telex and
electronicdata transmission,
although it does not apply to
the planting of radio or tape-
recorder or tracking “bugs”,
(these may come under the less
savage Wireless Telegraphy
Acts) nor, it would appear, to
therelease by British Telecom
of information collected by the
machines that can list
incoming and outgoing dialled
numbers.

Amateur
Radio

Although the number of
stations equipped for amateur
television transmission on the
10 GHz microwave band is
believed to be increasing, very
little has been published on the
results so far achieved. An
appeal for more information
appears in the current issue of
CQ-TV , thejournal of the
British Amateur Television
Club. An amateur tv
“repeater” located on Mow Cop
began operation in the Stoke-
on-Trent area early thisyear
accepting frequency-
modulated vision signalson
1249 MHz and retransmitting

" themon 1318.5 MHz. It was

“officially” opened on April 9.
Initially with an output power
of only 200mW it has been

‘received in the Birmingham
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area. A number of amateurs
have successfully build 11 GHz
systems capable of receiving
the low-power distribution
satellites carrying the cable tv
programmes. Stuart Jones,
GW3XYW, for example, has
drawn attention to availability
ofthe Mitsubishi FO-UP-11K
oscillator/mixer module, with
a stabilized dielectric
resonator oscillator developed
initially for radar and
retailing for less than £30. It
would also appear possible to
adapt thisunit for the 10 GHz
amateur band for either
speech or television
communication. The Swiss
national society USKA is
opposed to the use of the
limited 70 cm amateur band
for television transmissions,

" but there are still more than 20

amateur tv stations using the
band compared to only one in
1255 MHz. Swiss amateurs
have adopted the small-
deviation f.m. vision
transmission system
originally proposed by the
French amateur F3YX.

RISPOLICY
UPSETS
AMATEURS

Important changesin

the policy of the Radio
Investigation Service with the
DTInow tending to put the
onus on the radio amateur to
clear up any cases of television
orradio interference in his
locality, whether caused by
spurious signals or (far more
likely) by lack of immunity of
the domestic receiver or lack of
an effective receiving aerial,
have followed the
Parliamentary reply by Mr.
John Butcher, Secretary of
State at the DTI (reported in
the May C.C.). Since the end of
January, according to the
RSGB, several licensed
amateurs have received “form”
letters advising them of
complaints of local
interference, suggesting
remedies but ending with the
warning: “Let me know within
the next month if you have
resolved the problem... to your
neighbour’s satisfaction. If this
isnot the case, the RIS will
visit you to inspect your
station and determine what
action should be taken. In
certain circumstances the
Department may rieed to

consider varying your licence.”
The complainantreceives a
copy of this letter which cannot
fail to convey the impression
that the fault is primarily that
of the local transmitter and
thatitis the responsibility of
the amateur to overcome the
problem, areversal of the
accepted procedure over many
years. The RSGB, have told the
DTIthat these new guidelines
are “hopelessly out of touch
with reality”. It is also opposed
to the new DTI policy of
adopting the CENELEC
standard for receiver
immunity, rather than BS905
as announced last year. The
European standard requires
that a set should not show
noticeable interference only up
to an out-of-band field strength
of about 1.8 V/m. A local
transmitter of even low power
can produce higher field
strengthsthan thisinits
immediate locality. While
interference to a set complying
with the CENELEC standard
could probably be cured in
many cases by the fitting ofa
simple filter it is not unknown
for viewers to refuse that this
be done even when the local
amateur offers to pay the cost.

IN BRIEF

An enlarged new fifth edition
of RTTY -The Easy Wayis
published by British Amateur
Radio Teleprinter Group
(Peter Adams, GELZB, 464
Whippendell Road, Watford,
Herts WD1 7PT).

A 144 MHzbeacon
transmitter on Iceland
(TF8VHF on 144.930 MHz) is
now operational.

The refusal of the DTI to
permit Class B licensees to
operate on the new 50 MHz has
proved extremely unpopular
among those affected. It was
apparently the “primary user”,
the Ministry of Defence, that
objected. Under the
International Radio
Regulations a morse test is
mandatory in respect of
licences permitting operation
below 30 MHz, although a few
countries including Spain,
France and the UK have made
some exceptions to thisruling.
In the UK some handicapped
or disabled applicants have
been exempted on a case-by-
case basis from the Morse Test
although thisnever appears to
have been announced
officially.
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STKO14  7.95 TBA530  1.10 TDAR522 1. iti i
INTEGRATED CIRCUITS STkora 7 Toacaoa 11 | Tonesee X CATHODE RAY TUBES Please add £3 additional carriage per tube.
STK025  11.95 TBAS40  1.25 TDA2524 195
§TK043  15.50 TBAS40Q  1.35 TDA2530  1.95 CMEB22W 19.00 DG7.32 45.00 M3g-122GW 65.00
ANT24 2.50 MC1307P  1.00 STKO78  11.95 TBA550Q 195 TDA2532 195 CMEB22GH 25.00 DG132 45.00 M38-140LA 65.00
AN214Q 250 MC1310P  1.50 STKd15  7.95 TBAS6OC  1.45 TDA2540 195 CME1428GH 45.00 DH3-91 55.00 M38-142LA 65.00
AN210P  2.80 MC1327  1.70 STK433 595 TBA460CQ 145 TDA2451  2.15 CME1428W 39.00 DH7.91 45.00 M38-341P31 65.00
ANG12 215 MC1327Q  0.95 STK435  7.95 TBAS70 1.0 TDA2560 215 CME1523W 39.00 DP7.5 35.00 M3g-344P39 65.00
AN7116 1.0 MC1349P  1.20 STK437  7.95 TBAG51R 2550 TDA2571A 4,50 CME 1431GH 39.00 DP7.6 35.00 M40-120W 59.00
AN7140 3.50 MC1351P  1.50 STK439 7.95 TBA720A 245 TDA2581  2.95 CME1431W 39.00 DN13.78 35.00 M43-12LG/01 65.00
AN7145 3550 MC1357  2.35 STK461  11.50 TBA750Q  2.65 TDA2593  2.95 CME202GH 25.00 F16-101GM 75.00 Md4-120LC 65.00
AN71SO 295 MC1358 1.8 TA7061AP  3.95 TBASO0  0.89 TDA2600  6.50 CMEso2awW 45.00 F16-101LD 75.00 M4d-120GR 65.00
BAS21 335 MC1495  3.00 TA7108P  1.50 TBABI0AS 1.65 TDA2610 250 CME2325W 45.00 F21-130GR 7500 M50-120GH 65.00
CA1352E 1758 MC1496 1.25 TA7120P 1.65 TBA810P 1.65 TDA2611A 195 CME3218W 45-00 F21-130LC 75‘00 M50-120GR 65-00
CA3086_  0.46 MC145106P7 TA7130P 150 TBAB2OM 075 TDA2640  3.50 CMER135GH 45.00 F31-10GM 7500 MED-1 200 £5.00
CA3123E  1.50 7.95 TAT176AP 295 TBAB20Q  1.45 TDA2680A 2.75 g y y
HA1366W  3.50 MC1723  0.50 TA7203 295 TBAS3C 250 TDA269 CME3155W 45.00 F31-10GR 75.00 M50-120LC 65.00
. . 0 245
HA1377 350 MC3357 275 TA7204P 215 TBAG20 165 TDA3310 295 CRE1400 25.00 Fat-10LC 75.00 MG1-120W 7500
HATI56W  1.50 ML231B 175 TA7205AP 1.15 TBAY50 2X 2.35 TDAJS60 550 Cvaze 89.00 Fai-10LD 75.00 MOe- 16 5.
HA1330A  2.95 MSM5807  6.75 TA7222AP  1.80 TBASO  1.49 UPCEB6H  2.95 CV1450 35.00 F31-12L.0 75.00 96AB. 45.00
HA1398 275 PLLO2A 575 TA7227P  4.25 TCA270  1.50 UPC575C2 2.75 CV1526 19.00 F31-13GR 75.00 SESA/P31 40.00
HA1551 2.95 SAASQ0A  3.50 TA7310P  1.80 TCA270SQ  1.50 UPC1025H 1.95 Cv2185 15.00 F31-13LD 75.00 SE4/DIP7 45.00
LA1230 185 SAAT025  7.25 TA7313AP  2.95 TCAB50 350 UPC1028H 1.95 cv2191 19.00 F31-13LG 75.00 SE42BP3 AL 5500 .
LA4031P  1.96 SAS560S  1.75 TA7321P  2.25 TCA800  6.95 UPC1032H 150 Cv2193 15.00 F41-123LC 185.00 SE4ZBP31 55.00 |
[A4102 295 SAS570S  1.75 TA7146P 250 TCASH0  1.65 UPC1156H 2.75 Cv5119 85.00 F41-141LG 185.00 SESFP31 55.00
LA4140 295 SAS580 2.85 TA7609P 3.95 TDA440 2.20 UPC1158H 6.75 CV5320 85.00 F41-142LC 185.00 T937 65.00
LA2400 415 SLa178  7.50 TA7611AP 295 TDA1001- 295 UPC1157C2 1.95 CVX389 55.00 M7-120W 19.00- TodsN 65.00
LA4420  1.95 SL1310  1.80 TAABIOA 250 TDA1002A 2.95 UPCT1BIH 1.25 59-110GH 39.50 M7-120GH 19.00 TodsH 65.00 ,
A AR ARTEE W R R R
- : : - - D10-210GH88B 65.00 Mi4-100LC 45.00 V5004GR 50.00
LA4461 3.95 SN76003N  3.95 TAA570 1.95 TDA1037  1.95 UPC1191V  1.50 D10-230GH 35.00 M17-151GVR 175.00 V5004LD 59.00
LC7120 3.25 SN76023N  3.95 TAAGE1E  1.95 TDA1170  1.95 ldi;g; gggg %-gg D10-230GM 35.00 Mi7-151GR 175.00 V6001 65.00
Le7izo 350 SN76033N  3.95 TBaro L. TDA1190 =~ 2.15 UPC1365C 3.95 D10293-GY/90 55.00 M19-100W 45.00 VB0070P31 59.00
LC7131 550 SN76110N  0.89 TBAT20AS:BC. TDA1270Q 3.95 '
LM32¢N 045 SN76115N  1.25 SA/SBTU  1.00 TDA1327 170 UPC2002H  1.95 D13-30GH 49.50 mg ‘OggH gg'gg \\;gggg\([}v\/x gg‘gg
LM380N8 150 SN76131N - 1.30 TBA3Ss 150 TDA2002 195 558 o D13-516L/26 8s.00 o y -
556 D13-51GM26 85.00 M23-111LD 55.00 VB048CAL 59.00
LM38ON4  1.75 SN76226DN 2.95 TBA39S 075 TDA2003 195
LM383T 295 SN76226N  1.05 TBAZION 255 TDA2004 295 23 D13-45GH01 55.00 M23-112GM 55.00 v6048J 49.00
Y ; ; ! 5l - D13-600GM 59.00 M23-112GV 55.00 V6064BP31 55.00
LM390ON  3.50 SN76533N  1.65 TBA480Q 1.5 TDA2005 295 747 050
M51513L  2.30 SN76544  2.65 TBA510 250 TDA2006  1.95 248 035 D13-610GH 59.00 M23-112GW §5.00 VB0B4CLA 55.00
M51515L  2.95 SN76570N  1.00 TBA510Q  2.50 TDA2020  2.95 7805 0.65 D13-511GH - 59.00 M23-112KA 55.00 VB0B9GH 55.00
M51521L  1.50 SN76650N 1.15 TBA520 110 TDA2030  2.80 7808 0.60 D13611GM 59.00 M24-120GM 59.00 V6070P31 65.00
MB3712  2.00 SN76660N  0.80 TBA520Q  1.10 TDA2190 395 7815 0.65 D13-630GH 59.00 M24-120LC 59.00 v7030 59.00
D14-150GH 75.00 M24-120WAR 59.00 V7031GH 59.00
SEMICONDUCTORS BD232 0.35 BFR9T 175 RCA16335  0.80 D14-150GM 75.00 M24-121GH 55.00 V7031/67A 59.00
D023 0.35 BrTs 035 SKESF 1.45 D14-162GH/84 59.00 M28-12GH 55.00 V7036A 49.00
234 0.35 43 035 TIP29 040 D14-172GR 55.00 M28-13LC 49.00 V7037GH 45.00
AAY12 0.5 BC182 0.10 B8D236 0.49 BFWS2  0.85 TIP29C 042 D14-172GV 55.00 M28-13LG 49.00 VB004GR 65.00
AC125 0.20 BC182LB  0.10 BD237 0.40 BFX29 0.30 TIP30C 0.43 D14-173GH 55.00 M28-13GR 49.00 VBOO6GH §5.00
AC126 0.45 BC183 0.10 gggig 8'22 EE;S? g~§g Hgﬁg 0.55 D14-173GM 53.00 M28-131GR 55.00 V8010A 65.00
AG127 0.20 BC183L  0.09 . v 32 0.42 - 55.00 M28-133GH 55.00 VCR139A 11.50
AG128 028 BC184LB  0.09 8D246 078 il 030 TiPssc 055 D4 1696008 65.00 M31-101GH 55.00 38PI 11,50
AC128K - 032 BC204  0.10 eye o BFves  o: Tihais 0% D14-181GJ 55.00 M31-182GR 55.00 30PI 1150
AC141 0.28 BC2078  0.13 . . 41 0.45
D14-181GM 5§3.00 M31-182GV 53.00 3HIOBM 55.00
AC1A2K 045 BCzoss 013 Eror el M oz Tl 0ds D14-181GM50 59.00 M31-184W 65.00 3WPI 18.50
AC176 0.22 BC212 0.09 BD437 0.75 BFY52 0.25 TiP42C 0.47
ACI76K  0.31 BCa1oL 0,00 BD438 075 BFY90 077 Tipa7 0565 D14-182GH 59.00 M31-184GH 85.00 4EPI 30.00
; Y 6 ' y D14-2008E 89.00 M31-184P31 65.00 58P 9.00
AC187 0.25 BC212LA  0.09 BD520 0.65 BLY48 1.75 TiIP120 0.60 M31-185W 69.00 5BHP1 30,00
AC187K 028 BC213 0.09 BD538 0.65 BRY39 045 TIP125 065 D14-200GA/50 85.00 1 - -
AC188 0.25 BC213L 0.09 BD597 0.95 BR100 0.26 TIP142 175 D14-200GM 75.00 M31-190GH 55.00 S5BHP1FF | 30.00
AC188K  0.37 BC214 0.09 BDS589 0.45 BR110 0.49 TIP161 2.95 D14-210GH 75.00 M31-190GR 55.00 SBHP31 30.00
ACY17 115 BC214C  0.09 BD701 1.25 B8R103 0.55 TIP2955  0.85 D14-270GH/50 75.00 M31-190LA 55.00 5CPI 10.00
AD142 0.79 BC214L  0.09 BD702 1.25 BRC4443  1.15 TIP3055 055 D14-310W 110.00 M31-191GV 55.00 5T01A 15,00
AD143 0.82 BC2378  0.09 BO707 0.90 BT100A0 20.85 TIS91 0.20 D14-320GH/B2 85.00 ma1-Z20w 59.00 aEg;:s 13,23
AD149 0.70 BC238 0.09 BOX32 1.50 BT106 49 TVI082  1.50 D14-340GHKM 45.00 M31-270GY 65.00 13 .
AD161 0.39 BC239 0.12 BF115 0.35 BT116 1.20 2N1308 135 D14-340KA 45.00 M31-271P31 65.00 13BPA4 17.50
AD162 0.39 BC251A  0.12 BF119 035 BT119 315 2N2219 028 D16-100GH 65.00 M31-271GW 65.00 17DWP4 25.00
AD161/2 080 BC252A  0.15 SE} ; g g-gg gm 20% :gg g;ﬂéggz g.ﬁg D16-100GH-65 69.00 M31-271W 65.00 32011085 69.00
AF106 0.50 B8C258 0.25 . - 2N2905 . D16-100GH/E7 65.00 M36-141W 75.00 880/898/890/80L 15.00
AF114 1.95 BC256A  0.39 BF154 0.20 BU108 1.69 2N3053 0.40 D16-100GH79 69.00 M36-170LG 75.00 1273 39.00
AF115 2.95 BC2284  0.30 BF158 0.22 BU124 125 2N3054  0.59 _100GH/97 65.00 M38-101GH 65.00 1564 45.00
AF118 295 8C300  0.30 Br1e0 827 Bl 1= 2N3055 052 DroeoaH 69.00 M38-103GR 65.00 1844 80.00
AF117 2.95 8C301 0.30 . X 2N3702. 012 R Y M38-120W 65.00 9442E1 75.00
Az om0 | oocas ez |oemme oz | opumd  gss | s on | BY bl IRV oo | Siam o
AF125 0.35 BCa27 0.10 BF178 0.26 BU208 139 2N3705  0.20 BS;gs gg'gg mgg:;g}ﬁ;’“ gg-% 3%32?1“" ;ggg
AF126 0.32 BC328 0.10 BF179 0.34 BU208A 1.52 2N3706 0.12 - A . -
AF127 065 BC337 0.10 BF180 0.29 BU208D  1.85 2N3708 012
AF139 0.40 BC338 0.09 BF181 0.29 BU3276  1.20 2N3733 950
AF150 0.60 BC347A 0.13 EE gg g-gg Egg% ; %2 2N3733 275
AF178 1.95 BC461 0.35 . : ON3792 135
i oeE | moam | omo 88| Bme Gp | GaE s
1 375 7 . : : 2N4444 11
i A R VIDEOBELTKITS
AU106 450 BC548 0.10 . : ..
it 350 Bosae o0 e o Wao0s a8 2N5296 048 Akai VS9300/9500/ Sanyo VTC 5500
AU1t0 350 | BCss0 014 | BFi7 . 011 MIE340 040 | 2NS2%8 060 VIDEO HEADS sy 378 Sanyo VTC 9300
" y . ’ 2N5485 0.45 3HSS Suitable for Most JVC and erguson 3! 16... .4.50 Sanyo VTC 9300l
BFt . MJES20 .4
AU 450 BCSs7 008 e o Moss  ose | 2se 095 Ferguson modols 9.5 JVCHHR 33303600 450 Sharp VC 6300
BC1O7A 0.1 BC5578  0.80 9 29 55A71 y JVC HR 3360/3660..... 4.50 Sharp VC 7300
BCI07B 6.1 BC558 0.10 BF200 0.40 MPSA92  0.30 S 060 BHSS(H) Suitable 3350/3860..... . ap
BC108 0.10 BOY33A  1.60 BF241 0.15 MRF237  4.95 25C495 080 VT5000. VT8000, VT6000, VT8500, Panasonic NV 300......4. Sharp VC 8300
BC108A 0.1 BD115 0.30 BF245 0.30 MRF450A 13.95 28C496 0.80 VT7000. ..33.95 Panasonic NV 2000 Sharp VC 8300
8C1088  0.12 BD124P 059 BF257 0.28 MRF453  17.50 25C1096  -0.80 4HSS Suitable for most Nauonal Panasonic 30008 Sony SL 30008,
BC109 0.10 BD131 0.42 BF258 0.28 MRF454  26.50 25C1106 - 250 Panasonic Models 2.95 Panasonic NV7000 Sony SL 8000/8080
BC109B .12 BD132 0.42 BF259 0.28 MRF455  17.50 25C1172y 2.20 4HSS{UIN) Suitable for Panasomc Panasonic NV86008/ Sony SL C717.
BC10SC  0.12 BD133 0.40 BF271 0.26 MRF475  2.95 25C1173 115 Models 370 and 380... 33,95 8610B/VOIL 375 Toshiba V5470
BC114 011 BD135 030 BF273 018 MRF477  10.00 25C1306  1.40
BC116A  0.15 BD136 0.30 BF336 034 MRF838  13.95 25C1307 175 BETAMIX VIDEO HEADS
BC117 0.19 80137 0.32 BF337 0.29 oclew 250 28C1364  0.50 PS3B (1 Pin) Suitable for Sony and SANYO ORIGINAL VIDEO PARTS
BC119 0.24 BD138 0.30 g;ggg g-g? 8222 }gg 28C1449  0.80 Toshiba 5000 Series and NEC SANYO ORIGINAL
BC125 0.25 BD139 032 . . 2561678 1.25 PY2400 ... 50 § PARTNUMBER MODEL  DESCRIPTION
BC139 0.20 BD140 0.30 BF362 0.38 0c29 2.25 2SC1909  1.25 RSV-3-B smtame for Sony sLsooo 4-529-108008 VTC5150  Resl Motor 3.6W 9.95
Bc1d0 031 Botas 110 Brses 958 ggzs 228 2501945 2,65 SL8080, SLD7M 50 | 4-527T-23501 VARIOUS  Motor Assy. 9.75
141 0.25 BD150 0.29 g .. 28C1954 0.95 DSR-10-R Suxlable |0r Sony SLC5 4-527V-51000 5150 Capston Motor 29.95
BC142  0.21 BD159 065 Brase 913 Ocad o 25C1957 0.80 SLGB, SLCT v 39.5 143-0-4904-00900 FVHP615  Gear Idler Assy 5.95
Bcras 04 BDt60  1.50 Briss  oas 367 Py 25C1969 * 1.95 Sanyo Head for 143-2-457T-05900 VTC9455  Stopper Reel Base 0.55
BC147A  0.12 8D166 0.58 Brass 035 porei 055 25C2028  1.15 VTC9300/9500.. 41.50 143-0-545T-01701 VARIOUS  Pinch Roller Assy. 8.95
BC1re 0.2 Boizg 072 - y 2502029  1.95 Sanyo Head for VTG 143-0-545T-01700 VARIOUS  Pinch Roller Assy. 1.95
BC148A  0.09 BD181 0.45 BF459 0.36 0C72 085 y
BC1488  0.09 BD182 0.70 BF467 0.68 oc75 0.95 2562078 1.45 5300/5000...........0rr0 143-0-5517-VTG9300 _ Idler Assy. 0.95
Eedps o E o BFios 0ds porets 0.50 25C2091  0.85 143-0-6617-03800 VARIOUS ~ Loading Roller 0.95
Bc1er o5 80201 oea BF405 o8 &G171 350 2502098  2.95 143-0-662T-01201 VTC5150  Reel Drive Pulley 8.50
6C158 008 BD202 065 BFSa5 023 R200BB  1.45 25C2166  1.95 143-0-9974-00100 FVHPB15  Mod Kit IC BAG304A 1.95
Bciee, % | e 0 | BT 0B | BN 0% | Scer o | VideoHead Cleaning Tape (VHS Avtomatio weldry) | 6.50
BC1174  0.09 BD204 0.70 BFR39 023 322 0.58 . ideo Head Cleaning Tape utomatic we A
BC174A  0.09 BD222 0.46 BFR81 0.25 R2323 0.66 250234 0.50 Video Head AerosolgCIeapner i 0.85 VIDEOQ ALIGNMENT TAPES
sct a15 80223 959 ormee 930 fai, Fyed et 2% Video Copying Lead and Connector Kit ‘Z/V' 7.95 ggg gxcl'outr Bargg gt :ggg
8C178 0.15 BD225 0.48 BFRYO 1.50 HCA16334  0.90 35K88 0.95 . 3P Stairsteps 30 min. .
BY208-800 0.33 IN4001 0.04
DIODES | 5V050 oss | ieoos oo | LINEOUTPUTTRANSFORMERS EHTMULTIPLIERS VARICAP TUNERS PUSH BUTTON UNITS
N 400 oo froreoli e TTT CVC20 635 | ELCI04305MULLARD 865 | DECCA,ITT.CVC206WAY  7.95
s | TR el S
BA115 0.13 BYxio o mzmg o0z DEGCA 1700 MONO 9.95 P EAS e | o 8 .
BA145 016 BYX36-150| 444 . DECCA 1730 895 g
THORN 3000/3500 757 | us2s 11.00
BA148 017 . IN5401 0.12 DECCA 2230 8.25 THORN 8500 800 200MA QUICK BLOW FUSES
BA154 0.06 BYX38-600R IN5402  0.14 GEC 2040 8.95 THORN 5000 500
BA156 0.15 0.60 INB403 0.12 GRUNDIG 1500 15.45 ", 100MA 8p each
BA1S? 030 | BYX55.600 0.30 IN5406 013 | GRINDIG 510-6010. 2222. 50116011 UNIVERSAL TRIPLER 545 THERMISTORS 200MA - 5 AMP 5peeach
BAX13 0.04 BYX71-600 1.10 INsi07 .18 13.45 VATon0 ey
BAX16 0.06 BZY95C30 0.35 N5408 3 .. .
BB10SB  0.30 Cs4B 450 ITT44 0.04 vz o REPLACEMENT VA1058S 023 20MM ANTI SURGE FUSES
BT151 079 csioB 845 fTTe2s - 0.15 PHILIPS G2 8s0 | ELECTROLYTIC CAPACITORS | vassso 045 | 100MA-80OMA 15p each
B8Y126 0.10 0A47 0.09 ITT2002  0.10 PHILIPS G8 8.99 Vhioe 0z | e
8127 0.1t 0A90 g'gg PHILIPS G11 13.99 DECCA 30(400-400/350V) 2.85
gngg g-lg gﬁg; o ZENER EEEAZFQZS()A 108 DECCA 80/100 (400/305V) 299 SPARE & AIDS
- - . - DECCA 1700
BYize 2 o e DIODES TANDBERGE 90 1115 (200-200-400-350V) 355
! - - TELEFUNKEN711A - GEC 2110 (600/300V) % 1.00 | PUSH PULL MAINS SWITCH
BT182 0.55 IN23B 5.00 BZX61 Series THORN 1590 PuL
ITT CVC20 (200/400V) 095 | (DECCA GFC.RANK, THORN
BYig4 0.35 IN23C 5.00 0.15 THORN 8000 PHILIPS G {600/300V) 0.64 1.02
BT199 0.40 IN23ER  5.00 BZY88 Series THORN 9000 PHILIPS G8 (2200 % 53V) pedll = N MODULE 10
BY206 0.14 IN23WE  5.00 0.10 THORN 9800 - SOy -
PHILIPS G11 (470/250V) 175 | A CEP (27kV) 069

“w

ELECTRONICS & WIRELESS WORLD JUNE 1986



PHONE - P.M.COMPONENTSLTD

0474 60521 gE| ECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK
4 LINES SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD

M8099 500 | QQz03-20 4250 | uyss 070 | 3c23 19.00 8P15 150 | 17BE3 250 | 955 1.00
A SELECTION FROM OUR M8100 5.50 Qs75/20 1.50 V235A/1K 250.00 3C45 24.00 6P25 4.00 17DW4A  2.95 958A 1.00
MB136 7.00 QS75/40 3.00 V238A/1K 295.00 3CB6 1.50 6P26 4.00 17EW8 0.95 1299A 0.60
STOCK OF BRANDED VALVES Mg137 795 | QS92/10 500 | V246A/2K 31500 | 3CN38A 250 6P28 200 | 17Jz8 450 [ 1619 250
MB161 6.50 QS95/10  4.85 V2406/1K 225.00 3CS6 0.95 6Q7 1.75 18D3 6.90 1625 3.00
M8162 5.50 QS108/45  4.00 V241C/1K 195.00 -] 3CX3 2.50 6Q7GT 1.20 18GB5 3.50 1626 3.00
A1714 24.50 EBC81 1.50 EL86 0.85 M8163 .50 QS150/15  6.95 V339 3.50 3CY5 1.50 6R7G 3.15 19AQ5 3.50 2050W 4.95
A1834 7.50 EBC90 0.90 EL90 1.75 M8190 4.50 Q815030 1,15 V453 12.00 306 a4.50 654A 1.50 19AU4GT 250 2050 3.95
A1998 11.50 EBC91 0.90 EL91 6.00 M8195 6.50 QS150/45  7.00 VLS631 10.95 3D21A 29.50 6SA7GT 135 19G6 9.00 2051 5.50
A2087 1150 | EBF80 095 | EL95 175 | M8196 550 | @s1200 395 | vP4B as0 | 3E22 4950 65C7 150 | 19G3 17.00 | 3534 4.00
A2134 1495 | EBF83 095 | EL1S3 1215 | M8204 550 | QSt202 3985 | vP133 200 | 3E39 39.50 65G7 250 | 19H5 3350 | 404A 10.95
A2293 6.50 EBF85 0.95 EL183E  3.50 M8223 4.50 QS1203 © 415 VR75-30°  3.00 3EHT 1.95 - 6SH7 1.35 1906 9.00 | 927 15.00
A2426 2650 EBF89 0.720 EL18P 350 MB224 2.00 Qs1205 395 VR101 2.00 BEJ7 195 6SJ7GT 1.20 20A2 10.50 1927 25.00
Acses  arso | EBFO3 095 | EL360 675 | Ms225 395 | QS1206. - 1.05 | V10530 150 | av4 2.50 6SK7 135 | 20D1 070 | 42126 250.00
A2792 2750 EBL1 2.50 EL500 1.40 ME1401  29.50 QS1207 090 | VA150/30 1.15 3W4GT 250 6SK7GT  1.35 20LF6 7.95 4313C 4.00
A2900 1150 EBL21 2.00 EL504 1.40 ME1402 29,50 Q81208 0.90 V152 2.50 4B5518 115,00 GSL7((53'_I|’_ 0.85 20L1 0.95 43280 9.00
A3042 24.00 ECs2 0.75 EL509 525 ME1501  14.00 QsSt208 345 vU29 450 4-65A 59.00 6337 : 35 20P1 0.55 5636 5.50
aasgs o400 | EC70 175 | Etsts cos | M4 350 | aQsizro 150 | vuas 1.50 | 4687A 9.50 65Q7 35 | 20P3 060 | 5642 9.50
ACHIDD 4.IN EC80 9.50 ELBO2 3.65 MHLE 4.00 Qs1211 - -1.50 w21 4.50 4-125A 72.50 6887 1.95 20P4 1.95 5651 2.50
-t EC8t 7.85 EL821 850 ML4 4.50 Qsi1212 3.20 w77 5.00 4-250A 79.50 6U4GT 175 20P5 115 5654 1.95
AC/THI 4.00 100 | eLez 1205 | Ms4B 5.50 Qs1213 500 | w723 - 100 | 4400 8750 6USWA 350 | 21LUB 2.50 5663 1.85
ACT22  58.75 EC86 4 - MU14 .50 Qsi215 230 w73g 1.50 4-1000A _ 425.00 6Us 1.18 24B1 39.50 5670 3.25
AH221 3900 | ECE8 100 Mt s,g M21-100 12500 | asi218 500 | xea 50 | 4832 35.00 sUsA 150 | 25DQeB 295 | 5672 450
AH238  39.00 | EC% 10 | EM4 2 N37 1250 | Qu3? 950 | Xesixes 495 | 4BQ7A | 175 6V6G 125 | 25L6GT 175 | 5678 7.50
ALEO 6.00 égg; fgﬁ" E:’,‘Z? g~_7,g N78 985 | Qv0312- 575 } X76M . 195 | 4BZ6 1.95 e\\;g(ér 1.50 gggoa 175 ) 5687 g 50
AN1 14.00 % - 0OA2 0.85 QV05-25 1.75 XC24 1.50 4C27 25.00 6! 1.00 1 19.50 5692 50
ARP12 0.70 ECS3 150 EM84 165 1 opowa 250 QV06-20  29.50 XC25 0.50 4C28 25.00 6XeN 1.00 29KQ6 8.50 5696 3.50
ARP34 1.25 EC35 7.00 EMs85 3.95 QA3 250 QV08-100 145.00 XFW47 150 | 4C35. . 145.00 64 1.50 30C17 0.40 5704 3.50
ARP35 200 EC97 1.10 Ex!ﬁ 2.50 0B2 0.85 QV2-2500 45.00 XFW50 <156 | "4C86 1.95 6/ Sg;y 1.00 30C18 148 5718 6.15
AZ11 ase | EC80i0 1200 | EN32 1500 § OB2WA 250 | QY3-125 - 65.00 | XG1-2500 50.00 | 4Cx1000A 65! 1.00 | 3Fs 095 | s725 2.50
AZ31 250 | ECC32 350 | ENot 150 | ocz 250 | Qv4-250 70.00 | XG2-6400 135.00 6,88 225 | 30FL1 1.00 | 5726 150
BL63 2.00 ECC33 3.50 ENg2 450 oc3 1.50 QY4-400 ,76.00 XG5-500 22.50 A4CX4000A 7A8 4.50 30FL2 1.35 5727 1.95
Bs4so 6700 | ECC3s 350 | Evsi 080 | OD3 170 | Rio 400 | xu-sv 1.50 110000 7A7 200 | sortrz oes | s7ae 2.50
BS810  sso0 | ECC8i 115 | Eval 235 | OM4 100 | Ri6 1200 | XL628FT  7.50 { '4CX250B 49.00 7AD? 175 § 30FL13 .10 | 5750 1.85
BSB14 55.00 ECC81 Special EY83 1,50 OMSB 3.00 R17 1.50 XNP12 2.50 4D32 125.00 7AU7 1.50 30FL14 1.25 5751 2.95
CIK 19.00 Quality 0.65 Eva4 5.95 OM6 75 | Ris 2.50 XR1-1600A 49.50 EIMAC  59.50 7B6 3.50 30U 0.45 5763 5.75
C3E 2200 § ECCB2Phiiips Evssis7  0s0 | ORP43 250 | Ri9 250 | XR1-3200A79.50 | 4CX250BN 75.00 787 250 | 30L15 060 | 5814A 3.25.
CalA a50 1.95 Evas 0.55 ORP50 395 | R0 1.20 XR1-6400A 99.50 4CX250K EIMAC 7C5 3.50 30L17. . -0.60 5823 9.50
. P8t 250 R1169 55.00 Y502 25.00 95.00 7Cé 2.50 30P4MR 1.00 5829WA 6.50
Con e B ECaamimar . | Eveoon a0 | Pat 250 | RGi-125 495 | ves 595 | 4CX125C EMAC 7E7 250 | aoPi2. 100 | sedo 350
' ¢ PABC80 050 | RG1-240A 1450 | YD1100  75.00 125.00 TH? 350 | 30p18 060 | 5842 11.00
S el 83 Phiii ! E;ggz g;g PCa6 0.75 RG3-250A 3.50 YJ1060  265.00 4CX350A 95.00 w7 5.50 30P18 1.00 5847 10.95
Ci148A  115.00 ECC83 Phiips y PC88 0.75 RG3-1250A 35.00 YL1020  29.00 4CX350F  79.50 7va4 250 |- 30PL1 2,50 5879 8.50
G149/t 195.00 195 | Ez40 275 | pcaz 350 | RKokz5 6250 | YL1070 195.00 | 4XCtscoB 888 250 | 3opL13 060 | 5886 13.95
C1150/1  135.00 ECC83 Siemans EZ41 2.75 PCO7 1.1¢ RK-208 . 12.00 YL1071  195.00 398.50 8810 2.50 30PL14 175 5894 39.50
Ci534 3200 250 | £280 0.75 | pggoo 110 | AL16 150 § YL1200 6500 | 4E27  185.00 8BQ5 195 | .3186C 550 | 5809 4.50
C3E 2950 | ECC83 TU"QS:asfz E%g; ?-;g PCY00 125 | ApL1e 1200 | 77 1.20 4GS7 2.25 ng; 1 gs 33A/158M 13..;3 5963 ; ;g
CCA 260 . E PCC84 040 | RPY13 250 § Z302C 1200 | 452 75.00 10! 125 | 35A5 : 5065
ceaL 0.90 Egg&% g-SO FGOZ 800 ;’3: PCCBS 0.55 RPY43 2.50 2359 9.00 4JC6A 2.95 10DE7 2.50 35L6GT 2.00 8005 1.85
CK1006 3.50 ECC85 .78 FW. . PCCs8 0.70 RPY82 2.50 25058 15.00 4X150A  35.00 10EW7 2,95 3523 1.85 6012 16.00
©V Nos prices ECC86 275 | GSS1K  9.00 | PCCBY 070 | RR3-250 1500 | Zzs20M 400 | 5A/102D 950 122}( ? gg ggzgg g.g 2021 g sg
on uest ECC88 0.95 G180/2M 6.95 PCC189 0.70 RR3:1250 35.00 Z521M 8.00 5A152M 9.00 1 6 3 057 5
D3A o 27.50 ECCI1 2.00 G240/2D  9.00 PCC8OS  0.70 RS613  45.00 Z700U 3.00 5A163K  10.00 10P14 2.50 42 6.95 6058 3.95
D63 120 | ECC1e0 072 | GC10B 1750 | PCC806 080 | RSess  54.95 | Zz749 060 | 5A170K 625 10P18 078 | 47 6.00 | 6059 3.75
DA41 2250 ECC189  1.95 GC10D  17.50 PCES2 0.80 RSS688  52.15 2759 19.85 5A-180M  9.00 10LD12 0.65 S0AS 1.50 6060 225
DA42 17s0 | Eccsots 350 | GCio4s 1750 | PCF8o 065 | S6F17 595 | 2z800U 300 | 5A-206K  10.00 ME3 5500 | s0C5 095 | 6062 4.50
DAgO 450 | ECC803S 495 | GCI0ME 17.50 | PCF82 060 | S6F33 2895 | Z803U 1895 | GSAMB 2.18 " 23 550 | S0CD6G  1.15 | 6063 2.00
DA100 12500 | ECCe04 o060 | GC124B 17.50 | PCFsa 0.65 | S11E12 3800 | zA1000 1250 | 5ANB 1.20 :gAg . ? gg 23_5,\55’ ; gg gggg 3 gg
DAFS 070 | ECC2000 1200 | GDsW 600 | PCFas 1.20 ASOIZK :g.on zxxgg; 150 | 5AR4 2.00 12806 150 | souve 205 | o067 s
DAF9S 085 ECF80 145 | GDT120M 5.00 PCF87 0.40 S104/1 .00 ZA1 1.50 5AU4 1.50
Fan 115 | Gne 600 | PCFe00 180 | S1091K 1500 | zm1005 800 | SB.110M  10.00 12AT6 085 | 53CG 1500 { 6080 8.50
DC70 175 EgFBB 170 GN10 15.00 PCF201 1.80 5130 5.59 ZM1021 8.00 5B-254M  14.50 12AT7 1.15 61SPT 4.50 6080WA  9.50
DCYO 1.20 oo 185 GR10G 4.00 PCFB00  0.40 S130P 595 ZM1023  7.95 5B-255M  19.50 - 12ATIWA 250 7581 3.50 6132 10.50
DCX-4-5000 = . GS10C  16.50 PCF801. 135 -] .sC1/800  5.00 ZM1041 - 14.00 5B-256M 9.00 12AUB 1.50 75C1 2.50 6136 2.50
2500 [ ECF202 185 | o5y 4200 | PoFso2 060 | SCim100 600 | zMios2  9.00. | sB2stM s.00 12817 065 | 80 450 | 61468 9.50
ng ’;’g-g Eggg; g'gg GS12D 1200 | PCF805 125 | SC1/1200 500 | 2zM1084 1000 | 5B-258M 14.50 152\\;5 ; .gg gi ggg 6155 & %
18 . v GTIC 1400 | PCFsos  1.00 | SC1/1300 6.00 | ZM1177 900 | 5C22  125.00 X 6156
DET23 3500 | ECF808 1025 } Gricy/s 13.00 PCFE08  1.25 | SC1/200 9.00 | 2ZM1202 5500 5J180E  2500.00 12AX7GT 100 | 85A1 650 | 6157 2.50
DET24  39.00 ECH3 2.50 GTNI75M  8.00 PCH200  1.50 SP41 500 | zM1263  4.00 5R4GB 3.50 12AX7 0.65 85A2 1.50 6158 3.20
DET25  22.00 ECH4 3.00 GTR150W  1.00 PCL82 0.85 SP42 3.00 ZMi612  3.00 5RAGY 3.50 12AXTWA © 2.50 90AV 10.00 6201 6.45
DET29 3200 | ECH35 35 | Guzo 3500 | PCLe3 250 | sPaB 4.95 5T4 5.95 12AY7 395 [ 90Ct 270 | 6205 6.95
DF91 0.70 ECH42 1.00 GUs0 17.50 PCL84 0.75 $8501 " 35.00 1A3 4.50 504G 295 12AZZA 1.95 90CG 13.50 6211 2.50
DF92 0.60 ECH81 0.65 GXU1 13.50 PCL85 0.80 ST 1.50 1ACS 1.20 5U4GB 4.50 1284, 4.50 g0cyV 12.50 6267 4.50
DF96 065 | ECH83 078 | GXU3 2400 | PCL8E 0.85 | STV280/40 11.95 1AEG 4350 | svaG 1.25 gg/é\g : g(s) g; ﬁg 1: gg gggg g gg
ECH84 0.69 GXUS0SS  14.50 PCLBOO 0.80 STV280/80 19.95 1B3GT 1.95 5Y3GT 1.95
gﬁ% 1:33 ECH2000  1.50 GY501 1.20 PCL8O5  0.90 SU42 4.95 1822 10.00 5Z4GT 0.85 12BH7A 250 G2AV 12,50 6386 14.50
DH77 os0 | EcLso 060 | GYs02 1.00 | PDs00 350 | TB25/300 gg.gg 1327,& 5500 | e@o2 . 0.70 ; ggbé;A ; ;g ?ggé ] 13 gg ggig g gg
GZ30 1.00 PD510 3.65 T82-300 . 1835 29.50 BA/203K 8.00
g::gg gg Egtgi 322 GZz3t 1.00 PE1-100  69.00 | TB3-2000 395.00 1B63A  75.00 6A7 4.95 12C8 2.50 108C1 1.50 8550 10.95
DKo oso | =ciss ovs | Gz32 1.00 | PEN2S 200 | TBL2-300275.00 | 1Ct 250 | 6ABG 1.50 12CAS 195 | 15082 695 1 6688 6.50
P ECLSS 0.69 GZ33 4.50 PEN4ODD 2.50 | TD1-100A 25.00 1C5GT 2.50 8ACT 2.00 12CX6 1.20 150C2 1.50 6870 11.50
Doz 120 - Gz34 215 | epEN4s 300 | TDOo3-10F 35.00 | iFD1 250 | GAFAA 250 120068 3.50 | 150C4 215 | 6887 9.50
DL35 250 | ECLES 080 | o737 450 | PEN4sDD 300 | TD3-12 400 | 1G3GT - 250 | 6AGS 1.50 12DW4A  3.50 155UG 2500 | 68838 9.95
DL63 1eo | ECLE05 98 | wamsr 100 | pnEss 200 | TODM 550 | 13GT 250 | 6AG7 1.95 150 | 6973 5.95
DL70 250 | EFS7A - HABCBO 090 | PEOG-4oN 4200 | TP25 150 | N2 . 450 | eAHp 250 3350 | 7025 2,50
DL73 150 | EF39 110 | gcos 075 | PFL2o0 o095 | TsPa 700 | INsGT 250 | eass 2.00 1500 | 7027A 450
DLg2 095 | EF40 450 ' necot 080 | pLot 250 | TTi1 150 | 1P28 2500 | ®AJ7 2.00 500 | 7032 2.00
DL93 110 | EF41 350 1 hFe3 075 | PL3s 095 | TT21 . 4500 | 1P39 19.50 | 6AKs 1.50 1500 | 7059 2.50
DL94 2.50 EEES ;—gg HF94 1.50 PL38 1.50 TT22 45.00 RS 0.90 6AK6 2.50 17.50 7167 3.95
DL96 250 . HK90 105 | PLe 072 | TTi00  57.00 | T4 070 | 6ALS 0.60 800 | 7189 350
DLS10 1350 | EF55 495 | Hiok 495 | PLBIA 072 | -TTR-3IMR 65.00 | 1U4 175 | eAm4 3.25 450 | 7183 7.50
DLS16 10.00 EF70 1.20 HL23DD  4.00 pL82 0.60 TY2-125A 85.00 1U5 1.00 6AMS 6.00 65.00 7199 7.50
DM70 1.95 EF71 1.50 HL41 3.50 PL83 0.52 TY4.400 85.00 1X2B 140 BAME 1.50 8.00 7247 295
DM160 275 | EF72 120 | HL420D 350 | PL84 078 | TY8-600W 122 895 | BANS 2.65 4: 83 ;sgg :g gg
1. EF73 1.00 HL9O 0.70 PL88 1.00 365.00 2AS15A 11.50 BANBA 2.65 4
gigfw 0_32 EF80 0.55 HL92 1.50 PLO5 1.75 TYS2/250 375.00 287 1.50 6AQ5 175 275.00 7475 5.00
DYBO2 072 | EF83 395 | HL133xDD 350 | PL302 100 | uig20 275 | 2822 6950 | 6AQ8 0.85 7500 | 7486 125.00
E80L 2050 | EF85 050 | HT2 400 | PL345 1250 | 19 11.95 | 2C39A 3250 | 6ARS 5.95 1495 | 7527 85.00
E81L 12.00 EF86 2.25 HY90 1.00 PL500 1.10 u24 2.00 2C39BA 3950 | 6ARS 3.95 39.00 7551 6.95
E820C 350 | EF86Mullard HVR2 300 | PL504 145 | U25 090 | 2C40 37.00 | "6ASS 1.50 1.95 | 7558 9.45
E8300 350 450 | JP97A  60.00 .| PLEOS 1.75 | U26 - 090 | 2042 2950 | 6ASE 250 85.00 | 7586 15.00
E83F 5'50 EF89 1.50 K3118 85.00 PL509 4.85 uzz 9.00 2C43 60.00 BAS7G 4.50 15.00 7587 29.50
. ’ KR6/3 45.00 PL519 '4.95 Ua 6.95 2C51 0.75 6ATE 0.75 35.00 7791A 4.95
EB6C 950 | EF9! 235 | krsc 700 | plsoeT  3s0 | Uso 200 .| 20vs 150 | 6AT8 175 2350 | 7609 47.00
E88C 785 | EF92 215 | rasc 350 | Plszo 295 | Us2 - 300 | 2p21 150 | eAu4 2.00 1450 | 7733 5.50
, E88CC 350 } EF% 095 | k136 200 | PLsss7. 2050 | utor - o070 | 2021w 250. | eAUSGT . 450 |. 6L6GC(GE) 9500 | 7788 25.00
EBBCC Siemans Erod 085 | kras 400 | pva2 060 | uto2 100 | 2622 4900 | 6AUs 095 | eLeaT 450 | 7815 4950
Special 595 | EF95 150 | g5 400 | PY33 050 | UIss 065 | 2E26 7.95 | 6Ave 075 | 6LD20" 27.50 | 7868 3.95
E19CC  7.95 | EF97 080 | yre1 400 | PY81 070 | u2st 1.00 | 2042 ° 9300 | eawsa 250
E9OF 795 | EF98 0.90 | KTe3 200 | Pys2 070 | usot 075 | 2J55 350.00 | 6AX4GT  1.95
E91H 450 | EF183 0.65 | KT66 Osram PY83 0.70 UABCBC 065 | 2K25 2750 | 6AY3B 1.95
E92CC 395 EF184 0.65 15.00 PY88 065 | UAF42 - 1.00 2K25 Raytheon 6AZ8 5.95 ..
E99F 6.99 EF730 1.80 KT66 USA 9.95 PYS00A 1.95 UBF80 0.60 75.00 687 2.80 . 16GY5
, E130L 2500 | EF731 350 | KTe6 GEC 14.95 | PY800 079 | UBC41 295 | 2K26 9500 | 688G 1.50
Et82CC 5.00 EF732 3.50 KT67 9.00 PY801 0.79 uBCs1 1.50 2K29 250.00 6810 1.95
E180F 650 | EFe00  11.00 | KT77GoldLine QoBa-300 5495 | UBFB9 060 | 2ka8 14000 | eBAS 0.95 AUDIO TAPE HEADS CALLERS WELCOME
E186F 850 | EF804S 1150 10.95 | OB3-1750139.50 | UBL21 , 175 | 2Ks6 25000 | 6BA7 450 ’
E188GC  7.50 | EF80ss 1350 | K18 7e0 | QBesson4sson | uce 120 | s o as0 GBADA 350 D = | OPENMON-THUR 9AM-5.30PM
EF806S  14.50 KT88 USA 10.95 E03-10  4.95 84 3 3 .00 6BG8! . y .
BT 1m0 | Erees eso | o USA GEbamo 1a50n | Uooss  0s0 | swaoen se | s iec [N Avrorevemse 32N .. FRISAM-5.00PM
£283CC 1000 | EFL200 150 1895 | QFs0 6500 | UCFBO  1.00 | 3A7098 11.00 | 6BHS 1.50 . 24-HOUR ANSWERPHONE
’ 0.72 KTW61 250 | aezs 1.00 UCH21 1.20 3A/1108 12.00 6B8J6 1.20 - "
Eg?ggc ;gzg Eﬂgg 0.95 KTW62 250 | QQE025 19.50 UCH41 2.50 3A/141K  11.50 6BK4 4.00 ELECTRO-OPTICAL SERVICE
fe im|Ez o ow o | memnm | ew dm | e oo n B 7 [ ACCESS & BARCLAYCARD
- EL33 400 y . . X M 22.00 PHONE ORDERS WELCOME
E1524 6.95 29 | t1022€ 65 | QGEoe40 4500 | ucLsz 175. | 342 . aes | esls 1.15 9677
EASO 100 | EL34 - L1022k 1200 | QQvo26 1950 | uctes 250 | 3A3A - . 395 | eBMs 0.58 P4231BAM 19.00 - UK ORDERS P&P 1
EA76 195 | EL34 Mullard/ LB7-20 9500 | QQvoa10 550 | UF4) 115 | a4 110 | 6BM6  155.00
Eﬁggcso (1)-33 ;El;gs ‘:-gg LS9B 695 | QQvos-10 UF42 115 | 315 095 | 6BNa4 1.65 PLEASE ADD 15% VAT
. . M502A  60.00 | Mullard  15.00 | UFso 175 | 3AT2 335 | 68BNG 1.65
EACOt 250 Etgg ‘9~'7“5’ M537A 6000 | QQV03-20 2500 | UF85 1.20 | 382 3.00 | 6BN7 4.50 EXPORT ORDERS WELCOME .
EAF42 120 3 M5143  155.00 QQV03-208 UF89 250 3B4 4.95 6BNS 3.95
EAF801 2.00 Et41 3.50 M8079 6.00 32.00 UL44 3.50 387 4.50 6805 0.75 CARRIAGE AT COST
EB34 150 | EL4e 200 | Msos2 750 | QQV06-40A uLss 085 | 3B2¢ 1000 | e2Q7A 072 PLEASE SEND YOUR
EB41 3.95 EL81 6.95 M8083 3.25 27.50 uus 3.50 3B26 24.00 6BL7GTA 3.85 ENQU[R]ES FOR SPEC'AL
EB9Y 0.85 EiL83 5.95 M8091 7.50 QQV06-40A uu7 8.00 3828 15.00 B6BR5 0.70 OTATION FO GE
EBC33 250 | EisaMulard295 | Msogs 300 | Mulad 4500 | uUs 000 | 3878 150 | 6BR? 495 Qu S FORLAR
EBC41 1.95 EL85 4.50 MB098 5.50 QQV07-50 63.50 UY41 3.50 3C4 1.00 68R8 215 REQUIREMENTS.
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The Archer 7,80 SBC

The SDS ARCHER — The Z30 based single board
computer chosen by professionals and OEM
users.

* High quality double sided plated through PCB
* 4 Bytewide memory sockets — upto 64k

* Power-fail and watchdog timer circuits

* 2 Serial ports with full flow control

* 4 Parallel ports with handshaking

* Bus expansion connector

* CMOS battery back-up

* Counter-timer chip

* 4 MHz. Z80A

OPTIONS:

* SDS BASIC with ROMable autostarting user code -
* The powerful 8k byte SDS DEBUG MONITOR

* On board 120 / 240 volt MAINS POWER SUPPLY
* Attractive INSTRUMENT CASE — see photo.

