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TEK Sstiioacores

Now! Tek quality
and expertadvice

arejusta free
phone callaw

R T

Our National Order Desk line gets
you fast delivery of the industry’s
leading value/ performance
portables...and technical advice
from experts!

The 60MHz 2213A, 2215A
and the 100MHz 2235 and 2236
offer unprecedented reliability
and affordability, plus the
industry’s first 3 year warranty
on labour and parts, CRT
included.

All 2200 series scopes
have the bandwidth for digital
circuits and sensitivity for low
signal analogue measurement.
The sweep speeds for fast logic
families, and delayed sweep for
fast, accurate timing
measurement. The top of the
range 2236 combines a
counter/timer/DMM with the
scope to provide fast, easy
measurements for voltage,
resistance and temperature.

These UK
manufactured 'scopes are
obtainable through the

to order or obtain literature
& O' to talk to our expert on
B 'scope applications.

The Company reserves the right to modify designs, specrications and change prices without notice.

National Order Desk. Call us

THE ANSWER
BY ANY MEASURE

lalk
toPete

Dial 100 and ask for
Freefone Tek-scope

Tektronix UK Ltd

Fourth Avenue, Globe Park,
Marlow, Bucks SL7 1YD
Tei: (06284) 6000

Telex: 847277 & 847378
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TK801S

UHF mabile radio transceivers.

customer

wiring necessary

You will not be disappoinied

Trio, quality PMR
equipmet v,

Now trom TRIO, the eagerly awaned range of high quality. purpose des:gned, VHF and

Built with uncompromising quality in mind. these tully synthesisaed transceivers use a
completely diecast backbone chassis tor reliability and ease of use. Upto 32 channels are
heid in PROM and frequency changes or additions can be carned out without delay to the

The transceivers will handle all current {requency aliocations including UHF community
repeater channels and. ptug in CTCSS modules aliow 5 minute instaltation time with no

CTCRE encoder/decoder units are avaitable with 37 tone DIP switch programming, of
PROM programming when you wish to altocate different tones on different channels
if you deal in raciotelephones. the TRIO range is designed for you. Remove your installa-
tion and service headaches by contacting the sote distributor right aow for furthes details

AR2002

The NEW AR2002 from AOR combines the well k

AOR, monitoring
& surveillance.

wn performance of the AR2001 with

improved operating features. improvements are ar easier 10 use press buttom key board,

the addition of a signal stzength meter, up/down frequency stepping by knob as well as
push button. a headphones jack on the front panel and a socket for remote control on the
rear panel. An additional frequency range from 800 to 1300 MHz has alse been included

® General off air monitoring ® Spot frequency monitoring/measurement ® Selective

mults frequency analysis ® Spectrum surveillance
signs @ (Bug hunting ® and much more!

® Detection of unwanted transmis:

Frequency coverage 1s continuous from 25 to 550 MHz and trom 800 to 1300 MHz. in

selectable increments of 5, 12.5, ar 25 KHz, and modes of AM. FM {wide). o1 FM (narrow).
Any mode can be used at any frequency of Channel spacing A further faciity 1s the abitity
10 search between two user programmed limits with lugh to low or fow to high searching

Twenty memory channeis are provided, with easy keyboard entry and recall. Each mem-

ory channe! stores frequency and moge information without any restrictions The memo-
riés can be recalled manualiy. or may he automatically scanned in sequence for unat-

tendeg montonng
AR2002. .momitor receiver . .£326.09 plus vat.

LOWE ELECTRONICS LIMITED

Chesterfield Road, Matlock, Derbyshire DE4 5LE
Telephone: 0829 2817, 2430. 4057, 4995 Telex: 377482

CIRCLE 49 FOR FURTHER DETAILS.

NEW DISCO ELECTRONIC CENTRE

150 WATT DISCO (win deck system £360 carr £30

£300 carr £30

FAMOUS LOUDSPEAKERS-SPECIAL PRICES

SIZE POWER DAMS  (PHYSICAL SIZE IS NOMINAL MAX FRAME DIMENS ON)
WATTS IMP MAKER  APPLICATION PRICE  POSI

6 T

120 WATT DISCO © Lwin spaakers
Console only, £145, 120 wat, £199, carr £10

PACABINET SPEAKERS 2018 1 160N 5 wall 24 17 £56
90 wall 32~ 50 walt €84 200 wall €100 300 watt
£150 300 4att MID N TOP €125 cort £10 2ach

ACS SOUND LIGHT Ready Bult Deluxe 4 Channai 4,000 watt with
hrser — speed — programme conlrols £69. Post £2 New Modal
MKil with specia 16 programmes 4 channel 4,000 wall £88. Past£2

OELUXE STEREQ DISCOMIXER/EQUALISRLE D VU diupiays S
1ard graphic equatiser leht nignt tader, swilchable nputs fot phono.
Ine mke line Reccraing Ouipur €129 DELUXE €145 Pos! £2

PROJECT CASES Black vinyl 10p and sides
Bx4x1 £3 60 BXSX2NE4 11 <6x5 €9 Ix5X2;in £4.80 11X6X3
£5 50 13xBx 4, £11

Tz

BAXERA PA systems — ampllfier, mike + two speakers
kI Mobile 6w, 240v AC + batlery 12 £ car

MRl 150w 24

E 500w slerec qually amphbers S500C
diloned guaranieed £275 pp €5
a : RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD
CROYDON, SURREY, U.K.

[ACCESS | TEL 01-684 1665 [ VISA ]

Same Day Despatch. Cloasd Wed Lists 34p minimum p p. 65p

H+H
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N

{{2259/ FOR S100 USERS
Y FULCRUMWM

(EUROPE) LTD

Distribute & technically support over 160 different S100 products.
Select from manufacturers like:

MACROTECH INT. ® ADVANCED DIGITAL CORP. @ ACKERMAN DIGITAL SYSTEMS e INNER
ACCESS CORP. » LOMAS DATA PRODUCTS » COMPUPRO  CALIFORNIA COMPUTER
SYSTEMS o DUAL SYSTEMS o TELETEK o INTERCONTINENTAL MICRO — SYSTEMS
SEMIDISK SYSTEMS INC ® HIGH TECH. ELEC. LTD ® {/0 TECH. INC. » SD SYSTEMS o

SOLID STATE MUSIC © KONAN CORPORATION @ JADE COMPUTER PRODUCTS © MULLEN
COMPUTER PRODUCTS INC @ DATA SYSTEMS CONSULTANTS o ILLUM. TECH. INC. ¢

ZENITH DATA SYSTEMS o BICC—VERO
CALL US ON (0621) 828763

N\

VALLEY HOUSE, PURLEIGH, ESSEX CM3 6QH ENGLAND
TELEX 946240 C WEASY G — Easylink [.D. 19010455
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‘ If you are interested in a particular article or \
advertisement in this publication why not take
advantage of our reprint service. We offer an excellent, \

’ reasonably priced service. For further details and a
guotation

‘ Ring Michael Rogers on 01-661 3457 }
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COUNTERS & OSCILLATORS

LEVELL COUNTERS MET100/600/1000 £99/126/175
8 digit 0.5” LED display. 5Hz to 100/600/1000MHz.
Resolves 0.1Hz. Sensitivity 5mV up to TOMHz. Low pass
filter. Mains/rechargeable battery powered.

LEVELL FUNCTION GENERATORS TG302/3 £156/236
0.02Hz-2MHz in 7 ranges. Sine, square, triangle, pulse and
ramp 20mV to 20Vpp from 500). DC offset O~ 10V. TTL
output. TG303 also has a CMOS output and 6 digit
10MHz counter with INT/EXT switch.

LEVELL RC OSCILLATORS TG152D/DM £95/120
3Hz-300kHz. 5 ranges, acc 2% +0.1Hz up to 100kHz,
3% at 300kHz. Sine or square <20QuV to 2.5Vmns. Distn.
<0.2% 50Hz-50kHz. DM has an output meter.

LEVELL RC OSCILLATORS TG200D/DMP £130/165
1Hz-1MHz. 12 ranges, acc 1.5% +0.01Hz to 100kHz,
2% at 1MHz. Sine or square outputs <20QuV-7Vmms.
Distortion <0.05% 50Hz-15kHz. Sync output >1V. DMP
has output meter and fine frequency control.

LEVELL DECADE OSCILLATOR TG66A £330
0.2Hz-1.22MHz. 5 ranges. 4 digits, acc 0.3%
6Hz-100kHz. Sine output <3uV-5Vmms. —2dB/+ 4dB

and V scales. Distn <0.15% 15Hz-150kHz. Mains/battery.

ANALOGUE METERS

LEVELL AC MICROVOLTMETERS TM3A/B  £150/170
16 ranges 15uVfs/500Vfs, accuracy 1% + 1%fs + 1uV.
— 20dB/ + 6dB scale. +3dB 1Hz-3MHz. 150mVfs output.
TM3A: 83mm scale. TM3B: 123mm scale and LF filter.

LEVELL BROADBAND VOLTMETERS TME6A/B
£235/265

16 LF ranges as TM3A/B + 8 HF ranges 1mVfs/3Vfs,

accuracy 4% + 1%fs at 30MHz. +3dB 300kHz-400MHz.

LEVELL DC MICROVOLTMETER TM8 £130
23 linear ranges +3uV 4 300V and + 3pA & 300nA plus 2
log ranges for nulling. Output +300mV at fs.

LEVELL DC MULTIMETERS TM9A/BP £199/235
18 voltage ranges 3uV/1kVfs. Current ranges 3pA to 1A
(TM3A 1mA). Linear R ranges 302 to 1GQ).

LEVELL MULTITESTER TM 11 £175
5QuV/500Vfs ac, 50pA/500mAfs ac, 15Q.V/500Vfs dc,
150pA/500mAfs dc, 0.200 to 100G, linflog null.
Diode/LED test. Optional RF, HV and Temperature.

LEVELL TRANSISTOR TESTER TM12 £195
Transistor, diode and zener leakage to 0.5nA at 2V-150V.
Breakdown to 100V at 1QuA, 10QuA, TmA. Gain at
14A-100mA. Vsat and Vbe at TmA-100mA.