* 64k / 128k byte DYNAMIC RAM card

* 4 socket RAM — ROM EXPANSION card

x DISC INTERFACE card

Sherwood Datadysiems Lid

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX.Tel. 02814-5067

CIRCLE 33 FOR FURTHER DETAILS

IHIIEE INTO ONE WILL GO— WITH THE GROTEGH 3132

1 SCOPE: 2 Active Component Comparator
DC — 20MHz Bandwidth {for checking Transistors, diodes and
2mV/div Sensitvity 1.C’s etc)
40ns — 0.2s/div Sweep Test Voltage: 8.6Vrms (28mA)

14 Trigger Functions

Including active TV trigger on line All for the price of a scope at

& frame. %
3 Triple Output DC Source £285
+5y (1 A); —ve grounded *(Excluding Delivery and VAT)
2 if oy (200mA) Common Floating Correct at time of going to press

Crotech instruments Limited

Access

3 2 Stephenson Road, St. lves, Huntingdon, Cambs. PE17 4WJ
Telephone: (0480) 301818

\ . Also available from Audio Electronics & Henrst

CIRCLE 56 FOR FURTHER DETAILS

FOUR-Yes, Four into One will go-wnih Croiechs 3339

1. Scope 3. Triple Output DC Source s N
DC—30MHz + 5V (1A)—ve grounded \
5mV/div Sensitivity + 12V (200mA) Common Floating
40ns—0.2s/div Sweep 4. VDU Mode
12 Trigger Functions, including " Display:- 32 Characters/Line
active TV Frame & Line 64 with Zoom facility

2. Active Component Tester Video Sensitivity:- 1Vp-p composite video
For checking Transistors, diodes

IC’s etc. Very Affordable .
Test Voltage: 8.6Vrms (28mA) at £570* *onc VAT & Delivery 4/

Crotech instruments Limited

2 Stephenson Road, St. lves, Huntingdon, Cambs. PE17 4WJ
Telephone: {0480) 301818

Display shows VDU Mode

CIRCLE 96 FOR FURTHER DETAILS :
14 ELECTRONICS & WIRELESS WORLD JUNE 1986



Mobile radio on
the move

April’s annual conference of the Mobile
Radio Users’ Associationin Oxford was the
first major meeting since the government
announced plans for the new Band I11

networks

The new allocations herald mobile
radio’s last big expansion for the
foresecable future. Band 11 accor-
dingly figured prominently in the
agenda and two of the new licen-
sees were on the list of speakers.
But another significant develop-
ment discussed at the conference
was the news that the industry for
the first time is to take over some
of the responsibility for regulating
itself.

The plans were outlined by the
head of the Department of Trade’s
Radio Regulatory Division. In the
opening speech of the conference,
Tony Nieduszynski explained that
RRD was looking for more a flexi-
ble approach to type-approving
radio equipment. .

In particular. it was considering
proposals for self-certification by
manufacturers. Under certain con-
ditions, makers would be able to do
their own testing, he said, and so
reduce delays in getting their pro-
ducts on to the market. To help
them, the RRD planned to make its
laboratory facilities at Kenley
commercially available.

A further result of the new spirit
of co-operation between the DTI
and the industry was to be the
setting up of a civil land mobile
radio committee under the chair-
manship of Mike Coolican of the
DTI, with a membership drawn
widely from the industry and
users.

Spectrum pricing

Mr Nieduszynski announced that
RRD was about to begin its first
spectrum review (following a re-
commendation of Merriman). The
bands under scrutiny were those
between 470MHz and 3.4GHz; and
the department would scek to
establish how fullv they were used,
what future requirements there
might be for services in them, and
what scope there might be for
redeploying frequencies more
effectively. Details of a parallel
review covering the defence bands
would be announced by the gov-
ernment shortly.

A feasibility study of spectrum

pricing was also under way. “But
the object is not to help RRD raise
more licence money”, said Mr
Nieduszynski, “RRD is not a
revenue-raising body”. The aim
was efficiency in allocating spec-
trum; but the government would
ensure full consultation and de-
bate before any radical changes
were made. RRD recognized the
concern over the shortage of
mobile radio channels and in par-
ticular the degree of congestion in
London. Solutions had to be found.

A high priority was the develop-
ment of two-way data communica-
tion systems, in which the rate of
progress was disappointing. “The
doors of Waterloo Bridge House
are open Lo anvone with ideas and
proposals”. he said; but added that
they might not necessarily get
their first choice of frequency.
Another new possibility was that
of the telepoint. which would en-
able owners of cordless telephones
to make calls through a network of
publicbase stations.

Training for p.m.r.

One of the first steps towards
self-regulation by the industry
was a dealer acereditation scheme
sponsored by the MRUA, and to
this Mr Nieduszynski gave a warm
welcome. The scheme, in which the
DTI would participate, was de-
scribed in detail by Gerald David
of Aerial Facilities Ltd, project
leader for the MRUA.

A parallel scheme for employ-
ment training in land mobile radio

was presented by Colin Smith of

PMR lLtd and the MRUA. At
present, he said, there was a
lamentable shortage of well-
qualified technicians for installing
and servicing p.m.r. equipment.
And be told some horror stories: “1
ask applicants how do you acecu.-
ately measure the frequency of a
v.h.f. transmitter. And the usual
reply is an oscilloscope. If he says a
frequency counter, the applicant is
usually an amateur radio enthu-
siast.”

Mr Smith had met degree
students who were sound on micro-

ELECTRONICS & WIRELESS WORLD JUNE 1986

Applicant
signs form

't Form received
| ot waterloo
Bridge House

Licence
senf

receiyed

«

 {oneks

Sent for
frequency
assignment

Back from
frequency
assignment

Fee
requested

B

processors. but who imangined
they could measure the impedance
of an aerial with an Avo meter.
Academic courses had for a long
time been biased away from ana-
logue techniques and the balance
towards radio communications
had yet to recover. The MRUA was
therefore negotiating with the
Association of Marine Electronics
and Radio Colleges to set up. with
the DTI's support, two courses
leading Lo a nationally recognized
gualification.

Bandili
GEC Communications is one of the
dozen winners in the race for Band
III licences. and plans for its
national network were described
by technical director Peter Delow.
The system would be founded on
common base stations which

shared automatically a pool of

frequency pairs among many users
— atrunked system. Mobiles would
be able to contact one another
throughout the area covered by the
network. The new feature added
by GEC was the large-scale net-
working of base stations, which
would be linked by a digital voice
and data switching network.
Mobiles would communicate with
the network by digital signalling
on control channels or, when a call
was in progress, through 1200bit/s
databursts.

Waiting for that mobile
radio licence to come
through: some applicants
have to waitlonger through
failing to give essential
details such as the national
grid reference of their base
station.

The MRUA aims to represent all
users of mobile radio, including
cellular radio. For details, contact
the association at Orient House,
42/45 New Broad Street, London
EC2M 1QY, tel. 01-628 0898.
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GEC hopes to begin a service in
the second half of 1987. Facilities
offered will include conventional
mobile radio features including
dispatcher-type operation and
selective or fleet calls, plus some
new ones such as interconnection
with p.a.b.xs and the ability to dial
out on the public telephone net-
work. Also available will be data
services, including access to public
networks, store-and-forward mes-
sage handling and vehicle-
tracking.

The system will conform with
the MPT1327 draft standard,
which sets out a unified air inter-
face for Band III trunked systems.
This common signalling specifica-
tion should benefit users by bring-
ing down the cost of equipment and
could indeed form the basis of an

international standard.

Asked whether GEC’s 100-
channel allocation would be suffi-
cient, Mr Delow replied that it was
not clear yet what sort of service
100 channels would give. The com-
pany had applied for many more.

Speaking for the National
Radiofone Company (another of
the new licensees) Robert Condon
reviewed, with a mass of statistics,
the growth of mobile communica-
tions during the past few decades
and examined the commercial
opportunities the new frequency
assignments would bring.

Mr Condon estimated a demand
by 1992 of some 200 000 subscri-
bers, of whom about a quarter
would be accommodated on region-
al networks. The true requirement
for national coverage was quite

MOBILE RADIO

small and most subscribers would
be satisfied with interzonal
coverage.

National Radiofone had been
offered a licence to run regional
services in London, Birmingham
and Manchester-Merseyside, with
a capacity of about 2500 subscri-

. bers each; and, in conjunction with

Tactico, in Glasgow, Edinburgh
and Aberdeen, for a further 7500.
The company planned to launch
these services simultaneously in
the first quarter of next year. Live
demonstrations for interested par-
ties would begin in September.

To obtain the necessary cover-
age, multi-site 20-channel trunk-
ed systems would be needed. In
London, five sites would be re-
quired. No handover between base
stations was envisaged since calls

would normally be short and
mobiles unlikely to travel out of
range during conversation. As
they passed from one service area
to another, mobiles would lose the
first site’s control channel and
would be reregistered on the new
site as they picked it up.

Comingsoon... -

The new licensees will occupy only
a fraction of the former television
band and space remains available
for further developments. Robin
Daniel of British Telecom looked
at future needs for mobile com-
munication, and foresaw a very
large potential demand which
could be satisfied only if we could
find more efficient ways of using
the spectrum. For example, there

This year for the first time the
Hanover Industrial Fair was split
into two events: CeBIT (Centre for
Office, Information and Com-
munications Technology), held in
Hanover on 12-19 March, and the
traditional Hanover Industrial Fair
which ran a month later in April.

Nearly a quarter-million visitors
atlended the first stand-alone
CeBIT. Two of the 11 halls were
devoted to telecommunications and
related topics such as satellite com-
munication and broadband net-
works. Mobile communications in-
cluded paging, cordless telephones
and car telephones.

Following the recent trial launch
of Germany’s new C-450 cellular car
telephone network, there was con-
siderable interest at the show in
this new mobile service.

German C-450 cellular

Germany’s Siemens-designed C-
450 cellular network opened on a
trial basis in September 1985. The
official full opening of the network
was planned for May 1986. During
the six-month test period, users are
not being charged any monthly sub-
scription by the Bundespost. The
monthly charge of DM120 will only
be applied once the system is fully
operational.

Two reasons were being offered at
CeBIT for the partial opening.
Firstly the Bundespost said they did
not want to charge customers the
monthly subscription until full
national coverage could be pro-
vided. A second reason is that the

trial period is being used to sort out
possible bugs in the system.

Mobile car telelphones currently
using the network, which number
less than 2,000, may have to be
called in once the system becomes
fully operational for minor software
changes. Suppliers at CeBIT were
saying that this should involve no
more than just “popping in a new
prom”.

An important operational feature
of C-450 that sets it apart from other
European cellular systems (NMT,
TACS) is the use of a card indentity
system. A subscriber’s individual

Mobile Radio at CeBIT

Nigel Cawthorne reports on Germany’s new
cellular car telephone network: C Netz

number is recorded in the credit-
card sized plastic card which slots
into the mobile unit before it can be
used.

The card identifies the user. So no
matter which (or whose) car tele-
phone you are using, it will respond
to your own number. In other sys-
tems the car telephone itselfis iden-
tified rather than the specific user.

Another standard feature on C-
450 is the use of band inversion
scrambling to guard against casual
eavesdropping. The scrambling
facility can be switched out by the
mobile if signals are weak.

C-450 Summary data

Clear speech, frequency range 300 to 3400Hz
Scrambled speech method Band Inversion
Datarate 4 8kbit/sec
Number of mscs 8

Number of speech channels per Msc max 1,500
Number of radio zones per Msc max 150

Size of radio zone (cell) 2t0 30km

Frequency ranges

Transmit/receive separation

Channel spacing starting from
fictitious channel 0 (455.74/465.74)

Electrically switchable steps
Number of radio channel pairs
Modulation method
Frequency deviation

Qutput power”

461.30010 465.740 MHz
Base to Mobile

451.30010455.740 MHz
Mobile to Base

10MHz

20kHz

100r12.5kHz

max 222

phase modulation {14F3)
max +/— 4kHz

base-station 26W
mobile 16W

*both power levels can be reduced in steps on instruction over the channel by a maximum of

35dB.

The Post had issued, up until
early April, 11 type-approval num-
bers for C-450 car telephones.
(Although there are 11 type-
approved sets, there are only four
manufacturers — AEG, Philips. Sie-
mens, Storno). The other equip-
ments are branded versions of the
same products. There were no
Japanese C-450 mobile car tele-
phones at CeBIT, although
Japanese suppliers are expected to
make an early entry into Ger-
many’s new cellular market.

List prices quoted for a German
vehicle-mounted cellular car tele-
phone were around DM11.,000
(£3190). Installation was quoted as
DM300-500 (£87-145). Storno was
quoting a list on-the-road price of
DM11,500 (£3335). At this level, a
German cellular car telephone is
more expensive than corresponding
equipment on other European net-
works.

System design

The present C-450 network is de-
signed to handle 300,000 mobile
subscribers when it reaches full
capacity. It is also capable of being
expanded to 400,000 subscribers.
The Bundespost plans to install a
total of eight mobile switching cen-
tres (Mcs) that can handle up to 150
radio zones (cells). The radio zones
in the coverage area of one switch-
ing centre form a radio traffic area.
In the fully developed network, a
radio traffic area is connected via a
mobile centre to each of the eight
regional exchanges of the direct-
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was a mass market for messaging
systems among such groups as
baby-sitting circles and parents
collecting children from school, if
only the cost could be brought low
enough.

The issues to be resolved might
not be purely technical ones. For
example, a typical p.m.r. contact
lasted about 20 seconds whereas a
telephone call averaged three min-
utes. Was it the character of the
medium that led to the difference,
or the type of business transacted?

Happenings atRRD

The pace of change in mobile radio
depends very much on the radio
regulatory division of the DTI, a
body which, since its emergence
from the old GPO engineering

department has been transplanted
regularly from one ministry to
another. Dr John Durkin, its new
director-general, brought dele-
gates up to date with the latest
reorganisation.

The department’s recruitment
and morale problems, which at one
time caused serious delays in pro-
cessing applications, seem to have
been solved by the expedient of

- upgrading everyone’s status and
salary by a dB or two. The result is
that the division now comprises six
branches, of which the three de-
voted to engineering matters,
covering broadcasting (RRD3),
planning, spectrum review and
research (RRD4) and type ap-
proval, monitoring and interfer-
ence (RRD5) all come under Dr
Durkin. Other branches deal with

dialling public telephone system.
They are interconnected to both
telephone and data lines, the last-
mentioned used for nation-wide
automatic location of the mobile
subscribers.

There are 222 radio channel pairs
with a channel spacing of 20kHz
available for radio network oper-
ation in the upper and lower band of
the 450MHz range. Transmit and
receive frequencies have a duplex
spacing of 10MHz. Channel spacing
is switchable in both 10kHz and
12.5kHz steps. This permits in-
termediate channels to be created
which provides both for the best
usage of the frequency spectrum
and for frequency coordination with
neighbouring countries.

Each base station is assigned a
check-in file and each asc is
assigned a home data file and a
visitor’s data file. The active file
acquires all switched-on mobile
subscribers located within the radio
zone (cell) and reports these to the
centre. If a mobile subscriber is
located in his home Msc area, an
active entry is made in the mMsc’s
home file. However, if the mobile
subscriber belongs to another msc,
an active entry is stored in the
visitors’ data file. At the same time,
the visitors’ data file determines the
mobile subscriber’s home Msc, from
his number, and initiates an entry
in the home data file of the mobile
subseriber. In doing this, the host
Msc reports the location of the
mobile.

There is a once only set-up charge
of DM100 (£29). The DBP’s monthly
subscription charge is DM120 (£35).
Call charges are based on a DM0.23
unit. At full rate this is for eight
seconds, and at cheap rate this is for
20 seconds (corresponding to 50p/
min and 20p/min respectively.

Predictions at CeBIT for the like-
ly number of subscribers on Ger-
many’s new cellular car telephone
network by the year end varied
between 10,000 and 15,000.
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international policy, computer ser-
vices and mobile licensing. And it
was the head of this last, Mike
Coolican, who spoke next.

The average time taken to pro-
cess a mobile licence was now
about 14 weeks, said Coolican,
though not all of that could be

‘blamed on his staff. P.m.r. firms

tended to post their applications
off in batches, which led to delays
for early comers. However, forms
often arrived with basic informa-
tion missing or incomplete and had
to be sent back. RRD aimed to be as
liberated and flexible as it could.
“But the more liberal you get”, he
said, “the more important the re-
maining rules become.” And he
mentioned that RRD was increas-
ing its efforts to enforce licence
conditions. One of the commonest
irregularities concerned transmit-
ting sites not at the position speci-
fied in the licence.

Coolican ended by warning that
mobile licence fees could be ex-
pected to rise soon. Even though
charges had not kept pace with
inflation, users would undoubted-
ly dislike the latest increases. But
they had better not protest, he
added, to laughter: all letters of
complaint and questions asked in
the House ended up on his desk
and distracted him from the impor-
tant business of issuing further
licences.

Asked about RRD’s treatment of
licence transgressors, Mr Coolican
said that some had been prose-
cuted. But a licence could be can-
celled only if the person was unfit
to hold it under the Wireless Tele-
graphy acts. He could not revoke a
licence just because the holder had
been caught doing what he de-
scribed as ‘naughty things™ liveli-
hoods might depend on it.

Cellular

Two British cellular networks
have now been in operation for
more than a year, and their repre-
sentatives brought the latest news
from them. Each is getting be-
tween two and three thousand new
registrations per month; of these
about half are in the London area,
where steps are already being
taken to combat congestion. The
biggest problem, ‘said Mike Pin-
ches of Racal Vodafone, was in
commissioning new cell sites: it
could take as long as 15 months to
obtain the necessary clearance.

An interesting presentation on
data communications over cellular
radio came from Dr Bev Ewen-
Smith of Spectronics Microsy-
stems. Data communications
scored over speech in many ways:
for one thing, calls were much
shorter and so spectral efficiency
was high. If vehicles had a printer
or other storage device on board, a
driver on the move could receive
instructions hands-free — which
was safer than asking him to take
notes on his knee. And privacy

%‘ :

would be greater: there would be
little risk of eavesdroppers over-
hearing a service engineer being
told where to find the keys of
unoccupied houses.

By giving vehicles direct access
to the company’s computer, jobs
could be allocated more efficiently,
fleets could be better managed —
and, with information entered by
delivery men, invoices could be
generated more quickly.

Error correction was essential in
data communication by radio, and
Dr Ewen-Smith outlined the pro-
tocols used in his company’s radio
modems. With binary data, even
under conditions of total corrup-
tion, half of the bits would still
arrive correctly, so the problem of
recovery was not as severe as it
seemed at first sight. His Ses-
quiplex system, a combination of
automatic retransmission and for-
ward error correction, operated at
araw data rate of 2400bit/s, giving
a through rate for the user of
1200bit/s. ’

Radio in the channel tunnel

Dr David Martin of Martin, David
and Partners presented a paper on
leaky feeders and radio com-
munications in tunnels, a subject
he dealt with in these pages a few
years ago®. But he ended with
some interesting speculation
about communications in the
channel tunnel now being
planned.

During the construction phase,
standard mining practice — high-
band v.h.f. — would be appropriate.
But when the tunnel was ready for
service, problems would arise.
Railway operators in Belgium,
France and Britain, all use wh.f.
for communication with trains and
would want to do so in the tunnel
too. The public would expect
national and local radio broadcast-
ing from both Britain and France,
plus the public radiophone ser-
vices. And the police and emer-
gency services would need their
v.h.f. repeater systems.

Dr Martin said that there was no
experience of equipping a tunnel of
this length (50km) and that severe
intermodulation problems would
have to be tackled. It was possible
that six leaky feeders would be
needed in each direction, with
separate ones for the service
tunnel.

Cellular radio posed special dif-
ficulties, since the cars would be
shielded by railway wagons. One
answer might be to carry signals
through the tunnel at v.h.f. and to
transpose them on board each
shuttle train to a 900MHz leaky
feeder running within the train
itself.

*D.J.R. Martin: Leaky feeder com-
munication in tunnels, Wireless World .
June 1982p.70 and July 1982 p.33.
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+The ORIGINAL FREE OF CHARGE dial up data$
s base. Buy, browse or place YOUR OWN AD fore
s goods or services to sell. 1000's of stock items, ®
spares and one off bargains. Updated daily. ¢
ON LINE NOW. CCITT, 8 bit word, no parity.
For 300 baud modems call 01-879 1888 .

For 1200-75 baud modems call 01-679 6183
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E Your monitor from its computeri! For
FR only £24.95 it becomes a SUPERB
HIGH QUALITY * COLOUR* TV SET

The fabujous TELEBOX, an INVALUABLE MUST for the owner of
ANY videc monitorwith a composite input, colour or monochrome.
Made by a major UK Ca as a TOP QUALITY, stand alone UHF
tuner and costing OVER £75 1o manufacture, this opportumt){ to
give your monitor a DUAL FUNCTION must not be missed!
TELEBOX consists of a compact, stylish two tone charcoaL
mouided case, containing ALL efectronics tuner, power supply etc
to simply plug in and convert your previousty dedicated computer
monitor into a HIGH QUALITY COLQUR* TV SET, giving a real
benefit to ALL the familyl! Don't worry if your monitor doesn't have
sound- THE TELEBOX even has an integral 4 watt audio amplifier
for driving an external speaker, PLUS an auxiliary output forsuperb
quality television sound via your headphones or Hl F1 system etc
Other features include: Compact dimensions of only 15.75"” w x
7.5 d x 3.56” h, latest technology, BRITISH manutacture, fully
tuneable 7 channei push button tuner, Auto AGC circuit, SAW filter,
LED status indicator, fully isolated 240v AC power supply for total
safety, Mains ON- OFF switch eta, Many other uses.

LIMITED QUANTITY - DON'T MISS THIS OFFER!!!

ONLY £24.95 OR£19.95 if purchased with ANY of our
video monitors. Supplied BRAND NEW with full instructions and 2 YEAR
warranty. Post and packing £3.50 *When used with colour crt.

essoscsce

‘SYSTEM ALPHA’ 14” COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to suit your immediate and future
requirements. Two wdeo inputs: RGB and PAL Composite Video, aliow direct
connection to BBC/IBM and most other makes of micro computers or VCR's,
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tube, Matching BBC case colour, Major controls on front panel Separate
Contrast and Brightness ~ even in RGB mode Separate Colour and audio
controls for Composite Video input, BNC plug for composite input, 15 way ‘D’
plug for RGB input, modular construction etc.e
his Must Be ONE OF THE YEAR'S BEST BUYS. PC USER

Supplied BRAND NEW and BOXED, complete with DATA and 80 day
guarantea ONLY £149.00 as above OR IBM PC Version £1 65 00

5 Day ‘D’ skt £1.00, BNC skt 75p B8C interface cable £5.5
DECCA 80 16" COLOUR monitor. RGB input.
Little or hardé used manufacturers surplus enables us to offer this speciat
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard ofl! Our own interface,
safet modification and special 16" high definition PIL tube, coupled with the

A 80-series TV chassis give 80 column definition and quality found only

on monltors costing 3 TIMES OUR PRICE. The quality for the price has to be
seen to be believed! Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output. Other features
are: internal speaker, moduiar construction, auto degaussing curcun, attractive
TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day

uarantee Although used, units are supplied in EXCELLENT condition.

NLY £99.00 + Carriage.
DECCA 80, 16" COLOUR monitor. Composite video input Same as above
model but fitted with Composite Video i gut and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £89.00 + Carr.

REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm

comgosnte video input and sound amp. This large screen colour dlsglay is ideal

for SCHOOLS, SHOPDS, DISCOS CLUBS and other AUDIO VISUAL appli

cations. Supphed in AS NEW or little used condition ONLY £145.00 + Carr.
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.

All units are fully cased and set for 240v standard working with composite video

inputs. Units are pre tested and set up for up to 80 column use. Even when

MINORt screen burns exist - normal data displays are unaffected 30 day

uarantee.

?2 KGM 320-1 B/W bandwidth input, will display up to 132 x 25 lines £32.95

12" GREEN SCREEN version of KGM 320-1. Only £39.95

9" KGM 324 GREEN SCREEN fully cased very compact unit. Only £48.00

Carriage and insurance on all monitors £10.00
Y4 Y
D¢ POW /P ,

GOULD OF443 enclosed, compact switch mode supply with DC regulated
outputs of +5v @ 5.5a, +12v @ 0.5a, ~12v @ 0.1a and —23v @ 0.02a Dim 18 x
11 x 6 cm. 110 or 242 input. BRAND NEW only £16.95
GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00

AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuousty supply fully reguiated DC outputs of +5v
@ 3 amps, ~5v @ 0.6 amps and +24v @ 5 amps, Short circuit and overvoltage
protected, 100 or 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.

Carriage on all PSU's £3.00

PC2000 System
with CPM Etc.
COST OVER £1400

v
»
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A XA Manufacturers BRAND NEW surplus.
DEC LA34 Uncoded keyboard with 67 quality goid plated switches on X-Y
matrix - ideal micro conversions etc. £24.95

AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB
with 116 keys Many features such as On board Micro, Single 5v rail, full ASCll
coded character set with 31 function keys, numeric keypad, cursor pad
)c¥ed and 9600 baud SERIAL TTL ASCH OUTPUT! Less than half price
On y £69.00 with data Carriage on Keyboards £3.50

BE BEATEN!!

. The central processor plinth contains the 64K, Z80A processor, DUAL TEAC 55F 5V
Double sided 40/80 track disk drives (1 Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232,
CENTRONICS and system expansion ports, and if that's not enough a ready to plug into STANDARD 8" DRIVE portforupto FOUR
8" disk drives, either in double density or IBM format The ultra slim92 key, detachable keyboard features 32 user definable keys,
numeric keypad and text editing keys, even its own integral microprocessor which allows the main ZBOA to devote ALL its time to
USER programs, eliminating " lost character” problems found on other machines The attractive, detachable 12" monitor combines
agreen, anti-glare etched screen, with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
2.2, user manuals and full 90 day guarantee. Full data sheet and info on request.
PC2000 Business System with CPM
and 'Ready to Run’ FAST Sales and
Purchase ledger, supports up to
9000 Accounts, VAT etc.
COST OVER £1700

4 £499

Carriage & lnsurance

SURPLUS SPECIALS ON

[PRESTEL - VIEWDATA - TELEX

PLESSEY VUTEL, ultra compact unit, sthhtly iar er
than a (e!ephone teatures A STANDARD DT
TELEPHONE (tone dial) with 5 CRT monitor and
integral modem etc. for direct connection to PRESTEL
VIEWDATA etc. Designed to seli to the EXECUTIVE at
over £600! Our price BRAND NEW AND BOXED at
only £99.00

DECCAFAX VP1 complete Professional PRESTEL
system in shmlme desk top unit containing Modem,
Numeric keypad, CPU, PSU etc. Connects direct to
standard RéB colour monitor. Many other features
include: Printer output, Full keyboard input, Cassette
port etc. BRAND NEW with DATA. A FRACTION OF
COST only £55.00

ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard, Just add a domestic TV
receiver and you have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be
foundt! Many features: CENTRONICS Printer output,
Memory d\a(hns ete. Supplied complete with data and
DIY mod for

NEW only £125.00

Post and packing on all PRESTEL units £8.50

EX-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for £11 4116 ns
£1.50 2112 £10.00 2114 £250 2102 £2.00
6116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2764 £4.95 27128 £5.50 6800 £2.50 6821 £1
68A09 £8 6BB09 £10 8085A £5.50 8086 £15
8088 £8 NEC765 £8 WD2793 £28 8202A
£22 8251 £7 8748 £15 Z80A DART £6.50
Z80A CPU £2.00. Thousands of iC's EX STOCK

send SAE for fist.

| _DISK DRIVES |

Japanese 5% half height 80 track double sided disk

drives by TEAC, CANON, TOSHIBA etc.

Sold as NEW with 90 day guarantee ONLY £85.00

TEC FB-503 Double S|ded HH 40 TRK NEW £75.00

SUGART SA400 S5 FH 35 TRK £55.

SIEMENS FDD100 SS FH 40 TRK £65.00

carriage on 5%" drives £5.50

Brand NEW metal 5%" DISK CASES wnh lnternal PSU.

DSKC1 for2 HH or 1 FH drive £29 +pp £4.00
DSKC 2 for 1 HH drive £22, 95 +pp £3.50

DKSC 3 As DSK1 LESS PSU £12.95 +pp£2.50

DSKC 4 As DSK2 LESS PSU £10 95 +pp£2.00

8" IBM format TESTED EX EQUIPME|
SHUGA TBOO/ £1 75 00 +pp £8.50
SHUGART 85 £250.00 +pp £8.50

TWIN SH UGART851 s2 Mb total capacity insmart case,
complete with PSU e £595,00
MITSUBISHI M2894'63 8" DS 1 Mb equiv. to SHUGART
SASE:OR BRAND NEW at£275 00 £8.50
DYSAN 8" Alignment dis EI\ .00
Various disk drive PSU’s Ex Stock SEE PSU sacnon
HARD DiSK DRIVES

DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £295.00. ME3029 PSU £95.00
DIABLO 44/DRE4000A, B 5+5 Mb from £750.00
CDC HAWK 5+5 Mb£795.00. CDC 9762 80£Mb RMO3

PERTEC D3422 5+5 Mb £49: 00
RODIME 5" Winchesters ex-stock from £150 CALL
Clearance items— Sold as seen —- No guarantee.

ICL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over£2000 with data ONLY £99.00
BASF 8172 8" 23Mb Winchesters £199.00
Unless stated all drives are refurbished with 80 da
guarantee. Many other drives and spares in stock - call

sales office for details.

) ELEL

All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum Credit Card order£10.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universitiesand
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

32 Biggin Way, Upper Norwood, London SE19 3XF
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 .4¥

DON’T MISS THE CPM Deal
OF the CENTURY

Professmnal Business System

A cancelied export order and months of negotiation enables us to offer this professionat
PC.CPM system, recently on sale at OVER £1400, at a SCOOP price just over the cost of
W the two internal disk drives!! Or less than the price of a dumb terminal!t

Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC 2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven. tested and available CPM software packages such as
WORDSTAR, FAST, DBASE2 etc. the PC2000 specification, at our prices, CANNOT

. phone. CALL mode oni 00 _

GB or Composite video outputs. AS
! MODEM 20-2 1200 75 baud Same as 20-1 but for

1000's OF
BARGAINS

FOR CALLERS

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel
printer

9
NOW only £799

Join the communications revolution with our super
range of DATA MODEMS, prices and specifications
to suit all apptlications and budgets ......

BRAND NEW State of the art products.. -

DACOM DS12123 Muiti standard 300-300, 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dial, smart modem with
multi standard AUTO SPEED detect, and data buffer
with flow control etc £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems, auto dial, auto call index a buffer

et etc £498.00
Steebeck SB1212 V22 1200 baud FULL DUPLEX
%_ync or async. omlonal auto dial

307A Acoustic coupler 300 baud “full
duplex. ongmate only, RS232 interface £49.00

Ex BRITISH TELECOM full spec, CCITT, ruggedised,
bargain offers. Sold TESTED with data. Will work on
al 6 MICRO or system with RS232 interface.

DEM 13A 300 baud unit, only 2" high flts:snder

y
MODEM 20-1. 75-1200 baud. Compact unit for use
as subscnber end to PRESTEL, TELECOM GOLD,
MICRONET £39.95 +pp £6.50

computer end £65.00 +pp£6.50
DATEL 2412. Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/3780 protocot etc. Many features
include 2 or 4 wire working, self test, auto answer etc
COST OVER £800. Our price ONLY £199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
8T good workmg order, ONLY £295.00 +pp £8.00
SPECIAL OFFER
MODEM TG2393. £x BT, up to 1200 baud full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10.00
For more information contact our Sales Office.

>

SPECIAL BULK PURCHASE of these compact, high
speed matrix printers. Built in Japan for the Hazeltine
Corporation this unit features quality construction
giving 100cps bidirectional, full pin addressable
graphics, 6 type fonts, up to 9.5 single sheet or
tractor paper handling, RS232 and CENTRONICS
paraliel interface. Many other features. BRAND NEW
and BOXED. COST £420. Our price Only £199.00

RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschein
& Yuasa.
A300 07191315 12v 3Ah NEW £13.95
A300 07191312 8v 3Ah NEW £9.95
A300 07191202 6-0-6v 1.8Ah TESTED Ex

Equip £5.99

»

Standard VDU data entry terminals
tglve away prices!!

QUME QVT108. rrent product, state of the art
terminal with detachable keyboard, 12" Green screen,
2 page RAM, Tvi 925, Hazeltine, ADMSA emulations,
software setup, 25 x 80, Clock, Swivel and tilt base,
Printer port, Function keys etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, Z80 controlled, 15" green
screen 24 x 80 display, graphics, cursor addressing,
printer port etc. Very good condition TESTED complete
with manual only £225.00
ADDS 520 - Sumb terminal, used, 12" b/w_screen
RS232 interface and printer port, TESTED.
ONLY £125.00. Carriage on terminals £10.00
100's of other terminals in stock, CALL for more details.
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SUPER DEAL? NO - SUPER STEAL
THE FABULOQUS 25 CPS “TEC STARWRITER”
T T

Made to the very
highest spec the TEC
STARWRITER
FP1500-25 features a
very heavy duty die cast
chassis and DIABLO
type print mechanism
giving superb
registration and print

quality. Micro-processor a fraction of its original cost /
electronics offer full L

DIABLO/QUME command compatability ana tull control via CPM WORDSTAR

ETC. Many other features include bi-directional printing, switchable 10 or 12 pitch,
full width 381 mm paper handling with up to 163 characters per line, friction feed
rollers for single sheet or continuous paper, internal buffer, standard R8232 serial
interface with handshake. Supplied absolutely BRAND NEW with 30 day guarantee
and FREE daisy wheel and dust cover. Order NOW or contact sales office for more
information. Optional extras R§232 data cable £10.00. Tech manual £7.50. Tractor
Feed £140.00. Spare daisy wheel £3.50. Carriage & Ins. (UK Mainland) £10.00.

NOW ONLY £499 + VAT

DIY PRINTER MECH

Brand New surplus of this professional printer chassis gives an
outstanding opportunity for the Student, Hobbyist or Robotics
constructor o build a printer — plotter - digitiser etc, entirely to their
own specification. The printer mechanism is supplied ready built,
aligned and pre tested but WITHOUT electronics. Many features
include all metal chassis, phosphor bronze bearings, 132 character
optical shaft position encoder, NINE needle head, 2 x'two phase 12V
stepper motors for carriage and paper control, 9.5 Paper platten etc.
etc. Even a manufacturer's print sample to show the unit's capabilities!!
Overall dimensions 40 cm x 12 cm x 21 cm.

Sold BRAND NEW at a FRACTION of cost ONLY £49.50 + pp £4.50.

TELETYPE ASR33

DATA I/0 TERMINALS

Industry standard, combined ASCII
110 baud printer, keyboard and 8
hole paper tape punch and reader.
Standard RS232 serial interface.
Ideal as cheap hard copy unit
or tape prep. for CNC and NC
machines. TESTED and in good
condition. Only £250.00 floor
stand £10.00. Carr & Ins. £15.00.

EX NEWS
SERVICE PRINTERS

Compact ultra reliable quality built unit
made by the USA EXTEL Corporation.
Often seenin major Hotels printingup to
the minute News and Financial inform-
ation, the unit operates on 5 UNIT
BAUDQT CODE from a Current loop,
RS232 or TTL serial interface. May be
connected to your micro as a low cost
printer or via a simple interface and filter
to any communications receiver to
enable printing of worldwide NEWS,
TELEX and RTTY services.

Supplied TESTED in second hand
condition complete with DATA, 50 and
75 baud xtals and large paper roll.

TYPE AE11

50 Column ONLY £498.95
Spare paper roll for AE11 £4.50
TYPE AF11R 72 Col.

+ Ribbon £65.00
TYPE AH11R 80 Col.

ASCII/BAUDOT £185.00

Carriage and Insurance £7.50

DEC CORNER

20,000 FEET OF ELECTRONIC
AND COMPUTER GOODIES

ENGLAND’S LARGEST SURPLUS STORE - SEEING IS BELIEVING!!

MAG TAPE DRIVES

PDP 1140 System comprising of CPU, 124k
memory & MMU 15 line RS232 interface.
RPO2 40 MB hard disk drive.

TU10 S track 800 BP! Mag tape drive, dual
track system. VT52 VDU, etc. etc. Tested and

running. 3,750.00
BA11-MB 3.5"” Box, PSU, LTC £385.00
DH11-AD 16" x RS232 DMA

interface £1,900.00
DLV11-d4 x EIA interface £350.00
DLV11-E Serial. Modem support  £190.00 .
DUP11 Synch. Serial data i/o £650.00

DQ200 Dilog — multi RK controlier £495.00
DZ11-B 8 line RS232 mux board £650.00
KDF11-B M81838 PDP 1123
PLUS

£1,100.00
LA30 Printer and Keyboard £80.00
LA36 Decwriter EIA or
20 mA loop £270.00
MS11-JP Unlbus 32kb Ram £80.00
MS11-LB Unibus 128kb Ram £450.00
MS11-LD Unibus 256kb Ram £850.00
PDP11/05 Cpu Ram, i/o etc £450.00
PDP11/40 Cpu, 124k MMU £1,850.00
RT11 ver 3B documentation kit £70.00
RKO5-J 2.5 Mb disk drives £650.00
KL8 JA PDP 8 async i/o £175.00
M18E PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard
-20 mA £175.00

VT52 VDU and RS232 interface

R EARRRERRR
Give your VT100 a Birthday!!!

Brand New VT100 Keyboards
only £85.00

1000’s OF EX STOCK spares for PDPS, PDPSA
PDP11, PD P1134 etc. SAE. for list. or CALL
sales office for details.

ALL TYPES OF COMPUTER EQUIPMENT AND
SPARES WANTED FOR PROMPT CASH
PAYMENT.

£250.00

Many EX STOCK computer tape drives and spares by
PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY
etc. Special offer this month on DEI Cartridge tape
drives ONLY £450.00 each.

CALL FOR DETAILS

COMPUTER/SYSTEM CABINET & PSU

All in one quality computer cabinet with integral —

switched mode PSU, mains filtering, and twin fan

cooling. Originally made for the famous DEC PDP8

computer system costing thousands of pounds.

Made to run 24 hours per day the psu is fully

screened and will deliver a massive +5v DC at 17 amps, +15v DC at

1 amp and -15v DC at 5 amps. The complete unit is fully enclcsed

with removable top lid, filtering, trip switch, power and run leds

mounted on ali front panel, rear cable entries, etc. etc. Units are in

?ood but used condition — supplied for 240v operation complete with
I circuit and tech. man. Give your system that professional finish

for only £49.95 + carr. 19" wide 16" deep 10.5" high. Useable area

16”"w 10.5"h 11.5"d.

Also available less psu, with fans etc. Internal dim. 19w, 16"d, 10.5"h.
£19.95. Carriage £8.75

ELECTRONIC
ON COMPONENTS
EQUIPMENT

Due to our massive bulk purchasing programme, which enables us to bring you the
best possible bargains, we have thousands of iCs, Transistors, Relays, Caps, PCBs,
Sub-assemblies, Switches etc. etc. surplus to QUR requirements. Because we don't
have sufficient stocks of any one item to include in our ads we are packing all these
items into the BARGAIN OF A LIFETIME. Thousands of components at giveaway
prices. Guaranteed to be worth at least 3 times what you pay. Unbeatable vaiue and
perhaps one of the most consistently useful items you will every buy!!! Sold by

weight.
5 kis £6.90 + £1.80

2.5kis £5.25 + pp £1.25
10kis £11.25 + pp £2.25 20kis £19.50 + pp £4.75

A massive purchase of these desk top
printer terminals enables us to offer you
these quality 30 or 120 cps printers
at a SUPER LOW PRICE against their
original cost of over £1000. Unit
comprises of full QWERTY, electronic
keyboard and printer mech with print
face similar to correspondence quality
typewriter. Variable forms tractor unit
enables full width - up to 135 120
column paper. upper - lower case.
standard RS232 serial interface, internal
vertical and horizontal tab settings..
standard ribbon, adjustable baud
rates, quiet operation plus many other
features. Supplied compiete with manual.
Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

Untested GE30 £65.00 Optional floor
stand £12.50. Carr & Ins. £10.00.

SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing value contents
include transistors digital. linear. IC's.
triacs. diodes. bridge recs. etc. etc
All devices guaranteed brand new fuil
spec with manufacturer's markings. fully
guaranteed.
50+ £2.95 100+ £5.15
TTL 74 Series. A gigantic purchase of an
“across the board” range of 74 TTL series
IC's enables us to offer 100+ mixed
“mostly TTL” grab bags at a price which
two or three chips in the bag would
normally cost to buy. Fuily guaranteed all
IC’s full spec. 100+ £6.90,
200+ £12.30, 300+ £19.50

MAINS FILTERS

CURE those unnerving hang ups and data
glitches caused by mains interference with
professional quahty filters. SDSA match-
box size up to 1000 watt 240 V
Load ONLY £5.95. L12127 compact
completely cased unit with 3 pin fitted
socket up to 750 watts ONLY £9.99.

EPROM COPIERS

The amazing SOFTY 2 The “Complete
Tootkit” for copying. writing, modifying and
listing EPROMS of the 25186,

2532, 2732 range. Many other functions
include integral keyboard. cassette inter-
face. serial and parailel /o UHF modulator
ZIF socket etc.

ONLY £195.00 + pp £2.50.

“GANG OF EIGHT” intelligent Z80
controlied 8 gang programmer for ALL
single Sv rail EPROMS up to 27128. Will
copy 827128in ONLY 3 MINUTES. Internal
LCD display and checking routines for
IDIOT PROOF operation. Only £395.00 +
pp £3.00.

“GANG OF EIGHT PLUS" Same spec. as
above but with additional RS232 serial
interface for down line loading data from
computer etc. ONLY £445.00 + pp £3.00

Data sheets on request

COOLING FANS

Keep your hot parts COOL_and RELIABLE with our range of
COLING FANS ETRI 126LF21 240v 5 blade equipment fan
Ln'n 80 x 80 x 38mm £9.95. ETRI 29XUOI 240v Slimline

92 x 25mm. equipment gfan, NEW £9.95.
GOULD .IB SAH Dim. 3" x 3" compact very quiet
running 240v operation. NEW £6.! 95 MUFFIN-CENTAUR-
BOXER standard 120 x 120 x 38mm fans Order 110v OR
240v. 3 or 5 blade, NEW at £10.50 or tested EX EQUIPMENT
£5.50. Low Voitage DC Fans. BUHLER 69.11.22. 8-16v DC
micro Uses servo motor,
almos! >|lem running, guarameed 10,000 hr life. Measuses

x 82 x 22 Current cost £35.00 OUR PRICE
ONLV £13 95 comnlete wnh data. 120 x 120 x 38mm (4’
DC fans). PANSONIC FB-12C12H 12v DC 5 blade £18.00
PAPST 4124X 24 — 28v DC 5 blade £18.00.
100°s of other fans Ex Stock.
Call for Details. Post & Packing on all fans £2.00

1000’s of other EX STOCK items including POWER SUPPLIES, RACKS RELAYS TRANSFORMERS, TEST
EQUIPMENT, CABLE, CONNECTORS, HARDWARE, MODEMS TELEPHONES VARIACS VDU’S,
PRINTERS. POWER SUPPLIES OPTICS, KEYBOARDS etc. etc. Give us a call for your spare part >

requuements Stock changes almost daily.
Don’t forget, ALL TYPES and QUAN‘_I',_.IT!ES of electronic surplus purchased for CASH

CIRCLE 52 FOR FURTHER DETAILS
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by T.F.Scharf

Tom Scharf is presently working
for 1QD Lid where he has set up a
sound studio for speech synth-
esis and is currently developing
speech synthesis systems for
dtmf. products such as
Phonecontrol and Phoneback.

At Smiths Vehicle instrumenta-
tion Division, Witney (later Lucas
E, E & S) he was involved in the
design of the successful Rover
trip-computer. He then became
concerned with speech synthesis
and was responsible for the de-
sign of the speech synthesis
equipment on the Maestro and
Montego cars.

Tom Scharf obtained a B.Sc.
(Hons) in electrical engineering at
Bath University in 1976.

Background reading

Gain of two simplifies l.p.-
filter design. Delagrange EDN
March 17,1983, pp224-228
Analog Filter Design, by M. E.
Van Valkenburg, Holt, Rine-
hart and Winston, 1982
Network Analysis and Synth-
esis, by F. F. Kuo, F.F. Wiley,
1966

Fig.1. Gain G must be

set as accurately as the
component valuesin this
generalized Sallen and Key
low pass filter (a).

Sallen and Key filter using
unity gain buffer must be
the simplest possible two-
polefilter giving output
buffering (b).

Low-cost low-pass
filterdesign

Tom Scharf describes circuit realisations
that offer optimum trade-off between
hardware simplicity and design complexity

gineers and hobbyists, 1

would rather design a fil-
ter quickly by referring to a
table of normalized values
than by plodding through com-
plex textbook derivations and
calculations. The main aim of
this article is to present such a
table and the necessary
minimal knowledge required
touse it.

Possibly the most econo-
mical solution to active low-
pass filter design is to use
Sallen and Key, and Geffe*
circuits with unity-gain buf-

l n common with many en-

fers. The benefits of using this

approach are two-fold:

@® The sensitivity to circuit
values is low i.e. settling for
the nearest preferred values
will not degrade the filter
response as much as with
otherrealisations.

® The minimum number of
passive components is used.
This is helpful when trying
to produce a good filter lay-
out around a quad op-amp.
The equal-resistor realisa-

* Pronounced Geffee, G as in Golf.

tion was chosen as this makes
it easy to alter the filter cut-off
frequency by using ganged
pots, switched resistor chains,
or by swapping standard resis-
tor packs without affecting the
response of the filter.

The general two-pole Sallen
and Key filter, shown in Fig.1
(a), has the transfer function of
equation 1 (see Appendix), and
setting the gain G to 1,
Fig.1(b), and normalizing the
resistors to 1 simplifies it to

1/C,C,

Adding another RC network to
the Sallen and Key circuit
Fig.1(b) turns it into a three-
pole Geffe filter, Fig.2, whose
transfer function is more com-
plicated, equation 2, but on
normalizing resistance to uni-
ty this simplifies to equation 3
(Appendix).

Choice offilterresponse

The ideal ‘brick wall’ filter
with no phase delay, or tran-
stent distortion does not exist.

input

1

-l ™

| .
I

R2

%O Output

Fig.2. Coupled to Sallen and
Key this Geffe filter using
unity gain buffer allows the
economical design of odd-
order filters.

20

Input

Output

In general, filter design is a
trade-off between conflicting
parameters: the sharper the
cut-off the worse the transient
and phase responses become.

The formulae given below
are easily solved using a good
scientific calculator.

Chebyshev filter. In design-
ing an anti-aliasing filter the
passhand might be required to
be as large as possible consis-
tent with high attenuation in
the stop-band. If transient re-
sponse and phase distortion
are of a secondary importance,
a Chebyshev filter would be
used (Fig.3). The amplitude
response of the Chebyshev 1.p.
filter is characterized by rip-
ples in the passband caused by
the cascading of high-Q
second-order stages having
different cut-off frequencies
(plus first-order network for
odd-order filters, Fig.4). For a
given order of Chebyshev fil-
ter, the larger the ripples the
steeper the cut-off slope becom-
es. The transient response also
becomes more oscillatory as
the ripple depth increases.

For a Chebyshev filter of
order n, the attentuation a(dB)
may be found at any frequency
wusing the formulae:

a0 2f 2
a=10log(1 +eZCn2<wo))
e= V10101
where ag isripple amplitude in
dB and C(w/wg)=
W w
cos(n cos 1((0_0)) 0<y,<1

cosh(ncosh 1(0%)) 1<
0

wq
2n )] w "
Wo

where o is at the end of the
ripple band.

w
le—
Wo
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Butterworth filter. For audio
applications where transient
response is as important as
amplitude response, the But-
terworth filter is generally
chosen. The amplitude re-
sponse is maximally flat
(Fig.5) before rolling off into
the stop band. For a given
order of filter, the Butterworth
cut-off slope is not as steep as
the Chebyshev slopes.

For a Butterworth filter of
order n, the attentuation may
be found at any frequency w
using the formula

a= 1010g(1+< ))dB

where wy is the —3dB fre-
quency.

Bessel filter. One of the first
to study this type of filter was
W.E. Thomson of the Post
Office Research Station and is
therefore also known as the
Bessel-Thomson filter. It is
generally used to delay signals
by a known amount and is the
lumped circuit equivalent of
the known-length transmis-
sion line. The phase shift
through the filter changes
linearly with frequency over a
range of frequencies which in-
creases with the order of the
filter. Over this range of fre-
quencies, each signal compo-
nent is delayed by the same
known time (Fig.6).

Since the amplitude re-
sponse of the Bessel filter is not
maximally flat and because
higher, more attenutated, fre-
quency components experience
less delay, a step input to the
filter produces a smeared ‘s’
shaped output signal - Fig.7.

The characteristics of the
above filter types are summa-
rized in Fig.8. Also worthy of
mention are the Inverse
Chebyshev and Cauer low pass
filter responses shown in Figs
9&10, realised by means of
low-pass notch circuits and
therefore beyond the scope of
this article.

Design your own filter

In the Table, it is assumed that
even-order filters are made up
from cascaded Sallen and Key
filters, and that odd-order fil-
ters are made up of one Geffe
stage followed by the requisite
number of Sallen and Key
stages, Figs 11 & 12. For cer-
tain orders of filter, n = 6,8,9,
an even more efficient realisa-
tion can be obtained by the use

-

Shallower cut-off slope results in
h.f end of wanted signal

being lost.
Zz ~
0
<o ) .
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Fig.3.To achieve a
specified attenuation at
beginning of the stop band
in this anti-aliasing filter a
shallower cut-off slope
results in the cut-off
frequency being lowered
to compensate.

Fig.4. How the fifth-order
Chebyshev amplitude
response is made up from
theindividual stage
responses.

TFig.5. Fourth-order

Butterworth filterhasa
Maximally flat amphtude

response.

Fig.6. Time delay versus -
angular frequency for
several orders n of Besel
filter shows thatasn
increases, the frequency
range over which the delay
is maximally flat and
constantincreases.

‘1
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Fig.7. Notice the complete
‘absence of overshoot in

passing astep througha
Bessel filter. As order of the
filter increases, output
signal becomes a squarer,
more accurate copy of
input step. -

Fig.8. Comparison of

' amplitude, phase, delay,

and rectangular pulse
responses shows
progression from docile
Besselfilter to high-Q
Chebyshev. -
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Fig.9. For agiven order,
-the Inverse Chebyshev

response produces a flatter |

passband response than the
Butterworth and quicker
transition to the stopband
than the Chebyshev.

Fig.10. Cauer filter, with
Chebyshevripplein both
passband and stopband,
has an even faster
transition to stopband.

Fig.11.Sallen and Key
stages are cascaded
together to produce an
even-order multipole filter.
All resistors are normalized
to unity.

Fig.12. Geffe stageis
followed by Sallen and Key
stages to produce an odd-
order multipole filter. All
resistors are normalized

to unity.

Fig.13. Atlast! A real filter
designed using the Table.
Other values of R may yield
more convenient values

_FILTER DESIGN

m— ]
Table 1 Normalised low pass filter valucs
Order Co C Ca Ca Ca [oF3 Ce Ce 3dB BANDWIDTH
2 1.4142 0.7071
K 1.3926  3.5465 0.2025 BUTTERWORTH
4 1.0%24 0.9239 2.6132 0.3827
5 1.4077 10.1349 0.0701 1.,2360 0.8090
6 1.0352 0.9660 1.4142 0,7071 3.8638 0.2588
7 1.3799  2.5072 0.2890 4.4940 0.,2225 1.1100 0.901
5 5.1255  0.195t 1.8000 ©0.5§555 1.2026 0.8315 1.0196 0.9%08
9 1.3926 3.546% 0.2025 5.7588 0.1736 1.3056 0.7660 1.0642 0.9397
2 0.8430 0.3580
3 1.3146  4.7924 0.0969 CHEBYSHEV - 0.1dB ripple
4 . 1.5680 1.0238 3.7856 0.1986
H 2.2210 3.9185 0.3353 6.0048 0.1303
6 2.3362 1.6253 3.1914 0.4500 8.7188 0.1016
7 3.1104 4.8460 0.5332 4.2568 0.3119 11.9274 0.0767
5 3.1090 2.2090 3.6672 0.6552 5.4884 0.2280 15.6298 0.0598
9 3.9979  5.9510 0.7187 4.4942 0.4472 6.8856 0.1740 19.8262 0.0478
2 1.4028 0.4702
3 1.9207 9.4512 0.0770 CHEBYSHEV - 0.5dB ripple
4 . 2.3622 1.1878 5.7028 0.1649
5 3.1355 6.4370 0.2868 8.9316 0.1081
6 3.4508 1.8459 4.7138 0.3600 12.8782
7 4.3532 7-7420 0.4562 6.2610 0.2360 17.5428 .
8 4.5602 2.4905 5.3790 0.5i83 8.0502 0.1675 22.9252 0.0431
o 5.5804 9.3944 0.6149 6.5794 0.3358 10.0804 0.1256 20.0252 0.0341
2 1.8220 0.4978 .
3 2.5613 0.6394 0.0824 CHEBYSHEV - 1dB ripple
4 2.9686 1.2057 7.1666 0.1414
5 3.5818 8.2414 0.2515 11.1784 0.0905
6 4.3092 1.8608 5.8864 0.3046 16.0820 0.0627
7 5.2926 10.1181 0.3945 7.8080 0.1960 21.8776 0.0460
% 5.6818 2.5049 6.7022 O. L0306 0.1378 28.5648 0.0352
9 6.751% 12.2049 0.5326 8.1930 O. L5526 0.1027 36.1436 0.0278
2 0. T oo, )
3 0.5647 0.8136 0.i451 BESSEL
4 0.3453 0.3169 0.4753 0.1831
5 0.3682 0.4065 0.1283 0.5017 0.1280
6 0.2354 . 0.2260 0.2677. 0.1791 0.3975 0.0949
7 0.3054 0.2519 0.1019 0.2457 0.1407 0.3723 0.0734
5 0.1790 0.1747 0.3522 0.0586 0.2289 0.1133 0.1921 0.1534
9 0.2619 0.4331 0.0226 0.2156 0.0932 0.1784 0.1284 1631 o 1c

of cascaded Geffe filters (plus
Sallen and Key if necessary).

A nine-pole filter would then
require three op-amps instead
of four. The component values
can be derived from the Table
using the preceding formulae.

For the three classes of nor-
malized filter parameters
tabulated, the normalized fre-
quency wy = 1 has a different
meaning. In the case of the
Butterworth filter, it marks
the —3dB point. In the case of
the Chebyshev filter, it marks
the end of the ripple band i.e.
the point at which the attenua-
tion becomes greater than the
ripple attenuation for the last
time. For the Bessel filter, g is
the inverse of the delay time
through the filter. The Bessel
filter parameters are, in effect,

0of Cy—Cs. | normalized for a delay of one
Uy G
s
Input
NS AR .
1
“T
G
i .-
"I
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second. For the last two cases,
therefore, the normalized
—3dB bandwidths are also
tabulated.

The order and type of filter
response are required to select
the right line of normalized
values. wy (0 = 27f) is also
required. Select a suitable
value of R (for instance, 10kQ)).
The real value of C, Cg, is
found from:

c_c
CR_(DOR_Z’]TfOR

This calculation may be tried
with alternative values of R to
find capacitor values closest to
the preferred values.

Example

A third-order Chebyshev filter
with 0.1dB ripple and f, =

Tis)=

4kHzis required. A 15kQ stan-

dard resistor pack will be

assumed for the resistances.
The required line of nor-

malized datais:
Order CO Cl C2
3 1.3146 4.7924 0.0969
Thereal value of Cy
3 1.3146 o
= omax103x15x 107 o487 nF

Likewise, the real values of C,
and C; are 12.71nF and 257pF
respectively. The —3dB band-
width of this filter, shown in
Fig.13, is 5.55kHz. To design a
Bessel filter for a given delay
D, use the relationship D =
1/w.,i.e adelay of 100pus corres-
ponds to mg = 10000 rad/s.

Appendix

Equation 1:

" G/R,R,C,C,

1 1

2.0 2 _
s +(RICI+R.C, R.C,

(G~1|)S+ 1
R|R,C,Cy

Equation 2:

/RoR1RyCoCCy

T(s)=

g =—t =

N 1 1 1 1 ) Y (
(R(.c” R,Co RiC, RGP T

Tisi=

Ro+R,+Ry 1 ) 1
R()Rl RZC()C 1

RiR.C,Co/ % ReRRCC G

Equation 3:

1/C,C,Cy

2 (2 l) 2
S»+(C”+CI s?+

1
C.C. 1 C.C,

3 ) 1
STC.CLCs
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Faster Fourier
transforms

The Fourier transform is established as a
major analysis toolin many branches of
science and engineering. Here is amachine
language implemetation of the FFT
algorithm evaluating a sequence of 128
sampled data points with 32-bit accuracy in

about one second.

he fast Fourier trans-

I form algorithm provides
rapid computation of the
frequency spectrum of a sam-
pled time-related waveform.
The classical solution for a

waveform using equation 1

X(H=[x(t).exp(—j2nft)dt

may be time consuming and,
being analytie, it is not amen-
able to machine computation.
An approximation to it is
obtained by sampling the
waveform at a sufficient num-
ber of points, see Fig 1. Fourier
analysis using equation 1 for a
sample sequence yields the
general expression given by
equation 2, know as the dis-
crete Fourier transform or
DFT

N-1

X(m)zzx(k).exp(—j?ﬂmk/N)

k=0

The waveform should be sam-
pled and the amplitude at each
sample point (from k=0 to
k=N—-1 where N is the total
number of samples) be placed
in the array x(k). Applying
equation 2, the Fourier coeffi-
cients of each frequency com-
ponent are left in array X(m)
for values of m=0 to m=N-1.
For N samples in the time
domain representation of a
waveform, there are N corres-
ponding frequency compo-
nents in the frequency domain
representation. An approx-
imation to the original is re-
constructed by summing the
frequency harmonics. By ana-
lysing the DFT equation, as in

the theoretical discussion on
the next page, the fast Fourier
transform or FFT is produced.
The analysis, however, is not a
prerequisite to being able to
use the FFT effectively.

Basic concepts: sampling

Before discussing the use of the
FFT, an appreciation of sam-
pling concepts is desirable. The
waveform to be transformed
into the frequency domain has
first to be acquired and then
sampled, and the interval over
which this takes place defines
a ‘window’. This window con-
tains a sequence of events
which are assumed to be
periodic, as illustrated by Fig.
2; an integral number of cycles
of the periodic waveform must
be sampled in the window. If
this condition is not met, dis-
continuities will be assumed to
exist by the FFT algorithm at
the ends of the window, as
shown in Fig. 3. The transform
will faithfully produce the fre-
quency spectrum of the win-
dow contents, but this will not
represent the original wave-
form function.

Since the implementation of.

the algorithm demands that
the number of samples in the
window is always constant, the

sampling period can be in-
creased to reduce resolution or
reduced to increase resolution
of the waveform. Minimum
sampling period is equal to the
period of the waveform. Max-
imum sampling interval is
subjected to the constraints of
the sampling theorem, which
states that a waveform be sam-
pled at least twice in each cycle
Nyquist frequency. If this is
overlooked, aliasing will occur,
which arises due to time do-
main resolution deteriorating
to such an extent as to make its
frequency domain representa-
tion meanlingless. Figure 4
illustrates this effect.

If n cycles of period T of the
waveform to be transformed
are contained within the win-
dow, the period of the window
is equal to nT and the separa-
tion in time between samples
is

At=nT/N
where N here equals 128, If

by Weysel Omer

Weysel Omer is completing an
honours B.Sc course, for which
this article represents the first
part of a final year projects, and
hopes to continue with work in
applied signal processing after
graduation. He enlisted for the
Brighton course after obtaining a
TEC diploma from Carshalton FE
college. He enjoys cross-country
running as well as electronics as
ahobby.

Graeme Awcock is supervisor for
this project and lectures at Bright-
on Polytechnic whilst reading
part-time for a doctorate on com-
puter vision in low-cost robotic
systems. Previously he worked
as design engineer at Computing
Devices, where he went after gra-
duating with a first from the
Polytechnic.

Original

fillliine

x(t)

Actual waveform

Low frequency ‘alias’

Sample poin\‘/

Sampling atregular
intervals approximates to
the original waveshape
(Fig. 1, top). Windowed
portion of periodic time
function which isitself
periodicis two cycles long,
Fig.2.

Window containing 2 cycles
of waveform

| Window containing |
1% cycles of
waveform

Discontinuifies
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Incorrect sampling

period containing a non-
integral number cycles
produces effect shown, Fig. 3.

Aliasing effect caused by
insufficient sampling, Fig. 4.
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FFT

this sampled window is treated
as the ‘time spectrum’ (Fig. 5)
then the corresponding, fre-
quency spectrum relates to the
parameters n,T and N in the
way shown by Fig. 6. The band-
width of the result depends on
the sampling interval and each
spectral line is separated by
1/nT; these relationships are
referred to as ‘normalized’.

Implementation -

The operations required to
evaluate the DFT depicted in
the signal flow graph of fig. ¢
(see panel) are abbreviated in
the general flow diagram of
Fig. 7. This relates directly to
listings 1 to 4. Listing 1 is the
source code for the main FFT
algorithm of 128 sample points
represented by block 3. Refer-
ing to figure e the index k,
identifying the elements of
x(k), is required to be bit-
reversed. Two bit-reversal
routines are included in this
implementation, provided for
processing digital data (in-
cluded within the main FFT
listing) and for analogue data
which is produced by the
source code of listing 2. These
appear jointly in block 2. This
process is either carried out at
run-time, or as in this version
using a data table (produced by
routine BRVSL prior to run-
time) containing the bit-
reversed values of k over the
range k=0 to k=N-1. For the
eight-point transform of fig. c
three (log,8) stages of com-
putation are required. In this
particular case, seven
(log,128) stages of computa-
tion are carried out, but rather
than calculating the combin-
ing coefficients (WK during
program execution, they are
also calculated prior to run-
time (by routine SINGEN) and
referenced during execution at
the various stages. In fact,
much can be said for the use of
data tables as they provide a
significant speed advantage
over run-time computation
methods; their drawback is the
memory required to hold the
data table which may prove
restrictive for large values of
N.

The listings should be typed
in and saved separately using
the appropriate names of the
routines for each of the files
(“listings” 1 to 4): FFTMAIN,
UNIVERS, SINGEN, and BRVSL.
Once saved, the FFT routine is
formed by executing
24

CHAIN “FFTMAIN”.

An object file is created named
“FE'T” which should subse-
quently loaded as

*LOAD “FFT”.

The memory map formed is
shown in Fig. 8. Implementa-
tion is in 2’s complement fixed-
point integer format using 32-
bit data elements stored in the
BBC-Micro integer arrange-
ment with the least significant
byte first: the routine therefore
requires that input data be in

Sampled window

Time spectrum of a
windowed waveform, Fig.5.

N 1 N
2nT . nT ) _ 2nT
L b L
-f, - oHz  f f,
N L nyquist freque

20T gap T NYquist frequency

this format. The range of input
values represented as integers

should be in the range of

+16384 to ensure that over-
flows do not occur during ex-
ecution; i.e. if sampled data
varies between +1 and -1
then multiplication by a suit-
able constant will ensure that
the number input is an integer.
The choice of constant should
allow for representation of a
sufficient number of decimal
places without danger of caus-
ing an overflow, which in the
example cited above would be
16384. This would give a re-
solution of four decimal places
(16 bicimal places, where the
“bicimal place” is the binary

Fig. 6. Frequency spectrum
corresponds to Fourier
transform of Fig. 5.

equivalent of decimal place).
Rotation factors are multiplied
by a scaling constant initially
set to 1024 (see line 40 of
SINGEN) which gives an
accuracy of up to three decimal
places.

Using the routine

The waveform is assumed to
have been sampled either us-
ing a hardware scheme or by
software generation. The map
of Fig. 8 defines the input buf-
fer storing the values of x(k) at
location &2200 through to

The discrete Fourier transform is

Development of the FFT fromthe DFT

N 1
X(m):Ex(k).exp(—jZ'n‘mk/N) m=0,1,2,. N—1

k-0

For each value of m, N complex multiplications and N
complex additions are required to solve X(m). The
complete solution of N values therefore necessitates
N? complex multiplications and N? complex addi-
tions.

Altering notation so that

W=exp(—j2a/N),
the DFT becomes
N 1

Ex(k).Wﬁ‘k
k—0

X(m)= m=0,1,2,..N-1

from which
WR=exp (—j2wp/N).

This Equation represents a phasor having unit mag-
nitude and a phase angle given by, @p=—2wP/N. For
N=8, the solutions are plotted on the Argand dia-
gram:

& M
Wy Wy

From thisrepresentation,
WY F=(WR*

which implies that multiplications are repeated thus

reducing the efficiency of the alsorithm. By dividing
the time sequence into odd and even sample se-
quences, this computational redundancy can be
reduced

even x(k):x;(k)=x(2k)

odd x(k):x, (k)=x(2k+1) k=012.¥-1
and the DFT can be re-written as:

X(m)= x(2k). W+ x(2k+1). Wigk+im
Because

Wi=(expj2n/N)?=exp(2m/N/2)=W s (1)
the DFT expression becomes

N N1
X(m)= 2 x1(k). Wi+ Wﬁ‘.z Xo(k). Wl

k=0 k=0
in which X,(m) is the §-point DFT of x, (k) and X,(m)
is theX-point DFT of x, (k). Therefore

X(m)=X;(m)+W§X,(m) (i)

Thus the N-point sequence can be decomposed into
two 31 point sequences, and after evaluation re-
combined by using equation (ii). The X(m) sequence
is defined for 0Sm<N-1 and the sequences X;(m)
and X.(m) are defined by 0<<m<X—1. A rule govern-
ing the use of equation (ii) is established for
m=N/2:

X(m)= X, (m)+WEX,(m) O=m=f-1
X m - -WE N2 (-5 F=m<sN-1
(iii)

Rabiner and Gold describe an eight-point DFT in
the signal flow graph shown next:
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i Load sampled data £ ted b
into input buffer xecute y user

A

Re-locate data into Bit reversed
2 |bit- reversed format < indi
in memory ndices
Data table
FFT Y generated by BRVSL
Perform the required W
number of computation - b"‘ R
3 stages to evaluate OFT ccooe";ﬁ:;'er;% <
using combining coeff's
v Data fable
generated bySINGEN
Load results into
4

FFT output buffer

Fig.7. Abbreviated flow
diagram shows stages in
evaluation of the discrete

Fourier transform. x(k)as

Fig.8. Memory map of x(k) =

&25FF. This area is divided
into two parts which represent
the sampled time sequence,

Re x(k) + Im x(k).

Signals encountered in prac-

2175
X 4 byte bit reversal
220C ‘
Re x (k) buffer
2600 pF----------4 : o
1 x (k) buffer
2600 ' ,
2646 Singlte byte bit reversal
FFT
2830 Retation factors (w,%‘)
2B8C . ) AN
Bit reversed indices
2000
Real
FFT
2500 f------ oo
Imaginary
FFT
3000

tical situations are always real
(in the mathematical sense)
and Im x(k) = 0. In such cases
the imaginary area defined in
the buffer from &2400 through
to &25FF is set to zero before
transformation. Thus it would

the FFT routine.
x,{0) = x{0) =] X110} X (0
Even X (1) = x(2) —uo t-pont [ X (1) X {1
)T g (2) = x{6) OFT L w2 X(2)
% 13) = x(6) —— —— X(3) X3}
%200} = x (1) —— ST X4)
odd X (1) = x(3) —— &~point f—— X (1 X{5)
WY maxs — FT L X (6)
X (3 =x(7 — X,(3) x(7

The even and odd values of m are shuffled to obtain x,
(m) and x,(m) which after transformation give X,(m)
and XZ( m). The two ¥ DFTs can be broken down into

four X-point DFTs
X,(m) in the form of equation (ii) is represented by

X;(m)=X(m)+Wg,.B(m)
Equation (i) allows X;(m) to be written
X, (m)=A(m)+ W2 B(m)

where A(m) is the 3 ~p01nt DFT for even elements of

" X,(m), B)m) is the {-point DFT for odd elements.

Similary for X,(m), even and odd elements are iden-

tified as C(m) and D(m).

The signal flow graph below shows how the two
four-point DFTs above can be broken down into four

two-point DFTs.

ai0) = x;(0) = x(0) 2 point | ALO) X110)
alh = x,(2) = xl@) OFT L am %1
B0V = xy{1) = x(2) oot F— 81042 % (2
b1 = x,(3) = x{6) OFT L — 8 % (3)
0= 1100 =) = T 10 X, 10
czx=xs) —{ 0T ety s Xyl
100z %= x(3) 5 p10) X,i2)
dllz g3 x () OFT F—om %,(3)

For an N-point DFT, where N is a power of 2, the
DFT can be broken down until two-point DFTs re-
main. The results of the four DFTs are combined
using the principle of equation x. The number of com-
bining stages is equal to log,N with ¥ multiplications
in each of these stages; the number of multiplications
required in the complete evaluation is therefore
Nlog,N. Asthe majority of processing time is takens,
in multiplications, the relative efficiency of the DFT
and FFT can be established by comparing the

“number of multlphcatlone required in the evaluatlon

of each, i.e.
NZ 2N
leOgZN Tog, N~36 for N=128

For moderate values of N, the saving of tlme is
appreciable.

The combining nodes represent equatlon (ii1)
rewritten as follows: X

X=A+Wg{.B
Y=A-Wg.B

WR.B is computed for each node and saved to obtam X
and Y. Results X and Y can be stored back into the
locations previously occupied by A and B. This type of
arrangement is termed “in-place computation”.

The arrangement of data elements, x(k), had to be*
shufﬂed to obtain the even and the odd sequences for
the two ¥-point DFTs. The value of indices for k have
to be converted from the natural order from 0 to N—1
to a shuffled order. By representions the natural
order index in its binary form and bit-reversing this
value, the required shuffled order index is obtained.
Consider the case where N=4:

The FFT
"buHerfly"

Index - -

Index (natural Bitreversed
order) Binary binary (shuffled)
0 . 00 00 0
1 01 10 2
2 10 01 1
3 ih! 11 3

The computed values will be in natural order when
processed after the final combining in the algorithm.

ELECTRONICS & WIRELESS WORLD JUNE 1986

appear that assuming a real
signal renders consideration of
x(k) as a complex quantity
meaningless, however it is to
be recalled that Fourier trans-
formation produces a complex
result and therefore, in the
consideration of inverse trans-
forms, a complex buffer 1s re-
quired.

The BBC operator ‘P pro-
vides a useful means of a defin-
ing a number consisting of four
bytes. The elements of the
array, x(k) are stored in this
form for values of k from 0 to
127(N-1), which therefore re- -
quired 128 4-byte elements in
the case of real signals.

A program to initialize a
pulse waveform in the input
buffer may be written as fol-
lows:

10 FOR I = &2200 TO &22FF

STEP4

2011 = 256

30NEXTI

40 FOR I = &2300 TO &25FF

STEP4

50=0

60 NEXTI
This corresponds to a pulse of
amplitude 256 with a period
equal to the length of the sam-
pling window. The frequency
spectrum of this pulse may be
generated by adding a line
which calls the FFT routine

70 CALL &2175 )
After execution of this line, the
time domain data has been
Fourier transformed leaving
the results in the locations
&2C00 through to &3000 cor-
responding to the array X(m).
Again, the buffer is divided
into two parts representing the
real and imaginary parts of the
into two parts representing the
real and imaginary parts

locations &2C00 to &2CFF

N
2nTH 2

locations &2D00 to &2DFF
N, 1
_2n.Tt0 —nTHZ _
where N=128. This ordering is
for the real part, and the im-

aginary part is 81m11arly
arranged thus:

locatlons &2E00to &2EFF
N

on THZ -
locations &2F00 to &2FFF
N, 1

2nT nT
These results are obtained in -
rectangular form, but it is possi-

ble to present them in polar
form. To be continued.
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RALFE - ELECTRONICS * COMPUTER PERIPHERALS + |

AIRMEC 10KV lonisation tester L
BRUEL & KJOER Voitmeter 2409 ..
SULLIVAN Inductance bridge R400. Measures L
to 11.11H discrimination .002uH £375+ VAT
GENERAL RADIO Capacitance bridge 1617A

£125+VAT
BPL RC&L Component comparator with in/out
limites indicator unit £250+VAT
BOONTON 77B Capacitance limit bridge .

o1

GEN RAD Oscillator 450—-1050MHz
SYSTRON DONNER power un

10 CHA_PEL STREET, LONDON, NW1 TEL: 01-723 8753

1.6MB 8" FLOPPY DISC DRIVES

4 - New Stock -
3 ﬁ BRAND NEW AT a surplus price. Fully Shugart

compatible ‘MFE  CORPORATION' Model M-700
DOUBLE-SIDED industry standard 8" Floppy disc
drives. Double density up to 1.5MBytes. Power
requirements +5V and +24V @ 1.1A. 240V AC 50Hz.
LOWEST PRICE EVER £160 — INC VAT, CARRIAGE &
HANDBOOK.

DRE 4000A DRIVES

' P i ) - Data Recording Equipment Model 4000A5 + 5MB
g%csggs;\ 0c |1<A Cluhrlrg?gldnwl]tgﬂl 7 - £125 ‘OSCILLOSCOPES’ ' 0 2 Top-loading disc drives in stock. Brand new

£27,

including full technical manual. Few remaining

Telewriters £500/pair | TELEQUIPMENT D83 50MHz .............£425+ VAT e -6 £250 each + VAT.
5

HEWLETT-PACKARD  8551B/851B  Spectrum TELEQUIPMENT DM64 10MHz Storage

analyser £1K5 EELLE;\QB%‘Em?B‘;me dual trace 25MHz ....
WAYNE KERR bridge B701 attery operated 15MHz ..
' CHASE Model HFR2000 Interference receiver. %ﬂggmﬁ SsUaRdYE(Tng/:A?-ER 576
PHILIPS PM6307 Wow & Flutter meter HP 1838 Dual trace 250MHz. .
£275+VAT TELEQUIP D63 15MHz 3 trace..
NORBAR Torque analyser & transducer

50--VAT DYNAMCO 30MHz D7100 -

2
STODDART NM52A Receiver 375-1000MHz
£350+VAT MAINS CONDITIONERS

RACAL DANA 9919 frequency counter 1.1GHz Constant vollage transformer:

£450+ VAT SOLA 230V 1KW
STC Attenuators DC~1MHz. 0-100db in 0O-1db ADVANCE 230V 5
steps £95 LVAT ZENITH 240V 240W
ROHDE & SCHWARZ POLYSCOP I ... 150+ VAT | ZENTH2IURO0W oo T8
HEWLETT-PACKARD DMM 3490A £350+ VAT negligible distortion......New.. T£125
HEWLETT-PACKARD Pin Modulators. New. Type CLAUDE-LYONS 240V 1.2K
8733A. POWERSTAT 240V 3K!
BRUEL & KJOER Voitmeters 2415 £60+VAT Servo-controfied
WAYNE KERR Bridge model B221 £75+VAT SERVOMEX 3KW 220V

RADIOMETER  Automatic di meter SERVOMEX 5KW 220V ...., )

CLAUDE LYONS 220V KW .£250
BKF10 £350+VAT All prices +VAT. Please ’‘phone for
carriage quotation.

DISPLAY SCOPES

Airmec/Racal 4-channel display oscitlo-
scopes for colleges, educational etc. 17"
CRT DC —~ 10Khz. Fully operational

£125+VAT

+ % STEPPER MOTORS * * SPOT WELDING SUPPLIES
‘Brand new stock of ‘ASTROSYN' Type ey et 08 Walt Socon e'ding
20PM-A055 stepper motors, 28V DC, 24 £125+ VAT each.
steps per rev. 15 oz-in torque @ 100PPS.

* MULTI-RAIL LINEAR PSU’s *

Recent stock of brand new COUTANT ESM-
Series Power Supplies at surplus prices. Model
ESM15.2 giving regulated stabilised DC outputs
5V @ 15A and £15V @ 1.5A each and an
unstabilised 24V @ 2A. 240V AC input. Measures
5x8x11". Fully enclosed in original cartons with
handbooks. £45 each +VAT (+carriage £5).

8 SHUGART DISC DRIVES

GENUINE SHUGART
MODEL SA800 Soft-
sectored single-sided
TF144H Series generators from g "% industry standard 8"

. £75- . floppy disc drives.
TF868 Universal bridge £75 800kB storage.
TF2301 Programmable Mod'meter e950 3 = ] Supplied in excallent

TF2607 AC/DC Voltmeter £20 condition, little-used.
TF10668/1 AM/FM Sign gen ) ) ) Removed from fully

H: ...£450 functional equipment. Price including VAT, carriage and
Xerox of handbook

TWIN CASED (with power supply) SAB00's £200
TF893A Audio power meters
TF2700 Universal bridge AM/FMSIGNAL GENERATORS

TF2330 Wave analyser audi
TF2002 MF/HF AMysign gen Abulk buy of the MARCONI
TF7910 Devi L4 R TF995A/5 Signal generators
eviation meter e 3 enables us to offerthem ata
TF2606 Differential DC Voltmeter ; ; ridiculously low price.

£125 ? liousty oy
TF1152A RF power meters 25W ... % ) . Specification includes 1.5-
100 ;

TF2162 Attenuator. 220MHz frequency coverage.
TF2430 80MHz counte FM Deviation 0-5KHz & 0—
15KHz, 3 mod' frequencies.

AMt050%. Stepped a variable incremental tuning,

Bod¥ length 214", diameter 2", shaft V4" diam
x 44
each £11.50 (p&» 50p). Connections

" . . : PLEASE NOTE: All our used equipment is sold in full working condition and stabifity 0.002% fr ift. i i
spirally threaded. Weight 160z. Price. carries a 80 day warranty. For our rpafij-%rder customers, we offerga money back if from 1Z\?_%O/I;V?guw?&icgg{gbcourse&ﬂne attenuation
satisfied guarantee. 3

not tee.
supplied. INC VAT. OFFICIAL ORDERS ACCEPTED FROM GOVERNMENT BODIES ETC. Supplied in fully operational condition for £225 INC. VAT.

Carriage +£5. (NB. This price cannot be repeated).
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VICCOM MODEM (UNIVERSAL) EUROPEAN CCITTT STANDARD

For all computers such as: - CCITT V.21 ORI. 300 BD F. Duplex
1BM, Apple, BBC, Commodore, CCITT V.21 ANS. 300 BD F. Duplex
spectrum etC......... £110.00 | CCITT V.23 600 BD H. Dupiex
’ CCITT V.23 1200 BD H. Duplex

OPTIONS CCITT V.23 75/1200 BD F. Duplex
« ‘RS 232 interface cable (F) for (Videotex-Viditel, Prestel)

IBM PC...oecicicenn, £8.00 | CCITT V.23 1200/75 BD F. Duplex
¥ RS 232 interface calbe (M) for (Videotex/viewdata Host)

Apple M £8.00 | USA BELL STANDARD

¥ Interface cable for BBC....... £5.60 | Bell 103 ORI. 300 BD F. Buplex
# [nterface cable for spectrum Bell 103 ANS. 300 BD F. Duplex
(with interface I) £6.70 | Bell 202 1200 BD H. Duplex

VICCOM MODEM VIDEOTEX/VIEWDATA

Telecommunication softwares:
For CBM-64 or other Commodore
comptuers with user-port, and for w WFFOP Spectrum£16.00
the SPECTRUM. + For CBM 64 ...£25.00
7 Work with most Viewdata -..£39.00

g?g;‘f:ﬁ?@g&_‘éf Terminal # For bullet, Morrow MD11,

+ Expandable with a power unit Northstar advantage.......... £70.00
for other computers. VIDEOTEX/VIEWDATA

¢ CBM-64/VICCOM INTERFAGE Host Softwares:
CABLE.....coiiiieteeteeriinneeee £8.00 | v Datatel for CBM 64... ...£75.

v« SPECTRUM/VICCOM v Poseidon for BBC, .£170.00
INTERFACE CARD & CABLE, Note: these softwares work with
AND TERMINAL/VIEWDATA AUTO ANSWER/DIAL CARD
SOFTWARE ...£20.00

# Modems for use in the U.K.
---£26.00 should be approved by British
Telecom

v POWER UNIT..

173MHz FM TELEMETRY RADIO LINK

M Range dependent on
environment but typically
greater than 100 metres

W Modular, Wall Mounting
Transmitter + Receiver

B Direct Baseband Inputs +
Outputs

W Approved to MPT1309

W Each Module 86x 104x45mm +
requires only 30mA dc at 7.2V

M ‘Add on’ Modules for Remote
Switching, Voltage Monitoring +
Serial Data Transmission.

ADENMORE LTD

27 Longshot Estate, Bracknell, Berks. RG12 1RL Tel: 0344 52023
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OPTION . . — # DEALERS REQUESTED

Auto answer/auto dial card (This

card worl}s w&tEt;hxlﬁP Teréninal COMPUTER SOURCE

P_rogram or -64 and the i BRAHMSLAAN 129

videotex host softwares)........ £35.00

# 6 months guarantee 2625 BV DELFT

7 Approved by PTT (Dutch _HOLLAND,
Telephone Company) TEL 015-613195
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BEST PRICE MEMORIES

All the latest fastest devices not to be confused with slower old
stock offered elsewhere.

DRAM EPROM

5v NMOS 150nS 5v NMOS 259nS

4164 64k x 1 £0.95 2716 2kx 8 £2.90
41256 256k x1 £2.40 2732 4k x 8 £2.70
4416 16k x 4 £2.95 2764 8kx8 £1.90
41464 64k x 4 £5.90 27128 16k x 8 £2.45
SRAM 27256 32k x 8 £3.85
5v CMOS 27Ceé4 8kx8 £8.50
6116 2kx8 £1.40 27C256 32k x 8 £15.00
6264 8kx8 £2.75

ORDERS OVER £25 DEDUCT 10% DISCOUNT ADD 15% VAT.
SENT POST FREE. ORDERS UNDER £25 ADD 15% VAT PLUS 50p P&P.
OVERSEAS ADD £2 P&P No VAT

MICROKIT LIMITED
MANOR PARK, RAUNDS, NORTHANTS NN9 6PD

Technica! advice etc., please phone 0933 626420 24 hour service
1498
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LANGREX SUPPLIES LTD

Climax House, Falisbrook Rd., Streatham, London SW16 6ED
RST Tel: 01-677 2424 Telex: 946708 RST
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ASY27 1.00 BC178 0.28 BD1a4 2.6 2.50 GI3M 3.00 02 150 R2008B 5 ZTX3H4 028 2N1308  4.00 N2 120
ASZIS 220 BCI79  0.i5 BDISL 078 0.30 GhoTsa s 0C23  10.00 RINY .25 ZTXS00  0.14 N30 150 2N3773 160
EI80CC  10.50 EFB6 3.50 1535 oD3 2.50 QY365  63.24 ural Kk 1250A KOO0 6CG7 2.50 12407 175 150.00
VALVES E180F 12_82 EF89 2.50 30.00 oz4 3.50 QY3125 175.60 UFa2 2 4-300A  87.00 6CHG 11.00 12AV6 2.50 120.00
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FEEDBACK

TELEPHONE
RECORDING

Tam interested to see that my
circuit idea (November 1985, p.75)
for automatic telephone recording
on cassette has stimulated Mr O.F.
Carter to a response (EWW March
1986, p.63)but I regret he is
mistaken in some of his technical
points.

Isolation of the recorder, the
circuit and the telephone line from
the mains (if indeed, the recorder
is mains and not battery powered)
is provided by the mains
transformer of the recorder, by the
contacts of the relay and bypass
switch which are isolated from the
rest of the circuit, and by the audio
transformer. A further
improvement in isolation could be
made by including a second 100nF
blocking capacitorinthe
connection between the B line and
the audio transformer. The value
of these capacitors could be
reduced well below 100nF at some
prejudice to lower audio
frequencies, and the voltage rating
of the capacitors should exceed
240V a.c. It would be useless to
connect the circuit to the telephone
lines via a 600 ohm isolating
transformer of 1:1ratio (or any
other transformer), as this would
prevent the circuit from sensing
thed.c. voltage levelson the
telephone lines. Naturally, I would
agree with a fuse in the mains
supply to the recorder.

The risk of shock due to ringing
voltage has been greatly
exaggerated, and is no worse than
with any other telephone
apparatus. The step-down audio
transformer makes the speech
connection safe from shock. No
harm has been done to the recorder
input by telephone ringing, partly
because of the blocking effect of the
100nF capacitor at the low
frequency (25Hz) involved, and
partly because of the step-down
transformer. A suitable diode
clipping circuit could be added in
shunt with the audio transformer
primary or secondary, if desired.

Recording level may be adjusted
(as orginally suggested) by an
attenuator between the
transformer and the recorder
input, but it may be sufficient to
rely on the automatic recording
level system commonly provided
inrecorders, as this can make
adjustments for both remote and -
local speech levels. :

Lastly, duetoits high
impedance, this circuit will not
short out or in any way affect
normal telephone use.

It may be mentioned that
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comparable automatic telephone
recording circuits are now on retail
sale from telephone shops and the
Tandy chain of stores, although I
have nodetails of the circuit
designsinvolved.

H. T. Wynne

Glasgow

EARTHING

With reference to the long-
standing debates as to the best
methods for earthing, may I add
further information.

The necessity for providing a
non-corrosive earth-connector
only applies when thereisad.c.
component in the earth-current, or
when the a.c. component isofalow
frequency.

Otherwise, the earth-plate may
be coated with any suitable
substance to prevent corrosion, or
else merely left plain (providing its
adequate thickness prevents total
disintegration). This latter case
still allows for capacitive coupling
toearth; but of course a plate is
now better than arod.

Alternatively again, a metal
cylinder can supplant the plate so
that the coupling is that ofa
cylindrical capacitor.

The only drawback to this
scheme (which is also alimitation
inthe normal case), is that the
immediate earth surround must be
wet.

R. N.Barr
Bournemouth
Dorset

COMPUTER
TESTING

G.B. Williams’ article “Simple test
equipment for microcomputers”in
your April, 1986 issue was of
considerable interest and was
studied carefully for comparison
with the method adopted here in
d.i.y. computer manufacture for
applications equally intensive.
These Z80A computers are built
around a 10k-to-earth framework
from each address/data pin,
reduced to 1k for certain higher
address members. For simple
programs in eprom which begin
with an Exchange Block Transfer
toram, the inital working of the
unit can easily be checked by
resetting the Z80A, switching to
ram, and examining the data lines
atvariousd.c. addresses froma
multiway switch, using a display
system. With a suitably
constructed program, inputs and
their consequences can all be

recorded in ram as they occur, so
that by switching to ram at any
point the complete “state of the

_art” at that point can be

ascertained. One example of the
memory map for such a system is
for the Z80A to work the eprom at
addresses from 0000 to OFFF, and
toengage theram when A12is
high, i.e. at addresses 1000 to
1FFF. Afterreset, adouble-pole
switching putting 10k between ck
and earth, and o and earth of the
ram permits data stored on the
latter to be displayed, whilst
eprom is disabled by the high onrD
joined to oE.

The only additional apparatus
required for test, apart froma
voltmeter, is a display & address-
setting unit * with long leads for
attachments to the 10k address/
data framework, most simply by a
few minute’s work with a soldering
iron (earthed to the earth of the
equipment, and with the power
supply switched off).

This method avoids the 74374
octal D-type flipflops of William’s
data-bus analyser, and also the
74688 8 bit comparators, which
can be expensive for humbler
workers of the d.i.y. engineering

type.
*available from me at this address.

G. F.Lewin
Samtronix

28 Llanvair Drive
South Ascot
Berks

STEREOHISS

Itisinteresting to compare Mr
Price’s concern with compatibility
with existing equipment (EWW
March 1986 p.36) with the BBC’s
previous performance in respect of
their programme labelling system,

“currently being used

experimentally, and due to come
into service in the Autumn of next
year, according to the Financial
Times (25 March, 1986, p.9).

This system gives rise to
objectional background noise in
certain older receivers such asmy
own, and I wrote to you about itin
1980, as the BBC had been
attributing it to continental
interference (my letter and Dr
Leggat’s reply WW October, 1980,
p-49).

While Idid get a personal reply
from Dr Leggat at that time along
the lines of his letter to you, Thave
had no constructive suggestions as
to how to eliminate the noise, and I
now usually have to listen in
mono.

R.Camp
Brentwood
Essex

‘INTELLIGENT’
MACHINES

Thavejust read Tom Ivall’s
interesting article “Human
responses to ‘intelligent’
machines” in your March issue.
His argument that human factors
engineering will have tobe
extended to include human
psychology must surely be right. It
has bothered me for some time that
the human-factors engineering
people, or many of them, have been
largely ignoring Al, while the AT
people have been so excited with
what they are doing that they for
the most part have not taken
human factors or psychology
seriously —and the more powerful
and subtle the computing
capability, the subtler and more
difficult the mismatch and
possible damage.

Your contributor’s thoughts
seem to have been running almost
parallel to mine about the Turing
test. In a letter to the Applied
Artificial Intelligence Reporter1
have argued that the test is simply
invalid, precisely because it was
framed in a way that took no
account of human psychology.!
However, I have found that AT
people do not react
sympathetically to an argument
that in effect removes a pet theory
that intelligence can be isolated
from the rest of the human mind.
Rather, they ignore it (with the
obvious exception of the editor of
the Applied Artificial Intelligence
Reporter); which is a pity, for the
lure of the Turing test is, [judge,
likely to divert Al efforts directed
atreal machine intelligence away
from the most useful directions.
Another way to putit, perhaps, is
thata machine process that can be
expressed in mechanical logic may
be vastly useful and powerful but
should not be considered as
intelligent in any way that can be
directly compared with human
intelligence (for example, a
machine that could type better
thanIcan). On the other hand, any
process subtle and complex enough
tobe comparable in ‘intelligence’
to a human mind had better be
given a background of knowledge
and ‘experience’ similar to that ofa
human, if we are to recognize it —
and that will be a major problem
all onitsown.

Roderick Rees
Kirkland
Washington USA.
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LIGHT,
DISTANCE, TIME
AND
RELATIVITY

It seems to me that Alex Jones
(April) is limiting his thinking to
light being a solid particle rather
than a packet of energy shunted
linearly by successive |.s.ms: such
a packet isjust as corpuscular as
the limiting sub mass which
eventually deliversit, and it is the
packet which we call a photon. If
his “particle” issmall enough it
appears possible that it could be
hammered successively by the
same l.s.m. at the frequency of
radiation.

On the other hand, if the particle
islarge enough to be entered by
the l.s.m., then the spin energy of
the latter would wind it up and so
increase itsrelativistic mass by
accelerating it gravitationally,
and that in the opposite direction
to the hammering ifboth effects
came from the same massive
source.

Isuggest that Mr Jonesis only
totally correct about e.m. Doppler
and the propulsive effect of the
radiation if the spin energy of the
1.s.m. which carry it be zero,
something which is of very low
probability and certainly a degree
of freedom which must not be
denied.

Nor am I happy about the time
dilation quoted by Alan Watson
(also April) as being unequivocally
shown: movement can be
considered to be throughput of
energy and is only distance per
unit time in terms of classical
mechanics. Certainly I accept the
apparency of time dilation, but it
could equally well be an
accelerative effectduetoa
gravitational gradient of spinning
1.s.ms. '

Asto Prof. Archibald Medes
standing on his hairless head down
under, the specialist sciences
differentiate by probing linearly
(and thus radially) into little bits
of totality (can we apply a specific
datein April?) and we have to
integrate their findings in order to
discover the nature which is
within us: self-analysisis limited
to and hy our own experience.
Mathema is an athema, and devoid
of causality as every monetarist
should have learned by now.

Therefore, if we are to tidy up
the matter, we must first accept
that energy hastwo degrees of
freedom whence the picture seems
to become clear: time is the
constant “rate” by which we judge

changes in energetic behaviour

and measure the life of mass
between its creation and its
catastrophe, but because energy is
only deduced to exist it appears
that time dilates: this seems to me
to be the working basis for
Relativity.

James A. MacHarg

Wooter

Northumberland

Thave now had the chance to study
in more detail the very important
paper that I mentioned in a
footnote in my recent letter
(February, p.42). The author, Prof.
Michael Sachs, quotes only
extracts from Einstein’sown
published writings. These confirm
Sach’s impression from personal
discussion that Einstein had
changed his mind: he nolonger
believed that the mathematical
space-time transformation of
relativity implied physical
consequences such as length
contraction, time dilation, and the
assymmetric ageing of the Twins
Paradox.

G. Burniston Brown

Padstow

Cornwall

TRANSISTOR
FULL-WAVE
RECTIFIER
CIRCUITS

Mr Lewis (E&WW, March 1986,
pp.22-24) rightly draws attention
tothe value of using transistors
with op-amps to perform full-wave
rectification or, to give the
operation its less specific
description, absolute value
generation.

The circuit shown in Fig. 1is Mr
Lewis’s final circuit, while the
circuit shown in Fig. 2is arelated
circuit developed by the authors
several years ago and described in
detail elsewhere (‘Versatile
precision full-wave rectifier’,
R.W.J. Barker and B.L. Hart,
Electronics Letters 13,No. 5,
March 1977, pp.143-144). We
would like to comment on the
relative performance of the two
arrangements.

In the circuit of Fig. 1, the output
waveform symmetry for both I*
and 1™ iscritically dependent on
the matching of resistors Rg, and
Rgso. It istrue that one of these may
be made variable for ‘trimming’
purposes. However, this does mean
the complication of a setting-up
procedure. Furthermore, the
trimming will be dependent on the
source resistance at A.
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In the case of the circuit of Fig. 2,
no resistor matchingisrequired,
because only a single resistor is
used. Thus, waveform symmetry is
assured without the requirement
of a setting-up procedure. Asthe
input impedance seen at point A is
very high, the circuit operation is
virtually independent of the
source resistance at A. In addition,
different values of R can be
switchedintogivea
programmable transconductance,
ifrequired. -

Finally, it should be noted that
both arrangements can provide for
differential input operation. Thus,
ifa second input is applied in both
circuits at point B, the output
current is a function of the
absolute value of the difference -
between the signals. We have used
this property to remove unwanted
mains interference in the
rectification of a low-level signal.
R.W.dJ.Barker
B.L.Hart
Trent Polytechnic
Nottingham

CLASSB
OUTPUT

Ithank Mr Wrigley for his i
interesting comments (May, p.22).
Yes, my circuit does seem
superficially similar to the design
published by Mr P. Lambrechts in
Hi-fiNews in October 1971. But
there are major differences.

My purpose was to design an
amplifier that did not require
(skilled) bias adjustment and at
the same time to avoid low-level
non-linearities. This wasnot a

design feature of the ‘Edwin’
amplifier although it had a fixed
bias.

My design uses fairly high-
power transistors in the driver
stage at the highest practical
current. The ‘Edwin’ amplifier
uses standard driver transistors at
a current not that much greater
than a typical Class B amplifier.

My design requires the driver
transistor to be mounted on the
same heat sink as the output
devices. This not only dissipates
the heat, but also reduces
temperature-generated distortion.
T.g.dis the distortion that occurs
when a transistor junction heats
and cools rapidly due to fast
changing variations in current X
voltage. It can be reduced by heat
sink, which can dissipate the heat
quickly, and by better
temperature tracking between
devices which are closely related
in the circuit.

I'found Mr Wrigley’s comments
on the sound quality of his
amplifier very revealing. Ido not
think the Edwin output stage
would sound better than a typical
Class AB stage with other stages
being equal, but in a couple of ways
that design was far ahead of its
time. One very advanced feature,
possibly not realised at the time, is
the lack of electrolytic capacitors.
The other is the use of a dual
matched input differential (CA
3046) which permits close
temperature tracking between Tr,
and Tr,. I wonder how much this
improves the sound.

Tam grateful to Mr Wrigley for
his comments on the sound of his
amplifier. Ifhe would like to
improve the sound quality of his
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amplifier. [would hike to
recommend that hereplaces his
driver transistors with B 139

BD 140, replaces bias diodes with a
transistori BD 139 and two
resistors and mount=all three
extra transiztors on the same heat
sink ax the outputdevices. Tam
willing to bet that hewill notice
and be very pleased with the
difference

Graham Nalty

Borrowash

Derby

‘PRECISION’
PREAMPLIFIER

My Selfhas. alas. skipped a few
detailsin hisletter published in
EWW_ February 1986

In the real world. music signals
difter from sinewaves in that
thev're predominantly composed
of harmonics. In the time domain,
this may be expressed asa
continuously varving
assymmetry. The nett effect isa
variable d.¢. component. Aside
from its unpleasant liaison with
electronic capacitors, Rock music’s
assvmmetry in particular does
naughty thingstospeaker cones
when driven by bridged power
amplifiers. Forexample,inthe US
[witnesseda DL12X 12indrive
unit which had been offset 1#iin
2000 ) from its neutral axis, the
result of an OTT Funk bass-line.

In Mr Self's version of John
Curl’s venerable capacitative
error analyser, hissquare-wave
test pulse i= clearly svmmetrical.
and lacks the variable d.c. sub-
component. Krgo the error
component canonly be raised ina
puny fashion at high voltages.
whereupon Mr Self has explained
the phenomenon away, as the sort
that have “norelevance to
property designed audio...”

If My Self repeats his Lests using
an assymmetric waveform' ti.e.
where the area-under-the-curve of
the + and ~ componentssumstoa
figure > or < zero. he'll discover
that even 160 volt non-polarized
electrolvtics get mighty upset with
Just +7 - 0.5V of assymmetric
excitation.

Idon't know when Mr Self
penned his letter.but in calling for
proper double-blind tests, rigorous
statistics, measurements, rational
explanationsef al. he'somitted to
mention work of this nature by
Martin C ()llnm\" and.John
Atkinson’. More to the point, if Mr
Self would cast open the window in
his tower. and volunteer to offer
some of his undoubted statistical
and conceptual skills to the work
being done on capacitors at present
inthe UK, then we'd sooner have
some results in the seientific’
format.

Last. on the topic of gold-
flashing. [ do agree with My Self:
gold-plating isn’t the sole way to
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attain a good contact.
Nevertheless he has missed My
Armstrong’= point. There'sa
clearcut covvelation between
reltability and perceived sound
qualityrone izanextrapolation of
the other. Ha sound-system

component isunmreliable, the music

will tend o get groggy or
disappear altogether after a while,
and the perceived sound quality
then fallstonil. Now tving in with
David White's masterly exposition
of sonic FX, gold-plated contacts
may ‘sound better because their
confidence level for working at
99.9% of their best is high. at say
98¢ in contrast with tin-lead-
nickel. where the confidence gets
tricked by a smart oxide film. Ask
Dr Marlowe.
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DTMF-WHY NOT
JAMTODAY?

With the rapid introduction of’
electronic telephone exchanges 1
have wondered for some time why
British Telecom, with all the
publicity and emphasison the ‘hi-
tech’ appeal of today’s telephone
system, seems so against the
introduction of D'I'MFE tDual Tone
Multi-Frequencyidialling. Tlive
in Kingston-upon-Thames, where
all three exchanges have the new
dial tone and are of the TXE-4
type. Following many phone calls
todifferent departments in BT it
was confirmed by engineers at the
exchange that they would all
accept DTMFE dialling on any lines
that were so programmed at the
exchange. They could only be
programmed to accept both DTMF
and loop disconnect. However.
once the sales department gave the
go-ahead the sales people were
very reluctant to admit that this
wasso, and even more reluctant to
confess that it would be done at no
charge. They were adamant that
there was nobenefit’, that it would
be no fuster, and that BT policy
was that no DTMF phones would
be installed until the whole
country is System-Xin the late
1990s.

With vast numbers of
telephones now being bought

outright. it seemsvery
irre=ponsible of BT not to make the
publicaware of the fact that D'TMIE
dialling isavailable onmany
exchanges with the new dial tone,
hefore the unwary subscriber
invests large sums of money in
apparatus that will soon be
obsolete.

Moreover, l would like to know
why BT is not installing rented
DTMF telephones as standard
when available at the exchange. It
this policy was adopted. it would
only be beneficial for BT because of
superior service that it provides. It
also would mean that the pocket
DTMF generators used for services
such as voice mailboxes would
become a thing of the past.

When my telephone line was
eventually converted to accept
DTME, the engineertold me that 1
had the dubious honour ofbeing
the first DTMF subscriberin
Kingston. The service ismuch
faster, and when the new ‘star’
services become available. [ shall
not have to go out and buy another
telephone.

T.J. Robinson
Kingston-upon-Thames

'{68009 board

Several :mpmtant
. improvements Havenow
“been made in this project.
“'Theoriginal software
" velease was documented- .
“‘fullyineurdan uary and
Februaryi issues; butin -
* version 2.0 many useful
commands and facilities
" havebeen added and some
_ problemshavebeen
g ehmma‘ted The addmons
s mclude adisassembler, a :
useful ,smgie-s;eppmg '
s fa.cxhty, printer coﬁtrols, :

 commands.
Both serial | ports now -

- permithardware :
- handshaking, enabhng pm’t'

" Btobeused foraprinter. -
Default baud rates for the

. twoportscanbeset - i

“ independently. The momtor
- now supports the R
“alternative 68010 virtual -

*‘memory processor. ’

- Theassemblertoohas

: undergone 1mprovement it

. now gives deseriptive error
essages and allows
commentsto been tered.

‘Components for the

68000 board, including a
double-sided p.c:b.,ave -
available from Magenta
Electronics, 135 Hunter
‘Street, Burton-on-Trent,
Staffordshire. .

- .and up for four user- deﬁned |

Literature
received

A wholelibrary of databooks
came to us from Samsung. Full
detailsare given of logic families
and linear 1.cs. Mos products
include watch and clock circuits as
well as microcomputers. The
company also manufacturers
discrete transisitors and n-mos c-
mos memory i.cs. Samsung UK
Ltd, Victoria House, Southampton
Row, London WC1. EWW 2350 0n
the reply card.

Included in Harwin's 67-page
connector catalogue are plugs
and sockets for data transmission,
modular connectors for mother”
daughterboards, p.c.b.andi.c.
sockets and a variety of hardware.
Harwin Engineers S.A .,
Fitzherbert Road, Farlington,
Portsmouth, Hants P06 1RT.
EWW 251 on the reply card.

Mos memory designers guide
comes from Hitachi. It is intended
to acquaint users with memory
devices and gives examples and
advice on their use. Hitachi
Electronic Components (UK) Ltd,
221 Station Road, Harrow,
Middlesex HA1 2XL. EWW 252 on
the reply card.

Lambda have completely revised
their power supply catalogue
which includes switch-mode,
linear, rack and bench supplies,
d.c.id.c. converters and many other
products todowith protecting and
filtering supplies. Lambda
Electronics, Abbey Barn Road,
High Wycombe, Bucks HP11 1RW.
EWW 253 on the reply card.
Items from complete computer
systems to semiconductor
components are supplied by
Midwich and detailed in their
catalogue, which also has
descriptions of disc drives,
network components and many
peripherals. Midwich Computer
Co. 14d, Gilray Road, Diss, Norfolk
1P223EU. EWW 254 on the reply
card.