LEVELL INSULATION TESTER TM14 £210
Log scale covers 6 decades 10MQ-10T(2 at 250V,
500V, 750V, 1kV; TM-1TQ) at 25V-100V; 100k-100GO)
at 2.5V-10V; 10k-10GY at 1V. Current 100pA-10QuA.

DIGITAL METERS

LEVELL DIGITAL THERMOMETER DT1K f£a4
—120°C/+820°C, acc 0.2%=+1°C. 3 digit 8.5mm LCD.
A standard Type K thermocouple socket is fitted. Bead
couple is supplied. Battery life >3000 hrs.

THURLBY DIGITAL CAPACITANCE METER CM200 £89
1pF to 250QuF, acc 0.2%. 4% digit Smm LCD. Fast
settling. 3 readings per second. Mains/battery.

THURLBY DMMs 1503/1503HA/1504 £169/185/199
4% digit LCD. Up to 1.2kVdc, 750Vac, 10A, 32MQ)
4MHz. Resoln. 1QuV, 10nA, 10m(). Mains battery.
1503: dcV 0.05%. 1503HA: 0.03%. 1504: True ms ac.

THURLBY INTELLIGENT MULTIMETER 1905a £349
5% digit LED. Up to 1.1kVdc, 750Vac, 5A, 21MQ).
Resoln. 14V, 1nA, 1Tm(2. dcV 0.015%. Computing and
storage functions. RS232/IEEE interface options.

LEVELL

R it
PRl manmncns s rmasnn ve usy

dgdolid ¥ g aTd &

LOGIC ANALYSERS

THURLBY LOGIC ANALYSERS LA160A/B  £395/495
16 data channels. Clock DC-10MHz {20MHz for B).
Binary, octal, decimal, or hex. formats. 2K word
acquisition memory. Non volatile ref. memory

BENCH POWER SUPPLIES

THURLBY SINGLES PL154/310/320 £159/125/155
LED digital displays with resolution 10mV, 1mA. <0.01%
change for 50% load change. Remote sense.

154: 0-15V 0-4A. 310: 0-30V 0-1A. 320: 0-30V 0-2A.

THURLBY DUALS PL310QMD/320QMD £269/339
Two 0-30V 0-1A (2A on 320) with isolated, series
tracking, series or paraliel modes of operation.

THURLBY TRIPLES PL310K/320K £275/345
310K: 0-30V at O-1A, 0-30V at %A & 4VBV at 3%A.
320K: 0-30V at 0-2A, 0-30V at 1A & 4V-6V at 7A.

OSCILLOSCOPES

CROTECH SINGLE TRACE 20MHz 3031/36 £195/216
2mV-10Vidwv.  40ns-0.2s/div. Component tester.
3031 CRT 1kV 5x7cm. 3036: CRT 2kV 8x10cm.

CROTECH DUAL TRACE 20MHz (@2mV} 3132 £312
2mV-10V/iem Ch1=Ch2. X-Y mode. Cal 0.2V 1kHz sq
40ns-0.2s/cm. Auto, normal or TV trig. Component
comparator. DC outputs. Z input. CRT 2kV 8x10cm.

CROTECH DUAL TRACE 30MHz (@5mV) 3337/39
£425/570

5mV-50Vicm  Ch1xCh2. Signal delay. X-Y mode.

40ns-Ts/cm  Auto, normal or single shot tngger. Cal 0.2V

1kHz square. Z input. CRT 10kV 8x10cm

3339: VDU mode. Component tester. DC outputs.

HAMEG DUAL TRACE 20MHz (@2mV) HM203-5 £270
2mV-20V/cm Ch2+Ch1. X-¥Y Cal 0.2v/2V 1kHz sq.
20ns-0.2s/cm. Auto, nomal or TV trig. Component test.
CRT 2kV 8x10cm. Long decay CRT £25 extra

HAMEG DUAL TRACE 20MHz {@5mV) HM204-2 £365
1TmV-50V ¢m. Ch2+ Ch1 Sig delay. X-Y mode. Y out.
10ns-1.25s’cm  Sweep delay 100ns-1s. Cal 0.2V/2V
TkHz/1MHz. Z input. Comp. test. CRT 2kV 8x10cm.

HAMEG DUAL TRACE 60MHz (@5mV} HM605 £515
1mV-50Vicm. Ch2+ Cht. Sig delay. X-Y mode. Y out.
5ns-2.5s cm  Sweep delay 100ns-1s. Cai 0.2V/2V
1kHz TMHz Z input, Comp. test. CRT 14kV 8x10c¢m.

HAMEG DIGITAL STORAGE 20MHz HM208 £1300
1mV-50V/em. Ch2+Ch1. Single shot and X-Y modes.
20ns-0.25s/cm. 20MHz sampling. Two 2K memoaries.
Plotter output 0.1V/ecm, 10s’'cm. CRT 14kV 8x10cm.

HITACHI BATTERY DUAL 20MHz (@5mV) V209 £680
TmV-12Vidiv. Ch1+Ch2. X-Y mode. Cal 0.5V 1kHz.
50ns-0.5s'cm Auto, normal or TV tng. Internal
rechargeable batt. or mains. CRT 1.5kV 5x6.3mm.

HITACHI DUAL 20MHz V212/22/23 £299/395/450
TmV-12Vicm. 20MHz@5mV. Ch1xChz. X-Y. Chl
output. 100ns-0.5s/cm. Auto, normal or TV tngger.
Cal 0.5V 1kHz square. Z input. CRT 2kV 8x10cm.
V222V223: DC offset and alternate magnify.

V223 : Sweep delay 1us-100ms.

HITACHI DUAL 40MHz (@5mV) V422/23  £580/650
As V222/V223 but 40MHz, 20ns/cm and 12kV on CRT.

HITACHI QUAD 100MHz (@5mV) V1050F £1095
Ch1 Ch2: 0.5mV-12V/icm. Trgger Ch3/Ch4: 0.2V/icm.
Dual time bases 2ns-0.5s/cm and 2ns-50ms/cm. Signal
and sweep detay. CRT 20kV 8 x10cm.

HITACHI QUAD 100MHz V1070/1100A £1580/2390
Ch1/Ch2: 1mV-12Vicm. CH3/Ch4: 0.1V-0 5V/icm
Dual tme bases 2ns-0.5s/cm and 2ns 50ms/cm.
Digital display of set vaiues. CRT 18kV 8x10cm.
V1100A: Digital display of ACV, DCV, frequency

HITACHI DIGITAL STORAGE 10MHz VC6015 £1480
5mV-12V.cm Ch1+Ch2. Single shot and XY modes.
100ns-0.5s/'cm  1MHz sampling. Two 1K memories.
Plotter output 1V.cm, 5-10s,.cm. CRT 2kV 8x10cm.

HITACHI DIGITAL STORAGE 40MHz VC6041  £4400
1mV-12Vicm. Ch1+=Ch2. Single shot and X-Y modes.
20ns-0.5s/cm. 40MHz sampling. Two 4K memories.
Plotter output 1V/ecm, 2-10s/cm. CRT 12kV 8x10cm

THURLBY 8 CHANNEL MULTIPLEXER OM358  £179

Increases any oscilioscope to 8 channels Choice of tngger
from any channel. Response DC-35MHz.

LEVELL DECADE BOXES

€410 . 10pF to 111, 110pF, acc 1%= 2pF. £45
R401 (410) : 4 decades. 1{10)X) steps, acc 1% £45
R601 (610} - 6 decades. 1(10X) steps, acc 1%  £58
R601S 6 decades. 1(2 steps, acc 0.3% £69
R701 . 7 decades. 102 steps, acc 1% £66

FREE DELIVERY IN UK. VAT EXTRA. QUANTITY DISCOUNTS AVAILABLE.

LEVELL JELECTRONICS LTD.

Moxon Street, Barnet, Herts,, EN5 55D, England

CIRCLE 14 FOR FURTHER DETAILS.
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NEWS COMMENTARY

It's ironic that the electronics

so much to advanced control
technology — giving us such
things as automatic blind
landing of aircraft and multi-
variable process control using

to control its own busmness.
Companies in this field have
recently experienced the whole
gamut of instability, from
uncomfortable fluctuation in
profitability to complete
bankcruptcy. And the
semiconductor manufacturing
sector is notoriously vulnerable
to fluctuations in trading.

Yet the basic parameters of
business stability are few,

If you can optimize profit,
operating costs and cash flow,
you are a business-man, my
son. Unfortunately, the big
unpredictable parameter, the
highly independent variable in
the control system equation, is
the external one of market
demand. Here, electronics is
perhaps more vulnerable than
many industries. Relying as it
does on ‘high’ or ‘leading-edge’
technology, it is converting

industry, which has contributed

microprocessor—can do so little

traditional and well understood.

knowledge about Nature, some
of it very new, into industrial
and domestic products at an
extremly fast rate. And because
the gently dozing public is
inevitably unaware of the new
possibilities offered by these
products it has to be woken up
be advertising and promotion.
There is nothing wrong with
advertising as a means of letting
people know what is available
on the market. But when it
over-persuades a public which
necessarily has no criteria to
judge the usefulness or
otherwise of entirely new kinds
of products, it is doing a bad
service to everyone. The
hyperbole even goes to the
heads of the manufacturers
themselves. But hubris is
followed by nemesis. We saw it
with the over-selling of main-
frame computers in the 1960s,
the over-selling of pocket
calculators in the late 1970s and
we see it in the over-production
of home computers now. At the
worst the public feels it has
been conned. At the best it
signals by passive resistance
that the rate at which it can
consume and digest the new

'Swings and swings

kinds of products is strictly
limited.

If all this only resulted in a
few financiers, shareholders and
company directors getting their
fingers burnt it wouldn’t matter
very much. But the worst effect
is social. The flight of capital,
whether in reduction of
manufacturing capacity or
complete shut-down of a plant,
brings social havoc in its wake.
According to an American
study, the resulting
unemployment brings®...
psychosomatic illness, anxiety,
worry, tension, impaired
interpersonal relationships and
an increased sense of
powerlessness... As self-
esteem decreases problems of
alcoholism, child and spouse
abuse, and aggression
increase.” Europeans know this
too.

Capital mobility is regarded
as a technical necessity for a
free-market economy. The
alternative is often stated to be
the rigid bureaucracy and lack
of enterprise of a centrally-
planned economy, as in certain
communist countries. But this
is not so.