Linear and data conversion
products are listed in a product
selection guide. The PMI products
include ics, precision op-amps, d-
to-a converters, analogue
switches, multiplexers ete.
Available from RR Electronics
Lid, St Martins Way. Cambridge
Road, Bedford MK42 OLF. KWW
256 on the reply card.

Data acquisition and control
interfaces are available as plug-in
boards for IBM-PC-XT/AT
computers or compatible clones
and for the Apple PC computer.
They are made in USA by
MetraByte and detailedin a
catalogue available from Keighley
Instruments Ltd, 1 Boulton Road,
Reading, Berks RG2ONL. EWW
257 on the reply card.
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SINGLE BOARD COMPUTERS for Control,
Measurement and Industrial Applications:

With more than a dozen to choose from, RC.S. Microsystems gives you the choice.

Features available include:

@ Choice of CPU types 6502, 6809 and 68008

® Choice of technology NMOS or for low power applications CMOS

@ Choice of programming languages include Assembler, BASIC and FORTH
® Battery backed memory

¢ Built in display

® System and 1/0 expansion

® Comprehensive documentation

In addition, RC.S. MICROSYSTEMS provide fvll technical support including a design
service to solve your particular problem.

For further information ask for our SBC Shortform or call us with your requiréments.
Represented in Scotland by Delcomm Systems. Tel: 0592 775022

Authorized distributors

N

Rockwell international

RC.S. MICROSYSTEMS LTD
THE KINGS ARMS,

141, UXBRIDGE ROAD,
HAMPTON HILL,
MIDDLESEX

TWI12 1BL

Tel No. 01-979 2204
Telex: 8951470 RCS MIC

CIRCLE 18 FOR FURTHER DETAILS

sequencer.

=2 thandar

ELECTRONICS LIMITED
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HIGH PERFORMANCE
LOGIC ANALYSER

The TA3000 is a high performance modular logic
analyser which interactively combines up to 16
channels of 100MHz Timing analysis with up to 96
channels of 20MHz State analysis controlled by a
powerful multi-level conditional trigger-trace

Flexible, expandable, modular design

Up to 112 channels

100MHz Timing, 20MHz State

1 Multi-level conditional triggering

1 State/Timing cross-triggering and correlation
asy to use softkey control

CP/M PLUST operating system

IEEE-488, RS-232 and parallel printer interfaces

For further information contact:

Thandar Electronics Ltd., London Road, St. Ives,
Huntingdon, Cambridgeshire PE17 4HJ.
Telephone: 0480-64646. Telex: 32250.

$CP/M PLUS is a trademark of Digital Research inc.

CIRCLE 14 FOR FURTHER DETAILS
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SARELS
DENARI CASES
SETTHE
STANDARD

AGENT TO THE STARS'

RWC are main agents/distributors for Yaesu, lcom, Kenwood, M.
Modules, Jaybeam, Tonna, Revco Antennas, Cleartone, Mutek,
AKD, Drae, FDK, Welz, Tait and Neve Radiotelephones to name
but a few! We also stock a wide range of B.T. approved cordless
telephone and telephone systems!

TUNE INTO QUR SPECIALIST SERVIGE!

% We manufacture our own range of VHF/UHF beam
antennas, inc. the famous ARM Muilti Pb (140-800MHz).
+ We're the only company in the UK that produces modular
VHF/UHF Raycom power amplifiers (15-50 watts output).
% We supply a large range of specialist RF power
transistors/modules imported directly from Japan.
Y We supply/repair amateur/business radio systems.
% We check transceivers on our spectrum analyser —
£12.50 for a comprehensive report while you wait!
Y Only supplier of modified Revco RS 2000 60-520MHz
extended coverage scanning receiver modified by RWC.
% Probably the UK's largest seller of.used radio equipment.
% We offer the largest selection of radio allied services
under one roof., CALL NOW FOR FULL DETAILS.

EXPORT AND TRADE ENQUIRIES INVITED
584, Hagley Rd. West, Quinton, Birmingham B68 0BS.
Tel: 021-421 8201 (24hrs) Telex: 334303-TXAGWM-G

CIRCLE 69 FOR FURTHER DETAILS

B A new range of instrument cases specially
suited to desk top and portable electronic

equipment. Happy M@M@l’i@s

M Simple aluminium housings in full 19” and

half width versions.
Ml Base is easily removable for equipment Parttype 1off 25.99 100 up
mountings with the option of slots for {1 # 2; (2 1gOns.N ..... T 125 - 1.15 1.;0
1 1 4164 150ns Not Texas. ... .98 .88 .80
ventilated version. 41256 600 .o 250 235 210
; ; 2114 200ns Low Power... 175 .60 1.55
B 2mm backpanel in contrasting colour also 5116 150NS. oo 7145 1,30 1.20
available with ventilation slots. 6264 150ns Low Power... 285 255 2.35
. heresi I 2716 450ns 5 volt............. ..2.95 265 2.45
B Attractive scratch-resistant polyester/epoxy 2732 450ns Intel type...... 2,75 2.45 2.25
finish in either cream or brown. 2764 250ns Suit BBC...... ..1.90 1.75 1.70
o 27128 250ns Suit BBC.... ...2.50 2.25 2.05
B Ex-stock availability. © 27256 250NS...ccovrumeererenieesssinernesneees 3.95 3.75 3.60
r Please send me full details of how Sarel’s Denari Cases —l Low profile IC sockets: Pins 814 16 18 20 24 28 40
set the standard. Pence5 91011121517 24
Name I Available now — The ROAM BOARD for the BBC Micro. Reads
' Tt T T T Roms via a Low Insertion Force Socket and saves their
Company N S , contents as files, then reloads a file into its sideways Ram as

required. Full details on request.
I Position L —

Address 74LS series TTL, wide stocks at low prices with DIY discounts

I ———— e starting at a mix of just 25 pieces. Write or 'phone for list.
N \— ———Telephone . Please add 50p post & packing to orders under £15 and VAT 1o total.
S o Access ortdzrédby ‘ghomi ordmail weilcome. £15
Non-Milit ernme; ional ome., inimum.
L arel L’m’tedJ ilitary Governmen ucational orders welcome minimum
Cosgrove Way, Luton, Beds.
Telephone: Luton 20121
ep ) HAPPY MEMORIES (WW),
A pypnile ctrode! Newchurah, Kington,
- Herefordshire HR5 3QR.
. Tel: (054 422) 618
CIRCLE 15 FOR FURTHER DETAILS CIRCLE 81 FOR FURTHER DETAILS
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By dJ.H.Owens

Jim Owens, retired from RCA
after 44 years, held positions in
sales, engineering, marketing,
advertising, and market research.
He has eight US patents, and in
1968 received the coveted RCA
Engineering Achievement Award.
He has been a licensed Ham since
1931, call sign W5JQE.

Improving 4000
series oscillators

Enhanced cmos oscillator circuitry has
applicationin tv,data processing and
facsimile transmission, as well as keying

his describes some new-

I ly developed circuit re-
finements for use with

the 4000 series cmos inte-
grated circuits, specifically the
CD4001 and CD4013 types.
Like most discoveries, the ones
described resulted from the
pursuit of redesigning a piece
of equipment in the interest of
superiority, simplicity and
savings. The end-result, if the
design work is successful, is
the creation of circuits which
find uses beyond, and some-

TV

N

e @rmm————

N L H Electrical ground,
R0 RS L ol oV
< >z ? Ground terminals
| 1 1 8 912,13
Ry DoV
Lo ——r  mthee
SWLISWR Vdd

Component values for Fig.1
(above) and Fig.2 (below): R
100kohm plus 20k limiter,
R, 1M, R, 470k, R, 330k, R;,
270k, R3 500k, R4 47k, C 1,
C,4.7.,1CCD3001, Tr
SK3715. Diodes are 1N914.

times unrelated to, the project
that originally stimulated the
engineering effort.

In this case, the target was
what is known as a ‘fully
automatic keyer’, used to key
radio transmitters on and offin
relatively short or long inter-
vals, on dots and dashes, which
can be decoded into intelli-
gence by machines or by per-
sons trained in the art. Similar
coded bursts of electrical ener-

Te
RA G4 1 ~
oA H || .
S e’ Key jack
';:-;2" DS v »Svﬁno on trans.
O ‘ _
-t

Trans. chassis ground
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gy are to be found in many
fields, such as television, data
processing and facsimile trans-
mission.

Typical keying machines,
used in the communications
field, comprise four functions,
a keyable squarewave gener-
ator, a flip-flop divider, a
mixer-inverter, and an output
driver used to key the radio
transmitter. Theoretically,
these functions could be
obtained from two gates, one
flip-flop divider, one mixer-
inverter, and one discrete tran-
sistor as the output stage. But
practically, keying instru-
ments in use now contain a
separate clock and inverter for
the generator, two or more
flip-flop dividers, two or more
mixer/inverters, and two out-
put drivers, with occasionally
an electromechanical relay.
These differences between the
theoretical and practical sug-
gest an opportunity for many
improvements.

Every project has a starting
point, as well as a finishing
point. This one started with
the circuit shown in Fig.7 on
page 732 in the RCA SSD-
250C Data-Book, which is re-
produced here in bold lines in
Fig.1. The operation of this
circuit is well known, so it will
not be further described here,
except as inference to its
limitations and deficiencies.
For example, if a negative
(low) gating pulse is applied,
as by closing and releasing the
switch Sw,, a corresponding
high pulse will appear at 3,
together with a low pulse at 4;
then both terminals will re-
turn to their quiescent state
positions instantly when the
switch is opened. The insertion
of a resistor, R, between 1 and
4, will make the pulses self-
latching and self-completing.
Self-latching means that be-
fore the switch contact reaches
zero resistance, or has a chance

to bounce, the ‘lo’ pulse at 4
will drive 1 to its lo state.
Self-completing means that
the lo pulse at 4, through R,
will hold in its lo state until R
and C have gone through their
discharge-recharge cycle and
have returned to their original
quiescent position. The end
result is that the circuit will
make one or more complete
dots (square waves), having a
nearly perfect 50% duty factor,
and without keying transients
at either the make or break
end, nor a fraction of a pulse
under any condition.

Another imperfection of the
SSD-250C circuit is that the
first pulse (dot) will be longer
than the ensuing dots in a
string. This is caused by the
fact that Cis charged to the full
V4q voltage while in the quies-
cent condition; so when 4 goes
lo, it will drive the RC junction
that same amount more nega-
tive than V before 3 brings it
back and up to the 5 and 6
transfer voltage. After the first
pulseiscompleted, the average
RC junction voltage restabil-
izes at a higher than ground
voltage, therefore less time is
now required for each of the
discharge-recharge cycles, so
the succeeding dots are uni-
form in their time-cycle, and
faster than the first one.

Insertion of diode D into the
circuit as shown in Fig.l
clamps the first pulse at the RC
junction near V, level, and so
makes the first dot almost
exactly the same length as the
succeeding dots. A very slight
improvement can be made by
substituting a zener diode for
the simple diode, one which
has a zener voltage approx-
imately equal to the 5-and-6
transfer voltage. However,
this very slight improvemnt is
realized only if the Vy4-to-V
voltage is constant, a condition
thatis not compatible with this
design which has to operate
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over a battery voltage range of
2-to-1.

In some instances there
would be a desire to make the
dots slightly lighter or heavier
than the normal 50% duty
factor. Such correction can be
made by adding R, to the
circuit. Connecting Ry to Vi
will make the dots heavier... to
Vag, lighter. In this circuit,
there is already a d.c. path
from the RC junction to Vg, so
the dots will be on the light

side. For this reason, R, will
probably be connected to V...
The Fig.1 circuit becomes a
semi-automatic keyer by the
addition OfR:;, R:gm Dg, and SWR
which in combination com-
prise an override facility for
making manual dashes. If the
value of R, is selected for a 50%
duty-factor, Rs can be adjusted
so that the elapsed time be-
tween dots and dashes and dots
will be exactly the same as the
time between dots. Suggested

relations are as follows: Ry will
equal Ry; Ry, will be half of Ry;
R, will be twice R;; and R, will
be three-quarters of R;.

A semi-automatic keyer has
little interest in today’s world,
but the override facility does
perform a special aid to those
operators who use manual
‘Morse” keys. If Swy is closed
and released quickly, the cir-
cuit will make one self-
latching self-completing dot,
just like Swy... but if held

closed, it will make a dash with
the same qualities as the dot.
The advantages over the un-
processed key are uniform dot
weight, uniform spacing be-
tween dots and dashes and
dots, and freedom from keying
transients.

Deviating from the design-
objective use of the circuit,
consider its possible use in a tv

continued on page 58

You're gonna like this one! It
has all the features of the
expensive ones except mem-
ory. It uses just two cheap
chips and one output transis-
tor. The key-up current is only
a few microamperes, $0 no
on-off switch is needed. Even
used every day. the current
drain of a couple hundred mic-
roamps, with satisfactory op-
eration down to 5V, the 9-volt
radio battery can be expected
to last its shelf-life.

Performance features

— Self-latching and self-
completing dots and dashes,

— 50% duty-cycle for dots,
and 75% duty cycle for dashes,
with provision for increasing
or decreasing weights,

— instant starting with the
first dot being no longer than
succeeding dots,

—uniform automatic spacing
between dots and dashes and
dots,

— good immunity to strong
r.f. fields from high s.w.rs on
transmission lines,

— freedom from key clicks
and bounce transients,

— capability of keying both
negative-grid-block and
positive-cathode keyed trans-
mitters, and

— continuous hold-down for
transmitters tune-up.

After assembly, measure the
terminal voltage of your 9-volt
battery. Then connect the volt-
meter from any V point to
either one of the i.c. terminal
14 points, and snap in the
battery. The voltmeter should
read about Yavolt less than its
terminal voltage... this read-
ing will be called ‘hi’ in the
following test procedures. If a
reading is near zero, it will be

called 1o’

In the unkeyed (key up)
position, terminal 3 will be lo,
and 4 will be hi. When the
paddle is closed for either dots
or dashes, with the speed con-
trol midwav, terminal 3 vol-
tage should rise to one-half of
hi, and the meter pointer will
quiver. Likewise, the voltage
at 4 should drop to one-half hi,

Automatic electronic keyer

and quiver. This shows normal
operation, i.e. the C4001 is
doing its job and generating
dots.

Going to the CD4013, in the
key-up condition, hi will be
low, and will stay that way
when dots are keyed. But when
the dash paddle is closed, it
will rise to one-half of hi, and
rock back and forth. This indi-

4

cates that the 4013 is making
one dash for every two dots, i.e.
dividing by two. Going back to
the 4001, terminal 10 will be hi
in the key-up condition, but
when dots are made, it will
drop to the half-way point and
quiver... when dashes are
made, it will drop to ¥4 hi and
rock back-and-forth.

For the final test, connect
the keyer to the transmitter
and turn on the a.c. power. If
the transmitter ‘keys on’,
simply reverse the position of
Sw,. Operating the paddle will
now make the transmitter
make dots and dashes. To
check the duty-factor, connect
your voltmeter to the Tr; col-
lector, and read the transmit-
ter keying voltage. Now close
the dot paddle and note that
the meter drops to half the
unkeyed voltage, and quivers.
If it is not exactly perfect, you
can use R to adjust.

This circuit mounts on ready-made
p.c. board, details from the edit-
orial office. Please send s.a.e. and
mark yourenvelope ‘Keyer’.
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VESTIGIAL SIDEBAND
TELEVISION MODULATOR C.C.L.R/3

CRYSTAL CONTROLLED OSCILLATOR
19” RACK MOUNTING, 1u HIGH, 205mm DEEP

C.C.L.R/3 SPECIFICATION
Power Requirement — 240V 8 Watt (available in other voltages)
Video Input — 1V Pk-Pk 75 Ohm
Audio Input — .BV 600 Ohm CHANNEL COMBINER/FILTER/LEVELLER
F.M. Sound Sub-Carrier — 6MHz (available 5.5MHz) to combine outputs of modulators
Modulation — Negative
I.F. Vision — 38.9MHz ) TCFL2 2 Channel Filter/Combiner/Leveller. Insertion Loss 3.5dB
LF. Sound . — 32.9MHz (available 33.4MHz) TCFL4 4 Channel Fitter/Combiner/Leveller. Insertion Loss 3.5dB
Sound Pre-Emphasis — 50us TSKO Enables up to 4 x TCFL2 or TCFL4 to be combined.
Ripple on |.F. Saw Filter ~ .6dB
Output (any channel 47-860MHz) ~ +6dBmV (2mV) 75 Ohm
Vision to Sound Power Ratio — 5t 1
Intermodulation — Equal or less than 60dB 0 o HAM
Spurious Harmonic Output — —40dB (80dB if fitted with TCFL1.Filter or com- TAYL R BROS LD L'I.D
bined via TCFL4 Combiner/Leveller BISLEY STREET ORKS LEE STREET
N u u 1 1
C.C.ILR./3.1 — Specification as above but output level 60dBmvV OLDHAM, ENGLAND.
1000uv . .
TELEPHONE: 061 652 3221 TELEX: 669911

CIRCLE 12 FOR FURTHER DETAILS

THE 16 BIT MSDOS SAMURAI S-16

Brand new surplus stock of this *MSDOS Ver 1.25 & manuals included
high quality machine which *VICTOR/SIRIUS software format
originally retailed at £2400. sManufactured by HITACH! to highest
8086 based (4.6MHz clock rate) possible standards
128K memory with parity *Much public domain software available
etwin half height 8" floppy disc drives *90 day full guarantee
(total 2.3MB formatted) *Plug in .ce_\r_ds and IBM 3740
#12" green phosphor monitor included compatlblllty, make th_is an,ideal _ PRICE
*ONE parallel & TWO serial interfaces programmer’s or engineer's machine  p485 00 + VAT
\__ included | Available ONLY from: I CARRIAGE: £9.50 (incl.VAT)
COMPUTER APPRECIATION, 111 Northgate, Canterbury, Kent GT1 1BH. Tel: (0227) 470512. Telex: 966134 N

MATMOS Ltd., 1 Church Street, Cuckfield, W. Sussex RH17 5JZ. (0444) 414484/454377 or (0444) 73830 Visa & Access accepted

CIRCLE 44 FOR FURTHER DETAILS

?
METER PROBLEMS? RF

.

U.S. supplier of RF POWER DEVICES.
Prices LOWER than current domestic prices.
POWER Query us for immediate needs.

A quality source for a complete range of RF POWER devices — From 2-
30MHz, SSB 12.5V 7 28V transistors — 14-30 MHz CB/AMATEUR 27-50
MHz, low band FM — 66 — 88MHz, mid band FM — 66 — 88MHz, mid band
FM — 156 — 162MHz VHF MARINE RADIO FM — 130 — 175MHz HI-BAND
VHF FM — 108-152MHz VHF AIRCRAFT AM — 225 40MHZ UHF 28V —
407 — 512 UHF CATV/MATV CLASS A linear transistors — A SMALL
indication of types are listed below. SEND FOR OUR FREE BROCHURE
AND/OR CONTACT FOR IMMEDIATE QUOTES.

MRF450 MRF453 MRF646 BLY88BA BLY9G BLY93A
.2N3553 .2N4933 .2N5109 .2N3375 .2N5016 ..989
2N4128 .2N5070 .2N5591 .2N6080 .2N4427 .2N5090
.2N5634 2N6083 .2N4431 .2N5102 .2N5918 .2N6084

TIC Semiconductor nc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
CIRCLE 27 FOR FURTHER DETAILS

he—— e 7
137 Standard Ranges in a variety of sizes and stylings available
for 10-14 days’ delivery. Other Ranges and special scales can be
made to order. :

Full Information from:

HARRIS ELECTRONICS (London)

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

CIRCLE 66 FOR FURTHER DETAILS
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Low-noise
v.h.f. pre-amplifier

This circuit, designed for Amsat-UK as a
145MHz pre-amp for Oscar-10 working,
is very tolerant of modification.

he design requirements
for this pre-amplifer
were a gain of 15dB or

more, a noise figure below 1dB
and a simple and reliable con-

struction technique capable of

withstanding the weather. |

also planned to keep the cost of

components below £10.

There is a wide varicty of

secemingly suitable r.f. 1ransis-
tors, at a wide range of prices.
My first choice was the
NIE41137, which offers a gain
of 20dB at Y0OMHz and a noise
figure of 1.3dB. Many ‘black
box’ manufacturers use this
device at 432M 1z, But its price
(£4.501 seemed rather high

and it was not very tolerant of

mishandling or of high r.f
levels tas T found to my cost),
Since the prototype was to be
used in conjunction with a 40W
transmitter, some claborate
coaxial relavs would have been
needed to protect it.

After further research 1
came upon the BF981 dual-
gate mosfet, which gives
around 18dB gain and 0.7dB
noise at 200MlI1z, all for a price
of only 85p. To my delight 1
found the circuit simple. effec-
tive and also very tolerant of
modifications.

In addition, the device
seemed more durable. | have
been using this pre-amp in a
sealed die-cast box at the
masthead tor a vear with no
measurable deterioration in
its performance.

Construction

The preamplifier is built on a
double-sided copper-clad
board. To provide a ground-
plane the component side is
left unectched. All leads
through the board to earth
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by R.A. Sansoni

Bob Sansoni is a consultant en-
gineer specializing in satellite tv
receiving instaitations. In his
spare time, as G4AMWR, he is also
interested in amateur and
meteorological satellites.
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should be soldered both top and
bottom: others should have the
drilled hole chamfered to avoid
shorting.

Coils are of 22sw.g. wire
wound on a 6mm diameter
former: 1., hassix turns, tapped
one turn {rom the cold end: 1,
has six turns: and 1 three
turns.

The last piece to be soldered
in should be the BFI98I. Its
leads should be as short as
possible.

For best results vou should
install the unit at the mast-
head to overcome losses in the
downlead. It is small enough.
however. to fit inside most 2m
transceivers.

Typical noise figure quoted
by the BF981’s
manufactureris 0.7dB at
200MHz. The 8V regulator
reduces gain to 15dB but
helps maintain stability.

Aready-made p.c.b. for this .
design is available by post
at £2 plus postage from
Amsat-UK, 94 Herongate
Road, London E125EQ.
Amsatis a non-profit-
making body: please
enclose a stamped self-
addressed envelope or an
international reply coupon
with any enquiry.
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by M.H. Butterfield

~ Relativity simplified

Whilst aiming to demystify relativity, Prof.
Butterfield suggests a basis for explaining
many phenomena concerning light and

matter

his simple and unusual
Tapproach requires barely

A-level mathematics.
Starting from the premise that
energy has mass, it rederives
Einstein’s results for clocks
and measuring rods in practic-
al terms without making any
assumption about light; it ex-
plains the existence of light and
the various forms of action at a
distance via an ‘Impact theory’.
This approach leads to the con-
cept of a ‘spatially distributed
single event’ which provides a
realistic basis for a theory of
matter akin to quantum mecha-
nics.

The early Theory of Relativity has
changed remarkably little since
its early presentation by
Einstein'. The theory is widely
thought difficult to swallow since
the basic assumption that the
speed of light ‘¢ is the same
irrespective of relative motion of
the source and the observer, goes
against common sense; “You can-
not add to a velocity and get back
the original velocity”. The fact
that the famous law of addition of
velocities that is derived from
Einstein’s Theory, namely

utv

= s (1)
1+
c
reduces lo the usual w = u+vwhen
u and v are small and yields w = ¢
when u = ¢ for any v, is regarded
simply as demonstrating that the
algebra is consistent but not as
answering the problem.

Basic kinematics —-mass and
energy

We can take the mystery out of
relativity if we start again with
traditional Newtonian concepts
plus a law stating that ‘energy has
inertial mass’. This is a much more
reasonable proposition to accept
than the usual one about the ab-
solute nature of the speed of light.
We argue that if something in-
creases its energy by virtue of
motion, heat content etc., its mass
will also increase and it will re-
quire a greater force to accelerate
it. The idea of conservation of ener-
gy and mass is satisfied if the
increase of mass is directly pro-
portional to added energy, that is

(

 nass ):(constant,)\)x(.energy)
increase increase
On the basis that nature is essen-
tially simple we use this very
simple relationship.

Suppose we take any object, for
example a brick, of mass m,, place
it (at rest) on a long smooth
straight table and apply a constant
force I to accelerate it along the
table. When the brick has moved a
distance x the force will have done
work Fx on it equal to the increase
in kinetic energy. This increase of
energy Fx appears as an increase
in mass AFx; the brick gets more
massive and its acceleration re-
duces. According to Newton, force
is rate of change of momentum, so

Consider now the two laborator-
ies L; and L, moving with relative
velocity V and both observing the
same brick under prolonged ac-
celeration. Even if the accelera-
ting force is different according to
1, and L, we conclude that both will
observe the brick to approach the
same asymptotic speed ¢ VN,
Hence we have the situation that
¢ + v gives ¢! Notice that the
concept of light has not yet been
introduced, nor the principle of
relativity, except as it is embodied
in Newtonian mechanics.

Light and the ‘impact theory’

The previous section explained
that as the clock is accelerated
relative to 1, it is observed to go
more slowly according to equation
6. Ultimately on approaching the
velocity ¢ its mass would become
infinite and it would cease to go
round. As seen by L;, any two
events (x,, ty),(Xs, ty) on the path
of the moving clock at the origin of
L, are such that

X, —Xg=clt; —1y).
But as seen by L.,
X1=x5,=0and t; —t5=0.

Both events are at its origin.
Hence in the limit according to L,
spatial separation is zero and time
separation zero: they are the same
event!

A photon of light is considered
to be a particle of zero rest mass
moving at speed ¢, hence the two
points on its track corresponding
to its creation and absorption are
the same event as observed by the
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photon. Consider for example the
photon created as an electron in a
lamp filament is slowed. It is seen
at a photocell by knocking out
another electron. According to our
analysis the emission and absorp-
tion of the photon are the same
event. The energy exchange can
therefore be regarded as a “Direct
impact” between the electron in
the lamp filament and the elec-
tron at the sensor. The whole
history of the photon is one event!

Simultaneity and measuring rods

It is essential to understand that
the length of any object must be
defined in terms of simultaneous
measurements at the ends. It is
therefore necessary to be clear
what is meant by simultaneity or
synchronizing clocks. This is
another area of misunderstanding
in writings on relativity.

The experiementer in 1, syn-
chronizes identical clocks at A and
B by sending a pulse of light from
A to B and reflecting it back to A.
Then half time between start and
finish at A is attributed to the
reading of the clock at B when the
reflection took place. In this way
any number of stationary clocks
can be synchronized in the system
fully consistently.

The experimenter in L, moving
at speed v relative to 1.; would go
through similar procedures for
clocks fixed in the frame. While
the experimenter sends a signal
forward from C to D which is
reflected -back to C in Ly, the
position of C in 1, moves. Hence

Michael Butterfield works on the
system dynamics and control at
UKAEA, Winfrith, and is a visiting
professor in the School of Elec-
trical Engineering and Applied
Physics, City University, London.

we have established) the speed of
light is constant in 1.;, 1., registers
the reflection at D after half time.
Measuring the length CD, 1., will
see it to be shorter than L, since 1,
registers the simultaneous posi-
tion of D with half time somewhat
earlier than 1.,. This foreshorten-
ing corresponds to the Fitzgerald
contraction (ref.2) which was sub-
sequently explained by relativity
theory and this analysis also
shqws the length ratio to be (1-v*
c*)

Notice that this result is consis-
tent with the effects of motion on
clocks described earlier. Since 1,
sees a measuring rod in L, as
shortened, its ends will pass a
point in 1, more quickly than if
the rod had its full length. Alter-
natively, as explained earlier for a
series of events at a fixed point in
L, L; will record a shorter time
interval than L, which is a consis-
tent result. This foreshortening is
also consistent with the direct
impact experienced by a photon,
since at the speed c, the photon
sees everything else foreshortened
to zero length.

d dx

F:%[mdd—t] :a[(mm—F)\x)E] (2)

This equation is easily solved for x
as a function of timeé and gives
position,

_ —myt \/m()2+Fz)\t2
x= FA

>

according to 1, the length of the and speed,
first leg from C to D is greater dx Ft
than the return distance from U=a=ﬁ (3)
reflection at D back to C. Since (as m,*+FAt®
0
~ o Q8%
ger*
- ///
- e
More ENERGY
HAS
more MASS
-7 7 /" As clock moves faster
along table balance wheel
becomes heavier and clock ticks
- more stowly
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RELATIVITY

This result has the remarkable
property that as t becomes very
large _ the speed tends to
Ft/ VF*At*=1/ VA but this speed is
never actually reached. This
limit-

ing speed is independent of the
initial mass of the brick or the
force applied to it, i.e. no material
body can be taken beyond (or even
quite up to) the speed 1/ VA. If we
call this limiting speed ¢ then
A=1/c? and therefore

ener; mass B
(. gy):(_ )><cz (4)
mcrease mcrease

Now since (3a) and (3b) give

2
_ my

1 u? mnz
T T mgt AT (mg+ FAx)?
and m=my+FAxasin(2), we get
Einstein’s formula:

mg

(5)

This mass, m, is what an ex-
perimenter standing by the side of
the long table would measure by
displacing the brick sideways, for
example.

Time and relative motion

Suppose now the experimenter
made a batch of identical clocks
with balance wheels of rest mass
m, and subjected one of them to the
accelerating force F. The balance
wheel of the moving clock would
become more massive as the speed
along the table increased and this
would alter its observed timing. In
practical terms we arrange for the
moving clock to spark and burn a
hole in the table every time the
balance wheel goes through the
central position. These ‘events’ are
then timed using the stationary
clocks synchronized by conven-
tional means, for example by send-
ing signals or projectiles back and
forth.

To quantify the motion of a
spring and balance wheel requires
relativistic knowledge which we
do not have at this stage of the
argument. But we can use a sim-
pler mechanism since, by New-
ton’s Laws of Motion, the time
spacing must be consistent with a
simple disc rotating about an axis
parallel to its motion on a friction-
less bearing. The mass and hence
the moment of inertia of the disc
both increase with speed according
to equation 5. To maintain con-
stant angular momentum the rate
of rotation must therefore reduce
as the speed u along the table
increases. If the disc made a mark
on the bench every time it com-
pleted a revolution, the time inter-
val between rotations would in-
crease as the disc moved faster
along the table. Hence as seen by
the experimenter

): (inttieI?\?al)u=O ©)

(5"
C2

If the force F is removed on
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reaching speed u the subsequent
motion will be uniform and the
speed u of the brick or clock could
have been reached via any
appropriate history.

Consider now the situation as
observed by a second laboratory 1.,
moving with constant speed u
relative to the first laboratory 1.,.
The disc was initially travelling
backwards at speed u relative to
Ly, as seen by L, it has been
brought to rest by a deceleration
force, given up its translational
kinetic energy and now has rest
mass m,. Again we can consider
the rotating disc marking both
tables as it completes each revolu-
tion. Initially when the disc is at
rest in 1, it will givé spark time
intervals T, and T”(l—uz/cz)]/Z
observed by 1., and Ly respectively,
but when at rest in L, the situ-
ation is reversed. Hence a clock
which is stationary in L, appears
slow to L, and a clock fixed in L,
appears slow to 1.,. These are two
different series of events, there is
no inconsistency as often pre-
sented to provide a reductio ad
absurdum argument against Ein-
stein’s theory of relativity. Both
observers see time behaving the
same way. It is not the case that
clocks are going both faster and
slower.

Conclusions to be drawn

1. The existence of light and the
absolute nature of its velocity ¢
and the time and space pro-
perties of the Lorentz trans-
formation follow directly using
Newtonian mechanics from the
simple proposition that energy
had inertial mass.

2. Along a path covered at the
speed c all events are the same
and the two ends constitute an
‘impact’ in that frame of refer-
ence. This provides an explana-
tion for electromagnetic radia-
tion and other actions at a
distance at the speed of light.

3. Frames of reference with veloc-
ity ¢ provide a mechanism
whereby every particle in the
universe can interact directly
with every other particle.
While this may seem far-
fetched we know that it occurs
in universal gravitation. An
explanation for gravitational
attraction may lie in the notion
that the further apart the in-
teracting particles are the
more energy is expected to be
in transit as we view it; and if
the energy of a system in-
creases as particles are sepa-
rated this shows as an attrac-
tion.

4. Since energy is conserved, this
continual exchange between
all particles may be the
mechanism that makes univer-
sal constants universal.

5. The idea that the space-time
track of a photon is one event
yields the concept of a ‘spatial-
ly distributed single event’. It

is not reasonable to consider a
fundamental particle such as
an electron as a point. The
concept evolved here enables
an interaction with another
particle to occur throughout
both as one event. The concept
therefore promotes a theory of
matter akin to quantum
mechanics.

6. The concept of a spatially dis-
tributed single event rational-
izes interference phenomena.
If, as it seems it must, the
photon goes through both para-
1lel slits then it is not obviously
a single quantum! We can fol-
low the ideas presented by
Feynman in ref.3 and consider
all. the conceptually possible
paths collectively as constitut-
ing one distributed event. We
say that the passages through
both slits in the interference
experiment are parts of one
event and any experiment that
we perform to look at this will
participate in the event.

7. While the ‘Impact theory’ de-
scribes light as ‘corpuscular’, it
also offers a possible explana-
tion for light to have a wave
nature at the same time.
According to quantum mecha-
nics particles are subject to a
quantization of angular
momentum or spin reversal of
h/2w. If we can establish that
absorption of light entails spin
reversal then the Impact’ or
photon of light as we observe it
will have angular momentum
h/2x. If we attribute moment of
inertia I and angular velocity »
= 27v to the photon then it has
rotational energy:

Yolw?=a(Iw)w= 1/2.L 2v

2n
=14hy.

The Jore-shortening phe-
nomenon and a single-entity
concept for the photon leave
open the argument that the
photon has only two degrees of
freedom (rotation about and
translation along its line of
motion). If the total energy is
equally partitioned we explain
the required factor of two to
deduce E = hv.

8. A different type of Impact’ or
photon (for example with
different or zero angular
momentum) would not be
absorbed by intervening mat-
ter in the same way as in point
7. This could explain the differ-
ence in character between elec-
tromagnetic radiation and gra-
vitation which is not influ-
enced by intervening matter.
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LOW COST C.A.D.

ATTENTION ALL ELECTRONICS CIRCUIT DESIGNERS!!
IBM PC, BBC MODEL B and SPECTRUM 48K

ANALYSER | and Il compute the A.C. FREQUENCY RESPONSE of
linear (analogue) circuits. GAIN and PHASE, INPUT IMPEDANCE,
‘OUTPUT IMPEDANCE and GROUP DELAY (except Spectrum version)
are calculated over any frequency range required. The programs are in
use regularly for frequencies between 0.1Hz to 1.2GHz. The effects
on performance of MODIFICATIONS to both circuit and component
values can be speedily evaluated.

Circuits containing any combination of RESISTORS, CAPACITORS,
INDUCTORS, TRANSFORMERS, BIPOLAR AND FIELD EFFECT
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated —
up to 60 nodes and 180 components {IBM version).

Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS,
AUDIO AMPLIFIERS, LOUDSPEAKER CROSS-OVER NETWORKS,
WIDE-BAND AMPLIFIERS, TUNED R.F. AMPLIFIERS, AERIAL
MATCHING NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated
by “‘breaking the loop”.

Tabular output on Analyser |, Full graphical output, increased circuit
size and active component library facilities on Analyser il.

Check out your new designs in minutes rather than days.
ANALYSER can greatly reduce or even eliminate the need to breadbord
new designs.

Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and
FREE update service.

Used by INDUSTRIAL, GOVERNMENT, and UNIVERSITY R & D
DEPARTMENTS woridwide. IDEAL FOR TRAINING COURSES. VERY
EASY TO USE. Prices from £20 - £195.

DRAUGHTING
BBC MODEL B

""DRAWER I'" enables quality drawings to be created, and modified,
quickly, easily and with the minimum of hardware. Positional input is
by standard joystick. All of the major mprogkam elements are written
in machine code giving exceptional speed of operation.

Drachwith OARER \ Fram Ko 1 SurTeie

15 *

FEATURES

v Rubber Banding for drawing lines.

# Solid or Dotted lines types. ¥ BBC Model B.

v Circles, arcs and partial or complete v Single or Dual Disc Drive — 40 or 80
elipses. track.

¥ Vertical or Horizontal Text. % T.V. or monitor.

¥ Pan and Zoom. . ¥ Games Joystick with “fire button”

s Merging of drawings and library symbots % Dot Matrix Printer (Epson 80 series or
from disc. Epson compatible — BBC default mode

¥r Snap to a user defined grid. preferable).

¥ Absolute or Relative cursor co-ordinates

=

displayed on screen.
Output to standard dot matrix printer.
price from — £45 ex VAT,

For further details please write or phone quoting Dept W.W.

9A Crown Street, St lves, Huntingdon, Cambs. PE17 4EB.

Numilber Ome Systems 1LGd) 1

Telephone: St lves (0480) 61778 Telex: 32339

CIRCLE 40 FOR FURTHER DETAILS

TURN YOUR COMPUTER INTO
A REAL TIME IMAGE PROCESSOR
WITH THE IMAGE Ill FRAME STORE

&
R T b ?

IMAGE 1!l is a high resolution Frame Store which can capture and display pictures in real time from
any 625/525 line video source. Once captured in 512 x 512 frame memory, the computer can access
the stored image for processing or manipulation. The store utilizes 6 bit A/D and D/A converters to
give up to 64 grey levels per pixel. A major feature of this store is that if a lower resolution picture is
selected then the store can be partitioned to store muitiple pictures, e.qg. for 256 x 256 resolution,
four pictures can be stored. This allows the computer to compare two or more pictures captured
from the same or different video sources.

The IMAGE Il Frame Store turns your computer into a low costimage processing system and opens
up arange of possibilities suchas Robotic Vision, Medical imaging, Factory Inspection etc. Alternat-
ively the store can be usedin applications where picture data is arriving slowly, €.9. weather satellite
transmissions, ultrasonic imaging, enabling the user to have a steady display without the need for
long persistence display devices.

IMAGE Il is available for the IBM PC, Appie and BBC computers. The interface card connects directly
tg the expansion ports of the computer and software is supplied which demonstrates the features of
the store.

Price: £1,990.00

NEW: — IMAGE PROCESSING SOFTWARE FOR THE IBM AND BBC
These user friendly software packages offer powerful image processing routines like noise reduc-
tion, measurement analysis. edge enhancement, contrast stretching, histogram of grey scale.
Price: £590.00

COMPLETE IMAGE PROCESSING PACKAGE
Containing IMAGE I, Camera, Video Monitor and Image Analysis software for BBC or IBM PC.

Price: £2990.00
All prices exclude V.A.T. and delivery.
FOR FULL SPECIFICATION CONSULT THE IMAGE PROCESSING SPECIALISTS

ELTIME L"'D Unit D29, Maldon Industrial Estate, Fullbridge Maldon, Essex CMS 7LP
¥ u Tek 062159500 .

Toroidal & E.I.

Transformers

A

range of quality toroidal and laminated
transformers at highly competative prices
Quantity Prices and delivery on request.

MAIL Order Price List
(prices inclusive of VAT & Postage)

s manufacturers we are able to offer a

E.l. transformers
{(clamp)
6VA 2.90, 8VA 3.40,

. 12VA 4.20, 15VA 4.75,
Toroidal transformers 5VA 5.40, 50VA 6.50,

15VA 7.95, 30VA 9.18, ' T00VA 13.02.

SOVA 10.18, BOVA 11.36, Available in the following

;%2&2 1%'(5)1}1\13%\6\7 ;\1:'72%4 voltages: 6-0-6, 9-0-9, 12-0-12, 15-
2 . -04, 0-15, 20-0-20, 25-0-25. Pri 240

500VA 2210, 625VA 24.66, 1%, 20:0-20, 25.0-25. Primary

750VA 28.75, 1000VA 44,82. - -

Available from stock in the Printed circuit

foliowing voltages 6-0-6, 9-0-9, mounting

12:0-12, 15-0-15,

18.0-18, 22.0-22, 25:0-25, 30-0-30, ;’V"’:Zg‘;”g\?’fé gs"')

35-0-35, 40-0-40, 45-0-45, 50-0-50, BVA 876 1oV Ad s

:):i?ﬁgrz)?’ﬁ%o\fg}’ﬁx 10amp) Available in the folowing

Also available 1k2, k5, 2k, 2k5, voltage: 6.0-6, 9-09, 12-0-12, 15.0-

3k. Prices on request. 15, 20-0-20. Primary 240 volt.

Portable isolating »

transformers =
{nput 240 output 110V. IT )
rating continous/tool i
500/750VA 53.84,

Auto transformers
240 volt input 115 volt
USA socket outlets

1000/1500VA 72.57,
1000/1500VA 76.59,

{fully shrouded) 1500/2500VA 85.54.
150VA 11.00, 300VA 15.00. Input 240 output 240
500VA 27.00, 1000VA 34.00, 250/400VA 57.40,
1500VA 48.00. 2000VA 53.00 500/750VA 65.25.
AIR - Air Link Transformers.

Unit 6, The Maltings, Station Road,

LINK Sawbridgeworth, Herts. Tel: 0279-724425

CIRCLE 24 FOR FURTHER DTAILS
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1490 REMark
1500 REMark = FIRST SET THE DEFAULT POSITION & ORIENTATION, FOR THE *
1510 REMark * VIEWER. AND THEN DISPLAY (IN PERSPECTIVE) ALL THE BODIES. *

- 3 - H 1520 REMark
Software in QL Basic for producing and manipulat- 155
- - - 1540 YAW = O PITCH = 0 : ROLL = O
ing 3D wire-frame objects. 1550 COS_YAW = 1 : COS_PITCH = 1 : COS_ROLL = 1
1560 SIN_YAW = 0 @ SIN_PITCH = 0 : SIN_ROLL 0
. . . 1570 Cx =0 Cy =031 Cz = -10: D S
This program, and a more advanced one including features 1580 MODE 4 : PAPER O : INK 4 : BORDER 2,2 : SCALE 2,-1.4,-1
. - . 1590 REPeat VIEWING_LOOP
such as colouring and hidden-face removal - subjects of 600 ols e
s - - . 1610 TOTAL_ = .(0,0)
Hugh’s next article — can be obtained by sending £3 and a blank 1620 FOR'B - i To ToTAL paiEs
QL tape or £5 to Hugh Gleaves, PO Box 594, Muswell Hili, 1630  END FOR B
1650 GET_USER_COMMAND
London N10 3PF. 166Q END REPeat VIEWING_LOOP
1670 END DEFine
1680 =
220 REMark 146%0 REMark
230 REMark * THIS 1S THE MAIN PROCEDURE ‘SETUP'. IT IS INVOKED WHEN THE # 1700 REMark * THIS PROCEDURE TARKES A BODY NUMBER, AND THEN PERFORMS THE #
240 REMark * USER WISHES TO ADD ONE OR MORE BODIES TO THE PRESENT 3DAE. * 1710 REMark # REGUIRED PROCESSING TO DISPLAY THE BODY IN PERSPECTIVE. *
250 REMark * WHEN INVOKED THE PROCEDURE WILL LOCATE THE NEXT FREE ENTRY # 1720 REMark
260 REMark * IN THE 3DAE , AND INSERT THE DATA FOR THE NEW BODY/BODIES. # 1730 :
270 REMark 1740 DEFine PROCedure DISPLAY_BODY (No)
280 = 1750 TOTAL_POLYS = BODY%(No,0)
290 DEFine PROCedure SETUP 1760 FOR P = 1 TO TOTAL_POLYS
300 DEFINE_DATA_BASE 1770 DISPLAY_POLY (BODYZ(No,P))
10 FOR BODY_NO = START_BODY TO END_BODY 1780 END FOR F
320 DEFINE_BODY (BODY_NO) 1790 END DEFine
330 LIMIT BODYZ (BODY_NO, Q) 1800 :
340 FOR I = 1 7O LIMIT 1810 REMark
350 DEF INE_POLYSON (BODYZ ¢(BODY_NO, 1)) 1820 REMark * THIS PROCEDURE TAKES A POLYGON NUMBER, AND THEN DRAWS THE #
380 END FOR 1 1830 RiEMark # POLYGON IN PERSPECTIVE . *
370 FOR I = 1 TO LIMIT 1840 REMark
380 VERTEX_LIMIT = POLYX(BODY%(BODY_NO,I),1) 1850 :
3%0 FOR J = 1 TO VERTEX_LIMIT 1840 DEFine PROCedure DISPLAY_POLY (No)
200 DEFINE_VERTEX (POLYZ (BODYY% (BODY_NG, 1) ,3+1)) 1870 TOTAL_VERTICES = POLY%(No,1)
410 END FOR J 1880 FOR V = it TO (TOTAL_VERTICES - 1)
420 END FOR I 18%0 PROCESS _VERTEX POLYX(No,(V + 1)),1,J
430 END FOR BODY_NO . 1900 PROCESS_VERTEX POLYZ(No, (V + 2)),M,N
440 {AST_SCREEN 1910 LINE I,J TO M,N
450 END DEFine 1920 END FOR V
460 3 1930 PROCESS_VERTEX POLY%(No,2),1,J
470 REMark 1940 LINE I,J TO M,N
480 REMark * THIS PROCEDURE IS INVOKED IN ORDER TO RE-CREATE THE ARRAYS * 1950 END DEFine
490 REMark # USED TO STORE THE DATA-BASE, ITS INVOCATION WILL RESULT IN * 1960 @
500 REMark * THE COMPLETE DELETION OF THE PRESENT 3DAE. * 1970 REMark
510 REMark * THE PRESENT ARRAY BOUNDS ARE NOT CRITICAL. * 1980 REMark * THIS MODULE, IS USED TO PERFORMS ALL THE MATHEMATICAL *
520 REMark 1990 REMark * TRANSFORMATIONS NEEDED TO PRODUCE THE PERSPECTIVE IMAGE OF *
530 3 2000 REMark * A GIVEN VERTEX. *
540 DEFine PROCedure ERASE 2010 REMark
S50 DIM BODY%(10,20) 2020 :
960 DIM POLYZ(100,10) 2030 DEFine PROCedure PROCESS_VERTEX(No,Sx,Sy)
$70 DIM VERTEX(1000,2) 2040 LOCal X = LOCal Y : LOCal Z
580 DIM DEFINED(1000) 2050 TRANSLATE (No)
590 END DEFine 2060 APPLY_YAW
600 & 2070 APPLY_PITCH
4610 REMark 2080 APPLY_ROLL
420 REMark # THIS PROCEDURE QUERIES THE USER FOR THE NUMBER OF BODIES HE * 2090 Sx = PERSPECTIVE(X)
630 REMark * WISHES TO ADD TO THE EXISTING 3DAE, AND ALSC DETERMINES THE * 2100 Sy = PERSPECTIVE(Y)
640 REMark * START AND END BODY NUMBERS , FDR THESE BODIES IN THE 3DAE. * 2110 END DEFine
450 REMark 2120
b60 ¢ 2130 REMark
670 DEFine PROCedure DEFINE_DATA_BASE 2140 REMark * THE FOLLOWING FIVE PROCEDURES PERFORM THE FIVE SEPERATE K
680 MODE 8 : PAPER 1 : INK 7 : CLS5 : BORDER 3,2 : PAUSE 40 2150 REMark * OPERATIONS REQUIRED FOR 3-D IMAGE PROCESSING. *
4690 AT 1,1 : PRINT 'YOU ARE DEFINING THE 3DAE. 2140 REMark
700 AT 3,6 : PRINT "HOW MANY BODIES® 2170 3
710 AT 4,6 1 INPUT 'DO YOU WISH TO ADD ? °;ADD_NUMBER 2180 DEFine PROCedure TRANSLATE (No)
720 START_BODY = BODYZ(0,0) + 1 2190 X = VERTEX(No,0) - Cx
730 END_BODY = START_BODY + (ADD_NUMBER - 1) 2200 Y VERTEX (No,1) = Cy
740 BODYXZ{(0,0) = END_BODY 2210 2 = VERTEX(No,2) - Cz
750 END DEFine 2220 END DEFine
760 1 2230 DEFine PROCedure APPLY_YAW -
770 REMark 2240 LOCal TX
780 REMark % THIS PROCEDURE ALLOWS THE USER TO DESCRIBE A BODY IN TERMS 2250 TX = X * COS_YAW + Z #% SIN_YAW
790 REMark * OF ITS FACES, WHICH ARE REFFERED TD AS POLYGONS. * 2260 Z =7 % COS_YAW - X * SIN_YAW
800 REMark . 2270 X = TX
810 : 2280 END DEFine
820 DEFine PROCedure DEFINE_BODY (No) 2290 DEFine PROCedure APPLY_PITCH
830 L0Cal I : LOCal POLY_No : CLS : PAUSE 40 2300 LOCal TY
840 AT 1,1 : PRINT ’'YOU ARE DEFINING BODY NUMBER ‘&No 2310 TY =Y * COS_PITCH + Z * SIN_PITCH
B850 AT 2,6 3 INPUT "HOW MANY POLYBONS ? ‘3 POLY_No 2320 Z =1 % COS_PITCH - Y % SIN_PITCH
840 BODYZ(No,0) = POLY_No 2330 ¥ = TY
870 AT 3,6 3 PRINT "THESE ARE :~" 2340 END DEFine
880 FOR I =t TO POLY_No 2350 DEFine PROCedure APPLY_ROLL .
890 AT 4,46 : PRINT "POLYSON No . 2360 LOCal TX
200 AT 4,17 : INPUT BODYZ(No,I? 2370 TX = X % COS_ROLL + Y % SIN_ROLL
910 END FOR I 2380 Y =Y % COS_ROLL - X * SIN_ROLL
820 END DEFine 2390 X = TX
930 = 2400 END DEFine
940 REMark 2410 DEFine FuNction PERSPECTIVE (VALUE)
950 REMark »* THIS PROCEDURE ALLOWS THE USER TO DESCRIBE THE STRUCTURE OF * 2420 RETurn (VALUE/ {1 + (Z/D}))
940 REMark # EACH POLYGON IN A GIVEN BODY, IN TERMS OF ITS VERTEX No's. # 2430 END DEFine
270 REMark 2440 3 .
80 2450 REMark
990 DEFine PROCedure DEFINES_POLYGON (No) 24460 REMark * THIS PROCEDURE IS USED TO OBTAIN THE CAMERA CONTROL DATA *
1000 LDCal I : LOCal VERT_NO : CLS : PAUSE 40 2470 REMark * FROM THE USER. A NULL ENTRY IS INTERPRETED AS NO CHANGE. *
1010 AT 1,1 = PRINT 'YOU ARE DEFINING POLYBON ‘&No 2480 REMark
1020 AT 2,6 : INPUT "HOW MANY VERTICES ? ‘;VERT_NO 2490
1030 POLYZ(No,1) = VERT_NO. 2500 DEFine PROCedure GET_USER_COMMAND
1040 AT 3,6 : PRINT ‘THE VERTEX Nos ARE :i—" 23510 CLS #0
1050 FOR I = 1 TO VERT_NO 2520 AT 1,1 = PRINT ‘YAW > T&YAW
1060 AT 4,6 : PRINT 'VERTEX NUMBER 2530 AT 2,1 : PRINT 'ROLL ==> ‘&ROLL
1070 AT 4,20 : INPUT POLY%Z{NO,I+1) 2540 AT 3,1 : PRINT 'PITCH => "&PITCH
1080 END FOR I 2550 AT 4,1 : PRINT ‘X = "&Cx
1090 END DEFine 2560 AT S,1 1 PRINT 'Y = "&Cy
1100 = 2570 AT 6,1 @ PRINT ‘'Z = ‘&Cz
1110 REMark 2580 AT #0,1,1 : PRINT #0,'YAW 7
1120 REMark * TH1S PROCEDURE ALLOWS THE USER TO DEFINE EACH VERTEX IN * 2590 AT #0,2,1 : PRINT #0, 'PITCH ? °*
1130 REMark * THE BODY. THE USER 1§ ASKED TO SUPPLY THE 3 DIMENSIONAL * 2600 AT #0,3,1 : PRINT #0, 'ROLL 7 *
1140 REMark * CARTESIAN CO-ORDINATES OF THE POINT IN THE 3DRAE SPACE. * 2610 AT #0,1,15 : PRINT #0,°'X ? *
1150 REMark 2620 AT #0,2,15 : PRINT %0,°'Y 2
1160 = 2630 AT #0,3,15 : PRINT #0,'Z ? °*
1170 DEFine PROCedure DEFINE_VERTEX (No) 2640 AT #0,1,9 @ INPUT #0,YAWS
1180 1IF DEFINED(No) THEN RETurn 2650 AT #0,2,9 : INPUT -#0,PITCH$
1190 CLS : PAUSE 40 2660 AT #0,3,9 : INPUT #0,ROLLS
1200 AT 1,1 : PRINT ‘VERTEX DEFINITION’ 2670 AT #0,1,19 INPUT #0,X$%
1210 AT 3,6 : PRINT ’'YOU ARE DEFINING VERTEX No ‘&No 2680 AT #0,2,19 INPUT #0,Ys$
1220 AT 4,46 : PRINT "ENTER IT’'s CO-ORDINATES” 2690 AT #0,3,19 &t INPUT #0,Z%
1230 AT 5,8 : INPUT ‘X "3 VERTEX (No,0) 2700 :
1240 AT 6,8 : INPUT Y “3VERTEX (No, 1) 2710 REMark
1250 AT 7,8 : INPUT ‘Z ‘3 VERTEX (No,2) 2720 REMark »* TEST EACH INPUT FIELD, AND UPDATE ONLY *
1260 DEFINED(Ne) = 1 2730 REMark * THOSE ITEMS ENTERED BY THE USER. *
1270 END DEFine 2740 REMark
1280 : 2750 1
1290 REMark 2760 IF YAWS <> °° THEN
1300 REMark # THIS PROCEDURE SIMPLY INFORMS THE USER THAT THE TASK OF * 2770 YAW = YAW + YAWS
1310 REMark # SETTING UP THE 3DAE 1S COMFPLETED. * 2780 COS_YAW = COS(RAD(YAW))
1320 REMark 2790 SIN_YAW = SIN(RAD(YAW))
1330 : 2800 END IF
1340 DEFine PROCedure LAST_SCREEN 2810 IF ROLLS$ <> °° THEN
1350 CLS : PAUSE 40 2820 ROLL = ROLL + ROLLS
1350 AT 1,1 : PRINT 'YOU HAVE FINISHED DEFINING * 2830 COS_ROLL = COS(RAD(ROLL))
1370 AT 2,1 : PRINT "ALL THE BODIES. ‘ 2840 SIN_ROLL = SIN(RAD(ROLL))
1380 END DEFine . 2850 END IF
13%0 : 2860 IF PITCHS® <> '~ THEN
1400 REMark 2870 PITCH = PITCH + PITCHS$
1410 REMark * THIS PROCEDURE ALLOWS THE USER TO VIEW THE ENTIRE 3IDAE IN = 2880 COS_PITCH = COS{(RAD{(PITCH))
1420 REMark * PERSPECTIVE. THE 3DAE SHDULD PREVIOUSLY HAVE BEEN BUILT BY * 2890 SIN_PITCH = SIN(RAD(PITCH))
1430 REMark * USING THE PROCEDURE 'SETUP”. * 2900 END IF
1440 REMark * THIS PROCEDURE PROMPTS THE USER FOR CAMERA COMMANDS, SEE * 2910 IF X¥ <> °° THEN Cx = Cx + X%
1450 REMark * THE FULL ARTICLE FOR DETAILS. * 2920 IF Y& <> ' THEN Cy = Cy + Y%
1460 REMark 2930 IF I$ <> °° THEN Cz = Cz + I$
1470 : 2940 END DEFine

1480 DEFine PROCedure VIEW
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A coupon for ordering
smartWatch at our special
price appears on page 67,

The SmartSocket-
SmartWatchapplication
note published by Dallas
Semiconductor includes
an alternative software
listing in 8086 assembly
language,

sing SmartWatch

How to improve your computer’s
timekeeping with our current special offer

dding a real-time clock
Lo a microcomputer sys-
tem equips it for a wide
variety of uses in equipment
control. And with Dallas Semi-
conductor=Smart Watch. clock
and calendar features can be
added to most types of micro

with little or no modification of

the hardware.

As an example. we show
here how to fit SmartWatch to
a BBC Micro. For further in-
formation about the facilities
SmartWatch offers. see page
27 of last month's issue.

The i.c. and its built-in
fithium battery are mounted
in a 28-pin Jedee socket which
also carries an SK-byte low-
power static ram. The module
will fit any of the sideways
ram rom expansion boards
sold for the BBC machine.
However. a small addition to
some such boards may be

% LHCTO0
1
I 2Mie 3
5 2 t______.»
Modfied OF
To
Smartwatch
— | sotiet
ut 21 )
——+5V
Modification THHLTO0
for the BBC

Microand
certain other
6502 systems.

46

nceded to enable the computer

towrite to Smart Watch.
Details of the modification.
which may be found necessary
in certain other computers, are
shown in Fig. 1. [ts purpose is
to stop the ram’s output-enable
line (pin 22 of the 28-pin mem-
orv socket) going low during
write operations  a condition
which with ram is illogical.
The 74HCTO0 may be soldered

piggy-back fashion on top of

some other small dil device, its
unused input pins connected to
OV or5V. Do not be tempted to
substitute a 74C00 or a stan-
dard 4000 series c-inos device -
these are unlikely to have
sufficient drive capability.

Software

The first listing, in BBC Basic
and assembler is for setting the
clock. To gain access to the
clock it is necessary to wrife an
unbroken sequence of 64 in-

itialization bits to the b, line of

its socket. The sequence is held
in the program in packed form
as asel of eight bvtes which are
rotated one at a time and writ-
ten until every bit hax been
sent. The same procedure is
then used to write eight bytes
of time data to the clock. in
binary-coded decimal format.

The address we have chozen
for write operations is &8008.
In the Acorn rom format this
location holds a version num-
ber which can be disturbed
without ill effect.

For reading the clock the
initialization sequence is fol-
lowed by 64 read operations. A
suitable arrangement is shown
In our second program exam-
ple. which produces an
interrupt-driven date and 24-
hour time display in Mode 7.

The program makes use of
il

the vertical svne event of the
BBC Micro, a pre-packaged in-
terrupt which occurs every
20ms at the start of each fieid
scan. To keep the interrupt
service routine as short as
possibie the code is split into
two parts: a section which
reads the clock and stores the

b.e.d. time data at cight loca
tions in page zero, and a dis-
plav routine which formats it
and writes it direct to screen
memory.

A counter cflagh s de-
cremented every 20ms by the
event hancaler. When it
reaches zero the code branches
to the read reutine. On the
next event. the counter
reaches -1 (&FF: and the dis-
play routine i< called. This
routine end= by sctiing the
counter and <o fixing tne num-
ber ot events which must occur
before the next read vperation
begins. Since the svne event
occurs every 20ms. o value of
eight givex five read display
cveles per second.

When the computer is in a
display mode other than Mode
7. flag is set to a high value
which will ensure that the
clock is not accessed. 1t is cer-
tainly possible to use Smart-
Watch in other sereen modes.
but the display routine will be
slower.

The machine code fills just
less than a page and a half of
mermory: we have put it into
the upper half of the =oft key
buffer and the storage area for
characters 22.1-255 mpage &C
But by deleting those parts
which form the date display
thines 310-370, 100, 410, 110
460, 1120-1390 and 1760-
19501 yvou can reduce it to
under g page: or vou ¢an re-
move the display routine en-
tirely and have yvour program
extract the data direct from
piage zero.

Starting SmartWatch
SmartWatch is delivered with
its oscillator turned off. 1t can
be switched on by writing to
one of the device registers, Full
details. including logic levels
and read write timing, are
given in the data sheet sup-
plied with SmartWatch.

In this apphication. the reset
pin iz not used. The pin can be
disabled by writing to one of
the SmartWatch registers.
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10 REM x¥ Program "WATCHSET.BAS' to set SmartWatch ##* 630 LER A sKotste bios raght. U an pav 7
20 REM by Mertin Eccles and Richard Lembley 540 BFL wake upl sLoop until all erdht sent

30 REM Electronics and Wireless World, June 1456 BAN L wake upZ INX \Bump 1dent pointe

40 DIM unit (&) 660 CPX at sLast inin. bytetls

"FBY

REM Read byte. add. 1n Ko/t

50 osrdrm ramno in Y, date reft. 1n A 670 BNE wake _up
60 gocket%=8&D :REM number of sideways socket containing Smartwatch
70 SmartWatch=88008

End 1f last rmt. hyte
emble result as & bhytes in zera page

“Read 64 hytes

LOY #3 \Set bit counter to bitstl
80 PROCsetwatch:PROCassemble: CALL main: END DEX s“bump data polnne
90 : . BMI eventexl \End if last by te
100 DEF PROngweLuh_‘ J5R romrd \Get rom hyte in A
110 FORtime%=7 TO 1 STEP -1 LSR A vPut dats bit U an carry. then
120 READ unit$:PRINT"Enter the ";unit$: ROR dats, X put carry in H Or e
130 INPUT""unit(time%):REM Now convert it to b.c.d. tormat LEY rement bt ocoun
140 unit(timeX)=unit(time’s) MOD 10+1lekiunit(times) LIV L0) BNE readl COUNtEY 1S not
150 NEXT . BEU read \ 0
160 INPUT"Z4-hour or lz-hour clock (1Z/24) hour$ ceventh FHEF This routinge called at evely event

170 IF INSTRChours$,”12") THENunit(3)zunit(3)+uduy #4 1( 1t s verticel w
180 PRINT’"Press spacsher to start the clock.... eventend . 1t ot
190 IF GET
200 ENDPROC 0
N 210 DEF PROCassemble 4l re
# 220 DIM code% 100 NP
230 FORpass% = 0 TG z STEP 2z BhI
240 Px%=code® Hhi tlag Buamnp it el
250 { OPT pass% . XD resdok Wlier Pl
260 .data EQUD SBCAZIAUS “Bwer thatch fapees Aspiay Whea dis
270 EQUD &5CAZSACE “inlfisilzation hbytes o # 1ot Wbt sl ther
280 .time EQUB 0 & d G LY tead sore-n me
zZ90 EQUR unitely Yl .
300 EQUB unitosy G40 # ITOLT HilE
310 EQUE unLtes R e t rls
320 EQUB united it o LowZosc . o PE) s7F Wil er I
330 EQUE UL G4 tiay nelther
340 EQUE MOITin GO0 EvET ey
350 EQUE unie . S bk
360 .xtemp EQlib sTempatsry store for X registet P TaY
370 .ytemp EQUB SPemporary stors tor ¥ regisien Gu FLA Festore redqisiers
380 \Hrite 6 B time bytes: X opoint T At L0 a5
390 .maan I rupts to avord Ttouble with Reeh Luln LA
400 te tiret LmartiWarch Tazu . . PLE
413 »ruum‘ [ e [ b
420 .write 2.4 Let dets byte 41 PlH o Toliie oo , 5
430 et bt cnunter to Lytsel il,:?,r] display LUA 1{"‘1:‘ o }:'—évl i l}“ﬂ
440 .writel sTa SALLEe Dyte TO s w. tol Ales 1060 Lo et
450 vEY ShmCcremEnl b1t ocounter L SRR LE
460 BEY wre Etd or next hyte tesi 11 eeio v ferivl
: 2 Fatate bits raght, 0o bt 7 PO
et Lest bt 1zt
LEonut Last. luap bauk 11 ekt ZeT 1oop counter
data poltiter L1110 L phanres:
data hytev] s 1
Ak 1L not last data hyie 1
530 .wrend e Literrupts |
540 toBasLe I nrte of year
A50 “\Read a byte from si : - ispiay ir
3 Fomy W ore
;sg Lromyd ; ::i: o et STYING ponte
580 GEF cRom read odilie Pont Iyt aliow for day
590 Sodnorn i display
the week
string
e white
600 LUA b Taad addiess Lal byte Si,f:”r:":‘.‘.en
:l[L: :;':Av L] wp display painter
Z0
630 J5R Sraw tom, tesuit i A or the month
640 Lbx AN ring pointer
654 Lby wanths
6B KT Al ot data g A P offset for display pesition
670
680 NEXTpass®
650 ENDFRC 3
Locicawn TDoTne wanth. day of Lhe week 010 Clnr
10 REM *k¥ Prugram WATCH.BAS tc read SmartWatch xxx = ;n; month String
20 REM by Martin Eccles end Richard Lombley b counter -
30 REM Electrenics and Wireless worid, June 1966 t1me spacer character
40 REM Reads SmartWatch and pokes Mode 7 screen Yy
50 REM with date and time rcur clock display)
60 socket%=&D :REM number £ 2 holding SmartWatch y
70 osrdrm=&FF FFF4:eventv=82i0 -
80 flag=&d45: s F:datat&88: daymosaF 8
S0 REM LQLBthﬂS above EBssic, Comal and Usl.Z
il tove 1t necessary
setflag

120 Pxw=code
130 [ OFT pass%
140 .setup

sosubroutine

ave contents of

5 Lrvamrd ‘rrr'n rom
160 \event vectar and
170 sredirest 1t to
L&l «FF \point at
190 ew code
201
210
220 1mu0 ched 1 and displey
3l 161U
2490 #14 Enable vertical sync event 1620
250 #4 ¥FX14 .4 To kill display
260 wsbyte e ¥FX14.4 or Break
z70 “Ex1t ta calling program
2t lebu
290 .init EQOUD EHCAIZACS \Smarthstceh init. data: 1670 sanid
b 300 EQUD WHCASIACH ~64 bits packed into ¥ bytes 1680 sEump dispi
510 . banner EUUB \&lpha blue 1690 sRetyieve byte
120 ECQUB &0 sNew background 1700 \Ha k off bres 0-3
330 EQUE &84 “Alpha magents 1710 Convert o Ascll
340 EQUS “SmartWatch” 1720 \Wyite to screen
350 EQUB 130 \Alpha green 1730 sBump displey pointer
’ 360 - EQls "19r N\Year display 17410 sand exit
370 u NEnd of string TIE0
380 . xtremp 0 \lemporasry parking 1760 . showchars \Displevs text strings for dey and month
12U yTenp v 1770 STA xtemp “High bit of A will be clear
40u \Don’r separate the next four lines 1780 ASL A thrs clesrs carry.
410 Jmonth
420 . sep EQUB \to display time in yellow ALC xtewp sfulriply ¥ by 3 to point at
430 EQUS \separators for time display Le Nat correct part of string
440 EQUS 'IanFebHaxAperyJuanlAUQSepuxtNovDeu 1t to besic string pointer
450 \Don’t separate the next four lines - that ¥ andex can be used both
460 | dweek Nto load characters and to poke them
470 .oldev EQUW [l “Return address to go here AbC #U

EGUB @ “Spare, but don’t remove! GTA daymo+ 1
EQUS "SunMonTueWadThuFriSat” 1860 LDA #1354 “alpha
\Next routine calls the clock and reads it 17U STA (gcreent Y Write to zoreen
.readck #SmartWatch AND A&FF \Set up pointer for 16 INY “Bump dispiay paLnrey
STA &F6 \osrdrm to look at address 189U LBK ##2 “Ready to dy davsmanth

530 LDA #SmertWatch DIV &10U \within SmartWatch 1900 . pdaymo Lha (daymo) .Y NReed trom dey.

a40 3TA &F7 13149 STA (screen).y \Write to

50 JSR romrd “Resd hyte first to reset SmartWatch 1920 INY sBump sersen pointe
560 \then write 64 bytes to activate it 1930 DEX ~Bump

570 LDX #0 \Point to lst init. byte 1940 BPL pdaymo shone ali s
G980 . wake up LA mt,X N\Get 1nitialization byte 1950 RT3

Ll LDY #8 \Set bit counter to bits+l vss )

600 .wake_upl STA Smartdatch \Write byte to am #res 1970 NEXTpa

610 DEY \Decrement bit count 1980 OuCLIC MARTWAT VG "+57TRS codes

520 BEQ wake _up2 \End or next byte test 1f zero 990 CALL setup:udl 7 PRINT
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~ 16bitZ80 direct memory access

Thlh circuit allows 18bit direet .

comemory access (dipa to and
- from 16bit yoand Z80 memory.
o Memory of the'Z801s -

- logicallys, tintotwo-a
- lew-order bi .k accessed when
o Ay islow and a high-order

" block accessed when Ay is
, hlgh Inthisway thec.p.u. sees
~asingle 128Kbyte memory.
“ The 245 buffers and write
o 'mufhpltﬂ{orpmvent bus .
conflict duringnormal e.p.u.

*addressline A is multiplexed
with Z80line A«toensurea

“ullvefresh cyclo ’

-~ Memory-management umt
“m.m.u. maps the 128Kbyte

. dataram and program rom’

- raminto the 64Kbyte logical

sre.pou. address range. Data vam’

© ismapped as four 32Kbyte
s blocksin theupperha]tof the
Z80 address range, sclected by
oo writing the block numbez to- -
: ;\tho oo lateh. ‘ B
“Aninvertediin sxgnal is.

toproduce an early-writecycle

““onthe d-ranisto be connected -
Lu;,,cthel
During ¢.p.u. accesses, A&O
; lme Agswitches the write-
“2i- enable signal between high
i+ and low-order rams, When
e d.m.a. auesmsgmntc,d this

. operation, During refresh, Z80 '

{ ‘used by the write-multiplexer

‘which allowsmput/uutput pins
< goeslow.

Wit BUSING, m's,\K ete, but its
address bus is shifted up by one
sothat the d.m.a. controller Ay
isthe Z80 A, ote. Inthisway,

. thecontrolier seesonly 64K of

16bit wide ram.
Divect connection is used for
‘linking.the low-order data bus

- and controller: High-order
. datalines connect Lo an 8bit
*‘three-state latch controlled by
- thed.m.a. controllet (the hlgh‘
_order data latch). ,
‘Duringad.m.a. operation.
. the controller first reads the
data bus, either meméry or o,
“and stobes it intoan internal

“latch. Using awrite operation,

- thecontroller switches this

CIRCUIT IDEAS

B doldyed bv about 40ns by three
LSo7 buffers.
Controllex write ¢y clcb :

“high: Signal DMAWT g(jes low,

resetting 1C.y, Qoutput which

puts high-orderdata fromits

latch onto the data bus.
Attheendofthe writecycle,

DMAWE goes high: removing
“the set condition from IC%
“Output Gof IC,, remains low

until the rising clock edge sets

¥

it high. This ensures stable

data at the rising edgeof. the o
“placedon Z80lines Ay ya.

 Wiisignal..

Nlatcheddataonto thedatabus -

‘tiiont) and strobes it mto the
“IMemory or to.

" Assume that TUSEG has been »

asserted, bus-release granted
Jand thut GUSAR isactive. The
¢ontroiler starts'a memory-

“ vead ¢ycle, outputof IC, goes’

low (DMARD Y, bistable device
1€y, reset isreleased and on.

the firstrising Ld;,e of clock (!y B

~b1xt;xble devme IC,;, Qoutput:

Address decoding, not

‘shown, should be :
straightforward; decoding Z80

A,; provides program rom,ram
and dataram selects by

N controllmg thet Asugna} B

'decode 280 Ay 15 although see k

- One T-state later, whichis

950ns at 4MHz, the rising .
clock edge raises I1C,, Q output

and sty obes datainto the high-

‘orderdatalatch.
_‘When the controller runs an

© A multiplexer ensures that the -
controller hassimultaneous
aceess to highand low-orderifo

Port decoding need not

note onsofiware., Links Ay zon
theZ80 are decoded to produce
"""""""" low and high-

”port R"'TW‘ fandd.m.a. chip-

enable.

Since the addresslines are
shifted, the internal registers
occupy two Z80 1/o ports each.

portswhend.m.a. accessis

(8000H), #LD(OFFFEH).

instructions. The Cregisteris

_controlereach appear twice

* since the controller address

~Tlines: are shifted. Apdrt from
} thxs, memory, 1/o source/
‘destination and length

.l registers can be Joaded

- normally, although asone

A

tow-order bytes,shbuid be :
lodded to even addressesand

high-order bytesto odd s
addresses. Both may be loaded:
into and from register pairsif .
the pairis given even
addresses,e.g. LDHL,

During accessto Vo ports
and controller registers, 780
A,; must be high. Thisiydone -
using IN vy, {Crand QUT (Crr

loaded with the port-address
and the Bregister with 8016
‘On execution of these .
instructions, the B xegxst(_r 1\ o

- Internal registersof the

d:m.a. word is two bytes. the
length and addresses should be
carefully caleulated. .
Using thed.m.a. contraller

as an interrupt could cause
problems since the IN
intruction cannot supply an
interrupt vector or sense an
RETI return-from-interrupt
instruction.

- Toproduce RAS, MpX and
AR, I recommend reading

- function isdisabled, allowing . i/o-read cycleitinsertsan | granted. ~John Adams’ first SC84
“writing o bothhxgh and low-  extraTstate-awaitstate— Softwareis slmphﬁcd xf the . computer articleinthe May
corderrams:- - - which'causes the cycle Lo start program is constrained tothe - 1984 issue of E&WW..

Conncetion of the d md. ‘ontherisingelock edge. To -~ . programareaonly anddatais - W.K. Todd '
_controflerto thec.p.u. control . ,pre»ent. thxsf:rst edgc tog’ghng passed by d.m.a. Tomaintain Colchester L
bus is .15 uxlml TORG, MIWQ,RD, AC nmmuus . ‘the low/high-order convention, Essex- " IR A
] MEMORY READ AND WRITE CY(LE 170 READ AND WRITE CYCLE
5 ' [ 'R ) | TR " T B [ PR B 1 W3
(totk 0 : CLOCK 0 JWL
BISAK L\ \ BUSAK "2 |
\ o / Port ud_d_r_e_s_s\ [
Aghrs mor address ; Ap—Als X = X
T RESETT Se— ‘ I Read port
. \
> |e-4Ons 100 —J
1€, RESET
z / DATA HODL
16,0 R
DATA HODL ) BHAWR
- Write fo port
OMAWR 1oy~ SET
10p-SET 105, -0
- DATA HOOL
o™ | S
\ I\ . — 5 * Data only stable on rising edge of WR
Read write L t Delayed OMARD
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CIRCUIT IDEAS

Automatic telephone recording on cassette

These improvements to
2 RLA Wynne’s circuit on page 75 of
1 the November 1985 issue
18 included indicator leds and
T 3 _ 3 diodes which stop tape running
0k - = but allow a standby indication.
LTol;l* The main improvementis that
700 the unit is powered by the
O tape-recorder low-voltage
{:'i)n(E Muskte fr . _I_ Audio Teieplr(lo?e supply.
soce -FOOn socke N. Cook Abbott
i) Ipswich
Suffolk
10k
5 5
—C O—C
I v Override switch
+ - | .
2 35 G I \I o /7 Red (off)
RLAq - vy
Tape A — 4 /
controt v IN&100 &/ Green {on)
T (x3) T
h 4
M+ O—e

Linear led voltage
indicator

The range of colours produced
by the three-colour led in this
arrangement gives a fair
indication of input-voltage
level.

This version indicates from
0Oto —12V asasmooth
progression from off through
green and yellow tored and it
can easily be modified for other
input ranges and polarities.
H.R. Banton
Manchester

V:

n

gt

Vi Green

ov

Red
Vin

Reliable LC
oscillator

LC oscillators can be
temperamental. Either they
require experimentation with
circuit values to make them
oscillate or they are
complicated.

This one is guaranteed to
work, tunes from 2-10MHz, is
stable and haslow harmonic
output. It would be ideal as the
v.f.0. for a transmitter or
receiver.

P.Hall
London

52

L is 50 turns, 30 swg
wire, on /% former

+6V stabilised

360

1001

1 5V peak-fo-peak

L to buffer
10p

(2N 3819

ov

Telephone-line
microphone
output

Thisis a very simple passive
audio take-off for recording
from a telephone line. It can be
shunted across the line at any
point and left in place if
desired. Normal working of
the telephone is unaffected.
Ringing current and line
surges are suppressed and it is
unlikely that the recorder will
be damaged; [ use the circuit
without the limiting diodes.

A G O A
'L 47n
% 33k
To
-+ microphane
%sw Y M
of recorder
éBBk
47n
B O— T OB

Good quality components
are essential and the
capacitors should have a 250V
direct rating. A 6002 1:1 ratio
isolating transformer can be
inserted between the output of
the device and recorder input if
required.

D. Brooks
London

Telephone circuits
Please remember thatin the UK,
all equipment for connection to the
public-switched network must
have BABT approval. BABT does
not consider circuit diagrams for
approval, only complete
apparatus, and the approval
process is expensive and time
consuming.

The approval systemis intended
to ensure that signals passed
down the telephone line are within
certain limits so that they do not
cause interference on other lines,
and to ensure that lethal voltages
can never appear on the telephone
line.

British standards relating to
connection of apparatus are given
inthe December 1985issue,
page77.
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CIRCUITMATE DMI0

MINIATURE DIGITAL. MULTIMETERS |

Borkrmaoan

e G WM E W NON N N

Small size,great accuracy,gigantic value.

raarle sest-mial

O Gl el G S HO N

This 314 digit multimeter hasa basicDCaccuracy
of 0.8%, compared with 3% of full scale on most
low-cost analogue instruments. For around £32.

Measuring only 4.75 x2.75 x0.95in, the DM 10
is light in weight and easy to carry in a shirt pocket.
It features DCV, ACV, Ohms and diode test, with
fuse protection on current ranges.

For an extra £3, model DM 10B gives you a

continuity bleeper, too. It’s part of a great range of

Circuitmate low-cost test instruments from

Beckman Industrial.

Please write for details.

Circuitmate by BeckmanIndustrial. Performanceata practical price.

Beckman Industrial Ltd., Queensway, Glenrothes, Fife, Scotland KY7 SPU. Tel: 0592 753811. Telex: 72135.

CIRCLE 48 FOR FURTHER DETAILS

LOOK AHEAD!

WITH MONOLITH MAGNETIC TAPE HEADS

DOES YOUR VCR GIVE WASHED OUT NOISY

PICTURES - ITS PROBABLY IN NEED OF A NEW
HEAD-FAST FROM OUR EX-STOCK DELIVERIES.
SAVE £££’s ON REPAIR CHARGES.

Our replacement video heads
fit most models of VHS or
Betamax VCR’s. Following our
replacement guide and with a
practical ability, you can do the
whole job in your own home
with our head replacement kit.

VMC-02 KIT ONLY £19.95 inc. VAT‘:- £2.50 p&p
)

(Kit does not include video hea

TELEPHONE US NOW FOR INFORMATION OF THE
REPLACEMENT HEAD FOR YOUR VIDEQO RECORDER.
CATALOGUE: For our full Catalogue of Replacement
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p p&p.
THE MONOLITH ELECTRONICS CO.LTD.
5-7 Church Street, Grewkerne, Somerset TA18 7HR, England.
‘ Telephone: Crewkerne (0460) 74321 Telex; 46306 MONLTHG

11 1 IIRRERRERREN I ]
T TR I L

CIRCLE 7 FOR FURTHER DETAILS
ELECTRONICS & WIRELESS WORLD JUNE 1986

ANSFORMERS EX-STOCK [

MAINS ISOLATORS
Pri/Sec 120Vx 2
(60 1000VA Tap Secs)
VA Price P&P

2000 95.01 6.36
3000 133.23 OA
6000 284.66 OA

*115 or 240V sec only.

4007440 to 200/240 CT

{60 1000VA Tap Secs)
VA Price P&pP
20 6.72 218
60 10.96 231
100 12.79 2.59

200 18.12 3.10
250 21.91 3.24
350 27.10 3.40

3000 133.23 OA
6000 284.66 OA

24/12V or 12-0-12V
2x12V Secs. Pri. 240V
12v. 24V Price P&P

03 A .15 278 1.10
1 .05 3.68 1.60
2 1 4.90 1.70
4 2 566 1.90
6A 3 8.87 2.05
8 M 4 10.37 2.10
0P 5 11.34 2.10
128 6 12.57 2.25
16 8 14.98 2.60
20 10 20.16 3.04
30 15 25.06 3.10
60 30 51.35 4.90
83 41 59.13 5.65
96/48V. Pri 2x 120V
Secs 2x36/48V
60.72.84.96.36-0-36V
or 48-0-48V
72/96 36/48V Price P&P
1 2 1031 199
2A 4 1696 254
3 M 6 2054 275
4P 8 26.22 289
58 10 37.22 3.70
6 12 4661 3.99
8 16 50.85 4.20

50/25V or 25-0-25V

2x25V Tap Secs Volts
availabte 5,7,8,10,13,
15,17,20,25,30,33,40.
20-0-20 or 25-0-25V
50V 25V Price P&P
0.5 1 477 1.76
1 2 580 1.90
2 A 4 1032 220
3M 6 1195 225
4 P 8 1634 2.58
6S 12 2080 279
8 16 2942 3.15
10 20 3491 3.60
12 24 4178 3.80

60/30V or 30-0-30V
Pri2x120V. 2x30V Tap
Secs. Volts available
6,8,10,12,16,18,20,
24,30,36,40,48,60,

24-0-24 or 30-0-30V
60v 30V Price P&P
0.5 1 542 1.85
1 2 826 1.91
2 4 1062 220
3 A 6 1535 234
4 M 8 17.50 255
5P 10 2212 278
68 12 2524 3.02
8 16 3548 3.65
10 20 41.30 3.99
12 24 4740 465

EQUIPMENT TYPES

SecV  Amp PriceP&P
3-0-3Vv. 0.2 3.26 .96
6x2 1AX2 3.121.30
0-0-9 0.1 2.72 .96
9x2 0.33x2 2.563 .96

89x2 5x2 3.531.30
89%2 1AX2 4.482.31
15x2 2x2 253 96
12-0-12 .05 3.11 .96
20x2 15x2 3.551.30
15-27x2 .5 5.881.70
15-27x2 1A 7.66 .50
0-CTx15V.6 2.66 .96

2.281.08

0-CT-15V 4A

ALSO VALVE MAINS
OUTPUT & MATCHING
TYPES

Stock items by return
WINDING SERVICES
3VATO 15KVA10OR3

phase Plus Toroidais

EDUCATIONAL METERS
Finger screw terminais
1.10A0t0.30V DC
78\89mm £3.98 each
50p P&P

30/15V or 15.0-1.5V
2x 15V Tap Secs. Voits
available 3,4,5,6,8,9,
10,12,15,18,20,24,
25,27,30 or 15-0-15V

30V 15V Price P&P
0.5 1 368 1.41
1 2 4.9% 1.70
2 4 8.07 1.92
3 6 9.35 210
4 A 8 1116 220
5M 10 13.80 2.31
6 P 12 1562 255
858 16 2090 260
10 20 2411 284
12 24 26.73 295
15 30 3075 3.51
20 40 4116 595

105,115,220,230,240V
For step-up or down
VA Price  P&P

80 558 1.70
150 8.09 1.85
250 985 1.98
500 1535 268

1000 27.42 3.25
1500 32.54 3.68
2000 48.66 4.62
3000 8274 5.72
5000 125.08 OA
7500 193.06 OA

22812 OA

10KVA

CASED AUTOS
240V Cable Input
115V USA socket outlets

Price P&P

20 7.94 1.76
80 10.79 1.87
150 13.97 2.20

250 17.02 3.02
500 27.92 3.19
1000 38.97 4.34
2000 69.84 5.28
3000 100.25 OA

PECIAL
0.210.240V. PRIMARY
14.8.0.8.14V SEC
20VA £3.45 .75PP.

. £1215.20

CONSTANT VOLTAGE

TRANSFORMERS 1%

Spike-free stable mains

£158.000/A
£201.93,,
£380.50 ,,
£590.95,,
£951.05,,
.E1173.00,,
.. £1470.00,,
.£1697.75,,

~£3480.00 ,
AVOs & MEGGERS
BMKB (iatest) £160.10

TT169 In-Circuit

Transior Test £68,40
Megger Batt £80.30
Megger Crank £132.50

Full range AVOs. Meggers
Fiuke. Edgecumbe

WW MODEM PROJECT
Transformers T1. T2
£7.59 pairinc VAT,P&P

METAL OXIDE 14w
5% RESISTORS .60/100
12, 20. 33. 47. 75. 390.
430. 5100. 560. 1K, 1K1,
1K3. 1K6. 1K8. 2K. 3K.
3K9. 15K. 16K. 24K, 27K,
39K. 656K, 82K. 100K,
110K. 120K, 130K. 150K.
2001. 220K. 270K. 300K.
10 values mixed £1/100

BRIDGE RECTIFIERS
1A 400V .32

2A 200V .52
35A 100V £3.00
12.5A 500V £3.62
ALSO VARIABLE AUTOS
1-75A Encl
PLEASE ADD 15% VAT TO

ALLITEMS AFTER P&P

BARRIE ELECFRONICS LTD
Unit 211, Stratford Workshops,

Burford Road, London E15 2SP
Tel: 01-555 0228 (3 lines)

CIRCLE 21 FOR FURTHER DETAILS
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BBC Computer & Econet Referral Centre -

AMB15 BBC MASTER Foundation computer 128K............cccovvvvereeerenn. £435 (a)
ANMB12 BBC MASTER Econet computer 128K (only ANFS). ...£348 (a}

A MC06 Turbo (65C - 02) Expansion Module ..£107 (b}
ADF13 Rom Cartridge ......... £13(b) ADF10 Econet Module

ADJ22 Ref. Manual Part 1.........£14.95 (¢} ADJ23 Ref. Manual Pal

ADJ24 Advanced Ref. Manual

View 3.0 User Guide £10(d)

BBC Dust Cover £4.50 (d) .. 1770 DFS Upgrade for Model B £43.50 {d)

ADFS ROM (for B with 1770 DFS & B Plus) £26 (d)

64K Upgrade Kit for B plus £35 (d)
ACORN Z80 2nd Processors £329 (a)

... 6502 2nd Processor £162 (b}

MULTIFORM Z80 2nd PrOCESSOT .........ocooiiiiisereiieisieitssia s re s £299 (b)
TORCH Z80 2nd Processor ZEP 100 £229 (a)
TZDP 240: ZEP 100 with Technomatic PD800P dual drive with built-in monitor stand.................... £469 (a)

(a}

META-ASSEMBLER. Both an editor and Macro-Assembler. Meta can assemble
most 65xx, 68xx, 6804, 6805/6305, 6809, 8048, 8080/8085, Z80,
1802 and more. Please phone for comprehensive leaflet. Meta-Assembler
£126(c}

We stock the full range of ACORN hardware and firmware and a very wide
range of other peripherals for the BBC. For detailed specifications and pricing
please send for our leaflet.

01-208 1177 Tecuvomatic Lo 01-208 1177

. DISC DRIVES

PD800P (2 x 400K/2 x 640K 40/80T DS) with built in Monitor stand.......c.curenvrecrnens £269 (a)
PD800 (2 x 400/K/2 x 640K 40/80T DS) £249 (a)
TD800 (as PD800 but without the psu) £225 (a)
TS400 1 x 400K/1 x 640K 40/80T DS €108 (b)
PS400 with psu 1 x 400K 40/80T DS £129(b)
3.5” Drives

1 X 400K/1 x 640K 80T DS

78351 £109 (b) PS35 1 With PSU..cnmmnmniminines £124 (b}
2 x 400K/t x 640K 80T DS

TD352 £199  PD35 2 With PSU..uevecmersreeseeernsssrrnnenns £219 (b)

3M FLOPPY DISCS

Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10.

57" DISCS

40TSSDD £10:50(d)
80TSSDD £14:75(d)

40TDSDD £12:75'd)
80TDSDD £16:00(d)

3'/," DISCS
80TSSDD £18(d)
80TDSDD £25(d}

FLOPPICLENE DRIVEHEAD CLEANING KIT

FLOPPICLENE Disc Head Cleaning Kit with 28 disposabte cleaning discs
ensures continued optimum performance of the drives. 51" £14.50(d)

DRIVE ACCESSORIES

Single Disc Cable £6 (d)
10 Disc Library Case £1.80 (d)
30/40 Disc Lockable Box £14 (c)

31" £16.00(d)

Duat Disc Cabie £8.50 (d)
30 Disc Storage Box £6 (c)
100 Disc Lockable Box £16(c)

PRINTERS & PLOTTERS

EPSON: LX-80NLQ ..o £195 (a) Optional Tractor Feed.........................£20 (c)
EPSON FX RANGE
FX85 (80 COlevvencncnreieemrerereccennenes £315(a) FX105(136c0))... ...£449(a)
EPSON JX80 4 colour printer ... ....£420 (a)
EPSON LQ Range: :
LQB00 (80 col) .. ....£495 (a) LQ1500 (136 col) 2K Buffer ... -...£875 (a)
LQ1000 ...£729(a) 32K buffer.. ....£950 (a)
TAXAN:
KP810(80COl) ......coovveecnene.... £220 (@) KP910 (156 €Ol) ....ccvecrcrnneceneee..... £379 (@)
DAISY WHEEL:
BROTHERHR15 .......cccocinnne ... £285 (a) JUKI 6100
CENTRONICS GLP (NLQ) Printer.......£108(b)  Tractor Feed. (
DOTPRINT + NLQ Rom for Epson.....£28 (d} ~ DOTPRINT Dual for MX Range.. £28 (d)
Epson HI-80 PLOTTER £325 (a) Integrex Colour Printer........ . 254
JUKI 5510 Dot Matrix Printer .. ...£229 (a) JUKI 5510 Colour upgrade. £98 (b)

PRINTER ACCESSORIES

We hold a wide range of printer attachments (sheet feeders, tractor feeds etc)
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices.

Plain Fanfold Paper with extra fine perforation (Clean Edge):

2000 sheets 9.5” X 11” £13(b) 2000 sheets 14.5" X 11" £18.50(b)

Labels per 1000s: Single Row 3;” X 1 7/16” £5.25(d) Triple Row 2-7/16" X 1 7/16" £5.00(d)

MODEMS
MIRACLE WS 2000
The world standard BT approved modem covering all standard CCITT and
BELL (outside UK only) standards upto 1200 baud. Allows communication
with virtually any computer system in the world. Expandability to Auto
Dial and Auto Answer with full software control enhance the considerable
features already provided on the modem. Mains powered. WS 2000 £102
{b), Data Cable £7(d),

NEW WS-3000 RANGE — the new professional series. All are intelligent
and ‘Hayes’ compatible, allowing simply ‘English’ commands to control
its many features. All models feature Auto-Dial with 10 number memory,
Auto-Answer, Speed buffering, printer port, data security option etc. All
models are factory upgradeable.

WS3000 V2123 (V21 & V23 + Bell £295 (a) WS3000 V22 (as above plus 1200

MONITORS

All 14" monitors now avilable in plastic or metal cases, please specify your
requirement.
14’"RGB 1431 STDRes£179(a); 1451 MedRes £229(a); 1441 HiRes £375(a).

14"RGBwithPAL& Audio 1431 APStdRes £199(a) 1451 APMedRes £275{a)
Swivel Base for Plastic 14’ Microvitecs £20 {(c)
20" RGB with PAL & Audio 2030CS Std Res £380 (a); 2040CS Hi Res £685 {a).

TAXAN 12’ RGB
SUPERVISION Il with amber/green option £345 (a)
MITSUBISHI 14” RGB Med RES IBM & BBC Compatible £249 (a)

MONOCHROME MONITORS:

TAXAN KX1201G Hi Res 12" Etched Green Screen £90 (a)
TAXAN KX1203A HiRes 12’ Etched Amber screen £105 (a)
PHILIPS BM7502 12"’ Hi Res Green Screen £75 (a)
PHILIPS BM7522 12" Hi Res Amber Screen £79 {a)

BBC Leads RGB £5(d} Microvitec £3.50m (d) Monochrome £3.50 {d)

UVERASERS

UV1T Eraser with buift-in timer and mains indicator.
Built-in safety interlock to avoid accidental exposure
to the harmful UV rays.

Itcan handle up to 5 eproms ata time with an average
erasing time of about 20 mins. £59 + £2 p&p.

UV1 as above but without the timer. £47 + £2 p&p.
For Industrial Users, we offer UV140 & UV141 era-
sers with handling capacity of 14 eproms. UV141 has
a built in timer. Both offer full built in safety features
UV140 £69, UV141 £85, p&p £2.50.

PRINTER BUFFER

The buffer offers a storage of 64K. Data from three
computers can be loaded into the buffer which will
continue accepting data until it is fuli. The buffer will
automatically switch from one computer to next as
soon as that computer has dumped all its data. The
computer then is available for other uses. LED bar-
graph indicates memory usage. Simple push button
control provides. REPEAT, PAUSE and RESET
functions. Integral power supply. £199 (a).

BBC Cable Set £30.

Serial Test Cable

to produce almost any cable

Serial Cable switchable at both ends
aliowing pin options to be re-routed or
linked at either end — making it possible

Serial Mini Patch Box
Allows an easy method to
reconfigure pin functions
without rewiring the cable
assay. Jumpers can be used

Serial Mini Test
Monitors RS232C and CCITT
V24 Transmissions,
indicating status with dual
colour LEDs on 7 most

54

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764

baud full duplex £485 (a) WS3000 V22bis (as above plus 2400 baud full configuration on site. and reused. £22 (d] significant fines. Connects in
D g (@) | sig
duplex £650 (b} (@D Avaiiable asM/Mor MIF  £24.75 (d) Line. £2250 (d)
BBC Data Cable for WS3000 £6(d). Data
Cables for other micros available CONNECTOR SYSTEMS
The WS3000 range all have BT approval.
PHENOL
, 1.D. CONNECTORS EDGE CAMPHENOL RIBBON CABLE
GEC DATACHAT 1223: An economically (Soeedbtock Type) CONNECTORS 36 way pitg Centroncs oy :%(:y mensr:?way oo
priced BABT approved modem complying No of Header Recep- Edge “o156° | (solder 500p (IDC) 475p 6-way  60p  40-way  180p
with CCITT V23 standard capable of ways P;gg '“'; Cong- 2 x 6-way (commodore) oy ‘300p | 36 way skt Centronics 20-way 85p  So-way  200p
operating at 1200/75bps and 75/1200bps 20  145p 125p  195p 2x 10-way g (solder) 550p (IDC) 500p 26-way  120p  64-way  280p
and 1200/1200bps pseudo full duplex. ltis 2% ;;gg 150 240p 2 ;g-;;g; (vie 20) e 14 i;svrv,a(xf Dx>CIU)94I7ES‘EpE (solder)
line powered does not require external 20 2200 1%0p 340p 2x 23-way (ZX81) se 2200 | o, L okt IEEE (solder) i
r source. Itis supplied with software 50  2365p 200p  390p 2x28-way 225 2200 | So0p (IDC) 500p DIL HEADERS
B eitabie for connecting to PRESTEL $xBwey ™ 25 Z | PCB Mg Skt Ang Pin  Soder IDC
" g y - 1x 43-way 260p - 24 way 700p 36 way 750p 14 pin 40p 100p
Micronet 800, TeIeco(rg)Gold and a host of D CONNECTORS 2% 2 way L 16 pin gp 110p
bulleting boards £75 "No of Ways 2x 43 way P s00; GENDER CHANGERS 18 pin p -
15 25 37 3% 50wayS100conn,  600p - — 25 way D type 20 pin 75p —
SOFTY I MALE: 24 pin 100p 150p
This low costintelligent eprom programmer can program 2716, 2516, Ang Pins 120 180 230 350 EURO CONNECTORS MaletoMale............ £10 28 pin 160p 200p
2532, 2732, and with an adaptor, 2564 and 2764. Displays 512 byte Solder 60 85 125 170 Male to Female ... . ... g10 | 40pin 200p 225p
page on TV — has a seral . and par- iDC 175 275 325 — DIN41612 Plug Skt Fomale to Female £10
allel /O routines. Can be used as an emulator, cassette interface. FEMALE: g ; gg zgy ‘S\; :ig 'ggg g;gg T
Softyll ... b} i y in
e o S | P 199 149 210 380 | X S waysibn’  20p 305 | RS 232 JUMPERS ATTENTION
2BBA L £25.00 Solder 90 130 195 290 3X 32wayAngPin  375p 400p (25 way D) All prices in this double page
iDC 195 325 375 — | IDCSktA+B 400p 24 Single end Male es.00 | advertisment are subject to
SPECIAL OFFER StHood 90 95 100 120 IDC SktA+C 400p 247 Single and Femate £5.25 change without notice.
2272|6248-2255 ££22:050(§?<; ) Screw 130 150 175 For2 32 vay plesse +spc§cﬁy 2 Lemaje Female £1000 | ALL PRICES EXCLUDE VAT
- H H spacing (A 3 . 24" Male Female £9.50 Please add carriage 50p
6264 LP-15 £3:40(d); uniess indicated as follows:
TEXTOOL ZIF o om IS OONNS DIL SWITCHES o | @s®I2s0(@ 2150 (@)
INDUSTRIAL PROGRAMMER | SOCKETS 24-pin £7.50 in Scart Connector 4-wa -way
ACORN IEEE INTERFACE £278(a) EP8000 £695 (2) 280in£9.10 wanii230 | 8pinVideo Connector 2000 | Sway 120p 10-way 150p £1.00

Using ‘Prestel’ type protocols. For information
and orders — 24 hour service, 7 days a week
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LINEAR ICs