All electronics engineers
know that the answer to
instability in a closed-loop
control system is damping. It
slows down the response of an
over-reactive chain of cause and
effect. Precise control is
achieved by a careful
combination of proportional,
integral and differential (PID)
terms in the control system
equation. If one could apply this
analogy to an economic system
it would mean making
adjustments to achieve
equilibrium rather than growth.
We already have enough
evidence before our eyes to
show that the drive for
perpetual economic growth is
potentially disastrous, socially
and ecologically. It cannot be
sustained and is as unrealistic
as perpetual motion. It will
either result in some kind of
breakdown in civilisation or,
perhaps more likely, in an
unrelievedly painful self-limiting
condition.

An economic system is not a
‘natural’ order or God-given. It
is man-made, like a
servomechanism. It is therefore
capable of being stabilized.

Molecular beam epitaxy

Gallium arenside semiconductor
materials are produced, like
silicon, by the growth of
cylindrical crystals shiced into
thin wafers. Unlike silicon,
though, GaAs devices are not
made directly from these
wafers; they are used as a
substrate for the growth of very
thin layers of gallium arsenide
or related alloys. The
orientation of the layers is
determined by that of the
substrate, a phenomenon
known as epitaxy.

Molecular beam epitaxy, just
emerging from the research
stage, may be used to grow
layers with the depth of
one atom. Molecular beams of
the constituent elements,
produced from effusion cells,
impinge on the surface of the
heated substrate to produce the
required epitaxial layer.

The growth rate and
composition of the layer can be
controlled by the intensity of
the beam, which is dependant

4

on the temperature of the cells.

The beams can be turned on an

off by the use of shutters and
the whole system can be
automated with computer
control of the cell temperatures
and the shutter operation.
Abrupt changes in the
composition of a layer are

possible and multilayer devices
can be made. Thickness and
composition of the layer can be
closely monitored by observing
the diffraction patterns
produced by a high-energy
electron beam directed at a
grazing angle across the surface
of the layer.

One of the first practical
products to be produced this
way has been the short-

An ultra-high vacuum chamber is needed in this machine for
gallium arsenide molecular beam epitaxy. Philips Research
Labs, Redhill.

wavelength semiconductor laser
used in optical recording and
playback systems. Philips
Research Laboratories at
Redhill have produced lasers
that can operate at wavelengths
as short as 707nm, using inter-
band layers as thin as 13nm.
The chief advantage is that
these lasers give visible light
whereas normal GaAs lasers
operate in the infra-red. The
advantage of GaAs over silicon
is the higher mobility of
electrons, enabling the
production of much faster
devices. This has been
increased even further, using
molecular beam techniques, by
the growth of a layer of AlGaAs
onto the surface of a high-purity
crystal of GaAs. At the
intersection of the materials, a
two-dimensional cloud of
electrons is found in the gallium
arsenide. This has even greater
mobility than in normally
doped GaAs, and could lead to
the production of transistor
structures able to operate at
extremely high frequencies, up
to 100GHz.
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Canon’s new T80 autofocusing camera brings the ‘point and
shoot’ photography of compact cameras to single-lens reflex
(SLR) cameras, with the benefit of being able to use
interchangeable lenses. Its liquid crystal ‘picture selector
system’ allows press-button selection if an appropriate
program for exposure, sharpness detection and autofocusing.
The camera has over 28,000 active elements in its i.c.
complement, including a c-mos 8 bit microcomputer, and

costs £395.

Eftpos comes to
the High Street

Credit or charge-card sales
can now be processed on-line in
just a couple of seconds using
Britain’s first Eftpos system.
Eftpos stands for ‘electronic
funds transfer at the point of
sale’, and a system is now
available from Cresta
Communications and British
Telecom, initially in the London
area.

The shopkeeper keys in brief
details of each transaction on a
small data terminal and wipes
the customer’s card through a
built-in magnetic reader. The
information is immediately
transferred to a British Telecom
computer which checks it
against data supplied by the
card companies and authorizes
the purchase (or not) on the
spot. A receipt is automatically

In brief...

Freefone numbers have only
been available by asking
exchange operators for the
number. Now, direct dialling is
introduced by the use of dialling
codes 0800 and 0345. The
difference between the two is
that 0800 numbers are free to
the caller; 0345 numbers
charge the cost of a local call
from anywhere in the UK.

BT, who seem to have an
inexhaustible supply of catchy
names have called this service
LinkLine. It is most likely to
be used by those service
companies who gain much of
their business from incoming
calls, such as catalogue
companies, travel agents,
vehicle hirers, hotels, repair
and maintenance companies and
parts suppliers.

Professor Carsberg of Oftel is
taking seriously the report in
the Daily Mail that out of 200
public telephone kiosks visited,
120 of them were out of order.
He commissioned a survey from
NOP which found that 50% of
call box users had difficulty in
finding one that worked last
time they tried and is having
another to see how long specific
boxes are out of action. He
points out that BT’s licence

includes provision for a
“reasonable public telephone
service”, and if necessary he
could issue an order to enforce
BT to meet its obligations.

The Director-General of
Telecommunications has also
been called in to arbitrate on
the proposed switch from
System X (GEC and Plessey) to
System Y (Thorn Ericsson)
digital telephone exchanges.
Taking into account the possible
loss of jobs at GEC and
Plessey, and the possible gain
in employment at Thorn
Ericsson in Scunthorpe (where
about 70% of the System Y
exchanges will be made); and
looking at the possible harm to
the export prospects of System
X, Carsberg has come to the
conclusion that any further
shifts of orders from X to Y
should be gradual, over a period
of three years, and give system
X manufacturers the chance to
meet reasonable cost and
delivery requirements in the
meantime.

The Monopolies and Mergers
Commission has been asked by
the Office of Fair Trading to
investigate the possibility of a
monopoly in the supply in the
UK of marine radio navigation
recelvers compatible with he
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Decca Navigator system.
Anyone with an interest in the
investigation is invited to give
their views or information to he
the Commission, at 48 Carey
Street, London WC2.

Although the technical papers
are an important part of
Montreux, (our report starts on
page 14) the exhibition floor is
where visitors spend most of
their time.

The emphasis in the
exhibition was firmly on the
production and programme side
of television. Of the over 200
exhibitors only about a dozen or
so were showing broadcast
transmitters.

Digital techniques are playing
an ever increasing role in
programme production. The
French programme company
SFP showed a four-minute tv
clip which was the world’s first
demonstration of tv material in
which the production and post-
production were done entirely
by digital means.

Although exhibitors and
visitors regularly complain
about the cramped facilities at
Montreux, the picturesque
lakeside location of the TV
Symposium and Exhibition will
continue to ensure that one of
the world’s most important tv
events remains where it has
been for the last 20 years!
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printed out by the terminal.

Cresta’s Teletran terminal
makes use of voice-over-data,
techniques to exchange signals
over the merchant’s existing
telephone line. Ordinary use of
the line is unrestricted, but it
remains available continuously
for direct communication with
the central computer and so
avoids the need for time-
consuming dialling. The data
does not reach the local
telephone exchange and is
therefore presumably hacker-
proof: a high degree of security
1s essential where money is
concerned.

Cost to the retailer is £72 per
month to rent the terminal, plus
2p per transaction. Cresta, who
have licensed the system to BT,
see a potential market of a
quarter of a million terminals; a
figure which they expext to
increase with the growing use
of plastic money. By next year
the service is due to be
available nationally.

Spark hazards

Dr Peter Excell, whose work on
hazards associated with radio
induced explosions is
wellknown, is one of two
academic staff members (the
other is Dr Alfred Keller) of the
University of Bradford who
have received a £33,572 grant
from SERC to investigate the
possibilty that explosions on oil
rigs and other major chemical
installations could be
accidentally triggered by radio
waves. Although safety
standards already exist they
tend to be unduly restrictive
they assume a number of
conditions existing
simultaneously, including a
spark gap in the presence of a
concentrated flammable
mixture. They believe that
probability factors could safely
be taken into account to free
radio systems from unnecessary
restrictions.

The study will extend to
related hazards, such as the
likelihood of radio signals from
low power transmitters setting
off electro-explosive detonators
or, interfering with aircraft
guidance systems.



SCILLOSCOPES

ewlett Packard

Scope Mainframe
Display (As new)
Storage Scope

4 channel p/in for 180
Timebase p/in for 180

Portable Scope 500KHz
gcope 100MHz

cope

Scope 350MHz
Monitor (As New)
Scope 100MHz

Tektronix

212
4658/DM44
475

485
634/1/20
4658

Storage Scope 100MHz 3500
25MH?z Storage Scope from £1950
Scope Mainframe £3600

Score Mainframe

t.cope Kainframe
Scape M/F (Mint)
Storage Scope M/F
Storage Scope M/F
Scope Mainframe
Scope M/F 500MHz
FETP/in

Timebase
Timebase
Timebase
Timebase
Digital Delay
525MHz Ditigal Counter
g)e:layll.imael:,l I
ampling Plug In
TDR Sampler
Sampling Timebase
Sampling Head
Pulse Generator Head

ANALYSERS

Hewlett Packard
2A Distortion Analyser
Logic Analyser

Spectrum Analyser Plug-in £8250

Modulation Meter £795

Wave Analyser £1095
TF2331 Distortion Factor Meter £695
Tektronix
308/01 Data Analyser £2500
308 Data Analyser £2250
7D01/DF2 Logic Analyser £1900
TR502 Tracking Generator £3500
TR503 Tracking Generator £4250
7002 opt 01 Logic Analyser £3000
PM102 Personality Module £500
PM108 Personality Module £850

RF EGHII. GENERATORS
S

Pulse Generator 50MHz 10V £750

Electronic Brokers are Europe’s largest specialists in quality
second user test equipment. Established 17 years ago, we have
pioneered the second user concept in Britain, and many overseas
territories. To support our growth we have a skilled team. This includes
trained sales staff, whose role is not only to sell, but provide a helpful
information service to our many customers. Backing this team is our
own service laboratory where technicians monitor each item of
equipment we sell. Our maxim is service, and those who have dealt with
us will know that we endeavour to always live up to our reputation.