2.00 ! 7415273 1.25 -
74276 140 | 7405279 0.70 . X
7400 0.30 74278 1.70 i 7415280 1.90 & AD7581 12.00 LM710  0.48 TBAG41BX1 4.00
7401 0.30 | 74279 0.90 i 7415283 0.80 | 74C00 0.70 | 4081 0.24 1 ADC0808 11.90 LM711  1.00 | T8A231
7402 030 | 74283 1.05 { 74LS290 0.80 | 74C0O4 0.50 [ 4082  0.25 | AM79100C 25.00 LM723 060 | TBA80D
7403 030 | 74742 320 | 7405292 9.00 | 74C08 0.70 | 4085  0.60 } AN-1-5050 1.00 | Lm725CN 3.00 | TBABIO
7404 036 | 74290 090 ! 7415293 0.80 | 74C10 0.70 | 4086  0.75 | Av-3-1350 3.50 LM733 065 | TBA20
7405 030 | 74293  0.90 | 7415295 1.40 | 74C14 0.50 | 4089 120 { Av.3.8910 490 | _m7a1 022 | TBAB20M
7406 0.40 | 74298 1.80 { 74LS297 9.00 { 74C20 070 ! 4093 035 § AY-38912 500 | [m7747 070 | TBAY20
7407  0.40 | 74351 200 | 7418298 1.00 | 74C32 100 | 4094  0.90 | CA3019A 1.00 LM748 0.30 | TBA950
7408 030 | 74365A 0.80 { 7415299 220 | 74C42 1.50 | 4095  0.95 1 CA3020 3.50 | Lm101i 480 | TC9i09
7409  0.30 | 74366A 0.80 | 74LS321 3.70 { 74C48 150 | 4096  0.90 | CA3028A 110 LM1014 150 | TCA210
7410 0.30 | 74367A 0.80 | 74L8322A 390 | 74C73 1.00 | 4097 270 1 CA3046 0.70 LM1801 3.00 | TCA220
7411 0.30 | 74376 1.60 ; 7405323 3.00 | 74C74 1.20 | 4098  0.75 | CA3059 3.25 LM1830 2.50 | TCA270
7412 030 | 74390 110 { 7418324 320 | 74C76 1.00 { 4099  0.99 | CA3060 350 | _m1871 3.00 | TCA940
7413 0.50 74393 1.20 | 74LS348 2.00 | 74C83 2.00 | 4501 0.36 | CA308B0EC.70 LM1872 3.00 | TDAI1004A 5,
7414 0.70 | 74490 1.40 | 74LS352 1.20 | 74C85 2.25 | 4502 055 } CA3085 1.50 | Lm1886 6.00 | TDA1010 2.25
7416 0.36 7418353 1.20 | 74c86 0.50 | 4503  0.36 | CA3086 0.60 LM1889 4.50 | TDA1022 4.50
7417 0.40 7418356 210 | 74C90 1.90 | 4504  0.95 | CA3089E 2.50 (M2917 3.00 | TDA1024 t10
7420 0.30 74LS363 1.80 [ 74C93 150 | 4505  3.60 | CA3090AQ 3.75 | Lm3302 0.99 | TDA1170S 3.00
7421 060 [kl 7405364 1.80 | 74C95  1.60 | 4506 0.90 | CA3130E0.90 | Lm3900 0.80 | TDA20023.25
7422 0.36 " 7415365 0.50 | 74C107 1.00 | 4507  0.35 [ CA3130T 1.30 | _M3909 1.00 { TDA2003 1.90
7423  0.36 | 74LS00 0.24 | 74(S366 0.50 | 74C150 500 | 4508  1.20 | CAG140E0.45 | L m3911 1.80 | TDA20042.40
7425 0.40 74LS01 0.24 i 7415367 0.52 | 74C151 2.00 | 4510 0.55 | CA3140T 1.00 LM3914 3.50 | TDA2006 3.20
7426 040 | 74L502 024 | 7405368 0.50 | 74C157 250 | 4511 055 | CA3146 2.25 | |magis 3.40 | TDA20203.20
7427 0.32 | 74LS03 0.24 | 74LS373 0.90 | 74C160 1.80 | 4512 0.55 | CA3160E 1.50 | LM3916 3.40 | TDA20302.50
4 7428  0.43 | 74LS04 0.24 } 74LS374 0.90 | 74C161 1.80 | 4513 1.50 | CA3161E 2.00 | | M13600 1.50 | TDA25935.00
7430 0.30 74L806 0.24 | 74LS3750.75 | 74C162 1.80 | 4514 110 | CA3162E 6.00 M51513L 2.30 | TDA26537.00
7432 036 | 741508 0.24 | 74LS377 1.30 | 74C163 180 | 4515 110 | CA3189E 2.70 | M51516L 4.50 | TDA35607.50
7433 0.30 74.S09 0.24 ! 7418378 0.95 | 74C173 1.00 | 4516 0.55 k MB3712 2.00 | TDA3810 7.50
7437 030 | 74LS10 0.24 { 7415379 1.30 | 74C174 150 | 4517 2.20 1 CA3280G 3.00 | MC1310P 150 | TDA70003.50
7438 0.40 74LS11 0.24 } 741S381 450 | 74C175 150 | 4518 0.48 | D7002  6.00 1413 075 | TEA10027.00
7439 0.40 74L513 0.34 § 7418385 3.25 | 74C193 150 | 4519 0.32 | DAC1408-8 3.00 MC1458 0.45 | TLO61CP0.40
7440 0.40 74L814 050 ! 748390 0.60 | 74C194 150 { 4520 0.60 | DAC08003.00 MC1495 3.00 | TLOB2
7441 0.90 | 74LS15 0.24 | 7405393 1.00 | 74C195 150 | 4521 115 | DAC08083.00 | MCi496 0.70 | TLOG4
7442A 070 | 74LS20 0.24 | 74LS395A 100 | 74C221 250 |} 4522  0.80 | DG308 3.00 ‘¢ MC3340P 200 | TLO71
7443A  1.00 | 74LS21 0.24 | 7419399 1.40 | 74C244 200 } 4526 070 | HA1366 1.90 MC3401 070 | TLO72
7444 110 | 741822 0.24 { 7415445 1.80 | 74C245 2.25 | 4527  0.80 | |CL7106 6.75 | MC3403 v.6s | TLO74
7445  1.00 | 74LS24 0.50 j 7415465 1.20 | 74C373 225 | 4528 0.5 | |CL7611 0.95 | MFIOCN 4.10 | TLO81
7446A  1.00 74526 0.26 | 745467 1.20 |} 74C374 2.25 | 4529 1.00 | |CL7650 4.00 MK502409.00 | TLO82
T447A 1. 74L827 0. 74LS490 150 | 74C902 1.20 | 4531 0.75 { |ICL7660 250 | MK50398 11.00 | TLO83
7448 100 | 74.S28 74LS540 1.00 | 74C911 900 § 4532  0.85 | |C(8038 4.00 | ML902 5.00 | TLO84
7450  0.36 [ 74LS30 7415541 1.00 | 74C912 4.50 | 4534 3.80 1 (CM7216B22.00 | ML922 4.00 | TLO94
7451 0.35 740832 7418608 7.00 | 74C922 6.00 ; 4536 2.80 { |CM7217 7.50 MME221A 3.00 | TL170
7453 038 | 74LS32 74L561019.00 | 74C923 6.50 { 4538 075 | |CM75550.80 | NES2S 2.20 | TL430C
7454 038 | 74LS33 7418612 19.00 | 74C925 6.50 | 4539 075 | |CM7556 1.40 | NES531 1.20 | UAA1003-39.35
7460 055 | 741837 7418624 3.50 | 74C926 7.50 | 4541 0.90 | (C7120 3.00 NE544 190 | UA759
7470 0.50 | '74LS38 7415626 2.25 4543 070 | [C7130 3.00 | NESS5 0.22 | UA2240 1.20
7472 045 | 74L840 7418628 2.25 4551 100 [ 1C7131 350 | NESSE 060 | UAAI70 1.70
7473 0.45 74L.842 . 7405629 1.25 4553 240 1 |C7137 -3.50 NES64 4.00 | UCN4801A 4.00
7474 050 | 741843 7408640 2.00 JESTNPOSNINRR 4555 036 [ |F347 120 | NES65 1.20 | ULN2001A 0.75
7475  0.60 | 74LS48 74LS640-1 3.00 4556 050 | LF351 0.60 | NESGE 1.50 | ULN2002A 0.75
7476 045 | 741849 745641 150 | 7ap1500045 | 2257 240 | LF353 NES67 1.25 | ULN2003A 075
7480. 065 | 74LS51 7ALS642 2.50 | 74a1 00 045 | 4900 140 | LF3s5 NE570  4.00 } ULN2004A 0.75
7481 1.80 | 74LS54 74086421 300 | 74a(s04 0.50 | 4966 140 1 1F356N 140 | NES71 300 | ULN20682.90
7483A 1,05 | 74LS55 7415643 250 | 74a(S080.50 | 4908 240 | LF357 . 1. NE592 0.90 | ULN28021.90
7484A  1.25 | 74LS73A0.30 | 74L8643-1 300 | 74aIS10 045 | 2200 170 |'LF398 ©4.00 | NEssazp 150 | ULN28031.80
7485 : 74LS74A 0.35 | 74LS644 350 | 74asp0045 | 4072 045 | IMOCLH 450 | NESs3sp 160 | ULN28041.90
7486 74LS75 045 | 7415645 2.00 { 74a1S30045 | 196° 090 | LM30TA 030 | NES534P 120 | UPCS75 2.75
7489 74LS76A 0.36 | 741S645-1 400 1 744574070 | 4584 048 [ 1M307 045 | NESS34AP 150 | UPC592H 2.00
7490A 74LS78 042 | 74LS668 0.90 | 74aqias 150 | 4985 080 | (M3oeCN 075 | OP-07EP3.50 | UPCTISEH 3.00
7491 74LS83A 070 | 748669 0.90 | 74a(s139 150 o] 4724 190 | LM310 225 | pL02A 5.00 | UPCIiESH 5.00
7492A 741885 075 | 748670 1.70 | 74a/oa4 g9 | (4410 750 | LM31t 060 | RC4136 0.55 | XR210
7493A 741886 0.35 | 7415682 2.50 | 74pi5045 475 | 14412 7.50 | | M318 150 | RC4151 2.00 | XR2206
7494 74L890 0.48 | 74LS683 3.00 | 74a 5573 pgp | (9416 300 [ 1 M319  1.80 | RC4195 1.50 | XR2207
7495A 74LS91 0.90 | 74LS684 3.50 | 7409574 459 | 12419 260 | 1M324 045 | RC4558 0.55 | XR2211
7496 741892 0.35 | 74LS687 350 | 74ng5p0 260 | 12490 420 | LM334Z 115 | S566B 2.20 | XR2216
7497 741893 0.54 | 7415688 3.50 i 14495 450 | (M335Z 1.30 | S50240 9.00 | XR2240
74100 745958 0.75 | 7415783 21.00 145000 6.50 | {M336 1.60 | SaA1900 16.00 | ZN404
74107 741896 0.90 ¥599  2.00 | | m339 040 | SFF963s4 8.00 | ZN414
74109 7415107 0.40 22100 3.50 { (M348 0.60 | SL490 3.00 | ZN419P
74110 7415109 0.40 4000  0.20 § 22101  7.00 | {M358P 0.50 | SN76013N 3.00 | ZN423E
74111 7415112 0.45 4001  0.24 | 22102 7.00 | | M377 3.00 | SN76023N 3.00 } ZN424E
74116 74LS113 0.45 4002 0.5 | 40014  0.48 | {M380N-8 150 | SN76033N 3.00 | ZN425E83.50
74118 74L5114 045 4006 070 | 40085  1.20 | {M38ON 1.50 | SN76115N 215 | ZN426E83.00
74119 7405122 0.70 X 4007  0.25 | 40097 0.36 | {M381AN1.70 | SN764894.00 | ZN427E86.00
74120 7415123 0.80 . 4008  0.60 | 40098 0.0 | 1m383 3.25 | SN764954.00 | ZNA28ES4.50
74121 7415125 0.50 . 4009 o045 | 40100 150 | | M384 2.20 | SN766601.20 § ZN429E82.25
74122 74L5126 0.50 . 4010 0.60 | 40701 1.25 [ |M386N-1 1.00 | SPO256AL27.00 | ZN447E 9.00
74128 74LS132 0.65 . 4011 0.24 | 40102  1.30 | m387 270 | SP8s515 7.50 | ZN449E 3.00
74125 74.5133 0.55 . 4012 0.25 | 40103 2.00 [ m3so 1.89 | TA7120 120 | ZN4sOE 7.50
74126 7419136 0.45 . 4013 036 | 40104 120 | |M391 1.80 | TA7130 140 | ZN4SICP 3.00
74128 745138 0.55 . 4014 0.60 | 40105 150 | | M392N 1.0 | TA7204 1.50 | ZN1034E 2.00
74132 74L.8139 0.55 . 4015 070 | 40106 048 | 1M393 0.85 | TA7205 0.90 | ZNA1040 6.60
74136 74L5145 0.95 . 4016 0.36- | 40107 055 | [M394CH 400 | TA7222 1.50 | ZNA134) 23.00
7441 74L5147 1.75 . 4017. 055 | 40108  3.20 | 1 M709 0.35 | TA7310 1.50 | ZNA234E
74142 7415148 1.40 X 4018 o060 | 40109 080
74143 74LS151 0.65 . 4019 060 | 40110 225 VOLTAGE REGULATORS
74144 745152 2.00 X 4020 085 ng g,gg
74145 74LS153 0.65 . 4021 0.60 :
74147 74L5154 1.60 . 4022 o070 | 40163 1.00 ):VAEHXED VOLTAGE PLASTIC 0220
74148 74LS155 0.65 } 4023 030 { 40173 120 “VE
74150 7415156 0.65 .00 | 4024 o048 | 40174 1.00 5V 7805 0.45 7905 0.50
74151A 7418157 0.50 .00 | 4025 024 | 40175 . 1.00 6V 7806 0.50 7906 0.50
74153 7418158 0.65 50 | 4026 0.0 | 40192 100 6V 7808 0.50 7908 0.50
74154 74LS160A 0.65 .20 | 4027 040 | 40193 1.00 12V 7812 045 7912 0.50
74155 74LS161A 0.75 20 | 4028  0.60 | 40194 1.00 15V 7815 0.50 7915 015
74156 74L8162A 075 .00 [ 4020 078 | 40244 150 18V 7818 0.50 7918 0.50
74157 74LS163A 0.75 .00 035 | 40245 150 24V 7824 0.50 7924 0.50
74159 74L5164 0.75 .60 1.25 | 40257 1.80 1A FIXED VOLTAGE PLASTIC TO92
74LS165A 110 .80 100 | 40373 180 5V 78L05 0.30 5V 79L05 0.45
7ALS186A 1.50 80 125 [ 40874 1.80 6V 78L06 0.30 12V 79012 050
74L5168 1.30 -00 250 [ 80C9S  0.78 8V 78L08 0.30 15V 79L15 0.50
74LS169 1.00 50 070 | 80C97 075 12v 78L12 0.30
745170 1.40 50 250.| 80C98 0.75 15V 78L15 0.30
74LS173A 1.00 .00 110
7415174 0.75 .00 1.00 OTHER REGULATORS
7418175 0.75 .00 0.60 -
74LS181 2.00 0 0.55 FIXED REGULATORS
74.5183 1.90 .00 0.50 LM309K 1A 5V
74LS190 0.75 .20 0.60 LM323K 3A 5V
7418191 0.75 .80 0.60 78HOSKC 5A 5V
745192 0.80 .80 1.00 78H12 5A 12V
74L8194A 0.75 .00 0.60 78P05 10A 5V
74L8195A 0.75 .00 0.60
7415196 0.80 0 0.55 m’;@ihs REGULATORS‘
74LS197 0.80 .50 0.36 .
LM317T TO-220 .
7418221 0.80 .20 0.35 LM317K TO3 .
74.S240 0.80 .20 0.65 LM337T
74L5241 0.80 00 0.60 LM350T 10A+VAR |
7405242 0.90 .00 0.60 LM396K 10A1VAR .
7415243 0.90 .50 0.80 LM723N :
7415244 0.80 .50 0.80 78HHOSKC 5A 5V
74.8245 1.10 .50 0.85 7BHGKG SALVAR .
74L.5247 110 .50 0.70 78GUIC 1A+VAR .
745248 1.10 .00 0.85 79HGKC SA—VAR .
7415249 1.10 .00 0.40 79GUIC 1A—VAR...
7415251 0.75 .70 2.30
7418253 0.75 .25 0.25 SWITCHING REGULATION!
7405256 0.90 .00 0.24 ICL7660 e
74LS2457A0.70 .25 0.24 5G3524
74LS5258A 0.70 .50 0.24 TL494
7415259 1.20 .00 0.24 TL497
74L$260 0.75 .00 0.24 78340
7415266 0.60 .25 0.24 RC4195

maTiC LD

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
Tel: 01-208 1177 4 lines. Telex: 922800
305 EDGWARE ROAD, LONDON W2
Tel: 01-723 0233
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3.20

4.00

0.50
1.20

(16X16) 4.50 | 75150P 1.20 Only current prime grade
components stocked.

0.2”

TMS4500 14.00 KEYBOARD
TMS9901  5.00 . ENCODERS
1802CE 6.50 | TMS9902 5.00 | 2516+5v 3.50 75160 5.00
2650A 1050 | TMS9911 1800 | 5316-95 580 | o161 380 | AVS2076 1150
6502 4.50 | TMS9914 1400 | 5537 450 | 75162 400 | AY53600 7.50
65C02-2MHz 2532.20 550 | 75172 3.00 | 74C922 5.00
12.00 | Z80PIO 250 | 2564 800 | 75182 o0.90 | 74C923 6.00
6502A  6.50 | ZBOAPIO 2.75 75188 0.60
A% | B A% | e ax ) e o
. - 271645V 3.50 7 K
6802  3.00 | Z80DART 6.50 | 271635 5.50 72323 338 BN
2383-2 15-23 Z80ADART 7.00 | 2732 ‘4550 | 75451 0.50
- 2732A-2 9.50 7 E MC14411 7.50
6809E  10.00 | ZBODMA 7.00 72222 ggg COMB81166.50
68809  10.00 ZBOADMA 7.50 75454  0.70 40728 7.50
68B09E 12.00 2732A-30 6.00 | 75480  1.50
68000-LB 36.00 | Z80ASI0/G/2/9 2732A-35 550 75491  0.65
. 7.00 2764-25 2.00 75492  0.65
80035 800" | zanbere S0 | 20 0%
g 5 , ©8T26 120 | AY31015P 3.00
8039 4.20 ZB0BDART 9.00 27128-25 2.50 | gigg 1.20- | AY51013P 3.0
2823,“2 z-gg 2725625 20.00 | 6795  1.20 | COM8017 3.00
- 27'756-30 20.00 8T96 1.20 IMB402 A.50
gggss;;A 323 17256 12.00 i 8797  1.20
! 27512 P.O.A | 8T98 120
8086  22.00 | 216-150 4.00 | TMS27165.00 | 810895 1.40
8088 17.50 | 2101  4.00 811596 140 e IUGH
e741 1500 | 202, 250 81LS97 1.40
: 21078 5.00 810898 140 | BMHz 375
8748 16,00 | 2111A-354.00 8809120 3.00 | BMHz 450
2114 2,50 | CRT5027 18.00
mg;ggwo }igg 2114-2  3.50 | CRT5037 1200 | gg02 X
. CRT6545 9.00 . SOUND &
TMS9995 12.00 | 2147  4.00° | EF9364 8.00 82232,: 1_60 VISION
EF9365 25.00
280 250 | 4116 200 | EF936625.00 | ogas 12MHz 12.00
4116-20 1.50 | EF9367 36.00
MC6845 6.50
41256-207 0.50 | MCE845SP 6.50
41256-157 0.50 | mMC6847 6.50
] SFF96364 8.00
4164-15T 3.00 | TMSS918 15.00 |}
4164 2.00 | TMS9928 10.00
4164-20 2.00 | TMS9929 10.00 | 765A  13.00 . .
4416-15 3.50 6843 8.00 2.45760MHz(L)
4532-20 2.50 8271 P.O.A 2.00
2.45760MHz(S)
4816AP/3 200 FD1771 20.00 2.
5101/5501 4.00 | AD758115.00 | FD1791 20.00 | 25MHz 2.50
5514/5114 4.00 | ADC0808 11.90 FD1793 20.00 | 2662MHz 1.75
5516  6.00 | AD561J20.00 | FD1797 22.00 | 3276MHz 1.50
. S517AP 6.00 | AM25S1C 3.50 WoBs1 15,00 | O SI35MHz 100
X AM251525213.50 ! 4,00MHz 1.50
6829 12.50 | 6116P-3  3.50| AM25(S2538350 { WD214312.00 | 4194MHz 2.00
6840  3.75 | 6116LP3 350 AM26LS31 1.20 | WD2793 27.00 | 4,43MHz 1.00
68840 6.00 | 626412 1200] AM26LS32 1.20 | WD2797 27.00 | 49152MHz 2.50
6850  1.60 | 6264P-15 7.50| AM7910DC 25.00 5.00MHz 1.50
68B50 2.50 | 6264LP-15 3.40{ DAC80CBI-V 5.068MHz 1.75
6852  2.50 28.00 6.00MHz 1.40
6854  6.50 | 6514-45 4.00 | DM813t 6.00 WMIV:TYo T WE 6144MHZ1.40
e B | %, 1 | Doy san NI o 1o
6875  5.00 - 50 | po30 7.16MHz 1.75
748289 2.25 | Dssss0 1.40 1BUC750 | g'ooMrz 1.50
g154 850 D38831 150 } RO32513LC 7.00 | gga7MHz 175
8155  3.80 | 93415 6,00 | DS8832 1.50 10.00MHz .75
8156  3.80 | 93L422 7.50 | DS8833 2.25 10.50MHz 2.50
93425 6.00 | DS8836 1.50 10.70MHz  1.50
8205 . DS8838 2.25 11.00MHz  3.00
8212 . D7002  8.00 12.00MHz  1.50
2L i i o2 L 1
8224 P.O. . 14.31MHz 1.
8226  4.25 | pglop  4.00 | MC3446 2.50 m%%lﬁzm g—gg 14.756MHz 2.50
8228 550 | 24510 2.50 | MC3459 450 | MUBATIN 930 | 1500z 2.00
8243 2.60 185030 2.00 MCS3470 4.75 : 16.00MHz  2.00
8250  9.50 | 18SAD30 2.00 | MC3480 8.50 17.734MHz 1.50
745188 1.80 | MC3486 2.25 18.00MHz  1.50
8251A 3.25 | 748287 2.25 | MC3487 2.25 | 18.432MHz 1.50
8253C-5 3.50 | 745088 1.80 | MC4024 5.50 19.969MHz 1.50
8255AC-5 3.20 | 745387 2.25 | MC4044 550 - 20.000MHz 1.50
8256  18.00 | 8os23 150 | MC144112.00 | SAA50206.00 | 24.000MHz 175
POTCS S0 | 808128 150 | V6T 000 | Swasodr dade | e 23
| 825129 1.7 g 4 5 -
82505 4.00 | 2 5 | 75108 090 | SAAS0509.00 ] PXOT000 1200
8271 P.O.A 75109 1.20
8275 29,00 ;gqg 41).28
8279C-5 4.80 | i 2 .
8282 400 m 75113 120 Please note:
2816-30 15.00 ;gng 1.40 All'prices are subject to
= a 11 1.40 it i
2K+8  30.00 | 75121 140 change without notice
9306 256bits 75122 140

0.125” .
BPX25 1.80
BPW21 280 | REDTIL2090.12 TIL220 015 We also stock a wide
OCP71 180 | GANTIL211016 | Ti222 048 range of:
82‘;&% 1'%3 Rest {I:éIDZSO.ZO T2z 022 Transistors,
ORPE1  1.20 (C%G(/BY) l0-30 m Diodes, Triacs Plastic,
| Colour . Y
%FL»ggos 612‘5’ 1.00 | 74C925 6.50 Bridge Rectifiers,
TIL78 0.55 10 LED 74C926 6.50 3
TIL318 120 | Bar Graph: 74928 6.50 Thyristors and
TIC8T 1.20 | Red 225 | 7216B 22.00 Zenors.
TIL10C  0.75 Green 225 ZNi040 6.70
Please phone for
MAN66102.00 + LM3914 3.50 details.
DISPLAYS NSB58815.70 LM3915 3.50
TIL311 - 6.50 | | M3916 3.50 .
FND3S7 100 | TIL7a00 100 | \omer 29 §
: . UDN6184 3.20 :
FNDSOOTILTZ0 | WANSIO 10 | ULNZ003090 OPTO-ISOLATORS
B MANB940 2.50 ULN2004 0.!
FNDBO7/TIL729 OrN20040.90 1 o74 130 | rictt 070
1.00 DISPLAY ULN2802 190 | ILQ74 220 § TL112 070
MANT71/DL707 DRIVERS ULN2083 180 | MCT26 100 § TIL113 070
1.06 ULN2804 160 | MCS2400 190 | TIL116  0.70
MAN3640 1.75 | 9368  4.50 | 75491 o070 | MOC3020 150 } SN137 3.60
MAN4640 200 | 9370  4.50 | 75492 0.70 SN139 175
LOW PROFILE SOCKETS BY TI
8pin Sp 18pin 16p  24pin 8pin  25p 18pin S0p  24pin T0p
14pin  10p 20pin 18p  28pin 14pin 35p  20pin 60p 28pin 80p
16pin  Hp  22pin 20p  40pin 16pin  40p  22pin 65p  40pin 100p
TURNED PIN 8pin  25p 16pin 35p 20pin 45p  28pin 65p
LOW PROFILE SKTS. 14pin  30p  18pin 40p  24pin S5p  40pin 90p

PLEASE ADD 50p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welcom

Detailed Price List on request.
Stock items are normally by return of post.
Minimum Telephone

(N
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within the system,
eliminating alt
unwanted
sounds

AMS 24
out5|de

120 acceptance
window. And

own local acoustic

- itself autonomously as

In fact, the AMS

Presenting a remarkable
breakthrough from Shure
— microphones, mixer
and logic technology all
combined in one totally
infegrated system of quite
astounding aural quality.
Each microphone has
complete independence

] a specially tailored

continuously analysing its

environment allowing
each channel to adapt

audio conditions change.
(Automatic Microphone

System) is so simple to use
that an operator’s only

S\

concemis pre-

volume levels. kY
lts mixers (4-and
8-channel available) A
can easily be linked to
control over 200
separate microphones.
Which makes the
e AMS absolutely
ideal for
conferences and
symposiums (though
it performs equally
impressively in
churches, courtrooms,
teleconferencing and
broadcasting).

And advanced Iognc
terminals provide
unprecedented
flexibility for
including

sefting the individual \ AMS 28 ¢

/ many other important

%,‘ ’2»"' .r«ﬁ* designed

privacy buttons,
free discussion or single.
speaking facilities — and

/
i

all purposes: the
unintimidating tow-
Profile AMS22: the AMS28
Lavalier for wearing round
the neck; the adaptable
AMS26 Probe for table,
floor stand or gooseneck
“mounting; and the AMS24
Condenser
v, specifically

i

. ¥ ¥ e

Z ey forthe
9% gooseneck
unit. :

represents a major
advance in sound
technology. For further

capabilities. information or a

The AMS offers a demonsfration, simply
choice of four effective contact Shure at the
types of microphone for address below.

HW lm‘erncﬂoncl 3-5Eden Grove London N7 8EQTel 01-607 2747

In short, the AMS

~

AMS 22

AMS by
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PINEAPPLE SOFTWARE

Programs for the BBC model ‘B’ with disc drive with
FREE updating service on all software

ARE YOU GETTING THE MOST FROM YOUR
DOT MATRIX PRINTER AND DISC DRIVE?

DIAGRAM is a new program which really exploits the full potential of
the BBC micro and will enable you to obtain printouts of a size and
quality previously unobtainable from your system.

DIAGRAM SOFTWARE

MARCON{ TRACKER BALL

£25 £60

PLUS VAT P&P FREE PLUS VAT PR £175
Inciucses icon twar

Type a0 80/80T QIS when ordierng.

MARCONI TRACKER BALL AND
ICON ARTMASTER PLUS
DIAGRAM SOFTWARE

£76.50

PLUS VAT P&P £1.75

ALL ORDERS SENT BY RETURNOFPOST

FEATURES

®Draw diagrams, schematics, plans etc, in
any aspect ration, eg. 10%3, 2%12 screens

®Access any part of the diagram rapidly by
entering an index name, eg. TR6, RS etc, to
display a specific section of the diagram, and
then scroll around to any. other part of the
diagram using the cursor keys.

®Up to 128 Icons may be predefined for each
diagram, eg. Transistors, resistors etc., in full
mode 0 definition, up to 32 pixels
horizontally by 24 vertically.

@®Hard copy printouts in varying print sizes
up to 18 mode 0 creens on an A4 size sheet,
compatible with most dot matrix printers,

e®Many other features including, selectable
display  colours,” comprehensive line  drawing
facilities, TAB settings, etc.

®The latest version of DIAGRAM is now fully
compatible with the Marconi Tracker .Ball,.
which allows ‘scrofing' of the screen and
many of the editing features to be carried
out using the tracker ball.

®DIAGRAM s supplied in an attractive hard
backed disc wallet with keystrip and
comprehensive instruction manual.

39 Brownlea Gardens, Seven Kings, liford, Essex 1G3 9NL

S Tet:01-5991476.

CIRCLE 23 FOR FURTHER DETAILS
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OSCILLOSCOPES

H.P.1715A Dual Trace 200MHz Delay Sweep. .
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep .....
TEKTRONIX 454 Dual Trace 150MHz Delay Sweep ....
TELEQUIPMENT D75 Dual Trace 50MHz Delay Sweep.
GOULD OS300A Dual Trace 40MHz Delay Sweep.
TELEQUIPMENT D67 Dual Trace 25MHz Delay Swi
COSSER CDU150 Dual Trace 35MHz Delay Sweep
$.E.LABS SM111 Dual Trace 18MHz AC or External DC Operation
TEKTRONIX 547 Dual Trace 50MHz Del y S
TELEQUIPMENT D43, Dual Trace 15MI
TEKTRONIX 434 STORAGE Dual Trace
GOULD 0S4000 with Oulput Unit 4302 Dual Trace 10MHz .

MULTIMETERS
PHILIPS DMM type PM2517X (LCOJ 4 mgn Audio vanglng Complete with
Balteries & Leads (p&p £5} ... ONLY £75
AVO8s and AV0 9s from. £56
AVO Mode! 73, Pocket Mullimeter (Analogue) 30 ranges. Complete thh
batteries & lead:

GENERATORS

H.P. SWEEP OSCILLATOR 6910 1.2GHz.
Other frequencies available:

HEWLETT PACKARD 6168, 1.8-4.2GHz ...
MARCON! TF2008 AM/FM 10KHz-510MHz.
MARCONI TF106681 AM/FM 10MHz-470M;

PROFESSIONAL 9" GREEN SCREEN MONITORS made by KGM lor Reuters.
Gives Quality 80 colurnn x 24 fine Disptay. Composile Video in Cased. Good
Condition. NOW ONLY. £32 each

5%2"FLOPPY DJSK’DH]VES
TANDON Y2 height, Single Sided Double Density. Brand New........... £45 each
MPiDouble Sided. Double Density 80 Track. Un-Used.................. £100 each

DISKDRIVE PSU. 240V in SV 1.6A & 12V. 1.5A Out Size Wiz5mm..... £10 ea
(pép£2)

QWERTY KEYBOARD (asin LYNX MICRO). Push to make. Gased......ONLY £5 ea
(pép£2)

.£350
MARCONI TF995A/5 1.5-220MHz Narrow Deviation £250
ADVANCE type SGS3E AM/FM 4.230MHz.
ADVANCE type SG62B AM 150KHz- 2200z :
MARCONI TF144H/410KHz-72MHz.
WAVETEK FUNCTION GEN 162 0.
H.P. TEST OSCILLATOR 651A 10Hz-10MH:
RADIOMETER SMG40 STEREQ GEN..
LEADER FM STEREQ GENLSG231 ..
FARNELL Moldutar Pulse Generator syst

AVO TRANSISTOR TESTER TT169. Handheld. GO/NGGO for in situ testing.
Complete with bateries, leads and NSUUCHORS ... . NOW ONLY £12
{pép£3)

H.P. DISTORTION ANALYSER 831A ...

H.P.4342'Q Meter.

MARCONI Q' Meter TF 1245 with TF1246 or TF1247 . .. £500
H.P. POWER METER 431C wilh Thermistor Mount 10MH1 10GHz or
12.4-18GH; £250
MARGON! RF MILLIVOLTMETER TF2603 50KHz-1., SUDMHZ ... £150

MARCON! VALVE VOLTMETER TF2600 10Hz-10MH:
MARCONI INSITU UNIVERSAL BRIDGE TF270
MARCONI UNIVERSAL BRIDGE TF2700 Batter
MARCON! UNIVERSAL BRIDGE TF8688 ....

AVO UNIVERSAL MEASURING BRIOGE type 1 ..
H.P. VECTOR VOLTMETER & 450A.........0vscrcs.

H.P. BROADBAND SAMPLING VOLTMETER 34064 -£500
MARCONI AF SIGNAL SOURCE TF2000 20H2 20KHz .£200

SOLARTRON TRUE RMS VOLTIMETER YM1484.... .
H.P. TRUE RMS VOLTMETER 3400A 10Hz-10MHz - £400
FEEDBACK ELECTRONIC WATTMETER EW804 DC-20KH: .

R&S MICROWAVE POWER METER BN2413/30 0-4GH:
H.P. DAMM 3470 SYSTEM.

* FARNELL FUNCTION GENERATOR FG3 .2l

FEEDBACK VARIABLE PHASE OSGILLATOR VP0230 1Hz-100KHz ......£75
H.P.WIDE RANGE OSCILLATOR 200CD 5Hz-600KHz . ..£100

RACAL 32MHz UNIVERSAL COUNTER TIMER type 836.
with manual

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605 Dual Trace 60MHz
Delay Sweep, G Tes £515
HAMEG OSCILLOSCOPE 203 5 Dual Trace 20MHz
Component Tester £270
All other models available

BLACK STAR COUNTER TIMERS (p&p £5)

APOLLO 10-100MHz. Ratio/Period/Time Interval etc ... £219
APOQLLO 100-100MHz (As above with more functions) £285
BLACK STAR FREQUENCY COUNTERS (pép £4)

Meteor 100-100MHz ..

Meteor 600-600MHz .. £126
Meteor 1000-1GH; £175
BLACK STAR JUPITOR 500 FUNCTION GENERATOR

Sine/Square/Triangle 0.1Hz-500KHz p&p £4 ............... £110

HUNG CHANG DMM 6010. 34 digit. Hand held 28 ranges
£33.50

_ including 10 Amp AC/DC.

Complete with batteries & leads p&p £4....ccoov.crn.

OSCILLOSCOPES PROBES. Switched X1, X10...

ISOLATING THANSFORMEHS

240V input-240V output

500VA £15p&pE5
200VA £8pgp£3

THIS 1S A VERY SMALL SAMPLE OF STOCK, SAE or
Telephone for LISTS. Please check availability before
ordering. Carriage afl units £12. VAT to be added to total on
Goods and Carriage.

STEWART OF READING Telephone: 0734 68041
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)

CIRCLE 72 FOR FURTHER DETAILS
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Coinrecognitionin
vending machines

Inductive sensors and custom l.s.i. combine
torejectdud coins o

ocial trends are making
Sit increasingly imprac-

tical to employ people in
routine point-of-sale tasks;
vending machines are rapidly
becoming the norm rather
than the exception here. Some
advances in vending machine
technology have been obvious
—the ability to accept a variety
of coin values, give change,
and even to synthesize verbal
prompts — but the less obvious:
developments which under-
write the more extensive use of
vending machines lie in the
improved accuracy of coin-
recognition mechanisms. It is
the application of the latest
l.s.i. and transducer technolo-
gy which has permitted this
enhanced performance.

The vending and amuse-
ment machine industry is con-
stantly on the look out for ways
of combating the ingenuity of
would-be fraudulent users who
continue to devise new kinds of
coin counterfeits, known collo-
quially as ‘slugs’. To frustrate
these efforts, more discrimi-
nating coin-recognition mech-
anisms became essential, Yet,
with the average life of a coin
stretching to ten years, suffi-
cient tolerances to cope with
the subsequent change in char-
acteristics of valid coins must
be accommodated.

Mars Electronics achieved
the first reliable solution to
these two conflicting require-
ments. The design described
here can accept up to six differ-
ent “valid” coins.

Inductive sensors

The combined results of three
independent tests, matched
against a “template” held in
prom, determine whether a
coin is accepted. The sensors
measure the thickness, mate-
rial composition and diameter

using inductive principles. The
location of these successive
transducers is shown in Fig 1,
which also indicates the
physical passage of the coin;
the ceramic snubber serves to
absorb excessive kinetic ener-
gy and ensure smooth passage
of the coin through the
mechanism. There are subse-
quent monitor devices (not
shown) which check that the
mechanism has not been tam-
pered with. Economical use of
the electrical power is
achieved by implementing a
standby mode, where only the
first sensor and the c-mos de-
tection circuits are active
until a coin is inserted.

Each sensor is made up of
one or two ferrite-core coils,
which are arranged symmetri-
cally to face the path of the
coin. The inductors are compo-
nents in resonant circuits; the
physical size of the coils and
the fundamental frequency are
different for each sensor, being
carefully chosen to give the
optimum sensitivity for the
desired characteristics being
measured. As the coin passes
the coils, the oscillator fre-
quency is increased and the
amplitude of the oscillation is
reduced through energy
absorption by the coin.

In the case of the first sensor
(thickness), the fundamental
frequency is 1MHz. This is
sufficiently high to ensure that
the electromagnetic energy
does not penetrate significant-
ly into the bulk of the coin
(because of skin-effect), and
the frequency shift can be
almost totally ascribed to the
distance of the coin surfaces
from the coils (i.e. the thick-
ness of the coin).

Further information can be
gathered by this transducer.
The circuit is sensitive enough
to accurately read the depth of

ELECTRONICS & WIRELESS WORLD JUNE 1986

the stamping on the faces of
the coin and to some extent the
pattern. This information is

most valuable for differ--

entiating between coins of
otherwise similar characteris-
tics: for example, the 5p piece
and the German 1DM.

In the case of the second
(composition) sensor, the aim
is to evaluate the conductivity
of the material, so a lower fun-

by Bob Deane,

B.Sc., M.1.E.E.
Mars Electronics Litd

Fig. 1. Physical path of the
coin through mechanism, °
indicating the position,
relative size and sequence
of the three sensors.

Sensor
3

Accepted

Rejected '
coins coins
T
Acceptance!
z window |
o 1
g t
= }
>
Q. 1
o 1
o. 5 peseta S pence
i
L

MEASUREMENT VALUE DISTRIBUTION

Fig. 2 shows how the acceptance window is modified to
individual machine manufacturers requirements by
adjusting the acceptance rate for valid (but worn) coins
and the rejection rate for counterfeit or foreign money.
5p coin is accepted 909% of the time, with a worse-case
10% acceptance of the 5 peseta coin. Broken line shows
5p coin accepted 989 of the time, with a worst-case 30%
acceptance of the 5 peseta coin.
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damental frequency of oscilla-
tion is used (100kHz) to
achieve a higher depth of
penetration. The effect of ener-
gy absorption in the material
of the coin is to reduce the
amplitude of the oscillations,
the extent of the voltage
change being a function of the
composition.

The final sensor (diameter)
is similar to the thickness sen-
sor in that it relies on high
frequency skin-effect to mini-
mize energy absorption (using

an f, of 6560kHz). However, in

contrast to the small size of the
thickness sensor, this last sen-
sor has a coil diameter exceed-
ing the diameter of the largest
valid coin. The electromagne-
tic field effects are therefore
dependent on the coin’s dia-
meter.

Customintegrated circuit

While a commercial prom pro-
vides a convenient storage
medium for the predetermined
characteristics of the required
range of valid coins, all the
remaining logic circuitry
(some 3000 transistors) is con-
tained in a custom i.c. This
chip is essential to prevent the
complete circuit board being
unacceptably large and com-
plex, with consequent reliabil-

ity problems. The i.c. must rumn-

»

continuously in “standby
mode, so c-mos was chosen as
the most appropriate technolo-
gy toemploy.

In operation, the custom
L.s.i. chip establishes the ratio
and the difference between the
maximum measured value and
the normal (without coin)
levels from the resonant cir-
cuits. The results from each
sensor are then compared with
the pre-programmed values
held in prom, the coin type is
identified (up to six denomina-
tions can be handled) and an
“accept/reject” decision made,
which can be modified to suit
the requirements of an indi-
vidual vending machine
manufacturer.

There is inevitably some
compromise involved between
the acceptance rate for valid
(but worn) coins and the rejec-
tion rate for counterfeit or fore-
igh money. An example of this
is given in Fig. 2. The “accept-
ance window” can be adjusted
to suit the priorities which are
considered most appropriate
for the job.
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Improving 4000 series oscillators

continued from page 35

receiver as a synchronized
horizontal .or vertical oscilla-
tor. Inasmuch as there is no
‘long first pulse’ to react
against the sync pulse, it will
be instant starting, depend-
ably. Then consider adding a
three-five-eight crystal into
the circuit to interrupt the
pulse, and it becomes a com-
bination horizontal oscillator
and colour burst generator in
one chip... actually in half a
chip, as the other half could be
the synchronized vertical oscil-
lator. But this is outside of the
scope of this article.

Fig. 2 shows an output cir-
cuit for coupling the negative-
going signal on IC, pin 4 to the
base of Tr;, which keys a
negative-grid-block transmit-
ter. Resister R4 is for decou-
pling, capacitor C; is for d.c.
blocking, and D3 is used to turn
the transmitter on continuous-
ly for ‘tune-up’. Turn-on is
accomplished when Sw, is re-
versed from the position
shown. Then the negative vol-
tage at the transmitter key
jack will go through Dy to the
base of Tr; and then through
the base-collector diode of Try
in forward direction to ground,
thus keying the transmitter on
continuously. Study of the cir-
cuit will show that in the re-
versed switch position, the
keyer will key a positive-

‘cathode keyed transmitter...

and in that case, returning the
switch back to the position
shown, ‘it will turn on the
transmitter continuously. In
other words, the circuit will
key both negative and positive
keyed transmitters.

An interesting factor, not
generally known, is that the
pulse at ICy, pin 3 may be too

‘fast to trigger a flip-flop. There

are several ways to overcome
the problem, but the simplest
and most effective one turned
out to be the addition of a small
capacitor between IC;, pin 3
and IC, pin 4. It serves to slow
down the transfer-time at pin 3
by some inverse feedback from
pin 4. It is an important part of
the circuit shown in the panel. .

Figs 1 and 2 turn out to be a
practical and operable keying
instrument. The only other
modification would be the
addition of r.f. by-pass capaci-

T|'2 /\/
-’ G
T B
S 0,7

tors (InF) from IC; 1 and 2 to
ground, and from Tr; collector
to ground.

An alternative to the Fig.2
circuit would be the use of an
n-p-n transistor in place of the
p-n-p transistor. In that case,
the input would be taken from
Ig pin 3, and C; would be eli-
minated. It would still key
both plus and minus keyed
transmitters, but the common
ground would be better for
cathode-keyed transmitters.

In Fig.2, Ds prevents a posi-
tive cutoff charge from build-
ing up on the base of Try. It
may also increase the actual
drive, but these effects may not
be prominent due to the high
resistance of R and any leak-
age in C; and in Tr;. The Fig.3
r.f. amplifier circuit shows the

effect more predictably. Notice
that D, replaces the usual
base-return resistor, thus eli-
minating the circuit loading
which would occur on both the
positive and negative halves of
the driving cycle. On the nega-
tive half, it puts a positive
charge on C; so that on the
positive half the driving vol-
tage is double. Transistor Try
collector current becomes a
square wave that is rich in odd
harmonics. If a resistor is con-
nected in series with D,, some
negative bias will be allowed to
build up, so the Try collector
current will become a pulse
wave, rich in even-order har-
monics. Either way, circuit
efficiency will be higher,

-whether it is an amplifier or

frequency multiplier.

‘Wallchart of frequ

Since the mid-1970s, when our
last wallchart of frequency
allocations appeared, there
have been many changes in the
radio spectrum. Some have
been minor points of detail;
others, like those that flowed
from the World Administration
Radio Conference in 1979, have
been more far-reaching.

Following the recommenda-
tions of the Merriman commit-
tee, the UK administration re-
cently released much informa-
tion not previously available
about its frequency assign-
ments. Within the civilian
allocations, our chart therefore
carries more detail than its pre-
decessor. However, informa-
tion about bands occupied by
the government is still in short
supply.

Allocations in the United
Kingdom follow closely the
general pattern for Region 1,
which includes Europe, Africa
and Soviet Asia. However, like
other national telecommunica-
tions administrations, the DTI

ELECTRONIC

ency allocations

enjoys the freedom to depart
from the basic plan where the
risk of creating undue interfer-
ence in neighbouring countries
is small. Some information on
the chart therefore does not
hold good for other European
countries.

The aim of the chart is to give
a picture of the uses to which
the various parts of the radio
spectrum are put. Detailed in-
formation has been included
where space allows but much
has had to be left out. Several
categories of radio user have
been merged in the interests of
readability: for instance under
the heading Aeronautical we
have bracketed the aeronautic-
al fixed, mobile and satellite
services.

‘Primary’ and ‘permitted’ ser-
vices are the principal users;
‘secondary’ users may not
cause interference with either
of them, but can claim protec-
tion against interference from
other secondary users assigned
later.
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connect
g with
electronics

- Oryx introduce the revolutionary
-DPU 45 Electronic soldering
station and the PLATINUM 45
Electronic soldering iron which
offer truly solid state systems to
ensure that quality, reliability and
mechanical strength combine to
produce a “tough” iron capable of
maintaining stability. . . -
% Ultra stable platinum resistance @]mx'advanCEd d93|gn atan ord"]al'y pﬂce
temperature sensor.

% High-reliability Cermet heating  GREENWOOD ELECTRONICS DISTRIBUTORS .

element full 45 watts. Toolrange 0734 22245 Reading. ST.C. Electronic Services 0279 26777 Harlow. Verospeed 0703 641111 Eust|e|gb.

%P rti 1 control electronics Electroplan 0763 41171 Royston. Nietronix 0934 838656 Avon. Cobbies 01-699 2282 London. Buck & Hickman U.K. An.gho
roportional contr " Components 0945 63281 Cambridge. E.I.C. Lid. 0727 36311 $t Albans. Willowvale Electronics 0734 860158 Reading.

% Spike free switching. Longs 09328 61241 Surrey.
' Please telephone or write for further information to:

H Portman Road, Reading,Berkshire, RG3 1NE
Greenwood Electronics 7/ Reading 0734 595844, Telex: 848659

CIRCLE 16 FOR FURTHER DETAILS

OPT STD

| UNIVERSAL PROGRAMMER m o L o L

O
<

*emulates two 2716-27256

Accepts Binary format/JEDEC format

IBM PC communications Software

BYTRON LTD., N N
High Street, Kirmington, S. Humberside DN39 6YZ . * * * *
l_by I RON Telephone 0652 688626 - Telex 527339 : PALASM, CAST*, CUPL*, HEL.P.

- ¥ O Programs Single Chip MICROs
P R O M P R O" X PTM O ® Programs PALs/PLDs - 20/24 Pins
& O Programs BIPOLAR PROMs
e 28 O ® Builtin EPROM Eraser
QR ALL YOUEVER NEEDEDIN A O ® Keypad and Alphanumeric Display
PROGRAMMER FOR o Sophisticated Command Set
‘ O ® Stand-Alone or RS-232 PC Driven
£ 1 995 oo O © 512K RAM buffer, 8 bit or 16 bit wide
5 . O ® Accepts Intel Hex 80,86,ASCI format
EXC. VAT O © Accepts Motorola S1, S2, S3 formats
o o
o o
M D
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HIGH QUALITY — LOW PRICES

Single sided 250k; Double sided 500k Double density — 100 tracks per inch.
3 ms Track access time. Shuggart interface.
Plug compatible with 5% inch drives.

Single sided

£39.95 + VAT
Double sided

11GHz SATELLITE TV RECEIVING EQUIPMENT

\ Posage S6p sevond dss, €128 1 s J RECEIVERS, LNB’s, LNC’s, FEED HORNS,
FOR FURTHER DETAILS SEND S.AE. TO: ANTENNAS, ANTENNA POSITIONERS,
MATMOS Ltd., Unit 11, Lindfield Enterprise Or Computer Appreciation, POLARATORS, LINE AMPLIFIERS, ETC.

Lewes Road, LINDFIELD, 111 Northgate, CANTERBURY, Kent. CT1 1BH. For further details contact
e s BX o O44473830 HARRISON ELEGTRONICS

22 MILTON ROAD, WESTCLIFF-ON-SEA. ESSEX SS0 7JX  Tel: (0702) 332338
CIRCLE 45 FOR FURTHER DETAILS
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PROFESSI’ONAL PC BASED PCB DESIGN PACKAGES

VUTRAX-4

The modular PCB design system allowing input by
schematic capture, standard net list or manual onscreen
generation. Combined with advanced features like auto-
placement, auto-routing, design rule checking and true
SURFACE MOUNT capabilities, make VUTRAX-4 the
most comprehensive package for PCB design on
personal computers. . :

Technical Summary

+ Up to 32" by 32" board size

- Upto 16 layers ’

#0.001” or 0.025mm resolution

« Track size from 0.001"to 0.952”

« Pad sizes and shapes are practically unlimited

« 500 16 pin IC capacity

+ Supports wide of graphics options

» Camera ready artwork on dot matrix printers and pen
plotters

# Supports Gerber photoplotters

« Silk screen, solder resist and drilling chart capabilities

» Runs on Apricot, Sirius, Olivetti, IBM PC/XT/AT and
Future FX20/30

Software from £1,400 to £9,800
Demo System £70.00

L

QUICKPAD @

A Professional PCB Design System for only £895.00
QUICKPAD is a new BRITISH software package that
turns your IBM PC into a high quality PCB artwork
designer. No more hassle with traditional layout and
tape up methods. No more waiting for a technician,
draftsman or the CAD department. Its simplé to use
menu system makes it ideal for the novice or expert.
QUICKPAD runs on an IBM PC (or clone) with a minimum
of 256K bytes RAM, dual floppies and Colour Graphics
Adaptor or Hercules Monochrome Graphics card.

Technical Summary
» Upto 12" by 16" board size
» Double sided artwork plus silk screen, solder resist
and drilling chart.
+ 0.010"board resolution
» 4 standard track sizes (0.080", 0.040", 0.020” and 0.010")
» 4 standard pad sizes (0.128", 0.096”, 0.064" and 0.032")
= 4 levels of zoom (8:1, 4:1, 2:1, 1:1) :
+ Artwork can be plotted on a wide range of output
devices
= S|P, DIP and connector libraries
= Component names up to 6 characters long
+ Comprehensive commands for copying and moving of
pads and tracks (including rubber banding)
# Input via standard netlist
« Easy to use menu system

Software £895.00 inc MOUSE
Demo pack £30.00

Note: All prices exclude VAT & Delivery

CONGUIN SOFTWARE LTD.

Freepost, Morden, Surrey SM4 1BR  Phone: 01-640 9130

Hoo!
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) Pneumétic

) Hydraulic Ram
Operated

[ J Winch Operated

g
- Hilomast Ltd
" THE STREET — HEYBRIDGE — MALDON
ESSEX - CM9 7NB — ENGLAND

Tel.(0621) 56480 Telex. 995855
CIRCLE 6 FOR FURTHER DETAILS

60

DATA GENERAL MINICOMPUTER
PARTS AND SYSTEMS

Does your application need those multi-user megabytes but your
budget stretch only to a PC? Oris your old DG mini flat on its back?
Need an upgrade? Second printer? Hardware support? As traders
in commercial systems, we always have stock of older (and newer)
equipment. We also deal in second-hand and surplus micro
systems. Large SAE for current catalogue.

Sample stock: Eclipse S130 (CS/60) 8-line mux, 40MB — £5500;
D211 screen — £570; 6123 Micronova/CS 100 streaming tape —
£3400; CS10 C3, 4-linemux, 12.5+ 1.2MB, console — £1500;
NEC APC, colour, 10MB, Autocad, A1 plotter & digitiser —
£4000. 3001 pm drum printers — £400.

SILICON GLEN LTD

Moray Street, Blackford, Perthshire, Scotland
Callers & Overseas Enquirers welcome
on Telephone: 076482 315 or464
Telex: 295141 TXLINK G quoting MBX 076482315 on firstline
Bulletin Board Sales Catalogue (Prestel Standard) on 076482465

CIRCLE 59 FOR FURTHER DETAILS

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

R.HensonLtd.

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
Telephone 01445 2713/0749

CIRCLE 29 FOR FURTHER DETAILS
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APPLICATIONS

Low p_ower f.m.
transmitter
system

This is one application

ofa chipdesigned for f.m.
communication equipment
transceivers, cordless
telephones, remote control and
data links.

In the circuit shown, tone
oscillator and microphone
output can be summed at the
audio amplifier inputor at the
modulator input through
resistors.

Motorola application note
ANHEKO2 for the MC2831A 1.c.
deseribes further applications
including a single-channel
cordless telephone and base
set, and 10 channel versions. A
brief functional description of

SUMMARY

Most manufacturersin the electronics industry spend
large amounts of time and money on developing and
describing applications for their products. To keep you
informed, we will be publishing extracts from these notes
from time to time. Readers wanting more information
about particular notes need only circle the appropriate
Reader Enquiry Service number.

burst ordual-tone f.s. k. are
alsogiven.

The MC2831A includes an
audio amplifier with limiter,

r.f. oscillator for up to 30 MHz.

tone oscillator for pilot‘data
signalling and a variable
reactance {requency
modulator. Designed for
battery operation, the 2831
has a supply voltage monitor
and runs from 3-8V,

Application
notes
received

Analog Devices

ADG708-bit ad converter
applications.

Low-cost two-chips voltage-
controlled amplifier and
video switch.

Brooktree

thei.c. and wiring for tone EWW300 Comparison of NTSC, PAlLand
«N\,j_ A Yeey
100
o — Ly L
1 T
150k 1
ot = ! | 12p 850n 12p 850n
20n !
47
\I\%Mps%zsc o T P
-L T Veey —I_Vcc1
- 47D i l L3
-
, T v @ Wk =30 | 2m
] 10l )
>6p 100k
16 15 1% 3 12 1 10 9 Toko 126 AN-6708X
Tiesr | - CopT z Tore
MHz Rfosaillator -thuffer S Veef osc
L |8 51y ,ng.;';g,, ' .
’ [ Mic.amp.
Reactance <. Tone |
modulator \(cc Pt switch
e Le
} 2
RE——
1 2 3 L 5 6 7 8 _
=008 Z=225 - 2 220k Q0Data input
tc
T g
AN—— 100k
20k 100k 1000
I O Audio input

27k 10(ljn -L
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SECAM video levels, ANS.

Ditigal-to-analogue converter
definitions, AN4.

Differential gain and phase
characterization of Videodac
AN3S.

Motorola

Interfacing the MC145418 and
MC145419. ANY45.

MCESHC805C4 8-bit ceprom
MCU programming module,
AN9GE.

Floppy-diskdrive design using
FDDP control processor and
MC2870 read-write
amplifier, ANHKO04.

New mosfets revise power
transistor performance
specifica tions, AR146S.

MC68020 32-bit mpu: opening
new application doors,
AR232.

Rockwell

R6511Q-based terminal.

Low-power ¢-mos terminal
design, Application Note
2185.

Applelle to LCE download
program, Application Note
2194,

Quality of received data for
signal processor-based
modems, Application Note
671.

8088 microprocessor to R1212;
2424 modem interface,
Application Note 672,

Interfacing Rockwell signal
processor-hased modems to
an Apple Ile computer,
Application Note 673.

R96FAX modem tone-detector
filter tuning, Application
Note 668.

R2424 and R1212 modems
autodial and tone detection,
Application Note 676.

Analog Devices Ltd, Central
Avenue, Eastd Molesey, East
Molesey, Surrey KT8 OSN.

Brooktree: Thame
Components, Thame Park
Road, Thame, Oxon OX9 3XD.

Motoroloa: Hawke
Electronics Ltd, 45 Hanworth
Road, Sunbury-on-Thames,
MiddIx TW16 5DA.

Rockwell International Ltd,
Central House, Lampton Road,
Hounslow, Middx TW3 1HA.
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Usingvideo
d-to-a
converters

In video d-to-a conversion.
proper component selection,
hardware and p.c.b. lavout are
essential for stable, low-noise
operation.

Because the video converter
is part analogue and part
digital, the analogue output
signal is subject to degradation
from power-supply noise,
ground loops, radiated pickup
and magnetic coupling.

Brooktree application note
ANT1 provides guidelines to
help both the design engineer
and p.c.b. designer get the best
{rom a video d-to-a converter.
EWW301

APPLICATIONS SUMMARY

L

200 Gas pressure g
S
>

L/\ AmemeSet trip

transducer

Solid state
pressure
switch

Output from MPX

piezoelectric pressure sensors

12bit analogue
i/oport

Details of an /o port for
measuring and producing
analogue signals are given in
Analog Devicesnote *12 bit.
Analog IO Port Uses AD7549
and 8051 Microcomputer”.

The 7549 consists of two
12bit multiplying digital-to-
analogue converters, each
with its own data register.
Output current settling time of
cach converteris 1.5us.