' =7 == [Electronic Brokers Ltd
"~ | —140-146 Camden Street London N1 9PB
Electronic Brokers Telephone 01-267 7070 Telex 298634
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Electxonic Brokers Second User Test & Measurement Equipment Division

THE SOURCE
OF ALL GOOD USED

TEST EQUIPMENT

Farnell

55G520 AM/FM Signal Generator £1500
Hewlett Packard

214A Pulse Generator 100V £750
B612A UHF Generator 450-1230MHz £950
B8011A Pulse Generator £625
8007B Pulse Generator 100MHz £1650
B8015A Pulse Generator Dual 50MHz £1950
B801BA Serial Word Generator 2000
B8B01A Sweep Generator £1950
BB0O0OA Digital Marker £95
B8616A Signal Generator 1.8-4.5GHz £4000
Marconi )

TF2002AS AM/EM Signal Generator £950
TF2002B  AM/FM Signal Generator £950
TF2016A + AM/FM Signal Generator +

TF2173 Synchroniser 120MHz £1350
AF SOURCES

Hewlett Packard

4204A Decade Osc (New) £595
Marconi .

TF2000 Signal Source 20Hz-20KHz £450
Wavetek

185 Sweep Generator £650
184 Sweep/Function Generator 5SMHz £750
166 Pulse/Function Generator 50MHz £1950

TEKTRONIX GP T &M EQUIPMENT
AaMaU Op Amp £300

p
Counter 1.3GHz

DC508A , £995
DC508 Counter/Timer 135MHz £99S
DD501 Dllelmtal Delay £500
DM 501/02 DMM £200

G501 1MHz Function Generator £325

5502 11MHz Function Generator £565
FG503 3MHz Function Generator £395
FG504 40MHz Function Generator £1650
MR501 X-Y Display £200
PG501 Pulse Generator £330
PG502 Pulse Generator £1650
PG505 Pulse Generator £4S5
PG506 Calibration Generator £1950
PG508 Pulse Generator £1250
RG501 Ramp Generator £250
SC501 Scope £500
SC502 Scope £900
SC504 Scope £995
S5G502 Signal Generator £525
SG504 Signal Generator 245-1050MHz £2100
TG101 Time Mark Generator £1750
TM501 Mainframe £275
TM504 Mainframe £375
TM515 Mainframe £400
COUNTERS & TIMERS

uke
7220A Communications Counter 1.3GHz

(Quantities available) £595

1900A Counter BOMHz £150
Hewlett Packard
5341A Microwave Counter 10Hz-4.5GHz £1500
53008 +
53058 Counter 1.3GHz £650
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200MHz Counter
100MHz Counter/Timer

520MHz Counter/Timer
100MHz IEEE Counter/Timer

L£2as
£395
£650

£750

Hewlett Pachard

4271B
4342A
Marconi
TF1245A
TF1246
TF1247
TF1313A
TF2700
TF2702

Digital LCR Meter
‘Q"Meter

‘3’ Meter
Oscillator
Oscillator

LCR Bridge

ridge

Inductor Analyser

@

Fluke

Marconi
B5460/1
TF2603
TF2905/8
TF2356 +
TF2357A
TF2807A

TF2904
TF2950/5

Tektronix
8540/03
576

178
577/D1
177
1485R
ABS01

fMultimeters model 8's & 9's

Calibrator
Diff.c\:/oltmeter

a
Diff Voltmeter

Hewlztt Packard

Systems DMM
D¥VIM

BDMM

Sampling Voltmeter
Vector Voltmeter
Amplifer

Direct Coupler

RF Power Meter
BF Millivoltmeter
TV Pulse Generator

S.L.M.S.

PCM Tester

Colour Gain Test Set
Radio Test Set

Data Line Analyser
Simulator

Digital Analyser
Data Monitor

Integrating Unit

Curve Tracer

Fixture

Curve Tracer

Fixture (577)

TV Waveform Monitor
Ground Isolation Monitor

HEWLETT PACKARD COMPUTERS
6318 Printer A5

7221B
9825A
9862A
98855

Electronic Brokers Guarantee

Unless otherwise stated, all test equipment sold by us carries a 12
month warranty. When you buy from Electronic Brokers you know the
equipment is in 'top notch’ condition. It is refurbished in our own service
laboratories and checked to meet the original manufacturer's sales
specifications. And it's serviced by our own highly qualified technicians.

All prices exclusive of VAT. Carriage and packing charges extra on
all items unless otherwise stated.

A copy of our trading conditions is available on request.

Disk Drive



Imhof-Express gives you a 24-hour delivery
of the most comprehensive range of small
diecast boxes available anywhere.

They are ideal for the hobbyist who
wants strong metal boxes with good
screening properties.

To order you simply phone your Access
or Visa card number and the goods will be
despatched within 24 hours.

For details on these and all our many
other products, ask for our latest
catalogue.

Imhof Express

Riverside Way. Uxbridge
Middlesex UB8 2Y X t 3

‘S (0895) 72247/8/9 and 72261/2/3/4

0895 72247

CIRCLE 15 FOR FURTHER DETAILS.

@ SALE e

Due to redevelopment and moving to other premises we shall be
selling certain electronic equipment. This sale is for callers only
and will include Masts, Scopes, Ariels, Transformers, Meters,
Plugs, Sockets, Headsets, Speakers, Signal generators, Test
equipment, Pye equipment, Valves, 4CX250B etc. 4CX250B
bases, Waveguide, Racal recievers, Rechargable batteries etc.
This SALE will start around the end of September,/beginning
October.  Please  Telephone for  further  details.

A.H.THACKER & SONS LTD

HIGH STREET, CHESLYN HAY, WALSALL, STAFFS.
TELEPHONE: CHESLYN HAY 413300
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LOW COST UNIVERSAL PROGRAMMER
EPROMS EEPROMS MICROS

® Completely self contained unit ® Eproms:
® No personality modules required. 2508/16/32/64
® Controlled via RS232 serial interface 2758

2716/32/32A/64/64A/128/
128A/256/512/513
27C16/32/64/128/256/512
68732/64/66

® Supports Intel, Motorola and Ascii
hex data formats.
@ Easily controlled by most computers
® Fast and standard programming modes.
® Low and high byte programming for 16 bit data.
® Byte, block and chip erase for Eeproms.

N

Price uncased £295 plus VAT.

® Eeproms:
2816A/64A 52B13/23/33 48202

® Micros:
8748/48H/49/49H

Tel: €242 510525

2 St. Stevens Road - Cheltenham - Gilos - GL51 5AA

DON'T GO DOWN WITH
YOUR SCOPE! It never
was designed to float

ac dc volts/div

2 .20
% <

1
o 5

Wangh e

®

isolation amplifier

LD

The Waugh Instruments Isolation Amplifier enables
you to keep your scope earthed and still make
measurements up to 1500V from earth, this to-
gether with over 100dB rejection at b0Hz means
that you can now observe small signals super-
imposed on 350V sine waves so often encountered
in switch mode power supplies, thyristor and triac
firing circuits. For details of thisand other oscillo-
scopes accessories contact Peter Waugh at Waugh
Instruments, Camhelyg Isas, Glyn Ceiriog,
Llangollen, Clwyd LL20 7PB. (069172) 597.

CIRCLE 92 FOR FURTHER DETAILS.
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_____FULL COLOUR 40/80 COLUMN VIDEO
TERMINAL CARD

@ Full colour 40/80 column Teletext video display
@ Serial interface RS422-423

@ Centronics printer interface

@ User definable characters — double height, width
@ Hardware scroll capability

@ Optional Genlock to external video signal

@ Supports — underline, flashing, reverse video

@ Enhanced teletext character set

@ Stroke set — Pixel graphics

@ Full colour — foreground/background and pallet
@ Occupies only 32 Bytes of system memory

@ 8K Video memory expandable to 16K

@ Software drivers written in PL9

@ Onboard VIA Input/Output Port

£

N f
N ) 44a Hobson Street Cambridge
r o Cambridge CB1 INL Microprocessor
J (0223) 324141 Systems Limited
—?
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Instant results-No messing

Time was when oscilloscope trace recording was a science in itself

The new Shackman 7007 with AutoFilm back™ removes the mystery
and hands you the results.

Perfectly and instantly. No messing.

The Shackman 7007 cameras are quality recording systems with a
high resolution four element glass lens. Available with erther manual or
electric shutler they allow aperture settings from 4.5 to 116. Event
triggering is standard on all models and there's a range of ilm options
that will catch even the fastest transients.

There's also a vast range of instrument adapters to match all types of
scope. ! L

And because all Shackman 7007 cameras have a factory setimage- “mullllllllllllﬂl
to-object ratio, there’s no fiddling around with focusing. i

Now all you do to record that trace 1s swing the 7007 in front of the
screen. set the shutter speed and activate the tngger.

Hey presto! The Polaroid AutoFilm back ejects the finished print

Perfect.

With so many features to read about, you'll need the new colour
brochure. Send for your copy now.

”IHII-IIIIIIHrIlIl'

* Other fim back oplions include Polarod CB103 peel apar

____________________________ A —_—

r
| Please send me Ihe colour brochure on the Shackman 7007 image recording camera

| Name. - S __ Posttion S S

.7 Shackman

- 7007
Fits all known scopes.

Shackman Instruments Ltd PO Box 23, Waterside Chesham, Bucks HP5 1PH
MBS Telephone (0494) 784451 Telex 837265

|

|

|

J— I —
‘ Telephone

|
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COMMUNICATIONS COMMENTARY

British URSI
research topics

The 1985 one-day “National
Radio Science (URSI)
Colloquium” held in London
under the auspices of The Royal
Society provided an opportunity
to catch up with the many
university, Rutherford Appleton
Laboratory and British Antarctic
Survey studies in the subjects
covered by nine URSI
commissions: electromagnetic
metrology; fields and waves;
signals and systems; electronic
and optical devices and
applications; electromagnetic
noise and interference; remote
sensing and wave propagation;
ionospheric radio and
propagation; waves in plasmas;
and radio astronomy.

The presentations included
wide-ranging surveys, plus
informal talks by young
scientists on particular projects,
including a lively presentation
by Dr Lomna Robertson of
Glasgow University on the so-
far unseccussful attempt to
detect gravitational waves
which may, if ever detected,
finally prove or disprove
Einstein’s theories to the
chagrin of so many writers of
letters to the editor of this
journal!

P. Wells (RSRE) described
military work on compact,
transportable satellite terminals
for-digital slow-scan tv. Dr P.
Cudd (Sheffield University)
descnibed efforts to direct
microwave energy further into
the body to permit the use of
hyperthermia techniques for
deeper-seated malignant
tumours with the aifd of phased
arrays.

Dr Peter Bradley (RAL)
reviewed the many research
projects in the field of
ionospheric propagation, though
it is clear that the $64,000
question of predicting the time
and shape of future sun-spot
cycles remains essentially
unsolved.

Prof. E.D.R. Shearman and
Dr Lucy Watt of Birmingham
University reported on the work
on h.f. sea-state radar. This
has now abandoned the use of
pulsed emissions at 1.9MHz in
favour of f.m. — c.w.
emissions between 6.7 and
40MHz that do not spread over
more than about 20kHz of
spectrum. Although this project
is presented as a tool for

studying oceanography it is
difficult to dispel the suspicion
that the objective could be to
locate submarines from the
disturbances they create at the
surface.

The idea of these URSI
symposia seems excellent, but
they do tend to highlight the
tendency of British universities
and establishments to ignore
work carried on elsewhere in
the world — the old “not
invented here” syndrome. This
is markedly different from the
intense Japanese interest in
what is happening in Europe
and the USA. This has now led
to American industry seeking
more engineers versed in the
Japanese language in order
better to monitor Japanese
science and engineering
publications of which only about
a fifth are currently translated
into English.

Flying tape

The recent IEE 50th
anniverssary of radar seminar
was only one aspect of the
increasingly serious interest in
the history of electronics
technology. The 25th
anniversary (May 15, 1985) of
the first demonstration at
Hughes Research Laboratories,
Malibu, California by T.H.
Maiman of a working laser did
not go unnoticed, although
what was once “a solution
awaiting a problem” is now
increasingly regarded as a®
solution to military rather than
civilian problems.

A detailed paper by Claud
Powell in the IERE Journal
(June 1985) traces the early
history, from its conception in
1937, of the Decca Navigator
system based on the work of
William O’Brien and Harvey
Schwarz. They had great
difficulties in getting the system
adopted in the USA. This led to
its important but largely
unrecorded role (as “QM”) in
the Normandy landings of June
1944, following secret trials
between Anglesey znd the Isle
of Man.

An SMPTE historical paper
by William Lafferty “The use of
steel tape magnetic recording
media in broadcasting” similarly
shows that while the
Blattnerphone and Marconi-
Stille machines, both stemming
from the work of Curt Stille,
were widely used in Europe
throughout the nineteen-thirties
and early nineteen-forties,
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American broadcasters
depended on direct-disc
recording.

There are broadcast
engineers still working who
recall using the Marconi-Stille
machines with large spools
containing up to 2700 metres of
special Swedish steel tape that
sped by the heads at 1.5m/sec.

Lafferty points out: “Editing
the recorded tapes could be
accomplished through the
tedious and cumberous process
of cutting the tape with tin
shears, then soldering or spot-
welding the tapes together.
Edited tapes could be
dangerous, since if a splice
broke during transmission the
operator risked being slashed
by the flying steel tape as it
spun.”

The BBC adopted the bulky
Blattnerphone machines at the
start of the Empire Service in
1932 when “time-shift” became
essential. Blattner’s company
went into liquidation in 1933
after their failure to interest the
film industry. The later
Marconi-Stille machines were
smaller, more reliable and
provided better quality.

The BBC also adopted the
Philips-Miller film system of
sound recording, mechanically
cutting away an opaque coating
on the film, later using a photo-
electric cell for high-quality
reproduction. However both
steel tape and film recorders
were expensive to operate so
that use was also made of
direct-disc recorders, including
the portable machines used by
the war reporters. German
work on plastics-backed tape,
leading to the modern tape
recorder, came about to avoid
having to import the special
Swedish steel.

Interference
aggro

The decision of the Department
of Trade and Industry to
discontinue its free service to
viewers who complain of radio
and television reception
problems, and instead to
concentrate its diminished
resources of the Radio
Investigation Service on
“pirate” operation and spectrum
abuse, it a logical, though in
some ways regrettable, move.
It was made essential because
of the many members of RIS
who were unwilling to accept
the relatively poor terms of
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employment offered by the DTI
when the service was
transferred from British
Telecom. Even after some fresh
recruitment the present staff is
only about 240 compared with
340 under BT.

There is little doubt that
domestic interference
investigation has been difficult
to justify in terms of cost-
benefit. A high proportion of all
complaints have been due to
ineffective aenals, receiver
faults, or so infrequent that the
investigation teams have been
unable to observe, let alone
trace, the interference. The
introduction of ¢.b. into the UK
significantly increased the
number of viewer complaints,
though in practice such
interference, when involving
“legal” c.b. operation, reflected
the poor immunity of many
television sets, and could
usually be cured by a simple
filter fitted to the receiver. It
could be claimed that the
existence of the free-services
provided by RIS encouraged
set-makers to pay little heed to
immunity. Retailers have
tended to leave it to the
specialist skills of the RIS teams
or simply to tell customers that
interference problems are the
fault of the transmitter or
appliance. British regulations
are also very lax in regard to
spectrum pollution by industrial
equipment, home computers
and the like.

The DTI are, in effect, now
copying the FCC approach in
the provision of a detailed free
booklet providing good
explanatory advice to viewers/
listeners together with technical
guidance for dealers (it is
questionable whether these fit
well into a single booklet).

The DTTI also intend to
incorporate BS905, Part 2 of
which provides recommended
minimum immunity standards
for television sets, into legally-
binding regulations. This is
good news for amateurs, c.b.-
ers and anyone operating
transmitters in residential
areas. Unfortunately, BS905
Part 2 currently stipulates
immunity tests to be carried out
only on signals between 26-
30MHz, though it is to be
hoped that a set which shows
good immunity to such signals
will be reasonably immune to
signals on other frequencies
(though not necessarily for
144MHz and above). A real



Electronic Brokers Test & Measurement Instrument Distribution Disvision

RUTHORISED DISTRIBUTO

For the Leading Brands of Electronic
Test & Measurement Equipment

Trom Philips, Fluke, Hameg,
K Thi::rlby, GP Industrial, Clande Lyons,

OSCILLOSCOPES

-?“I‘Jﬂs : =

Philips PM 3206 £286
15MHz, compact portable, dual trace, SmV.
sensitivity, auto and TV triggering, variable time
base speed, Z modulation.

Hameg HM 203-5 £270
20MHz, dual trace, add and invert, maximum
sensitivity 2mV, automatic and normal
triggering, X-Y operation. component tester
Thandar SC 110A £17
10MHz. battery powered portable, bright ine
and economy triggering for battery conservation.
TVSfBE\a/me and line triggering. Sensitivity 10mvV
to )

BENCH & HANDHELD

Philips PM 2519/01
4% digit, LCO with analogue bar

raph, auto/manual rangln?\./|
requency to 1MHz, true RMS, dB.
relative reference.

£299

Philips PM 2518X/11 £199
4 dugit, LCD with electrolummnescent
dl:ﬁl ay, auto/manual ranging, true
RMS. dB, relative reference. current
ta 20A. PM 2518X/01 without
lumination €145
Fluke 8010A £243
3% digit. LCO. 10A current rangg, seven
functions include conductance, diode test. true
RMS. OC accuracy O 1% 8010A Ni-Cd battery
version £279.
Fluke BOGOA £306
4% digit. LCO. ten functions include
conductance. diode test, continuity. dB,
frequency, true RMS. DC accuracy O 04%.
relative reference mode
Fluke £245
4% digit, LCO. seven functions include diode
test and continuity, relative reference, DC
accuracy 0.05%, true RMS. self diagnosis test.
Fluke 80248
31z digtt. LCD, eleven functions include peak hold
on voltage and current, audible and visual logic
level detection, OC accuracy 0 1%

IBE: Thandar!
Coline,

Fluke 80268 £172
3% digit, LCD, eight functions include
conductance, audible continuity. true RMS, DC
accuracy 0.1%, all 20 series DMMs have 2 year
warranty

Fluke 80208 £173
3% digit, LCO, eight functions include
conductance, diode test, audible continuity, 0C
accuracy 0.1%, extensive over-load pratection.

Fluke 8021B £139
3% digit, LCD, seven functions include diode test
and high speed audible continuity, OC accuracy
0.25%, safety test leads provided.

Fluke 8022B £114
3 digit, LCO, six functions include diode test,
DC accuracy 0.25%. optional accessories
available to enhance all DMM measuring
capabilities.

Fluke JF 77 £110
3'% digit, LCO with analogue bar graph,
auto/manual ranging, OC accuracy 0.3%, touch

and hold facility, supplied with carrying holster.

Fluke JF 75 £88
3% digit, LCD with analc&gue bar graéah.
auto/manual ranging, OC accuracy 0.5%, seven
functions include diode test and audible
continuity.

Fluke JF 73 £72
3% digit, LCO with analogue bar graph, auto
ranging, DC accuracy 0.7%, six functions
include diode test, all 70 series OMMs have 3
year warranty.

Fluke JF 25 £193
3% digit. LCO with analogue bar graph, sealed
ruggedized construction, auto ranging, 0C
accuratéy 0.1%, touch-hold facility, extensive
overload protection

Fluke JF 27 £216
3" digit. LCD with bar graph, ruggedized
construction, auto ranging, DC accuracy 0.1%.
touch-hold facility, min-max and relative mode
operation.

Thandar TM 351 £115
3% digit. LCD. 29 ranges of measurement, DC
accuracy O 1%, diode test, battery life typically
|40g0 hours. complete with batteries and test
eads.

Thandar TM 451 £195
4% digit, LCO display with function legends,
auto/manual ranging, DC accuracy 0.03%.
sample/hald faciiity on all ranges. audible
continuity

Thandar TM 355 £85
3% digit, 0.5" bright, LED. 29 ranges of
measurement, OC accuracy 0.25%. battery or
Imaldns operation. diode check, supphed with test
eads.

ANALOGUE
MULTIMETERS

Philips PM 2505 £165
62 measuring ranges, 10Mn input impedance,
linear resistance ranges, audible continuity,
automatic polarity indication, low power
consumption

I.C.E. 680R £32
80 measuring ranges, sensitivity 20Ka/V, DC
accuracy 1%, 12cm mirror scale, overload
protection.