Data isloaded into the 7549
from the 8051 microprocessor
through a 4bit data busin
three parts. One of the two
d-to-a convertersis used with
comparators and software
successive approximation for
analogue-to-digital
conversion.

Software described consists
of two main routines, one for
each conversiondirection.
Output software for d-to-a
conversion uses 55 program
bytes to transfer the 12 bit
digital word from 8051
memory to the 7549 register.
This routine takes about 74ps.

Execution time of the 145
byte analogue-input routine
varies between 140 and 180 ps
depending on the input signal
value. This variation is caused
by the successive
approximation.

For increased bandwidth,
the input buffer can be
replaced by a sample-and-hold
cireuit to allow sampling of
signals up to 2.7kHz. Details of
the s/h circuit are not given in
the note.

EWW302
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isamillivolt-level analogue
signal. By adding two op-amps
and arelay, asin Motorola
application note AN962. these
sensors become simple and
cconomical pressure limit
switches.

Construction of the sensor is
detailed in the note and there's
atableofoperating
characteristics for comparing
various sensors inthe MPX
range. There are devices for

Pin 7¢-/\/\/\,—1-
510 }::

Gnd -.——r HOC3009

The circuit —withp.c.b.
layout — is well described and
the note includes suggestions

.mproving circuit
performance. Applications of
the circuit include compressor
motor control, liquid level
control and clean-room

2N6072

Enhancement

Line high

Line low

diffusiop  Diffused
Thermal oxide strain gauge
passivation  Etched Metallization
\,  diophragm
Sticon
woafer

Glass frit seal

[RR—

N\

four pressure ranges between ! . Vacuum for
()—IOL')md() 200KN/m2(0-1.5 pressure maintenance. Silian Pressure porf %o bsolute
o -Z ; il B3 constoamn! 5 sensors
s ifferentiat
and 0-301b.in"). EWW303 wafer G
+15V

AD OP27

f 3
A 10p Aoyt
0 mva i 0 forwv
10
O u e}
—— 15V

— Ly7

4 L

Lp7
asvot T

% Pull up not needed ~8- -15V 100n

—
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DATAMAN

Lombard House, Cornwall Road
DORCHESTEE, Dorset DTl IRX

phone 0305 68066 telex 418442

RTHER DETAILS §

\FAST EPROM PROGRAMMER

Copies eight EPRIOMS ot o pass
all 25 and 27 series up to 27256
S—— " EPROM type is set by switches
GANG-OF BIGHT 1 g« i : W erasure is checked automatically
' : H control is simple - two keys
Alpha liquid crystal display
checksum facility 6 hex digits
FAST or NORMAL programming
PLUS VERSION also hes:t
serial RS232 program & check
CTS or DSR handshake
ASCIL SIMPLE HEX, INTELHEX
MOTOROLA S or TEKHEX

GANG—-OF-FEIGHT £ 395
GANG—OF—-EIGHT plustL445

/80 TUT0

Designed for Schools Council
tc teach Z80 machine code

MENTA uses TV for display

shows STACK & PROGRAM in HEX

micro ngﬂ eer. jﬂg CIRCLE 55 FOR FU

1

t

AFFORDABLE ATE

Diagnoses bus troubles
Helps mend micro bkoards
280, 6302, 6800, 8085
All covered by one product
Disassemblers included
Plugs Into micrc socket
Hand-held probe identifies
ADDRESS, DATA and CONTRDOL
lines at o touch.

EPROM EDITOR

Displays HEX on standard TV
with text-editing facilities
inserts and deletes
shifts and copies
bytes and blocks of code
EMULATES EPROM in circuit
using romulator lead supplied

Editing facility includes
direct keyboard ASSEMBLER
RSe32-output DISASSEMBLER

Prints a memory map

of an unknown system

showing ROM, RAM, 1/00
and EMPTY ADDRESSING SPACE

Used to write & dekug
short machine—-code routines
MENTA is o complete
controller with 24 bits of 1/C
used for ROBOTICS
TEACHER’s GUIDE, PUPIL READER
MIODULES (e.g. A tc D2 avciicble

MENTA . £99
COMPUTER BARGAINS

-ring for our BEST 0OFFER

OLIVETTI M2Z1, Mz24
with 1OMB hard disk if req.
AUTO—-CAD & M24 created this AD

EPR;MSERASERS fém £39
SOFTY £795180Y 1T AND TRY IT

ADAPTOR... £ 25| REFUND CUARANTEED

less postal expenses, if goods returned intact witf}jn ]j,,,,dciys
PRODUCT IS USUALLY IN STOCK 1
TODAY DESPATCH IS POSSIBLE VISA

PHONE FOR A LITERATURFE PACK
VAT must be added to prices

Uploads and downloads
using serial and parallel
routines - RS232, Centroenics

PRIOGRAMS & EMULATES
2716 2732 2532

Useful for development
particularly for piggy-kack
single—chip micros

Adaptor is available
to program 2764 & 27128

LOGS all tests cnd responses
on PRINTER and ALPHA LCD
Non-volatile memory
retains test sequences
CHECKSUMS, RAMTESTS,
READS/WRITES MEMORY & I/0
Reports location of SHORTS
on ADDRESS cnd DATA busses
Prints out memory contents
in ASCII, HEX or SOURCE CODE

You cannot expect to mend
microprocessor products with
a meter and a scope.
How many repairs would
pay for your SuperDOC?

SuperDoC.. £395

"Our ezxpensive equipment
stays on the shelf
Jor weeks — but SOFTY
is used every day”
~ says big—budget customer




A digital multimeter that measured temp-
erature, capacitance, volts and amps (both
AC & DC), ohms and conductance and was a

THE ONLY DECODER IN THE WORLD THAT continuity, diode & transistor tester and cost
WILL DECODE THE CODES THAT OTHER | less than £65 inc. VAT g

DECODERS GIVE UP ON.

would either be too
good to be true, or the
amazing M5010EC.

The M5010EC measures DC Volts
1001V to 1000V. AC Volts 100uV to
750V. DC Current 100nA to 10A. AC

THE POCOM AFR SERIES OF DECODERS Current 100nA to 10A. Resistance 0.1¢2

to 20M¢), Conductance 0.1nSto’
OFFER THE FOLLOWING CODES. 200nS (- 5M¢) to 10.000M() Temp-

TRANSMISSION MODULE AVAILABLE SOON. erature —20 Cto 1370 C. Capaci-
. tance 1pF to 20uF. h.. 0 to 1000

NPN PNP. Diode test, Continuity

buzzer. Basic accuracy - 0.25%.

Features of POCOM equipment -
QOverload protection to UL244.

|. DECODING SYSTEMS AFR-1000  AFR-2000 AFR-2010  AFR-8000 Includes safety leads. thermocouple.
RTTY Baudot CCITT No. 1, standard 45/50/57/75/ YES OPTION ~ OPTION  OPTION bench-stand and full operating
100/150/200 bauds instructions. To order quote YJ79L.
RTTY BaudotOCCITT No. 2, standard, 45/50/57/75/  YES YES YES YES

/200 baud: :
10071507200 bouds And all for just £64.95
RTTY Baudot CCITT No. 1, variable, 30-250 bauds, NO OPTION  OPTION  OPTION
quartz accuracy with 1/1,000 baud raster lnc’ VA T.’.’!
RTTY Baudot CCITT No. 2, variable, 30-250 bauds, ~ NO OPTION  OPTION  OPTION For fuil details write or phone now:

quartz accuracy 1/1000 baud raster

0 - . . -
M@pl'lh Maplin Electronic Supplies Ltd.
RTTY Baudot CCITT No. 1, bit inversion, variable, NO OPTION OPTION OPTION i i
30250 bauds. quartz accuracy 1/1000 baud P.0.Box3, Rawe'gh’ Essex, SS6 8LR.

Telephone: (0702) 552911. Shops in London, Manchester, Birmingham,

RTTY Baudot CCITT No. 2, bit inversion, variable, NO OPTION OPTION OPTION
30--250 bauds, quartz accuracy 1/1000 baud Southampton and Southend-on-Sea.
) TRADE ONLY please contact MPS, P.O. Box 777, Rayleigh

RTTY 8-channel, 200 baud t YES YES YES YES ’ ) ’
(sID, KNCA.aentg,e) ALATIEnS seivice system Essex SS6 8LU. Telephone: (0702) 552961.
RTTY NEW: Coded 8-ch: 1 200 {300 baud NO OPTION OPTION OPTION
coruicn cystorm (DPA. VWD, ete) 300 baud)news CIRCLE 20 FOR FURTHER DETAILS
RTTY ASCII CCITT No. 5, standard, 110/150/200/ YES YES YES YES
300 baud

e CROSS ASSEMBLER FOR CP/M80
RTTY ASCIHt CCITT No. 5, variable, 30-250 bauds, N PTION ION 3. . .
quartz accuracy with 1/1000 baud raster Assembles for over 30 CPU’s in four major families
RTTY Baudot synchronous printer, variable, 30-250  NO  OPTION ~ OPTION  OPTION of single chip uC’s and uP’s.
bauds, quartz accuracy with 1/1000 baud raster 8035 8039 8040 8041 8042 8048
RTTY Baudot mode 32, variable, 30-250 bauds, NO OPTION OPTION OPTION
quartz accuracy with 171000 baud raster 8049 8050 8741 8742 8748 8749
RTTY Autospec, variable, 30-250 bauds, quartz NO  OPTION OPTION  OPTION 8750 8031 8032 8051 8052 8751
accuracy with 1/1000 baud raster 8752 6800 6801 6801 E 6802 6803
MORSE (CW), 15-250 letters per minute YES NO YES YES 6803E 6808 68701 68701E 6805 68705
TOR (SITOR/SPECTOR/AMTOR, ARQ-FEC vES YES YES YES _ . : .
corre(sponding to CCIR 476-2), |06 bauct STARBURST - Version 1.31 (Requires Z80 CPU).
AR it chinnel system (i division muliol Mo OFTIoN  OFTION  OFTION Available now including manual - £95.00 + VAT.
e 6,96, 100 bauc " Please specify disc format when placing order.
ARQ multi-channel system {time division multipiex, NO OPTION OPTION OPTION AlSO -Z80 SBC S, uP/UC des'Qn and more —- ean"e-
Moore), A subchanmels. 172; 192, 200 bauds ’ GNC Electronics, Little Lodge, Hopton Road

) s s

é\f{?d:!ﬂl&?gaggeglgﬁ%nbgﬂg) PLEX mode, 2 NO OPTION OPTION OPTION _Thelnetham, DISS, Norfolk |P22 1 JN
ARQ multi-channel system (TDM), PLEX mode, 4 NO  OFTION OPTION  OPTION Telephone: (0379) 898313 14979
subchannels, 172, 192, 200 bauds

CIRCLE 43 FOR FURTHER DETAILS

ARQ single-channel system, standard, 48, 64, 72, NO OPTION OPTION OPTION

85, 96 bauds ]
ARQ single-channel system, with 7-unit code, NO OPTION OPTION OPTION RACKMOU NT CASES

corresponding to CCITT No. 3, 96, 100, 192, 200 ¥ ’ ?

bauds

FEC system, with 7-unit code and test step NO OPTION ~ OPTION  OPTION

{convulgent code), 30-250 bauds

FEC system, with 7-unit code, corresponding to NO OPTION OPTION OPTION

CCITT No. 3, 30-250 bauds

BIT ANALYSIS (bit pattern analysis of the signal NO OPTION OPTION OPTION

current received) 19"Self Assernb!y Rack Mounting Case with lift off Covers. Front Panel 10 gauge,

AUTO SPEED CHECK (baud rate measurement, YES YES YES YES Brushed Anodised Aluminium, Case 18 gauge, Plated Steel with Removeable Rear
quartz accuracy), 30-250 bauds with 1/1000 baud & Side Panels. In 1U & 2U Types a Subplate Chassis is Mounted to Bottom Cover.
resolution In 3U Type the Subplate is located on two Rails Mounted Between The Side Plates.
DETAILS FROM SOLE IMPORTER: ;8 gfﬂ Rengl}:: %ggm gepg\l
eig mdep .
DEWSBURY ELECTRONICS 3U (5%) height, 230m depth.............
176 LOWER HIGH STREET s Width Behind Front Panel 437m (All Types),
STOURBRIDG E’ WEST MIDLAND B All Prices include Postage & V.A.T. Cheques, Postal Orders Payable to:-
03842390063 TLX 337675 TELPESG =y J.D. R. Sheetmetal, 131 Grenfell Road, Maidenhead,
Berks. SL6 1EX. Maidenhead 29450.
CIRCLE 71 FOR FURTHER DETAILS CIRCLE 26 FOR FURTHER DETAILS
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NEW PRODUCTS

Colour paletteona
chip

Aresolution of 1024 by 1024
pixels and a virtually
unlimited (16 million) range of
colours are available through
the Am8051 graphics colour
palette. Thedeviceisa
200MHz d-to-a converter with
look-up table ram and video
syncmixing. It has inputs for
horizontal and vertical syncs
and for blanking. Another
input enables the overlaying of
text or graphics. For high-
speed applications, greater
than 60MHz, the chip will
accept e.c.l. signal levels,
otherwiset.t.l.levels are
accepted.

Three of the devices, one
each forred, green and blue
would be required in a colour
graphics system. In
monochrome applications, the
8151 can be used asa gamma
corrector or as contrast
enhancer for image processing.
Advanced Micro Devices (UK)
Ltd, Goldsworth Road,
Woking, Surrey GU21 1JT.
EWW 215 on reply card.

Quietfan

Suitable for use in office
computers or other electronic
devices, the Papst 8112GL fan
operates from anominal 12V
direct supply. Its noise level is
claimed to be 24dBA, quieter
than the background noise in a
quiet office, it is fittedin a
79mm square frame with a
depth of 39mm. Speed, airflow
and noise can be adjusted by
varying the power voltage
between 8 and 16V. Available

Ltd, Watchmoor Road,
Camberley, Surrey GU15
3AQ. v

EWW 218 onreply card.

through Dialogue Distribution

Logic analyser for microprocessors

New from Gould Electronics is
the K115 logic analyser which
is specifically designed for use
in designing, debugging and
testing microprocessor
application circuits. It has 32
or 64 channels at 20MHz for
logiclevel and timingin 8, 16
and 32-bit applicationsand a
direct link to either four or
eight channels at 5ns, or 8 or

16 channels at 10ns. A major
feature is the ability to switch
between state and timing
modes by push button, without
the need to reconfigure the
hardware. Gould Electronics
Ltd, Instrument System,
Roebuck Road, Hainault,
IIford, Essex IG6 3UE.

EWW 229 onreply card.

Long-life slide potentiometer

A new wiper design, patented
in Germany by Novotechnik,
incorporates two wiper arms
mounted in line with each
other. Their pivot points are on
opposite sides of the wiper
carrier. Bothunitsactasa
single pick-up, providing an
average output which lies
between the values picked up
by each arm. Mechanically the
arms operate in opposition and
cancel out errors which can be
caused under extremes of
acceleration and wear. The
general result is: more

ELECTRONICS & WIRELESS WORLD JUNE 1986

tolerance of spacing between
the rack and the wiper;
capability of high linear
acceleration and a fourfold
increase in wiper reliability.
The TLH series of
potentiometers are available
with linearitesdown t0 0.01%
and in lengths up to two
metres. The rodless design also
saves on space. Available
through Variohm
Components, Cattle Market,
Watling Street, Towcester,
Northants NN2 7HN.

EWW 219 onreply card.

Frequency-counting
multimeters

Built-in frequency counters
have been added to two
Beckman digital multimeters.
DMB800 (£135) has average
readings for alternating
current and voltage, while the
DM850 (£175) offers true r.m.s
.D.caccuracy for both meters
i80.05%

The frequency counter
facility allows measurement
up to 200kHz and may be used,
for example, on modem tone
testing. There is a ‘data hold’
switch which retains the

current reading on the display.
Each meter has five voltage
ranges, five current and six
resistance ranges. Beckman
Industrial Ltd, Queensway,
Glenrothes, Fife KY7 5PU.
EWW 211 onreply card.

Compact stepper
motors

High torque and performance
characteristics are claimed for
these compact, lightweight
Vextra stepper motors. The PX
series of two-phase motors
have step angles 0f0.9,1.8 and
3.6°, with versions suitable for
bipolar and unipolar drives.
Working over a wide
temperature range and with
high insulation resistance ,the
motors are thought to be best
used in computer applications
such as floppy or rigid disc
drives, small printers and x/y
plotters. Leeway Data
Products Litd, Central Way,
North Feltham Trading
Estate, Feltham, Middlesex
TW140RX.

EWW 225 onreply card.
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Oscilloscopes from
Hitachi

VC6020 costing £13951s a
1000MHz dual-trace digital
storage oscilloscope. It
features a maximum sampling
frequency of 1IMHz, a vertical
resolution of eight bits and a
storage capacity of 1Kbyte/
channel. Ithasapre-
triggering function. Storage
modes are Normal, Hold,
Single and Roll, the latter is
used for monitoring at very low
speeds. The instrument is
provided with an output toa
chartrecorder and a GPIB
interface to controllers or to
computers for data storage.
Hitachi Denshi (UK) Litd, 13
Garrick Industrial Estate,
Garrick Road, Hendon,
London NW9 9AP.

EWW 223 onreply card.

Surface mount
resistor networks

Resistor networks in
miniature packages for surface
and through-hole mounting
offer considerable space saving
onp.c.bs. They can be used in
pull-up/pull-down applications
and for 7-segment l.e.d.
current limiting, d-to-a
conversion ladders etc.

These from CorinTech come
intwo configurations; as seven
separate resistorsor 13
resistors with a common
connection. Standard values
are from 10Q) to IMQ in the E6
series, with a tolerance of 2%.
Other configurations and
values are available to order
within four weeks. CorinTech
Ltd, Ashford Mill, Station
Road, Fordingham, Hants SP6
1DG.

EWW 212 onreply card.

NEW PRODUCTS

Two particular features make
the Philips PM3055 different.
The firstisthat it hasa green
button on the front marked
‘Autoset’. This automatically
adjusts the settingson the
oscilloscope to find the trace,
scale the amplitude and select
the correct timebase and
triggering to display the
incoming waveform correctly.
The second new feature is the
large L.c.d. panel which givesa
direct readout of all the setting
in use. The settings can be
easily altered by the use of the
rocker switches next to the
l.c.d. panel and the series of
push buttons to select
functions such as timebase and
trigger settings. It is possible
tohave an add-on GPIB
interface. The dual trace

ow-cost 50MHz oscilloscope

oscilloscope has the additional
ability to display the trigger
waveform.

Philips have taken a leaf
from the Japanese
manufacturers’ book to
automate the production of the
PM3055. It has a one-shot
moulded case and all the
internal electronics are
pluggedin easily and quickly.
This leads to easy servicing,
and a quick-test program
through the GPIB interface is
used to diagnose any faults. It
alsoleads to the low cost of
£850 for a dual timebase unit
and £800 for the single
timebase. Pye Unicam Ltd,
York Street, Cambridge CB1
2PX.

EWW 228 onreply card.

Telecommi.cs

Several new integrated
circuits aimed at the
telecommunications,
applications specific and
modem markets are produced
by Exar. One product is the
V22/Bell modem chip set
which includes switched
capacitor filters, a modulator,
demodulator, data buffer and
V22 filter for full-duplex
operation up to 1200bit/s.
Anotheri.c.is alow-power
p.c.m. line driver. The bi-
directional T1C repeater chip-
set provides data transmission

atupto 3.152Mbit/s. Other
telecommsi.cs are an interface
circuit for operationat 2 or
8Mbits/s; and speaker phone
chips for use in intercoms,
mobile telephone, etc. Exar are
also promoting their standard
cell approach to application-
specific analogue and digital
integrated circuits and claim
that analoguei.cscanbe
designed as easily as digital
circuits using a building-block
approach. Available through
Microcall Ltd, Thame Park
Road, Thame, Oxon OX9 3RS.

EWW 230 onreply card.

Immersible switches

A seriesof d.i.l. switches are
available which have internal
rubbe. sealing and can be

1| immersed for cleaning. They

do not need to be taped up and
thus save much time and

trouble. The A6D range comes

in ‘top’ or ‘side’ actuated types
and with 4,6 and 8 ways. The

switches can cope with 100mA
d.c. at 50V and have a life
expectancy of 5000 mechanical
switchings. They also save
space by being smaller than
comparable d.i.l. switches.
IMO Precision Controls Litd,
1000 North Circular Road,
Staples Corner, London NW2
7JP.

EWW 213 onreply card.

Extruded enclosures

The traditional die-cast box
may have reached the end of
the line with the launchofan
ingenious range of extruded
aluminium boxes by Lincoln
Binns Ltd. The Linc-Ace
system is based on three
standard extrusions, the
largest of which is big enough
tohouse a discdrive or
medium-sized power supply.

On the outside are dovetails
which interlock with those on
other unitsintherange, orcan
accept fixing brackets or
rubber feet. Inside, as well as
the usual mounting slots for
p.c.bs, is a slide-way into which
can go a clever heat-sinking
bracket for power transistors
up to TO-3 size. On its bracket
atransistor may be soldered
direct to the board. Yet the
user can slide the whole
assembly in and out freely
without the need to dismantle
anything.

The metal panels at front
and back can be weatherproof
with sealing gaskets. No
drilling is required.

All units are obtainable
black anodized or with natural
finish. In one-off quantities,
the natural finish version costs
no more than an ordinary die-
cast box of the same size.
Lincoln Binns Ltd, P.O. Box
110, Haywards Heath, West
Sussex RH175YU.

EWW 227 onreply card.

Pulsed probe

Thisdigital pulser injects a
signalinto a circuit node to
determine ifthe device at that
node is working correctly. This
avoids the need to isolate the
device from the circuit. It can
inject a 2us single pulse, ora
repeated pulse at 0.5Hz or
500Hz. It can drive a node that
isnot powered by the host
circuit or sense the state and
voltage of the node and provide
the power to force the node into
the opposite logic state. The
instrument has a high imput
impedance, while output
impedance is low to avoid
loading the circuit under test.
OK Industries UK Ltd, Dutton
Lane, Eastleigh, Hants SO5
4SL.

EWW 214 onreply card.
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{( lﬁ\strote'ch Limited

Instrumentatlon Supply, service and Re-callbratlon
mDeo13 WKD578
Digital Autoranging
Capacitance -'"" ’
Meter

* 10Aac./d.e

£39.95

% 8 Ranges
v 200 pF t6 2000uF -
+ 31 Digit LCD Display + Continuity Buzzer

¥ Display Hol/Memory

|£69

HM102BZ Analogue Multimeter DD6010 32 Digit

19 Ranges-10A d.c.-Continuity DMM?10A-Accuracy 0.25%-28
Buzzer-£14.50 Ranges-£39.95

KD615 32 Digit DMM 10A DM105. 3'% Digit DMM14
d.c.-Transistor Tester-£39.95 Ranges-Accuracy 0.75%-29.00
Black Star Thandar SC110A
Frequency Counters 10MHz Portable Scope £175
Meteor 100 -100MHz - £99 AVO 8 MKV-Recon. Inc case,
Meteor 600 -600MHz- £126 leads, bats -£95

Meteor 1000 -1000MHz- £175 Black Star Apollo“100
Meteor 1500 -1500MHz- £199 Counter/Timer -£299

Forth and Engineers

The programming language Forth has
much to offer electronics engineers wishing
to develop microprocessor based boards
running specialised applications. Normally,
assembier or machine code would be used
and ROMmed. Forth can give substantial
advantages over this approach, such as
programming at both machine and high
levels, rapid and interactive development of
code, and high speed and compactness. A
cross compiler will then allow a Forth
application developed and debugged on a
particular operating system, such ason a
desktop micro, to be transterred to runon a
given processor in ROM.

Q

WORK FORTH MSDOS or CPM £48.00
extensions View-trace or

Floating Point...................... £35.00
HS FORTH ...... MSDOS ........... £230.00
FORTH 09 ...... FLEX or OS9...£175.00

SUMMER COURSES - 3 day
introductory and advanced Forth
courses with notes and working
software £375.00

For further information, contact:

All prices include p&p, but are exclusive of VAT.
'ACCESS and VISA Welcome

Instrotech Ltd

129 St Albans Road, Watford. Herts. WD1 1RA.
Telephone Watford (0923) 47641.

CIRCLE 36 FOR FURTHER DETAILS

MicroProcessor m—
Engineering Ltd gums

21 Hanley Road, Shirley ——

We are the Forth specialists, we also
stock alarge range of books, listings.
and implementations for machines
ranging from Amstrad to Atari ST
IBMPCto POP11.

Southampton SO1 5AP
Tel: 0703 780084

o

CIRCLE 93 FOR FURTHER DETAILS

A battery-backed real-time clock/calendar with 64Kbit non-
volatile ram for under £35.

This real-time clock/calendar from Dallas Semiconductor
includes a battery-backed c-mos ram capable of holding data for
" 10 years.

SmartWatch keeps track of:

Hundredths of seconds — seconds — minutes — hours — day
— date — month — year in any computer or controller
application.

Looking like a 28-pin socket,
computer’'s 8K-by-8bit memory socket*
hardware modifications on most computers.

For memory read/write operations, no software modifica-
tions are required either.

Normally the computer sees SmartWatch as a standard
memory i.c. but when a special code is sent to the socket,
internal address decoding triggers the clock/calendar function,
allowing time and date information to be read and written.

This means that both clock and memory occupy the same
computer address range and no external decoding is required.

Only a small software routine is needed to trigger the clock
function and read and write time/date information.

- Built into the socket are the real-time clock, a lithium battery,
address decoding and power-down switching.

Because of their extremely low power consumption, the
6264-type static memory i.c. and clock/calendar remain
powered for 10 years using the same battery.

*JEDEC pinout

SmartWatch fits into a
without any

SmartWatch

Wirelessworld

Send to:— E&WW SmartWatch Offer.

M.S. Components, Zephyr House, Waring St.,
Norwood London, S.E.27 9LH.

Offer applies to U.K. only. Please allow 28 days for
delivery. Price includes data sheet.

West

To: ERWW SmartWatch Offer, M.S. Components Zephyr House, Waring
St., West Norwood, London, S.E. 27 SLH

I Please send me: —

| ......... SmartWatch(s} with memory @ £33.95 each inclusive of V.A.T., post
and packaging.

| enclose my cheque/p.o’s value £...........c..uv..
E&WW SmartWatch Offer

made payable to

I Regd. in England 15137 BUSINESS PRESS INTERNATIONAL LTD.,
Regd. Office: Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS.

CIRCLE 100 FOR FURTHER DETAILS
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ﬂmﬂTC “%ﬂDIIIQ

i
Admissions: Adults £2.00 O.A.P‘'s & Children £1.00 Under 5's FREE |
Family Ticket £4.50 :

Opening Times: Saturday 10.30 - 6p.m. Sunday 10a.m. - 4p.m,
Saturday 5th & Sunday 6th. July 1986.

At the Wﬁ]ﬂﬁlay Conference Centre

CATERING AND BAR FAC/L/T/ES AVAILABLE ALL DAY.

" The first major two day eventin the
SOUTH of ENGLAND.

THIS IMPORTANT NEW DATE IN THE AMATEUR RADIO CALENDAR PROVIDES
STAR RAFFLES, BRING & BUY WITH LOTS OF BARGAINS GALORE.

Over 200 TRADE STANDS FROM ALL OVER THE COUNTRY.

RTTY — SATELLITE T.V. & COMMUNICATIONS — MICROWAVES —
HOBBY COMPONENTS — 934 MhZ — AMATEUR TELEVISION AND
LOTS, LOTS MORE.............

Organisers: Amateur Radio Promotions Ltd., Woodthorpe House, Clapgate Lane, Birmingham 832 3BU. Telephone: 021

- 421 5516

CIRCLE 78 FOR FURTHER DETAILS

TDS9OO

FORTH COMPUTER

Build the TDS 900 into
your products, program it
with a VDU and your
forecasts become fact.

NOW FROM

£99

¥ Single board computer.
12k RAM and 8k ROM
(expandable).

All C-MOS for tower power. FORTH
language. Compiled and fast.
On-board screen-editor, compiler
and debug facilities.

Easy connection with serial

and parallel channels, A/D, D/A
converters, triacs, printers,
keyboards and displays.

*

Triangle Digital Services Limited
100a Wood St, Walthamstow, London F17 Fngland
Telephone 01 520 0442 Telex 262284 (Ret 775)

Agents in USA. France. Switzerland, Netheriands. S Atnca. Austiaha

CIRCLE.10 FOR FURTHER DETAILS

\

68

NEPTUNEL Il
2.5Kgat
1120mm

Hydraulic

using

water MENTOR
1Kg at

420mm

DC servos

ROBOTS

from only
£435!

UK's WIDEST
Range of low cost
robotic & FMS equipment

ﬁ cyllEI‘IIGEIG
npplicatmns

WORKCELL COMPONENTS
indexing table
expandable conveyor
sensors gauges
etc

West Portway Ind. Est.
Andover, Hants
SP103WW

water hydraulic/

DC servo/
pneumatic

500gm
at 500mm
with
see through
perspex
cylinders

SERPENTL I
2Kg at 400 or 650mm

DC servo/prieumatic
SCARA .

CIRCLE 9 FOR FURTHER DETAILS
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NEW PRODUCTS

Optical fibre tool kit
- Atool kitis available that
enables all types of optical
fibres to be managed easily.
Included is Kevlar stripper
which can remove Kevlar
reinforced protective sleeving
up to 6.5mm diameter. A
silicon stripper is used for the
removal of silicon coatings
from the fibres. The Delrin
stripping blades are angled so
that nodamage can be caused
tothe light guide even if excess
pressure is applied. Opti-strip
isdesigned to remove the
secondary coating from optical
fibres and small cables, less
than 2.5mm diameter.
Damage to the coreis
prevented by the insertion of
guide bushes which ensure the
precise location of the fibre in
relation to the sttipping
blades. Depth of cut is
infinitely adjustable. These
tools, along with precision
screwdrivers, cable cutters,
and a complete set of spare
cutter blades for each tool are
housed in a toughened plastic
carrying case. K-Tech Micro
Precision, 18 Barton Road,
Bletchley, Milton Keynes,
MK23JH.

EWW 220 on reply card.

Gender changers

A solution to the problem of
how to connect amale
connector to another male
connectoris to give one of them
asex change! A range of
adaptors and gender changes
for subminature D-type
connectorsisavailable from-
Ceep, Unit 7, Haslemere
Industrial Estate, Weydown
Road, Haslemere, Surrey
GU271DW.

EWW 217 onreply card.

68000 second processor for BBC

A second processor for the BBC
features the full 68000 16/32
bit processor. Intended for the
professional and educational
markets the system enables
the study of 68000 software
and hardware. The system
monitor included on the board
enables the user toload and
execute programs, examine
and dump the memory, alter
68000 registers, load the BBC
memory to the 68000, or from
the 68000 to the BBC and
execute all BBC osbyte calls. It
is possible to step through a
program with a register dump
following each step. The board

has a Eurocard connector to
enable expansion of the data,
address and control lines. All
the usual BBC peripherals;
printers, disc drives, analogue
/o ete. can be driven from the
68000.

The board comes with 128K
ram, assembler, monitor and

‘BBC link in eprom, two

systems discs, connecting
cables and fixings, and three
manuals. All for £299.
Delcomm Microcomputer
Systems Ltd, 46 Nasmyth
Road, Glenrothes, Fife KY6
2SD.

EWW 208 on reply card.

..andauserport extender

When a user wishes to add
serial printers, modems, touch
screens or such special input
devices as mice or tracker
balls, the BBC is somewhat
limited by the serial interface
provision. The need to use a
touch screen within an
interactive video workstation
led the National Physical
Laboratory to develop the Soft
Switch. This uses the software
of the BBC’s operating system
to select one of eight devices
which can be permanently
connected to the computer
through 5-pin DIN connectors

on the Soft Switch. The switch
itself connects to the computer
through the user port. By
controlling the handshaking of
the eight peripheralsit is
possible to ensure accurate
data transfer in complex-
configurations.

The Compton Soft Switch is
manufactured under licence
from the NPL and marketed
(£165) by Soft Option Litd,
Imperial House, Lower
Teddington Road, Kingston,
Surrey KT14EP.

EWW 209 on reply card

280000 cpu uses 32 hits

Where high speed and/or large
system tasks need to be
performed, the Zilog Z80000 is
ready for the job; says Hi-Tek.
The chipisprovided with 16
registers which can handle 8,
16 or 32-bit words. It can also
use 16 or 32 bit addresses and
has a 256Kbyte on-chip cache
which can store the most
recently used logical addresses
and instructions. Thisis

ELECTRONICS & WIRELESS WORLD JUNE 1986

coupled with an instruction
pipeline and a memory
management unit. There is
also a clever error-trapping
mechanism. The Z80000 series
uses Zilog’s Z-bus and can be
used with the full range of
78000 support chips. Hi-Tek
Electronics Ltd, Beadle
Trading Estate, Ditton Walk,
Cambridge CB5 8QD.

EWW 210 onreply card.

Mosfet power
amplifiers

Modular 60W power
amplifiers can be fitted in
parallel to provide outputs of
120,180, or 240W r.m.s.
Powerblocs, developed by
Audix, are incorporated into
the Wenden range of
integrated mixer/amplifiers.
The mosfet modules are
inherently protected against
shortand open-circuit, and
theirmodularity enables the
use of multi-channel outputs
within a singlerack unit.
Audix managing director,
John Billet, said that they had
achieved a method of providing
awide range of outputsin
mixer and power amplifiers
using as few building blocks as
possible. Audex Ltd, Wenden,
Saffron Walden, Essex CB11
4LG.

EWW 221 onreply card.

TVtuneronachip |

Push-button synthesized
selection of up to 39 tv stations
isprovided by the SAA1293
integrated circuit from I'TT.
The device uses voltage
synthesis rather than
frequency synthesis thus
reducing the number of
components required and the
cost. Tuning voltage is
generated by a 12-bit d-to-a
converter. Three outputs for
uses such as volume, colour
intensity and contrast control
are also provided. As well as
direct station selection the
device offers sequential
selection, automatically
scanning through the stations
atintervals. The control
program, held in the chip’s
onboard rom, contains a
number of alternative
program paths. A companion
non-volatile memory chip
provides storage of station
tuning and analogue settings.
Simple setting of flags within
the memory permits the
addition of extra features, such .
as picture fade when changing
stations. The 1293 offers a
direct interface to a standard
teletext chip setand is
operated from 32-key pad. ITT
Semiconductors, 145 Ewell
Road, Surbiton, Surrey KT6
6AW,

EWW 222 on reply card.
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_Complete 8052 BASIC Controller Development System

Yes, for the remarkable price of under £1,000 we are able to provide a complete turn-key 7000
Series Development System which includes the superb full-featured Lear Siegler ADM3E
terminal, card cage complete with all guides, 12 slot backplain, 7030 CPU complete with 8K
static RAM, 7040 Decoder/BUS Drive card and quad output
switched-mode power supply. In addition we include serial cable
and full documentation which takes the user from switch-on
through to applications programming.

The system has a number of advanced and unique
features which enables many applications programmes
to be written in BASIC for the first time rather than in

assembler. The 7000 Series is supported by over 40 types
ofcard including memory options DAC, ADC, various |/0,
signal conditioning and switching cards. Call for details.

FEATURES

* Very fast compacted interpreter clocked by an 11MHz xtal.

* Real Time battery backed clock-calendar {no processor
overhead).

*  Single instruction EPROM programming facilities (16K ROM
space available).

* 120 digital I/0 lines - all programmable IN or OUT (32 already
buffered providing .5A at 50v per line).

* Other features include: Progammable-pulse output,
independent serial port for printer and Watchdog timer.

Cavendish Automation
45, High Street, St.Neots, Huntingdon, Cambridgeshire PE19 1BN  Telephone: 0480 219457 Telex: 32681 CAVCOM G

CIRCLE 98 FOR FURTHER DE:TAILS

*SPECIAL Prices are as at going to press but may fluctuate, SMALL SELECTION ONLY LISTED are air tested and calibrated in our workshop — supplied
QUALITY please phone for firm quotation. V.A T. included RING US FOR YOUR REGUIREE‘K(ENTs WHICH with dustdcover - Speration instructons ~ cgcu'n —in fair
MAY BEIN used condition. Racal Synthesisers (Deca e fre: uency
A1085  1.40 | EF91 1.60 | PL36 1.10 | 1A3 140 | 6BW6  6.20 | 6Y6G 0.90 generators) MA250 — VEMOS 10 316 d
A2293 8.80 | EF92 2.90 | PL81 085 | 14 080 | 6BW7 1.80 | 674 0.70 MA1350 for use with RA17 receiver — £100. MA25QG -
A2900 13.75 | EF95 0.95 | PL82 0.70 1 RS 0.80 | 6C4 0.70 | 724 1.90 precision frequency standacd SMC/S — TMC/S - 100KHZ
AR8 0.75 | EF96 0.60 | PL83 0.60 | 154 0.65 | 6C6 1.20 |- QDS 2.90 58%1}?8}30 mgg% gAgg E’L‘Qé‘éé’g ;sLBFES”VSSé’F 12053:
Al 0.70 | EF183 0.80 PL84 0.95 185 0.65 6CHE 8.20 T1E2 19.50 g
Abe 03 | Eros om | st Teo | aie ges | SClS 2R | rme  'vap EAIET S50 o0 o — 5 ey isna
B12H 390 | EF812 075 [ PL508 240 | 1U4 0.80 | 6CW4 850 | 12AT6  0.70 Matrix rntore AFTIR . 5 Teval baudo code ~ up 16 300
CY31 1.40 | EFL200 1.85 | PL503 5.85 | 1X2B 140 | 6CX8 460 | 12AT7 095 bauds - for print out on plain teleprinter paper - £50.
DAF96 125 | EH90 © 0.85 | PL519 585 | 2X2A 250 | 6CY5 115 [ 12AU7  0.95 Army field telephone sets type F L and J - large
DET22 2850 .| EL32 1.10 | PLBO2(SE)2.95 | 3A4 0.70 | 6D6 2.50 | 12AUS.  0.95 quanitity in stock — £6 to £15 depending on type and
DF92 0.80 | EL34 1.80 | PYS0 0.70 |- 3AT2 3.40 | 6F6 160 | 12AX7 075 quantity. P.O.R. Don 10 Telephone Cable — half mile
DF96 0.70 4.55* PY81/800 0.85 3B28 12.00 6F6GB  1.10 12BA6  1.25 canvas containers’ — £20. Night Viewing infra - red
DH76 075 | EL37 5.20 PY82 0.65 18.50% | 6F7 2.80 | 12BE6 1.25 periscopes — twin eyepiece -- 24 volt DC supply — £100.
DL3? 0.60 | EL82 0.70 | PYS8 060 | 3D6 0.60 | 6F8G 0585 [ 12BH7 345 EA. Original cost to Government over £11,000. EA. Static
DY86/87 0.65 | EL84 0.80 | PY500A 210 | 3E29  18.00 | 6F12 150 | 12E1 i5.95 g:xﬂ"g-ﬂm or ZQEV%"S Irgwof a 2)?3 g?gn/:?ss;r;%wavs
DY802 0:70 EL86 0.95 QQv03/105.95 354 0.70 6F14 115 12J5GT 0.5 vecgrdersa—o\l;asn‘gjs ~g P.O.R. Signal Generators Saer»
£92C 2.80 | EL90 1.00 10.60 | 4B32  18.25 | 6F1S 1.30 { 12K7GT 0.70 Latest bulk Government release — Cossor Oscil- ious - P.O.R. TF 893A — Power meter — £50. Racal
E180CC 8.25 | EL91 6.50 [ QOV03-20A 5R4GY 3.35 | 6F17 3:20 | 12K8GT 0.80 loscope CDU150{CT531/3) £150 only. Solid state gen- trequency counter type 836 — £50. Tektronix plug-ins —
EAT6 225 | EL95 0.80 27.50 5UAG 1.40 | 6F23 0.75 | 12Q7GT 0.60 gral purpose bandwidth DC to 35MHZ at 5MV/Cm — Dual 1A1 £50. 1A2 £40. 1A4 £100. M £50: All items are bought
EABC80 0.80 | EL504  2.70 QQV03-25A 5V4G 0.75 6F24 1.75 | 12SC7  0.65 Channel — High brightness display (8 x 10cm) full de-* direct from H.M. Government being surpius equipment:
EB91 0.60 | EL509  5.85 3650 | 5Y3GT 095 | 6F33 1056 | 12SH7  0.65 tayed time base with gated mode - risetime 10NS - il- . price is ex works. SAE, for enquiries. Phone for ’
115 | EI519 690 | QQVO0B/40A 573 280 | 6FH8 17.80 | 12SJ7 070 luminated graticule - Beam finder — Calibrator 1KHZ appointment for demonsiration of any items: also avail-
Egggg 090 | EI821 820 28.50/49.50 | 524G 1.25 | 6GA8  1.95 | 12SQ7 145 Squarewave - power, 100~ 120V 2001 ~ 250 volls AC ability or price change. V A T. and carriage extra,
€fao 060 | El22 s | QVOI12 575 | SGT 145 | eGkea 18 | 1257GT 088 S B o o o cover o somaming |- EXPORTTRADE AND GUANTITY DISCOUNTS
ELL8O(SE}4.50 P61 1. 0.9 H 1. g arized vi and camera adaptor plate — probe (1) —
EE@?" 3'32 EMBO  ©0.85 | Tr2t 4370 | 6AB7 070 | 6JUs  5.85 | 1303  2.80 P toat, Tostad i ol Conciion With operaing msifc- 84 WHITEHALL ROAD EAST, BIRKENSHAW,
ECat 4.4 | EMS87 250 | UaBC8O 075 6AC7 115 | 6Ja 1.35 | 13DS 0.90 tions — £150.00. E‘Wb
EC92 1.85 EY51 0.95 UAF42  1.40 6AG5 0.60 6J4WA 200 | 19A05 0.85 Racal Solid State Communication Receivers — WANTED: REDUNDANT TEST EQUIPMENT —
g EY81 0.65 X 0 B6AH6 1.15 6J5 2.30 19G3 11.50 RA1217 — Mechanical digit readout 1 — 30MC/S — £300. VALVES - PLUGS - SOCKETS, SYNCHROS
ECCB1  0.85 | E /a7 oeg | UBF80 " 07 6AKE 065 | 6J5GT 090 | 19G6 1038 Racal RA17L Communication Receivers S00KC/S to ETC. RECEIVING AND TRANSMITTING
Egggg 83!5’ £Y88 0‘65 882%3 ggg 6AKS 0:60 66 0'35 1945 39.55 30MC/S in 30 bands TMC/S Wide - £175 — All receivers EQUIPMENT
ECC84 o060 | EZ80 070 | UCC8s  0.70 6AL5 0.60 | 6J6W 2.80 { 20D1 0.80
ECC85 0.60 | E&1 0.70 | yYCF80 1.30 B6ALSW 0.85 | 6JE6C  5.90 | 20E1 1.30
ECC88 0.80 | GM4 590 | UCH42 250 6AMS 4.20 | 6JS6C  6.40 | 20P1 0.65
ECC188 0.95 | GY501 130 | UCH81 0.75 6AME 150 [ 6K/ 1.45 | 25L6GT 1.60
ECC804 0.90 GZ32 1.05 UCcL82 095 6ANBA  2.50 6KD8 5.50 | 25Z4G 0.75
ECF80 ©0.85 | G233 4.20 | UFm 1.35 6AQ4 4.40 | 6KD6 6.50 | 35wW4 0.80 .
ECF82 0.85 | GZ34 320 | yrgo  o0.495 | 6AQS =~ 1.30 | 6L6M  4.60 | B85A21.40255*
ECF801 1.05 | GZ37 3.95 | UF85 0.95 6AQ5SW 2,20 | 6L6GC .3.70 | 807 160/2.40*
ECH 2.25 | KT66 14.50 | Ursa 0,95 | -6AS6  1.15 | 6L6GT 195 | 812A  21.80
Ecrier 120 | KTk abep | UM 038 | 2A%C 03 | ik oy | omsoressor
[ 3 KT . 0.70 B A .. .
ECHB1 0701 Mia  og0 | gMea 070 6AUS 125 | 605 530 | 8208 2400 TACKLING POWER SUPPLY
ECL80 0.70 ML6 2.80 uyss 0.85 AV 1.25 6Q7G 1.30 3
EClas 075 | N78 9.0 6AXAGT 1.30 | 6SA7  1.80 | 866A  5.05 PROBLEMS SINCE 1937
g VR105/30 1.25 866E 3
OB2 0.80 § J7 1. X .
e 0% | Pcls oes | X656 180 0.70/1.207 | 63K7 140 | 954 120 [[] DC-AC inverters (Transvertors)
EF37A 215 | PCLB4 030 | X61M  1.70 gggg 3.45 GSL7((33T o‘gg %5 :.gg
PCL86  0.75 | Z759  19.00 6SN7GT 1. :
EESS 2,;22 PCL8E ~ 0.75 | 2749 0.75 0.65/120* | 6SQ7  0.95 | 5763 5.75 SINE/SQUARE WAVE ’NVERTE,RS 30hl° 1000
€F83  3.10 | PCLB0S/850.95 | Z80OU 345 | 6BGGG 1.60 | 6SR7  4.60 | 6060  1.95 watts, 50 (or 60) Hz, 115/230V, single phase
EF85 0.60 | PDS00/5104.30 | Z801U  3.75 | 6BJE 1.30 | 6V6G_ 1.50 | 6080 7.30 AC. From 12, 24, 50, 110 or 220 Volts DC.
EFS8 125 | PFL200 1.10 | Z803U 16.00 | 6BQ7A C.85 | 6V6GT 1.30 | 6201 5.20
EF89 1.60 2.80* | 7900T 245 | 6BR7 4.80 | 6X4 150 | 6146 10.35 - ;
B6X5GT 065 | 61488 10.35 []1DC-DC Converters [] Battery Chargers
VALVES AND TRANSISTORS  NEW PYE 2068 12550 i
Telephone enquir[ijes f%r valves, transistors. ete:  EQUIPMENT 5002 e D AC-DC Power Supplies D Standby UPS Systems
retail 749 3934, trade and export 743 0899 . . .
FIELD TELEPHONE, CABLE TYPE D16 & SPARES 9003 095 [1AC-AC Frequency Changers []Line Conditioners
FIELD TELEPHONES TYPE "J". Tropical, in metal cases: HARNESS “A” & “B” CONTROL UNITS “A” “R” For det. i/S'
10-line MAGNETO SWITCH-BOARD. Can “J¥” “J2 Microphones No 5, 6, 7 connectors, elans.
work with every type of magneto telephones. frames, carrier sets, etc VALRADIO POWERLTD
POSTAGE: £1-£3 50p; £3-£5 60p; £5-£10 80p; £10-£15 £1.00; £15 £20 £1.50 Minimum order £1.00. AK INTERNATIONAL BUILDING
COLOMOR (ELECTRONICS LTD.)170 Goldhawk Rd, Londen W12 LAWRENCE ESTATE, GREEN LANE, HOUNSLOW TW4 6DV
Tel. 01-743 0899 or 01-749 3934.0pen Monday to Friday 9 a.m.-5.30 p.m. el: 14980
CIRCLE 65 FOR FURTHER DETAILS CIRCLE 42 FOR FURTHER DETAILS
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HART — The Firm for QUALITY

. LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb, HART designed, integrated ampiifier kits derived

from Linsley-Hood's articles in ‘HiFi News’.

Ultra easy assembly and set-up with sound quality to please

the most discerning fistener. Ideal basis for any domestic o r

sound systems if gquality matters to you. Buy the complete

kit and save pounds off the individual component price.

K300-35, 35 Watt, Discount price for Complete Kit...........ooiiiiiiininii e £98.79
K300-45, 45 Watt, Discount price for Complete Kit .- .£102.36
RLH4&5. Reprints of Original Articles from ‘HiFi NewWS'..........ccoooovirriiiceee £1.05 no VAT

LINSLEY-HOOD SYNCHRODYNE AM RECEIVER
Very high quality kit for this recent design featured in ‘Wireless World'. Advanced
construction system, approved by the Author, uses 3 double sided PCBs in a stacked layout
for total stability, ease of construction and minimal wiring. This module will form the AM
section of an ultra high quality AM/FM switched bandwidth tuner to match our 300 series
amplifiers. Power supply and tuning gang will be included with the FM section.
K450 JLH SynchrodyneKit....... ..o e Special Price £59.95

STUART TAPE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reel-to-reel recorders. These circuits will
give studio quality with a good tape deck. Separate sections for record and replay give
optimum performance_and' allow a third head monitoring system to be used where the deck
has this fitted. Standard 250mV input and output levels.
KI00W Stereo Kit with Wound Coits and Twin Meter Drive....:.....ococoiiiriiiee e £65.67
RJS1 Reprmts Of Original ArtiCIES... ..ot £1.30 no VAT

HIGH QUALITY REPLACEMENT CASSETTE HEAD

Do your tapes fack treble! A worn head could be the problem.
Tape- heads are constantly improving and fitting one of our

latest replacement heads could restore performance to better ’
than new! Standard mountings fit mast decks and our TC1 Test ‘g’
Cassette will make it easy to set the azimuth spot on. As we are . / .
the actual importers you get prime parts at lowest prices. All our
heads are suitable for Dolby machines.
HC20 Permalloy Stereo Head. Good quality 'standard head fitted as original equipment on
IMEANY GECKS 1vureeerieirseins sttt bbb bbb e bbb e s et et et e b s ea s n i earsebesesemars £5.11
HS16 Sendust Alloy Super Head. Quite simply the best. Longer life than permalioy, higher
oufput than ferrite, fantastic frequency response
rf;iQSS1 4-Track head for auto- -reverse or quadrophonlc use. Fu!l specification record and play

880, ettt st e £0.73
Special Cffer Stereo R/P Head JE U SUUTOORIOROO
4-Track Auto-Reverse Play Head
Full data on these and other heads in our range are contained in our free list.

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you tg set up VU (Dolby) level, head azimuth and

tape speed "without test equipment. Vltal when - fitting  new heads. Complete  with

instructions...... e, £4.66

Send for your FREE copy of our lists with full details of our complete range of Kits,
Components, PCBs, Cassette Heads and Decks: — Overseas please send 5 IRCs for Airmail Post.

Please add VAT to all prices. Postage on orders up to £10—50p. £10 to £49— £1. Over £50—£1.50.

15043
' ELECTRONICKITS LTD
) m 1. Penylan Mill, Oswestry, Shropshire SY10 9AF
24 hr SALES LINE (0641) 652894 Please add VAT

THE MATRIX ROM

The MATRIX ROM is an essential tool for Science and
Mathematics Departments in  schools, for Science,
Computing and Engineering Departments in Universities
and Polytechnics, and for anyone who writes serious
programs for industrial applications.

The MATRIX ROM provides a comprehensive range of
commands for performing matrix operations (including
inversion). One of the many commands will solve a set of
linear simultaneous equations, and another deals with sets
of banded symmetrical equations. In addition there are
commands for deleting and redimensioning arrays (fo
re-use valuable memory space), for finding maximum and
minimum values in any row or column, and for inputting,
saving, loading and printing arrays. All commands are
executed in machine code much more quickly than is
possible in BASIC. Many lines of coding can be eliminated
and much memory space can be saved.

These facilities transform the capability of the BBC Micro
when dealing with tasks such as graphical transformations
in two or three dimensions, or structural analysis, electrical
circuits or vibration problems. In fact any problem where
matrix operations or linear simultaneous equations are
involved. The power of FORTRAN can now be combined
with the simplicity of BASIC and the excellent graphics of
the BBC Micro.

Suitable for the BBC ‘B’, or ‘B+’ and ELECTRON computers.

£36.00 (pius VAT), includes comprehensive Manual.
Quantity discount offered to Educational Establishments.