Electronic Brokers are leading suppliers of electronic test & measure-

ment equipment. Our Distribution Division handles the major names in the
industry and all products are stocked in depth in our spacious new premises
at Camden Town, ready for prompt despatch to all parts of the country.

Electronic Brokers offer full technical support and expert advice on alt
aspects of electronic test and measuring.
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Compact Instruments

I.C.E. 680G £25
48 measuring ranges, sensitivity 20Kn/V, DC
accuracy 2%, 10cm mirror scale, overload
protection.

I.C.E. M80 £19
40 measuring ranges, sensitivity 20Ka/V, DC
accuracy 2%, wide range of accessories extend
measuring capabilities.

PULSE, FUNCTION,
PATTERN GENERATORS

Philips PM 5503 £155
Pattern generator, S test patterns for mono and
colour, video output for CCTV and monitors, RF
output in VHF and UHF range, TkHz tone for
sound checks.
Thandar TG 101 £110
Function generator 0.02Hz to 200kHz, sine,
square, trangle, variable DC offset, TTL output,
ggsrnal sweep, 10Vpp output into variable

1.

Thandar TG 102 £160
Function generator 0.2Hz to 2MHz, sine,
square, triangle, TTL output, variable DC offset,
external sweep, 20Vpp output into variable 500.
Thandar TG 105

Pulse generator SHz to SMHz, 10nS, amplitude
0.1V to 10V into SO0, free-run, gated or
triggered modes, TTL output, pulse width
variable 100nS to 100mS.

Thandar TG 501 £295
Function generator 0.005Hz to SMHz, sine,
square. triangle, ramp, pulse, TTL, variable DC
offset, variable start/stop phase, 20Vpp into
variable 500.

COUNTERS &
COUNTER/TIMER

i.
T

Thandar TF 200 £175
Counter, 10Hz to 200MHz, 8 digit LCD, batter:

{00008 g yuwaii;

o
H A

powered, 10mV sensinvird. time average eriod,
totalize and reset. TP 600 pre-scaler, 40MHz
to B00MHz available at £43.

Thandar PFM 200A £76

Counter, 20Hz to 200MHz, 8 digit bright LED.
battery powered, 10mV sensitivity, resolution
0.1Hz, selectable gate times, mains adaptor and
TP 600 pre-scaler available.

POWER SUPPLIES

Thurlby PL 154 £159
Oto 15V, O to 4A, bench power supply, twin

LED displays meter voltage and current, high
stability and resolution, remote sense facility

Thurlby PL 320 £155
0to 30V, Oto 2A, bench power supply, constant
current or constant voltage, precise current imit
control and monitor system, ripple and noise

<imv.
Thurlby PL 310

£125
Oto 30V. Qto 1A, bench power supply, meter
accuracy 0.1%. resolution 0.01V and Q.001A,

OC output switch, load regulation <0.01% for
50% load change.

MISCELLANEOUS
PRODUCTS

Thandar TH 302 £80
Thandar digital thermometer, LCD display of °C
and °F, range — 40°C to 1100°C, resolution
0.1° and 19, for use with type K probes {bead
supplied)

Thurlby OM 358 £179
Thurlby muttiplexer expands any oscitloscope to
8 channels, displays analoglue or digital signals,
triggering from any channel, band width 35MHz,
precision calibrated attenuator.

Thurlby CM 200
Thurlby digital capacitance meter, 4% digit LCD,

£89

1pF to 2500,F range. accuracy 0.2%, fast
settling, battery or mains operation.

e S
Tachoprobe - €70
Compact tacho-probe for use with DMMs or
frequency counters, 2 speed ranges from 100
to 20,000 RPM, accuracy 1%, non-contact

£7
£10

£13

0
x 1 oscilloscope probe
EB91
x 10 oscilloscope probe.
EBSS .
x 1and x 10 oscilloscope probe.

LINE CONDITIONERS
Claude Lxlons LVC 250 £271
2.5A, BO0VA rating. line voltage conditioner.,
fast response [typically 1% cycles), 1solated
input/output, compact and portable for easy
installation

Claude Lgons LVC6S £186
0.65A, 156 VA rating. ine voltage conditioner.,
unaffected by frequency vanations. transient
and noise suppression All LVC units have 2 year
warrantly.

EPROM PROGRAMMERS
GP Electronics UV 141 £88
EPRDM eraser, variable electronic timer,
powerful UV source, up to 14 device capacity.
convensent tray loading with safety interlock

Visitors are welcome to our showrooms where all products are on
display and demonstration, For customers wishing to order by phone, we
offer a 24 hour answering service.

All prices are exclusive of VAT and correct at time of going to press.
Carriage and packing charges extra on all items unfess otherwise stated.

A copy of our trading conditions is available on request.

Electronic Brokers Ltd
140-146 Camden Street London NW1 9PB
Telephone 01-267 7070 Telex 298694
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‘problem, however, will
continue to exist in the case of
wideband r.f. amplifiers that are
fitted to devices intended for
use in countries with both
v.h.f. and u.h.f. television and
particularly susceptible to
strong local amateur signals on
70, 144 and 430MHz or
broadcast signals on 95MHz.

The real loss both to
amateurs and broadcasters is
that of the diplomacy of the RIS
teams in settling fairly the
disputes and social problems
that arise. While the new
booklet does emphasise that it
is usually the receiving
installation that is at fault it is
often virtually impossible for an
amateur or c.b. operator to
convince an irate neighbour that
this is the case. It could prove
an expensive business for a
viewer to call in a dealer to
trace and cure some of the
more intractable interference
problems, and pressure will be
put on the amateurs and c.b.
operators to close down.

C*l — Costly CCCI

The Americans, over the past
two decades, have spent
billions of dollars on strategic
command, control,
communications and
information (C®I) systems
designed to provide instant and
secure access to military
commanders throughout the
world. Yet today, it is
increasingly recognized that
many of the projects have
turned sour primarily because
of the pursuit of ideal rather
than practical systems. The
crucial world-wide military
command and control system
(WWMCS) comprises more than
60 different communications
systems linking 27 command
centres under the control of 20
million lines of Cobol software
and 35 ageing Honeywell Series
6000 computers. American
journals suggest that the
system suffers extensively from
down-time and has failed badly
on several occasions, including
the putting out of a nuclear
attack alert when a war-games
program got into the main
Colarado neclear warning
centre, and a record of dismal
failures during real crises in the
1960s and 1970s. Currently
three main up-grading projects
are under way for WWMCCS,
for the slightly less ambitious
“minimum essential emergency

COMMUNICATION
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communications network” and
for the new “Milstar” network
which is intended to be proof
against neclear electromagnetic
pulses (NEMP) and on which
the US is spending some $S400-
million per year. Even EMP-
protection however will not
necessarily prevent disruption
of communications over an
extended period in the event of
a nuclear attack or the use of
anti-satellite weaponry.

Amateur
Radio

SSB on 10.1MHz?

As a morse enthusiast initially,
I welcomed the idea of keeping
the narrow 10.1 to 10.15MHz
band free not only of contest
operation but also of s.s.b. This
form of bandplanning to which
the RSGB became committed at
an early stage, was later
endorsed by the IARU Region 1
Bureau but depends on
voluntary restraint as, at least
in Europe, it is not written into
the licence regulations.

There has, however, always
been a valid case for using a
small segment of this band,
which has interesting “chordal
hop” propagation along the
twilight “grey-line” paths as a
result of ionospheric tilts as the
F1 and F2 layers combine at
dawn and dusk. The belief that
c.w./r.t.t.y. operation with its
high average power duty cycle
causes Jess interference to
commercial point-to-point
communications is hardly a
tenable theory. The s.s.b.
enthusiasts claim that
telephony, with good operating
discipline, enables experimental
data to be obtained rapidly. It is
also the case that the absence
of s.s.b. has tended to keep
amateur activity on the band
low.

There are signs that the
IARU restriction is breaking
down in several countries,
including the UK — although
the s.s.b. operators are subject
to abuse. Is it not time that this
subject should be reconsidered
with a view to providing an
s.s.b. segment? The alternative
may prove to be a loss of
confidence in the concept of
“voluntary” band plans drawn
up by largely self-perpetuating
committees. Voluntary band-
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planning is too valuable an asset
to be lost, yet is an area where
manifestly it must be seen to be
fair to all.

RAE attacked

Richard Harris, G3ZWH, head
of physics at Harrogate College,
has delivered a strong attack on
the Radio Amateurs’
Examination run by City &
Guilds of London Institute. He
complains in particular of the
refusal of CGL1 to allow actual
examination papers to be
published or even taken out of
the examination room and the
unsuitability of many of the
questions which often
concentrate on basic theory
rather than the principles and
practice of amateur radio. He
suggests that the RAE should
recognize that fewer candidates
have prior experience as short-
wave listeners and need to ben
encouraged to learn more about
the practical aspects of two-way
radio communication. He
objects to the absence of a fixed
“pass mark” and strongly
believes that “the present
situation must not be allowed to
continue” — reflecting
comments that have been made
over several years in E&WW.

In brief

Good two-way voice contacts
were made from the UK with Dr
Tony England, WOORE on
board the August Challenger
space-shuttle flight. It has also
been claimed that the RSGB
headquarters station at Potters
Bar was the first amateur
station in Europe to receive
frames of slow-scan television
pictures from the shuttle.
October 27 marks the 50th
anniversary of the day in 1935
when Nell Corry, G2YL made
radio history by working all six
continents on 28MHz in a single
day. Transatlantic contacts on
this band had been made in
1928-29 but the declining sun-
spot cycle then resulted in
several years when virtually no
long-distance stations were
contacted, until sun-spot
activity began to increase again.
At 9 a.m. she contacted
VU2LJ, Assam; 10.30 a.m.
VK4BB Queensland, Australia;
11 a.m. CX1CG Uruguay;
followed by Europe, Africa and
the USA all before 3.30 p.m.
Less than half of American
“novice” licence holders renew
or upgrade their licences and
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many never reach the stage of
coming on air. It is uncertain
whether this is due to the cost
of equipment, restriction to
morse only, or the crowded
state of the novice segments of
h.f. bands. American amateurs
holding higher grades of licence
are being urged to do more to
provide encouragement and
guidance to the “novices”.

An RSGB “National HF
Convention” is being held on
Sunday, September 29 at the
Belfry Hotel, Milton Common,
Oxford with a crowded
programme of lectures,
demonstrations, talk-in
stations, “car boot sale” etc. It
will also be possible to take, by
prior appointment, the official
morse test. . . RSGB president
for 1986 is to be W.].
McClintock, G3VPK. . . Welsh
Amateur Radio Convention is
on October 6 at Oakdale
Community College,
Blackwood, Gwent. . . The
second Yeovil QRP (Low
Power) convention is on
October 13 at The Preston
Centre, Monks Dale, Yeovil. . .
A large numer of RAE courses
began in September at adult
education centres. . .

The Radio Amateur Old
Timers Association (RAOTA)
and the Dutch Old Timers Club
are holding activity mornings
(0830 to 1130 GMT) on
October 6 and 7 on 3.5 and
7MHz (initial contacts on
3600kHz). . . The worldwide
Jamboree-on-the-Air takes place
on October 19 and 20. . . The
Royal Navy Amateur Radio
Society celebrates its 25th
anniversary and will operate
GB4KRN throughout October
from Tonbridge, Kent. . . The
RSGB Midlands VHF
Convention is at Madeley
Court, Centre, Telford, on
October 12. . .

In a letter to The Lancet, ].
Seager of the Arrowe Park
Hospital, Upton, Wirral has
commented on the leukaemia
risks that have been linked with
non-ionizing electromagnetic
radiation in such occupational
groups as electronic
assemblers, television
repairmen and radio amateurs.
He points to the need for more
precise analysis of the apparent
risk factors and their relation to
the fluuxes and tin/lead alloy
used in soldering or the fumes
given off during soldering by the
overheating of synthetic materials.

PAT HAWKER, G3VA
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BBC Micro Computer System
BBC Computer & Econet Referral Centre

BBC Computers:

Model B: £299 (a) B+DFS: £346 (a)

Model B+Econet: £335 (a) B+Econet+DFS £399 (a)

BBC B Plus (available from stock) £409 (a)

ACORN 2nd Processors: 6502: £175 (a) Z80: £348 (a)
TORCH UNICORN: Z80 Card: £299 (a) Z80 Disc Pack: £550 (a)
TORCH Graduate G800/2 £869 (a)

20 Mbyte Hard Disc+400K Floppy: £1950 (a)

We stock the full range of ACORN hardware and firmware and a very wide
range of other peripherals and firmware for the BBC. For detailed specifications
and pricing please send for our leaflet.

PRINTERS

EPSON: RX80T+£210 (a); RX100+£345 (a);

FX80+£315 (a); FX100+£430 (a);JX80 Full Colour Printer £499 (a)
EPSON LX80 £219 (a); Optional Tractor Feed £20 (c)

KAGA TAXAN: KP810 £235 (a); KP910 £339 (a)

BROTHER: HR15 £310 (a); JUKI 6100 £299 (a).

BUFFALO 32K Buffer for Epson Printers £75

ACCESSORIES
EPSON. FX80 plus sheet feeder £129(b)
Paper Roll Holer £17(d) FX80 Tractor Attachment £37(c).
Interfaces: 8143 RS232 £28(c); 8148 RS232 + 2K £57(c); 8132 Appie Il £60(c);
8165 |[EEE + Cable £65(c).
Serial & Parallel Interfaces with larger buffers avaitable
Ribbons: RX/FX/MX80 £5.00(d); RX/FX/MX 100 £10(d); LX80 £6(d);
FX80 Dustcover £4.50(d); LX80 Tractor Unit £20(c); Spare pens for HIBO £7.50/set(d)
KAGA TAXAN: RS232 Interface + 2K buffer £78(c);p Ribbon KP810/910 £6(d)
JUKI: RS232 Interface £65(c); Spare Daisy Wheel £14(d); Ribbon £2.50(d); Sheet Feeder
£182(a) Tractor Feed Attach £129(a)
BROTHER HR15: Sheet Feeder £189(a) Ribbons Carbon or Nylon £4.50(d)
Tractor Feed £99(a)
BBC Printer Lead: Parallel (42") £7(d); Serial £7(d)
Printer Leads can be supplied to any other length
Plain Fanfold Paper with extra fine perforation (Clean Edge):
2000 sheets 9 5° X 117 £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).

DISC DRIVES

TECHNOMATIC drives are fitted with high quality simline Mitsubishi mechanisms and are
available with or without integral mains power supply. The dual drive power supplies are switch
mode type and are generously rated. All drives with integral power supply are fitted with amains
indicator

Alldrives are supplied with all the necessary cables, manual and a formatting disc. All drives
are capable of operating in single or double density modes
Single Drives: With integral psu

1 X 100K 40T $S: T$100 £85(b) PS100 £120(b)
1 X 400K 80/40T DS: TS400 £125(b)  PS400 £145(b)
Dual Drives: (with integral psu)

Stacked Version: Plinth Versions

PD200 2 X 100K 40T SS £190(a)  PD200P £215(a)
PDB00 2 X 400K 80/40T DS £265(a) PD800OP £289(a)

Note: We can supply drives with Shugart mechanisms at considerably lower prices. Please phone for
details.

3.5" Drives: T$35 1 X 400K 80T DS £99(b)
TD35 2 X 400K 80T DS £175(b)

The mechanisms are 80 track double sided and are capable of both singie and double density operation

Authorised Distributor

Data Recording Products
3M FLOPPY DISCS

industry Standard floppy discs with a lifetime guarantee Discs in packs of 10

40 Track SS DD £13(c) 40 Track DS DD £18 (c)
80 Track SS DD £22 (c) 80 Track DS DD £24 (c)
3" discs. Pack of ten £38(c)

FLOPPICLENE DRIVEHEAD CLEANING KIT
FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs ensures continued
optimum performance of the drives. £14.50 (b)

DRIVE ACCESSORIES
Dual Disc Cable £8.50 (d)
30 Disc Storage Box £6 (¢)
100 Disc Lockable Box £16 (c)

Single Disc Cable £6 (d)
10 Disc Library Case £1.80 (d)
30/40 Disc Lockable Box £14 (c)

BT Approved Modems
MIRACLE WS2000
The ultimate world standard BT approved modem covering
all common BELL and CCITT standards up to 1200 Baud.
Allows communication with virually any computer system in
the world. The optional AUTO DIAL and AUTO ANSWER
boards enhance the considerable facilities already provided
on the modem. Mains powered. £129 (c) Auto Dial Board/
Auto Answer Board £30 (d) each (awaiting BABT approval).
Software lead £4.50
BUZZBOX:
This pocket sized modem complies with V21 300/300 Baud
and provides an ideal solution for communications between

SOFTY Il

This low cost inteifigent
eprom programmer can
program 2716, 2516
2532, 2732, and with an
adaptor, 2564 and 2764
Displays 512 byte page on
TV —has a serial and par-
allel 1/0 routines. Can be
used as an emulator, cas-
selte interface.

MONITORS

MICROVITEC 14in. & 20in RGB
1431 Std Res £185 (a); 1431 Ap std Res PAL/Audio £205 (a);
1451 Med Res £240 (a); 1451AP Med Res £280 (a); 1441 Hi Res £389 (a);
Swivel Base for Plastic 14"Microvitecs £20 (c)

2030CS Std Red £380 (a); 2040CS Hi Res £685 (a)

Plinth for 14in Monitors £8.50.
Microvitec Monitors with TTL/Linear Inputs also available
SANYO CD 3125 NB 14in. RGB Std Res £159(a)
KAGA TAXAN 12in. RGB
Vision il Hi Res £225 (a); New Vision lll plus £360 (a)
Green Screens; KAGA 12G £99 (a); SANYO DM811 12CX £95 (a),
Swivel Stand for Kaga Green £21 (c)
BBC Leads: KAGA RGB £5 Microvitec £3.50; Monochrome £3.50 (d)

UV ERASERS PRINTER BUFFER

This printer sharer/buffer provides a simple way to
UV1T Eraser with buill-in timer and mains indicator

upgrade a multipie computer system by providing
Built-in safety interlock to avoid accidental exposure greater utilisation of available resources. The buffer
lo the harmful UV rays

offers a storage of 64K. Data from three computers
It can handle up to 5 eproms at atime with an average can be loaded into the buffer which will continue
erasing time of about 20 mins £59 + £2 p&p.

accepting data until itis full. The buffer will automati-
UV1 as above but without the timer. £47 + £2 p&p.

cally switch from one computer to next as soon as
that computer has dumped all its data. The computer
For Industrial Users, we ofter UV140 & UV141 era