Further details available on request.
VINE MICROS, MARSHBOROUGH, NR. SANDWICH,
KENT CT13 0PG
Telephone 0304 812276

CIRCLE 32 FOR FURTHER DETAILS
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Pye Base Station Type F30AM High Band & Low

Band......... R PO PP USPTUPPPPPI £220
| Pye Base Station Type F30FM High Band & Low
Band ... ..o £250

Pye Base Station Type F401 AM High Band & Low
BaN .. ... e

Pye Reporter Type MF6AM High Band & Low Band............

Pye Europa Type MF5FM High Band & Low Band ..............

Pye Olympic Type M201 AM High Band & Low Band ...... ... £65
Pye Motofone Type MF5AM High Band & Low Band.......... £45
Pye Westminster Type W15AM High Band & Low

Band. ..o £50
Pye Westminster Type W15AMMid Band.......................... £25

Pye Westminster Type W15AM Air Band Crystaled 3
channels, COMPIETE......covriiiiir e
Pye M294 FM-High Band.............ccoooii
Pye M293 AM HighBand & LowBand...........................
Pye M296 UHF ..o
Pye Base Station Type FOU UHF ...
Pye Base Station Type FOAM HighBand ..........................
Pye Base Station Type F25FM High Band .
Pye Base Station Type F412 UHF ...,
Pye Base Station Type FA14 UHF ... )
Pye Base Station Type F461 UHF ...
ITT Base Station Type 30LRU43A UHF ............ JUTUTRT
Pye Pocketfone Type PF2FM High Band & Low Band

. Less Mike, Battery & Aerial ... £25
Pye Pocketfone Type PF2AM High Band & Low Band

Less Mike, Battery & Aerial .........ccccvvviinnicnnn, £25
Pye Pocketfone Type PF2UB UHF Less Mike, Battery &

ABTIAL 1 vviriiriireriiiirii e

Pye Pocketfone Type PF5 UHF Less Battery ...............
Pye Pocketfone Type PF8 UHF Less Battery ..............
Pye Pocketfone Type PF9 UHF Less Battery ....................
Pye Pager Type PG1 AMLowBand ...
Pye Mains Power Unit Type AC15 ..o
Pye Mains-Bower Unit Type AC200............c.ceovinnn. s

Pye Power Amp. Type A200 High Band & Low Band
Pye Controller Type PC1 ...
Pye Controller Type M81 .........civiiiiiiiic

Pye Westminster Type W30 AM Low Band Complete with

CONIOI QEAT... ..o £45
Pye Westminster Type LW15 FM High Band Less control

QAT e s £40
Weather proof mobile P.A. speakers 9” with mounting

bracket, 8ohmi15watt.................... £10
Pye Pocketfone Receiver Type PF1 UHF with battery &

MANUAL ... e £6
Pye Pocketfone Type PF1 UHF Rx/Tx with manual less

BaterY ..o £20

Pye Signal Generator Type SG5U 370 Mhz to 470 Mhz ..... £90
Pye Signal Generator Type SG5V 70Mhz to 170 Mhz ........ £90
Airtech UHF Filter Duplexer, 3 Cavity Type. Model _

MAB0-BA/ T4 i £25

PLEASE NOTE itis illegal to operate a transmitter without
a licence.

Secondhand Pye equipment does not meet DT approval.
All sets are sold less crystals, mikes, speakers, power
leads etc, unless otherwise stated.

CARRIAGE on RT equipment — Mobiles £2.00 each, Base

Stations £15.00 each.
Please add V.A.T. to the total order including carriage.

5STATION ROAD, LITTLEPORT,

CAMBS CB6 1QE -
PHONE: ELY (0353) 860185 L Access

CIRCLE 70 FOR FURTHER DETAILS




@ Hitachi Oscilloscopes the highest quality ~ fom £299

the most competitive prices +VAT

Hitachi Oscilloscopes provide the quality and performance that vou'd
- expect. from such a famous name, with a newly-extended 14 model range
. that represents the best value for money available anywhere.

V-212/222 20MHz Dual Trace V-650 60MH7z Dual Timebase
V-223 20MHz Sweep Delay V-1050  100MH7 Quad Trace
(illustrated) V-1070  100MHz Four Channel
V-209 20MHz Mini-Portable V-1100  100MHz DMM:- Counter
V-422 4OMHz Dual Trace V-134 10MHz Tube Storage
V-423 40MHz Sweep Delay VC-6015  10MHz Digital Storage
V-509 SOMHz Mini-Portable VC-6041 40MHz Digital Storage

. Prices start at £299 plus vat (20MHz dual trace) including a 2yr. warranty.
We hold the range in stock for immediate delivery.

For colour brochure giving specifications and prices ring (0480) 63570
Thurlby Electronics Ltd, New Road, St. Ives, Cambs. PE17 4BG

CIRCLE 89 FOR FURTHER DETAILS

Add 8 channels to your ’scope

New Thurlby OM358 multiplexer £179-vat

The Thurlby OM358 gives any oscilloscope an 8 channel display. Observing
many waveforms simultaneously can be essential when analysing sophisti-
cated equipment. Application areas include microprocessor based products,
data transmission systems, A to D converters, frequency synthesizers etc.
The OM358 is ideal for digital equipment (it can often solve problems that
would otherwise need a fast logic analyser) but, unlike dedicated logic test
instruments, it is equally suited to analogue waveforms.
The OM358 has a bandwidth of 35MHz and 3% calibration accuracy. Each
input has an impedance of IM() - 20pF and accepts signals up to + 6V. An 8
channel, 4 channel, or single channel display can be selected with triggering
from any channel. Colour data sheet with full specifications available.
ANJZ& Thurlby Electronics Ltd

/I Thurlby %k New Rzad, St.lves, Cambs.
designed and built in Britain. PE17 4BG Tel: {0480) 63570

CIRCLE 90 FOR FURTHER DETAILS

AT, s
R

A complets hlgh performance bench DMM
@ 5% digits; 0.015% acc; TuV, TImQ; 1nA.
® Full ac and current functions as standard

A sophisticated computing and logging DMV
® Linear scaling with offset; null/relative

® Percentage deviation; running average

® dBV, dBm general logarithmic caiculations

® Limits comparison; min and max storage

@ 100 reading timed data logging

@ RS232 and IEEE-488 interface options

Thurlby Electronics Ltd - N &~

New Road, St.lves, Cambs. PE17 48G // Thurlby y+§

Tel: (0480) 63570 designed and built in Britain
CIRCLE 91 FOR FURTHER DETAILS

Now Thurlby makes logic analysis affordable ! from
| the new Thurlby LA16O £395 +vat

e 16 channels, expands to 32 e 2K word acquisition memory
e Clock rates up to 20MHz e Non-volatile reference memory
e State and timing displays e Search and compare facilities
e Selectable display formats e Hard-copy data print-out

An oscilloscope and logic probe are not enough to unravel the complexities
of today’s electronic equipment. A logic analyser is as essential for
observing digital signals as an oscilloscope is for observing analogue
signals, and now Thurlby puts one within every engineer’s reach.

Contact us now and get the full technical data.

Th Ib AN Za Thurlby Electronics Ltd

uriby 2aIhN  New Road, St.lves, Huntingdon,

designed and built in Britain Cambs. PE17 4BG, England. TFel:{0480) 63570
CIRCLE 92 FOR FURTHER DETAILS







Appointments

CLIVEDEN

1. COMMS TECHNICIAN

Maintain and repair a range of

telex and telephone systems.

£11,500, EC4.

2. PRODUCT SUPPORT
ENGINEER

Repair and service of IBM PC’s.

Knowledge of MS DOS.

To £10,500, Berks.

3. TEST ENGINEER

RF/Cellular Radio Systems. Some

field work involved.

£8,500, Surrey.

4, SERVICE ENGINEER

Fault find a range of printers and

peripherals.

c. £9,000, Middx.

5. TEST ENGINEER

With radar and microwave

experience. Several vacancies.

To £11,000, Herts.

6. TEST ENGINEER

Knowledge of datacomms and

network systems.

£8,000, Berks.

Phone or write:

Roger Howard
C.Eng. M.LE.E. M.LE.R.E.

CLIVEDEN RECRUITMENT
92 Broadway, Bracknell,
Berkshire RG12 1AR

Tel: 0344 489489 .,

Telecommunications

Engineering

Technicians

BROADCAST
ENGINEER

Swansea Sound, one of Independent Radio's
longest established and most successful
stations, invites applications for the post of
Broadcast Engineer. The successful applicant
should be qualified to @ minimum of HNC/HND or
equivalent; and experience in all aspects of
sound broadcasting engineering, or an ability to
quickly adapt to this field, is desirable.
The duties of the post are varied, and cover the
full range of radic broadcasting activities,
including an etement of operational work.
Applicants should be prepared to undertake a
certain amount of irregular hour working, for
which an allowance is paid. A current driving
licence is essential. Conditions of service are
based on the industry-wide AIRC agreement,
remuneration is on salary scafe ILR 2.
Applications in confidence to:

Mike Winson, Chief Engineer,

Swansea Sound, Victoria Road,

Gowerton, Swansea SA4 3AB.

Or telephone {0792) 893751

Openingsin Servicing and Maintenance
Upto £9,317

Our business is to install and &~
maintain the communications b
equipment used by the Police N
and Fire Brigades in England
and Wales - some of the latest
you will find in operation anywhere.

We have a number of vacancies
at our Service Centres in various parts
of the country for Telecommunications
Engineering Technicians with practical
skills in locating and diagnosing faults
in ‘a wide range of radio equipment
including AM, FM and computer based
data transmission systems.

The work provides excellent
opportunities for extending your
technical expertise, with specialised
courses and training to keep you up to
date on developments and new
equipment. There are also opportunities
for day release to gain higher
qualifications.

Applicants, male or female,
must be qualified to at least City &
Guilds Intermediate Telecommuni- X
cations standard and possess a  § 0
current driving licence.

| Homé Office

travelling s
will normally
be involved. .
Registered disabled persons can of
course apply.

The Home Office is an equal
opportunities employer.

Salary will be on a scale £6,810
to £9,317 a year with generous leave
allowance and pension scheme. Starting
salary may be above the minimum and
relocation expenses may be payable for
some of the posts.

Good prospects for promotion.

If you are interested in work-
ing with us, please write for further

details and application forms quoting

reference EWW/2 to: Miss M

Andrews, Home Office, Directorate

of Telecommunications, Horse~

gl ferry House, Dean Ryle Street,
= London SW1P 2AW.

‘Directorateof
Telecommunications

for further information. 243

LANCASHIRE POLYTECHNIC AT PRESTON
Faculty of Arts
Applications are invited for the following posts:

Senior Laboratory/Workshop Technician
(Audio Visual)

Applicants should be experienced in audio/visual production
techniques and should have sufficient technical expertise to

undertake routine maintenance of workshop equipment.
Ref: NT/86/87/8.

Temporary Broadcast Technician
(Until June 1987)

Lancashire Polytechnic is a leading institution for the training of
Radio and Television Journalists. It is now seeking a qualified
technician to operate and maintain its audio and video facilities.
Applicants should have experience of working in audio/visual or
related fields. Ref: NT/86/87/9.

Salary Grade (both posts): Scale 4 £6900 to £7713, plus up to
£132 per annum for possession of appropriate qualifications.
3614 hour 5 day week: posts superannuable.

Application form and further details obtainable from the
Personnel Office, Lancashire Polytechnic, Preston PRIl
2TQ, quoting appropriate reference.

Closing date: 30 June, 1986. 251

THE SERVICES SOUND & VISION CORPORATION

ENGINEERING MANAGER

(COMPUTERS)

Ref: 4/59

We currently have a vacancy at our Buckinghamshire
headquarters = for - an Engineering Manager to initiate and
eventually lead a computer engineering section within our
Engineering Support Department.

Applicants will be expected to hold a relevant degree, H.N.D. or
equivalent and have had detailed experience of business
computers and computer systems in general (1.B.M. and Apricot
in particular). Some experience of interactive video systems
would be an advantage.

As a managerial appointment, a company car is offered in
addition to basic salary. We have a very good pension and life
assurance scheme and membership of our group BUPA scheme
is available.

Applications in writing, enclosing a detailed c.v. should be sent
to:

Mrs Diane Trigg, Personnel Manager,

The Services Sound & Vision Corporation,

Chalfont Grove, Gerrards Cross,

Bucks SL9 8TN.

Closing date: 3rd June, 1986. 25
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SENIOR MAINTENANCE
ENGINEER

Complete Video Facilities require an ENGINEER to
help maintain the full range of broadcast video

OPPORTUNITIES
NT’ ON W’ D E equipment at their Covent Garden post production
: centre. The equipment includes three 1 inch time

Edinburgh {031) 226 5381 ? code edit suites, sound dubbing, Cintel Mark I1I
Leeds (0532) 580510 = — telecine, Quantel Mirage and Paintbox, plus various
o

ENGINEERING

Manchester (061) 832 5856 ancillary gear. The successful applicant will be in a
Birmingham (021) 643 1994 senior position within the company; the salary will
Leicester (0533) 544193 o QLEEDS \ be commensurate to this position. Age range 25-35
Milton Keynes (0908) 666872 years. Experience of broadcast video equipment/

Eishgp‘s S(t;:f;):j;?lzgg);o““ mmmm. ° 4/7 systems is essential. Company benefits include

onaaon LEICESTER .

Brivtol (0272 211035 - o evne ;&m”.. A | BUPA. company pension fund apd free meals.
LonpoN | Apply in writing only (enclosing CV) to

Bracknell {0344) 481808 —emsTo® BHAi‘;:ﬁ:E’l/. MAIDST.ONE
Maidstone (0622) 687171 ‘- N
Crawley (0293) 514071 ] L A gﬂ

Salaries £8,000 to £30,000 p.a.

As the UK's leading specialist sales and technicaf recruitment consult-
ancy, we provide a FREE service to engineers seeking a career move.

If you have experience in Microprocessors (H/W or S/W), Digital or
Analogue technologies, ideally with a recognised qualification, we have
hundreds of vacancies throughout the UK in R & D, Design, Manufact-
uring, Test, Service and Sales.

Call your nearest branch for more information or send a

comprehensive C.V. (no stamp required) to:-

Richard Whitaker, Chief Engineer.
Complete Video Facilities Limited. 3 Slingsby Place,
Long Acre, London WC2E 9AB.

i I e Inner London _
d Education Authority
LEARNING RESOURCES BRANCH

A Division of ATA Selection and Management Services Ltd Television & Publishing Centre
FREEPOST, Bishop’s Stortford, Herts. CM23 2BR. Thackeray Road, London SW8 3TB.

oy | ] €]€VISION Camera Operator (ST1/2)

cAP"AI_ APPO'NTMEN‘I‘S I_Tn I | Selary range £6222 - £9327 + £1494 London Weighting Allowance

The Television Centre produces a range of educational programmes

THE UK’s No. 1 ELECTRONICS AGENCY I distributed in the form of videocassettes, sound cassettes and 16mm

fyou have HNG/TEC or higher qualifications and are | film. It has a colqur studio equippedl to professional spandards (Link 110
ooki%%uforae\x/?ob in design, tes?, cusct]omerservice, technical i cameras, Cox mixer, Neve sound mixer, Ampex VPR2's etc.) a mobile
sales or similar fields: unit and battery portable camera.
i A vacancy has arisen for a television camera operator to work
wgﬁla%%hvogga':‘%u;"':‘“a"ﬁ gfeealsng'sl:::‘un : principally in the studio but also on location video recording, the mobile
unit and, on occasion, with other technical sections.
Salaries to £15,000 pa ' Further details of the post are available from the Chief Engineer's Office
01 808 3050 I‘ at the Television Centre (622 9966).
i |
i (24 hours) 1 | Film Camera Assistant (ST1/2)
i CAPITAL APPOINTMENTS LTD l Salary rangg £6222 £9327. plus £1494 London Weighting Allowance
76 WILLOUGHBY LANE, LONDON N17 OSF The Centre’s Broadcast quality colour programmes use 16mm sound
B ’ (291] l film and video insert provided by the film camera section in which this
has arisen.
o o o o o - — - - Applicants should have relevant training and experience in servicing the
requirements of film and video cameras together with the associated
EWARTTELEVISION location lighting equipment, in television or documentary film

L . . ) environment.
Ewart Television is a long-established facility company in South

London, working for a range of discerning clients in television Maintenance Engineer (ST]./Z)

broadcasting and related fields. Our work includes recording Salary range £8238 — £9321 + £1494 London Weighting Allowance
and editing many different types of productions for these A Maintenance Engineer is required to work at the Television and

clients in our own substantial studio centre. , Production Centre which is equipped to professional colour TV

We are looking for more first-class engineers for operations and broadcasting standards. The engineer will work in a section of four
maintenance in our videotape department. Interested which is responsible for maintaining a high level of performance on a
applicants should ideally have at least two years experience in wide range of sound and vision equipment.

a broadcast standard environment as well as being suitably Application form and full job descriptions for all the above posts from
qualified. Maintenance experience with Ampex vtrs would be Personnel Services Department, PS4/a, Room 366, The County Hall,

an advantage. ’ London SE1 7PB. Please enclose SAE. .

Please write in the first instance, with details of your career, to: Closing date for completed application forms is 27 June 1986.

David Hornsby, Head of VTR, Ewart & Co. (Studio) Lid., These posts are suitable for job share.

13-15 Wandsworth Plain, London SW18 1ET. - ILEA is an Equal Opportunities Employer. 210
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Appointments

THE UNIVERSITY
OF LIVERPOOL
Department of

Geological Sciences , ENGINEERING

T o

Technician TECHNICIANS
(Electronics) COMMUNICATIONS AND ELECTRONICS

. : - [ ] .
el R A Planned Career in Technology in the Cotswolds
Foasaron “equipment asq_wil be Starting Pay Package up to £10,685
responsible for the rmaintenance,
repair and testing of electronics ) . o
equipment used for both geo- ® VACANCIES at Engineering Technician o EXTENSIVE ENGINEERING FACILITIES
physical research and teaching. level. .
Applicants should hold an H.N.C. ® CAREER PLANNING aided by regular
ggatiggprgggatﬁav :q:lv?rl]?%thn ugjuag} : ISHAIIALENG;N(? }‘]N;,l]u( in ;;]het -ﬁeltd gf assessments of performance. ‘
seven years electronics experi- echnical support of highly sophisticate it i
ence. Experience in analogue and communications and computer systems. ® ADVANCEMENT opportunities on the basis

digital electronics would be an of proven ability.

advantage.

This post is available for four e STRUCTURED TRAINING programme ® OVERSEAS service (voluntary).

éi?;ym th;if;\si:\mﬁznce'range of for newientrants. ® FLEXIBLE working hours with up to six
§6,327 - £8,088 per annum. (Under ® OPPORTUNITIES for gaining weeks leave.

Aﬁ;‘ﬁlﬁgion forms may be experience in a wide variety of technical roles. ~ ® RELOCATION EXPENSES in most cases.

obtained from The Registrar
(NAS), The University, P.O.

gﬁé::é#gggggéhsevSBx' o Applicants should normally possess a BTEC Ordinary National experience is required; registration with the Engineering Council as an

Certificate/Diploma or higher qualification in Telecommunications, Engineering Technician (Eng. Tech) would be an advantage.
Electronics or similar discipline; or an acceptable equivalent . .
qualification. An aggregate of at least 4 years relevant training and SALARY SCALE: £6,599 — £9,135 (under review) plus a special pay

“THE VOICE OF PEACE” radio ' addition of £1,550 p.a. at all points on the salary scale.

i ituated in international
irtaattelx?sno,ff S’Ilel Aviv, urgently requires a - : INTERESTED? Then send for full details and application form to the
broadcast transmitter engineer to address below, quoting Ref: T/945/86

maintain the transmitters on board.
Must be fully experienced in this field.
Please write for further information,
giving full details of experience to “The
Voice of Peace”, PO Box 4399, 13 Frug
Street, Tel Aviv, Israel. (Please include
your telephone number and code.) (253)

~

SCRUITMENT OFFICE, GCHQ, ROOM A/ 1108
PRIORS ROAD, CHELTENHAM, GLOS GL32 5\

Instron is a successful, expanding and dynamic company invoived in the design and
manufacture of electronic testing equipment. As aworid leader in the field our products utitise

the latest technology and our staff are aided by the most advanced computer systems such
as CAD/CAM, MRP, ATE and sophisticated business equipment. We seek to employ high
calibre personnel and encourage personal development combined with training and career

planning. In recognition of our employees’ contribution we have a company performance
related bonus scheme.

University of Wales

ELECTRONIC TEST ENGINEER e

(Digital Systems,

€.£10,000+ Bonus Scheme Communieaions

Medical Electronics)

Due to expansion we require an electronics engineer to test control systems émploying 16 bit MEng Cou!'se |n_
processors operating via analogue and digitat busses. These are supplemented by desk top Systems Engineering
computers operating through IEEE 488 links to multi-processor interfaces. (Automation, Robotics
Our products employ high accuracy analogue measurement techniques which supply data to the and Information
control systems. To enhance our test facility we have several state of the art automatic test systems Systems)

including incircuit. o L
: " . ) Applications are invited for
Applicants should be qualified to HNC level and have several years experience of bench testing to places on the above full-

component level. Naturally, equivalent training gained in HM Forces will be considered favourably. time, one-year courses

In addition to an excellent starting salary we are able to offer the full range of benefits commencing in October
associated with a prestige company including a non-contributory pension and life assurance 1986.
scheme. Relocation assistance will be availabie where appropriate.

For an application form please telephone the Personnel Department or write enclosing a
detailed c.v. to Mr. B. M. Thornton, Personnel Manager, Instron Limited, Coronation Road,
High Wycombe, Bucks HP12 3SY. Telephone High Wycombe (0494) 33333,

Further details and
application forms
(returnable as soon as
possible} may be obtained
from the Assistant
Registrar, UWIST, PO Box
68, Cardiff CF13XA. 226

INSTRON
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Appointments

CUT THIS OUT!

Clip this advert and you can stop hunting for your next
appointment. We have a wide selection of the best
appointments in Digital, Analogue, RE Microwave, Micro-
processor, Computer, Data Comms and Medical
Electronics, and we’re here to serve yourinterests.

Call us now for posts in Design, ‘Test, Sales or Field Service,
at all levels from £6,000 — £18,000.

© “lechnomark_

Engineering & Technical Recrustment
11 Westbourne Grove, London W2, Tel: 01-229 9239,

TRINITY HOUSE LIGHTHOUSE SERVICE, LONDON

has a vacancy for

HIGHER PROFESSIONAL &
TECHNOLOGY OFFICER

(RADIO & DEVELOPMENT)

Salary between £9,865 p.a. and £12,115 p.a.

The successful applicant will assist the Radio Engineer who is responsible for Radio
Aids to Navigation™ and communication systems, including liaison with other
Lighthouse Authorities and regulatory bodies.

The work includes procurement, installation and commissioning of radio navigation
equipment, preparation of procurement specifications and testing of equipment at
manufacturers’ works and in the field.

Applicants must possess an appropriate degree or equivalent qualification and have
had at least 2 years professional expertence preferably including contracts procedure.

The position, which is pensionable, offers a generous leave allowance, travel in the
United Kingdom and flexible working hours.

Sianel Pedwar Cym

ENGINEERS

Asaresultofan increase in transmission hours as well as internal
promotions, S4C has vacancies in its Engineering Department for

Supervisory Engineers, Senior Engineers and Engineers. Some

postsare shift based, others are day based. ACTT terms to apply.

Salary ranges from £16,501 - £19,451, £12,697-£15,000, £7.901 -
£10,523 respectively.

Sianel 4 Cymruis the Fourth TV Channel in Wales and operates
from its transmission centre in Cardiff, from where nearly all

programmes are broadcast on 1" videotape. A film transfer and a

computer controlled edit suite form a separate post production
unit.

Welsh language programmes are provided by BBC Wales, HT'V

Wales and the Independent Sector. About two-thirds of S4C's

programme outputis in the English language and originates from

Channel Four.

The Department is seeking new staff to help operate and maintain
its increased technical facilities. Relevant experience is helpful, as

Isan enthusiasm for the many operational aspects of broadcast

television. Successful applicants will need to demonstrate an easy

famniliarity with the principles of electronic communication
engineering.
Please state the post for which you wish to be considered on the
application form which may be obtained from
Mrs Mair Owen, Executive and Personnel Officer; $4C,
Sophia Close, Cardiff, CF1 8XY. (Tel. 0222/43421)

Application forms may be obtained from The Personnel Manager, Trinity J
House, Tower Hill, London EC3N 4DH, 01480 6601 ext 2250. 245
telesonic 0 F
MARINE LIMI!TED
Telesonic Marine Ltd., A rapidly expanding Company, have the S 0 M ETH I N G
following vacancies
A BENCH SERVICE ENGINEER. The candidate will be
experienced in the service of Yacht ‘Marine Electronic
Equipment, or have good general Marine Electronics ] h . )
background. You should live in, or close to London. The ability If you are leaving College and planning a career in modern
to work unsupervised is essential. Salary £6000 to £8000 neg. communications or if your present job lacks interest and
§ . . challenge ... why not join wus in GCHQ?
A TRAINEE INSTALLATION ENGINEER. The candidate wiil We are recruiting
have a good general knowledge of Marine Electronics, and be \
able to use their hands. The candidate will be required to work RAD IO 0 FF I C E RS
overseas, so a passport is essential. You should also hold a
valid UK driving licence. Starting salary £6000 + OfT and who are after initial training will become members of an
overseas working neg. organisation that is in the forefront of communications
Reply to Mr. Spackman on 01837 4106 (201) technology. Government Communications Headquarters
can offer you a satisfying and rewarding career in the wide
field of communications. Training involves a 32 week
course (38 weeks if you come straight from Nautical
Inner London Education Authority Coliege) which will fit you for appointment to RADIO
LEARNING RESOURCES BRANCH gFF'CEIR- i vou find the work o |
Ha Vi ; ; ot only will you find the work as an extremely
'Il\ﬂe;)lktgl\l;lasi\{)lr(;j %ofr’eucbc;’xrsdflw?r?gsggﬂt?g interesting but there are also good prospects for
Thackeray Road, SW8 : promotion opportunities for overseas travel and a good
’ ) salary. Add to this the security of working for an important
T I P E H Government Department and you could really have the
e 9V|S|0n ng l neer start of something new.
Salary: £9,690-£10,416 + £1,494 LWA The basic requi}:erlr&ent‘j&réha?_? is 2'\\//IeRzg(s:radi€ opgrating
A Television Engineer is required to assist in the technical experience or hold a A MF 1 or or be about to
operation of the mobile videorecording section. The successful Obtei'” aMRGC. Registered disabled people are welcome to
candidate will be responsible for a range of operational duties apply
including lighting, vision control, microphone rigging, sound Salaries start at £4,988 at age 19 to £6,028 at age 25 and
mixing and v.t. operation. A current driving licence is essential. over during training and then £6,832 at 19 to £8,915 at 25
i is sui i and over as a Radio Officer. Increments then follow
This postis suitable for job share. annually to £12,328 inclusive of shift and weekend working
Application form and full job desctiption from Personnel Services allowances.
/Djfégign;gg}fbggg/% EFioom 366, The County Hail, London SE1 7PB. application form phone 0242 32912/3
AE. . . . : T . i
Closing date for completed application forms is 30 June, 1986. or write to Pﬁ%g:grﬁ%‘i“ Ment Office A/1108
ILEA IS AN EQUAL OPPORTUNITIES EMPLOYER o e, (2805)
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Appointments

TV/ELECTRONICS TECHNICIAN

The University of Birmingham Television and Film Unit. considerably restaffed and re-equipped in recent
years, works within all academic areas of the University offering original production and echnical services
and also accepts commercial or sponsored production work in Publicity and Traning areas.

A vacancy exists for a qualified Technician to assist in the maintenance and operation of equipment. A Main
Studio offers 3 camera broadcast quality colour. Recording is on High Band BYU. Cox T16 Vision Mixer
EELA $3000 11 V.CA. Sound Mixer. Aston 3 Caption Generator. Acquis 224 Edit Control. A move to 1" C
format is contemplated in 1987.

A second Studio offers 3 low cost colour cameras and VHS off-line editing for academic self access and
production experimentation.

Examinable Option Courses in Television and Film Production are given to second and final year students
Applicants should be qualified in electronics (Radio and Television servicing) to BTEC National Certificate
level and have several years relevant experience. Salary £6927-£8088 pa (pay award pending). Ref: 3312

Applications from: Personnel Office, PO Box 363, Birmingham University, Birmingham B15 27T,
An Equal Opportunities Employer

TOTAL SYSTEMS DESIGN

I.B.ELECTROMNIC

Specialising in }the design and manufacture of
industrial control and data acquisition systems
Oftering applications consultancy electronics
design and software compilation

Please telephone 0622 - 674192
11 Broomshaw Road Maidstone Kent ME16 9HS

Classified

flore
Hi-Tech Jobs

£8000 - £20,000

As a leading recruitment consultancy we have a wide
selection of opportunities for high calibre Design, Development,
Systems and supporting staff throughout the UK.

If you have experience in any of the following then you should
be talking to us for your next career move.

e ARTIFICIAL INTELLIGENCE  I{MAGE PROCESSING

e MICRO HARDWARE & SOFTWARE ¢ GUIDED WEAPONS

e OPERATIONAL RESEARCH ¢ RF & MICROWAVE = OPTICS
¢ MATHEMATICAL MODELLING * SIMULATION ¢ C2

* HIGH LEVEL PROGRAMMING ¢ SYSTEMS ENGINEERING

* ACOUSTICS & SONAR ¢ FLUID DYNAMICS  RADAR

® SATELLITES ® AVIONICS ¢ CONTROL ® ANTENNA

Opportunities exist with National, international and
consultancy companies offering excellent salaries and career
advancement. .

For Free and Confidential career guidance call John Spencer
or send a detailed C.V.. Please quote
reference WW/3.

Skyquip Technical Services
85 High Street, Winchester, Hampshire. SO23 9AP
Tel: Winchester {0962} 69478 {24 hours)

Speaalst recruitment for Aerospace, Defence & Communications industries

0602-587225

HS T o602587225

AM26802 MPSA42..... 050 D CONNECTORS
£275/100 No Of Ways
~£275/100 | paig 915 25 37

..0.02

Ang Pin 105170 220 305
0.02 | sojder 57 75 115 150
003 | srPin 56 72 110 147

Sr Pin 100 135 185 270
003 | AngPin 140 180 250 400
003 | Solder 80 125 175 250
0.04 Hoods with

Screw Lock 90 110 130 180

CENTRONICS TYPE

| 36 Way Plug Solder 495-
0.08 IDC . 450

36 Way Sockets Solder 5.10
: 1.50 o T
IN5908... PCB MTG Angle 36W 6.25

PLUS
VaW 5% Carbon.......... 50p/100
VaW 1% Metal film........5p/100

HIGH SPEED TECHNOLOGY LTD Please add 50p p&p & 15% VAT
- TECHNOLOGY HOUSE (Export: No VAT, p&p at Cost)
PROSPECT ROAD Detailed Price List on Request
CARLTON Stock items normaily by
- NOTTINGHAM NG4 1LA Return Post
TEL: 0602-587225 Minimum Order £2.50

MANUFACTURERS SURPLUS STOCKS

Electronic Components, Test Gear, Radiotelephones, Computers,
Photographic and Video Equipment. All at knockout prices.
Export and Trade Enquiries Welcome.

Catalogues Available from:

B.BAMBERELECTRONICS, 5 STATION ROAD,
LITTLEPORT, CAMBS. Phone: ELY (0353) 860185.

*GRAND CLEARANCE SALE, on Saturday May 24th, 10 a.m. to 5 p.m. at: Unit
2, The Maltings, 135 Ditton Walk, Cambridge (near foothall stadium) Example
Keyboards 88 key with 8748/8048 £4 ea, 2 for £7, 3 for £8. Marconi 801D
£35. TFPM43/4 2 transmission level test set £25, TEK 520 vectorscope £195,
Crystal calibrator RCA WR99A £25, Micro development systems, TEK 8002
with 8024 intelligent terminal, ices for 8085 and Z80 ¢/w SW and doc. £850,
Zilog Z80 dev. syst. ¢/w SW and doc. £450, MDSB8CO Intel less discs £100,
SMS3000 8XS3000 (8X300) micro controller dcev. syst £350, TEK 4610-1
photoplotter £25, Versatec V80 Hi res printer/plotter £400, Perkin Elmer laser
gauge, offers?, TEK GMA102 and 103 graphics screens new unused £95 ea,
HP7221B 4 colour digital A3 plotter RS232 + HP1BI/F £350, TEK611 storage
screen + terminal two for £75, Linear transducers and readout units various
from £15, HP5000 A logic analyser £100, HP3420 ratiometric voltmeter £80,
ESR meter £50, Gauss meter £50, Penrecorders single pen and muiti point,
Printers, Centronic 705 £75, ASR Teletype £50, DRI 6330 £45, Drum plotter
CiL 6000 2 pen 2 speed AO size £250, RRC viewdata plinths £35 ea. Many
more items, power supplies, Components, Subassemblies, PCB’s etc. prices
from a few pence to pounds. No reasonable offers refused.””

| TO MANUFACTURERS, WHOLESALERS

- BULK BUYERS. ETC.
LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMIGONDUGTORS, all types, INTEGRATED CIRGUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, €280, €296, DISC
GERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc.
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN’ S CAVE

TELEPHONE: 445 0749/445 2713
R. HENSON LTD.

21 Lodge Lane, North Finchley, London, N.12
(5 minutes from Tatly Ho Corner)

(1613)

NOW AVAILABLE - Bumper
Catalogue — 170 pages ~— for collectors of
vintage radio, audio & TV equipment.

GOLLEDGE
ELECTRONICS

TELEQUIPMENT PHILIPS
*SCOPES, manuals, spares. S54A
£125. Also various tests gear. Ochremill
Technical, 0785 (Stone) 814643. . (239)

BRIDGES waveformn/transistor
analysers. Calibrators, Standards.
Millivoltmeters. Dynamometers KW
meters, Oscilloscopes. Recorders.
Signal generators — sweep, low
distortion, true RMS, audio, RM,
deviation. Tel: 040 376236 (2616)
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PRINTED CIRCUITS. Make your
own simply. Pre-coated board 100 X
160, £1.50 (example). Developer Board
100 x 160, £0.35. Ferric Chloride 100 x
160, £0.60. Acetate Sheet 100 X 160,
£0.15. Postage and packing £0.80.
Whybrow Electronics (Whitehouse
Electronics), G.F. Milward PRAA,
Sands Cross, Penzance TR20 9QT. 073
6710918, (242)

QUARTZ CRYSTALS
OSCILLATORS AND FILTERS of
all types. Large stocks of standard
items. Specials supplied to order.
Personal and export orders welcomed —
SAE for lists please. OEM support thru:
design advice, prototype quantities,
production schedules. Golled ge
Electronics, Merriott, Somerset YA16
5NS. Tel: 046073718, (2472)

Price: £2.00 post paid UK, £3.00 post
paid overseas. Vintage Wireless Co.
Ltd., Cossham Street, Mangotsfield,
Bristol BS17 3EN. Phone: 0272 565472

(208)

WAVEGUIDE, Flanges and dishes.
All standard sizes and alloys (new
material only) from stock. Special sizes
to order, Earth Stations, 01-228 7876,
22 Howie Street, London SW114AR.
(2099)
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- Classified

FM & MW BROADCAST
EQUIPMENT

A special range of high quality
transmitters, power amplifiers,
stereo encoders, UHF repeater
links, compressors, antennas.
Powers 10w to Tkw.
Built to high specifications at an
economic price. Meets IBA & Home
Office specifications.

Full catalogue available.

Cyberscan International, 2 Eastcote
View, Pinner, Middx HAS 1AT.

Tel: 01-866 3300 (215

PCB’S MANUFACTURED,
prototypes, small/large production
runs, single, double-sided, P.T.H.
screen printing, panels, lables, solder
masking & photography. Orbitechnic
Circuits, The Rear of 127 Woodlands
Road, Ilford, Essex. Tel: 01-553 5211.

Hewlett  Packard 140.A.  oscilloscope
mainframe £45, 1411.A. sampling vertical
amplifier plug-in £39, 1750.B. dual trace, 50
MHz plug-in £39, Tek plug-ins B, D, E, L,
£1250 each, Q plugin £35. High vacuum
rotary pump, 5 microns, matching oil
diffusion pump, £59, £49, or both £98.
Marconi electronic testmeter with AC to
1.5Ge/s £97. Philips battery millivoltmeter, 12
ranges from 0-1000 microvolts to 0-300
volts £29. Centrifuge £49. Balance for
weighing centrifuge tubes etc, £29. Avo
valve tester roller panel/socket board £10.
Twin pen chart recorder, semi-conductor
amplifiers £75. Pressure gauges £4. EMI
Power Stroboscope, white fight £79.
Standard gas flow meter £25. Television
sweep generator £75. Bruel & Kjoer RCL
Component Bridge £39. Resuscitator with
oxygen cylinder and oxygen £45. Cessna 300
Series,  FElectronic, Communication &
Navigation equipment Manual £35, 300 DME
manual £7, 400 Glide Slope manual £5,300
Transponder manual £7, etc,, etc.

040-376236

2016

SPECTRUM ANALYSER WANTED.
HP8554, 1250MHz, plug in only or
might consider whole 141T. Please

G.W.M. RADIO LTD., 40/42 Portland
Road, Worthing, Sussex. Test
equipment, receivers, oscilloscopes,
components ete. Marine equipment, For
Sale and Wanted. Large or small lots.
Many miscellaneous bargains for
callers. Amateur equipment stocked.
Data transmission test set 1-8 by
“trend”, £400. Tel: 0903 34897. (256)

PCB ARTWORK DESIGN Low Cost
7-Day Turnaround *Prototype PCB’s
*Circuit Design *Call Systems “PCB
hand assembly. Phasor Circuits, 12
Kendal Road, Rushey Mead, Leicester.
Tel: 0533 830953 {209)

PCB’s MANUFACTURED. Medium/
large volume production runs produced
to high standards by qualified
engineers using latest computer
technology. Single/dduble sided,
conventional, flexibles, multilayer etc.
Competitive rates. 48hr service
vailable. Also artwork service and

PTH screen printing. Free quote.
Translab Electronic Services, (PCB
Sector). Tel: (0788) 817591. 252)

ELECTRONIC TEST AND
MEASUREMENT EQUIPMENT -
Users and Distributors sought for pre-
owned modern up-to-date high quality
instruments located in U.S. Spectrum
Analysers, Oscilloscopes, Signal
Generators, Counters, Logic Analysers.
Sell all or separately. Contact John
Swain at L.A. Rubin International,
Office Suite 1, Village Hall, The
Square, Forest Row, East Sussex RH18
5ES. Telephone 034282-2706. (234)

ULTRA LOW DISTORTION, Audio
Oscillator THD low as 1ppm (0.0001%)
at 1KHz four frequencies 100Hz,
400Hz, 1KHz, 10KHz other frequencies
available built in instrument style case
with handle and instructions £195,
details write to SAGE AUDIO,
Construction House, Whitley Street,
Bingley, Yorkshire. (235)

(154)  telephone 0264 66361 (24 hours). (259)
WANTED SERVICES
- CIRCOLEC
WANTED * MICROCOMPUTERS THE COMPLETE ELECTRONIC SERVICE
* PERIPHERALS Artwork, Circuit Design, PCB Assembly, Test & Repair Service, QLA.
Test equipment, receivers, * INSTRUMENTATION gons_ultancy, Prototypes, Final Assembly. Fuli PCB Flow Soldering
i - ervice,’
Va(;v::’nttrinsrglatthsé %O?d For fastest, best CASH offer, phone, Quality workmanship by professionals at economic prices.
pl tronic s:cra and COMPUTER APPRECIATION Please telephone 01-646 5686 for advice or further details.
& Telex 838750 302-310 DE EAST, MITCH
cash. Member of A.R.R.A. lex 8 (2492) (1391)
86 Bishopsgate Street DISC COPYING/ WE USE
eeds p
DedsLS148 , FORMAT CONVERSION ONLY 10%
(99586) STEWART OF READING We can convert your files to and from most CP/M, MS- OF OUR
! 110 WYKEHAM ROAD DOS {and Yook alike) disk formats and sizes.
READ(I)NG RG6 1PI.1 £7:50 + Disks {if reqired) + VAT MENTAL
TEL NO: 0734 6804 For details contact Clive Waller at Chiatroni
C COMPONENTS TOP PRICES PAID FOR L, 258 01 T882) 21056 ™ Beds. POTENTIALS
E Tel:
W ALL TYPES OF SURPLUS {Callers by appointment please) Einstoin o
e buy large and Sma" parcels TEST EQUIPMENT, These are the words of Albert Einstein, the
of surplus I/C, transistors, capa- COMPUTER EQUIPMENT, O o Hiupbarcs dhsooverios n the field of
citors and related electronic COMPONENTS etc. the mind prove today that Einstein was right.
stock. Immediate settiement. ANY QUANTITY. (103) Science” of Mental Heaith 1. Hon Hovhord
Tel: 01-208 0766 TURN YOUR SURPLUS i.cs transistors | (o= one more giant stop » thia drecton.”
Telex: 8814998 etc. into cash, immediate settlement. We discoveries to isolate the exact barriers that
(2491) also welcome the opportunity to quote for B o reented peapie from using their
COLESTIARDING & CO, 108 South | i BSTANES I o o wake of o
- , ou use Dianetics technology today.
Brink, ~ Wisbech, ~ Cambs. 0945 ara the Dot proot of the austiy of this bese.
WANTED. Low volume wave solderer, USED TEST EQUIPMENT on4Lss: 02 'B'E‘i;?kaog'tefg‘r’g‘?l:;s“e;;- Oreer vou sepy o e
capable of processing approx. 50-100 FOR SALE & WANTED MSSJ%;%%&SS paparback f)l,ylﬂ;ﬁ,% gﬁrdsbﬁ:ﬁ‘
Eurocards per houtr, a'ltS(l))l P(t:/B Buyers & Disposal Officers Contact A CAREER in technical authorship. 5339«@(360?25?5?005% (S\/C\/‘Wﬁgg;t Zinsteat,
processing equlpmlen suitable for COOKE INTERNATIONAL The requirement for tech'nical'authors | Sussex AHiv 4ZA ino stamp requiied). (70}
prototyping/low volume production Unit 4 Fordingbridge Site in- all branches of engineering and
E.G. bubble etching/developing tanks, Main Road Barnham technology is increasing ra idlg For
U.V. Box ete., any condition considered. Bognor Regis detai 1§y of a com gr e g e gs ive
Morley Electronics, Unit 3, Maurice Rd, Tw?sszs“usssgxraiz 0EB correspondence course leading to PROFESSIONAL SOFTWARE
Industrial Estate, Wallsend, Tyne & ol. 0243 68 511112 (179) qualifications in this field, send for frre  ENGINEER AVAILABLE for
Wear. Tel: 0912 627507. (238) consultancy, design, development, 20

PROFESSIONAL ELECTRONICS
TECHNICIANS
Short re-training courses (3 week)

VCR SERVICING
MICROCOMPUTER SERVICING
(ONC/OND/HNC also available in modules)

% MSC GRANT AID to EMPLOYERS/TRAINEES +¢

Television/Video/CCTV/MICROELECTRONICS
Information Technology/CADCAM/ATE
MICROPROCESSORS/Computers/CONTROL

LONDON ELECTRONICS COLLEGE
* DEPT (EW)
20 Penywern Road, London SW5 9SU

01-373 8721 250

When replying to classified

advertisements, readers are

protect their interest before

I
|
I
l recommended to take steps to
I
|
{ sending money (551g,

brochure and syllabus to TUTORTEX
SERVICES. 55 Lightburn Avenue,
Ulverston, Cumbria. LA12 0DL Tel:
022956333, (287)

DESIGN SERVICE multi-disciplined
electronics design team, willing to
consider short to medium term projects.
If you lack the necessary expertise then
we would be able to help at any stage,
from a viable idea right through to a
finished product. R&A DESIGNS, Box
No.237. (237)

RF-Design, development, prototyping,
batch production. HF/VHF RX/TX, etc.
For help and assistance. Phone 07918
6149. NOw (24hr ansaphone). WPO
Communications, 20, Farnham Avenue,
Hassocks, Sussex. BN6 8NS. 212

years’ experience including 8/16 bit
micros, 8 minis programming in ASM,
C, Pascal, Basic, etc. Expertise in
comms, realtime, control, graphics,
videotex, midi, gem, H/W interfacing,
inhouse, IBM PC development
facilities, (CM3/M4) corridor. Box No
257. (257)

FOR CLASSIFIED
ADVERTISEMENTS
RING |
SUSAN PLATTS

661 3033
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DIGITAL MULTIMETERS
3 digit LCD displays X
50815 range.200mA 0C.2 MEG £19,96
*$3010 10mm thick packet autorange ;
and buzzer £20.
#*528T 13range. plusHietest £26.04 ‘e
909 19 range, plus He test. 26MEG £31.26
6010 28 range. 10A AC/OC. 20 MEG £33.50
£36.30

DM73 Autorange pentype + buzzer
£34.50
£3

578 20 range. auto + memory + hold
*55C 28 range 10A AC/BC
(%with case)

ANALOGUE

MULTIMETERS

1015 15 range pocket 10K/V  £7.50 §i-
103S 19range 10ADC20k/V £9.52 | Q 3
102BZ 19 range 104 OC . o
+ Hie 20K/V £12.61

2020 20 range 10A OC + Hie 20K/V £19.09
3010BZ 24 range 10A OC + buzzer 0K/V  £20.83

*155m 21 range 10A AC/0C 20K/V £22.57
*M20K 45 range AC/DC amps, etc £39.00
*GHALL 48 range AG/0C amps, elg £49.00
*3000 58 range AG/DG amps. etc £56.00

[ *with case)

INSTRUMENTS « COMPONENTS
EQUIPMENT e ACCESSORIES

OSCILLOSGOPES

Hameg. Crotech, Hitachi iy

-
Stockists. (UK TNT [! .H
I

delivery £10.00)

FREE CATALOG

On request with orders by post. and on requ
to-callers, or send S.A.E. [min 12" x ) 30p

COUNTERS
AND
TIMERS

SWITGH MODE PSU’s

Open frame models. 1/P
100/240V AC
240watt +5v 258: +12v

17A:+12v 1.5A: -12v A
1.5 £34.74
OF406 + 5v 5A: -23v 25mA: -12v "V
100mA: +12v 500mA

$X510 2to Sv (adjustabie] 18amp

DIGITAL CAPACITANCE
METER 8 range LGD 20091 to 2000MFD §
Push-button selection (6013)  £59,00
CM200 Bench version £89.00

PROBES/PULSER
TP1 Logic probe BOMHZ max.
TP2 Logic pulser 0.5H2/500HZ

HAMEG Dual trace o 220/240V AC mains,

with component testers. 8 digit LED

8x 10cm green screen. C s 0.1HZ T SmV sensitivity

203 Duat 20 MHZ £270.00 | 100MHZ 2 ranges £99.00
204 With sweep delay £365.00 | 600MHZ 3 ranges £126.00
605 Dual 60 MHZ pius sweep delay £515.00 | 1000MHZ 3 ranges £175.00
CROTEGCH with component testers 1500MHZ 3 ranges £199.00
3031 Single 20 MHZ. 9.5¢m CRT £195.00 | Timers 0.001HZ Resolution. 100MHZ SmV sensitivity
3036 Single 20 MHZ. 13.0cm CRT £216.00 | 0P10 Standard mode! £219.00
3132 Dual 20 MHZ pius REG PSU 0/P OP100 incl. display hold, etc. stopwatch/

5 CRT £295.00 | rrM.etc £285.00

OPTIONAL PROBES X1/X10 £10.00 ) :
CONNECTORS AND LEADS GENERATORS |

Prices each - farge discounts. For quantities - see below. ¥ 920,240V AC operation =

‘0" PLUGS AND SOCKETS

Goldplated contacts (P=pins M=male F=female)
9pm £0.65 15pm £0.78 25Pm £1.00
9PF £0.74 15pF £0.87 25PF £1.09
covers 9P£0.43 15 £0.52 25p £0.61

‘D, ADAPTORS 25 pin available male-male,

female-female, male-female (state which)  £4.78 each

IDG PLUGS AND SOGKETS

Female cable }ZOP £0.87 26p £1.09 |
connectors 34 £1.48 4P £1.83
Male PCB 20 £0.87 2P £1.17
muuminuheader}aﬂ’ £1.48 4or £1.74

COMPUTER EQUIPMENT LEADS
10100t 25 Pin ‘D' goidplated connectors

Male to Female
9way £6.91 15Way £8.52
24way £11.26

Male to Male

24 Way

Female to Female

24 way

£12.13

£12.13
BBC 26 pin 10C to 36 pin ‘D plug
BBC to printer 2metre £8.65
DISCOUNTS - can be mixed for best price.

10+ Less 10% 25+ Less 20% 50+ Less 36%
100+ Less 50% Larger quantities P.0.A. (Orders above
£10 post free, below £10add £1 UK C/P)

FUNCTION - sine, sq. triangle. TTL 0/P

Export send £1.00 with address. Price £1.00 to callers.

)
ot JEARYS )
5

UE

est with purchases
stamp UK.

DISCOUNTS
AVAILABLE
FORALL
EDUCATION/
TRAINING

TRADE, OEM AND P
EXPORT SUPPLIED

DG POWER
SUPPLIES

240V AC input. Stabilised

variable output voitages.

Direct meter reading voits and amps.
£53.25

243 0/24 volts 0/3 amps OC 3.
245 0/24 volts 0/5 amps G £63.04
154 5/15 volts 0/4 amps OC £43.43
Also13.8V DG, 3 amps max. Fixed

{no meter) £13.00

Stockists for Thurlby Digital PSU's.

J500 0.1HZ to 500KHZ £110.00

TE101 0.02HZ to 200KHZ £110.00 |-iaer dammode) __ o -

TG102 0.2HZto 2MHZ £160.00 | AGCLAMPMETERS \

PULSE Sguare, Complement, TTL 0/P With cases and leads B

TG105 5HZ to 5MKZ .00 § 300 300amps (5 ranges) k

TV-VIDEO PAL VHF/UHF.5.5/6/6.5MHKZ 600V 4 ranges) 1K OHM £30.87

sound carriers RGB and SYNC 0/P’s. AM/FM sound mod. | 4300 Digital 300A:

Colour. etc £199.00 Isri?u‘lk‘\' cont test k£75.nu T
p— e — - [ation testers instoc .

ity — 3 —

THURLBY 2= B i |- compTeR pisks !\,

CM200 Digital capacitance meter £89.00 | 5% 40track DS.DD.ASTPI (et

LAY1BOA 10MHZ logic anatyser £395.00 | 3m reri0 £14.75 rer 100 £130.00

LA160B, Z0MHZ verslon o0 serog £495.00 | 1R Peri0 £10.00  feri0  £90.00

[ccessories in stock for ries)
OM358 Convertscopesto 8 Channels ~ £179.00 VERBATIM Por 10 £17.35 Por 100 £156.00

DIGITAL PSU's (UK C/P £1.50)
0/30v0/1A £125.00 0/30v 0/22£155.00

TRK 31, DS.00.
{UK G/P £1 per order)

each£2.70

Dual and tripte versions in stock
1503/1503HA/1504/1905 DMM's in stock

PLEASE ADD 15% V.A.T. (UK ORDERS)

ORDER BY POST OR PHONE. OPENG DAYS A WEEK FOR CALLERS.
I4ENRY'S aupioeLecTRONICS

301 Edgware Road, London W2 1
404 Edgware Road, London W2 1

Sales and Account enquiries:

CIRCLE 37 FOR FURTHER DETAILS

01-724 3564
01-723 1008
01-258 1831

N
ED.
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