then is available for other uses LED bargraph indi-

users, with main frame computers and bufletin boards at a Softyll .. . £195.00(b) :ﬁ;j:{'l‘: :‘fﬂ’;"r"’é%ffg;gm & ﬁﬁ:"s“asfe?\"’e‘guf::: o mermory usage, Smplepush puion cantrol
very economic cost. Battery or mains operated. £62 (c) Adaptor for 2764/ UV140 £61, UV-41 £79, p&p £2.50 ¥ Integral power supply. £205 (a)
Mains Adaptor £8 {d) BBC to Modem data lead £7 2564 . £25.00 g A Cable set £30
ATTENTION T
All prices in this double page advertisment are CONNECTOR SYSTEMS
subject to change without notice. AMPHENOL TELEPHONE
ALL PRICES EXCLUDE VAT .D. CONNECTORS EDGE CONNECTORS
Please add carriaae 50p unless (Speedblock Type) 36 way plug Centronics CONNECTORS
2 3 L No ot Header Recep Edge CONN ECTORS {soider 500p (IDC) 475p 4-way plug 11°P
indicated as follows: wags P&;g ‘aatgle (iggn 36 way skt Centronics 6-way plug 180p
! P P p 01 0156 (solder) 550p (IDC) 500, b
(a) £8 (b) £2.50 (c) £1.50 (d) £1.00 20 };"5"; :ggg ;232 7 Bt o H sl ;PW:;)DIUQQE,EE ‘) -|d§r g:ﬁ{)g i:glzkn 160p
ACORN IEEE INTERFACE Mo Tom 2o | < omay e 20 % isop g m— 4-way 50p/m
A fullimplementation of the IEEE -488 standard, pro- S 2380 2000  390p g x ;g Oy O o 130 o0 (%DC) 500 6-way 72p/m
VL - e & x 23-way ( P 13 P P
viding computer controt of compatible scientific 2 x 25-way 225p  220p PCB Mtg Skt Ang Pin RIBBON CABLE
technical equipment, at alower price than other sys- D CONNECTO RS g x §2 way (Spectrum) gggp 24 way 700p 36 way 750p ;
tems. Typical applications are in expenmental work No ot Vv ARy 2800 — L0e) :g':' "‘es’f_way —
in academic and industrial laboratories. The inter- °9° 4ETE 2x 22 way 190p GENDER CHANGERS B p  oway  180p
face can support anetwork of up to 14 other compati- MALE: Zades ey iggg 5o, 25 way D type 20-way #5p  SOway  200p
ble devices, and would typically link several items of Ang Pins 120 180 230 350 2 x 50-way($100conn  600p Male to Male €10 26-way 120p  64-way 280p
test equipment allowing them to rug with theooptl- Soider 60 85 125 170 Male 10 Female €10 DIL HEADERS
i The | lin stem ROM s IDC 175 275 325
;nuti)rghzfdeéfggncy, S S FEMALE: EURO CONNECTORS e LD e e Solder e
/le P\g 128 148 g;g 228 OIRTATET - 7 RS 232 JUMPERS 14 pin 40p 100p
ng Pins 1 21 ug t 16 pin 50p 110p
Solder 90 130 195 290 2 X 32 way St Pin 230p 275p 25 way D) 18 pin 60 -
EPB!)?ODUSTRIAL PROGRAMMER IDC 195 325 375 — g X 32 way éng Pin 275p 320p gd g‘mgle ersd ;AZTZ 'E‘g gg 20 E,n 758 _
o t H 9 g 100 120 X 32 way St Pin 260 300 4" Single end Female i
This CPU controlled Emulator Programmer is a pow- éc,;’w"d 138 158 175 — | 3x32 waz Ang Pin 3753 aoog 241 FemaleFemale 51000 Sé ;’:S }282 12(5)3,‘;
erfuitool for both Eprom programming and develop- | Lock IDC SkUA + B a00p ZRIEIN Al 9% | 40pn 2000 225
ment work. EP8000 can emulate and program all IDC SktA+C 400p
eproms up to 8KX8 byles, can be used as stand TEXTOOL ZIiF For 2 X 32 way please specify DiL SWITCHES MISC CONNS
alone unit for editing and duplicating EPROMS, asa | sockers 24-pin £7.50 spacing (A + B, A + C). 4-way 90p 6-way 105p 21 pin Scart Connector  200p
stave programmer or as an eprom emulator £695(a) 28-pin £9.00 40-pin £12.00 8-way 120p 10-way 150p 8 pin Video Connector  200p
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TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764

Using ‘Prestel’ type protocols.-For information
and orders — 24 hour service, 7 days a week
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TeIeViSi o n at by Nigel Cawthorne

Montreux

Satellite dishes are now as
much a part of broadcasting
as studio cameras and tv
transmitters.

Satellite broadcasting, high-definition and the
future of terrestrial television discussed at
biennial symposium

This year's Montreux TV
Symposium, the 14th in the
series, brought together over
200 exhibitors from 16
countries. There was an
international programme of 67
presented and 35 supporting
papers covering both tv
broadcast and c.a.tv topics. On
the transmission side, d.b.s.
and h.d.tv were front-line
topics.

Chinese DBS

China Broadcast Satellite
Corporation president, Mr Hsu
Chung-ming, outlined the
necessity for establishing d.b.s.
as the key to the realization of
national tv and radio coverage
for the whole of China. He
announced that some important
technical decisions for China’s
new satellite tv services had
been taken.

China plans to have two co-
located satellites in orbit
operating in Ku-band. Reasons
given for the selection of Ku-

14

band (11-14GHz) as opposed to
C-band (4-6GHz) included the
protection of microwave links,
the eventual requirement for
provincial beams, and C-band
orbit congestion, which, with
two-degree orbital spacing
limits the use of small receiving
antennas.

East satellite will have “5-for-
2" transposer redundancy. The
transposer power will be 230-
250W at the orbital position of
92 degrees East, which is one
of the three (62°E, 80°E and
92°E) WARC-77 positions
allocated to China. The earliest
eclipse time at this position is
at 01.09 Beijing Time: tv
transmissions will not take
place because of the power
requirements of the
transponders.

One satellite will act as a
spare, but it will operate on a
different pair of channels to the
main, so that in-orbit-testing of
the spare can be made without
interfering with the main
satellite. If necessary, all four
channels could be switched on

at the same time.

China’s current terrestrial tv
transmission network consists
of 455 main transmitter stations
and over 9,000 repeaters with
powers below 1kW. The
present network covers just
64.7% of the 1 billion
population. DBS is the key to
providing high-quality radio and
tv services for the whole
population of China.

A single beam will cover the
whole of China, and the
proposed beam-shaping will
permit densely populated areas
to use 1.5m dishes for ‘grade 4’
community reception, or about
1.0m dishes for ‘grade 3.5
individual reception. Under
clear sky conditions, a 0.75m
dish is expected to provide
‘grade 3.5 performance in
these areas. In the sparsely
populated areas of northwestern
China, 2m dishes will be used
for community reception.

PAL will be used for
transmission. Since studio
equipment and rebroadcast
transmitter equipment in China

already use PAL, according to
. Hsu Chung-ming, there is no

significent reason to go for a
MAC transmission system
through China’s d.b.s. satellite.
Terrestial rebroadcast
stations will take the signal
from the satellite receiver and
retransmit it over the local
area. China's d.b.s. satellite
will thus be used as a direct
feed for a large number of re-
broadcast transmitters. Tv
coverage will be provided for
remote mountainous regions
which could not be economically
serviced by a terrestial
transmitter network alone.

Arabsat

In a supporting paper, Mr
Shaweesh from Jordan outlined
the speed with which
developments have taken place
in the field of satellite
communications during the past
20 years, with particular
emphasis on the emergence of
regional satellite systems such
as the European ECS and
Arabsat.

The Arabsat project dates
back to a meeting of Arab
Ministers of Information in
Tunisia in 1967, when it was
decided to initiate a study for
developing communications in
the Arab world including the
development and interchange of
tv and radio braodcasting
services.

Mr Shaweesh explained that
Arabsat offered the only facility
for real-time broadcast coverage
of major events in the Arab
world. Arabsat is seen as an
important broadcast tool both
for use within the Arabsat world
as well as for the exchange of
material with the non-Arab
world.

Shaweesh touched on the
problems of d.b.s. and how
technological advances since
1977 had outdated the
provisions of WARC-77. In
particular, improvements in
satellite receiver front end
performance have meant that
d.b.s. can be achieved with
lower transmitted power from
the satellite for a given antenna
size or alternatively that smaller
receive antenna dishes become
practical for a given radiated
power. Mr Shaweesh concluded
that “we are in a period of
extraordinary change in a field
that was considered settled in
1977".
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Terrestrial tv lives on

Even though there is much
heated discussion around
satellites and how they are
going to revolutionise tv
transmission, terrestrial tv
transmitters are likely to remain
the major carriers for much of
the world well into the next
century.

Rudi Gressmann, EBU, in a
lecture on the history of the
development of terrestial tv
transmission in Europe, told
delegates that within the EBU
area there are currently some
9,000 transmitters and
repeaters in v.h.f. Bands I and
III and over 20,000 in u.h.f.
Bands IV/V.

Gressmann questioned
whether the present plan, as
based on the Stockholm
conferences of 1952 (v.h.f.)
and 1961 (u.h.f.), provided the
optimum use of the frequency
spectrum.

The first problem that the
European tv frequency plan
comes up against is the one of
multiple channel bandwidths. In
1961 there were no less than
four separate channel
bandwidths in operation in the
v.h.f. tv bands. The UK’s 405
line b/w services used 5MHz
channels, whereas the French
819 line system used 14MHz
channels. There were also the 7
and 8MHz channel bandwidths
of the 625 line services. Since
then the 5 and 14MHz channel
services have been closed
down, but even today there is
still disparity between 7 and
8MHz channel bandwidths at
v.h.f. Carmier frequencies
(sound and vision) at v.h.f. are
different all across Europe.

At u.h.f., even though there
is a uniform channel spacing of
8MHz, there are differences in
the sound-vision carrier spacing
(5.5, 6.0 or 6.5MHz), which
add to pan-European spectral
discord.

There is little spectral
harmony of tv transmitters
within Europe. Gressmann
reminded delegates that the
OIRT countries of Eastern
Europe still use much of Band II
for tv transmissions rather than
f.m. as is the case in Western
Europe.

The average viewing choice
provided by terrestrial tv
broadcasting is approximately
one programme per location on
v.h.f. and about two or three
on u.h.f. Although one major-
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exception to this is the UK,
where there are now no longer
programmes at v.h.f. but where
there are (in most places) four
programme channels at u.h.f.

The programme carrying
capacity of the terrestrial tv
transmitter network in Europe
1s not likely to increase above
the present numbers. There are
already pressures from powerful
mobile radio lobbies to take
over more frequencies from
broadcasters. The shared usage
of Band III between tv
broadcasters and land mobile
services in France as well as the
wholescale closure of Band 1
and Il in the UK are indicative
of this trend. Gressmann
commented however that
pressure on tv frequencies from
other non-broadcast services in
Europe was possibly less now
than it has been in previous
years, but that nevertheless
broadcaster’s must make
optimum use of the spectrum
available.

If terrestrial tv transmission
is not to become the “poor
relation” of other media
including d.b.s., cable,
videocassettes and videodiscs,
then studies should be
intensified now. Gressmann
warned that the mere fact that
such a large investment had
been made in the terrestial tv
transmitter network is in itself
no guarantee of the network’s
survival against the onslaught of
new transmission media.
Terrestrial tv transmission can
only survive, argued
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Gressmann, if it keeps pace
with modern technology. “This
is only possible through
standardization and
harmonization”.

John Curley, RET, told
delegates that agreements that
had recently been reached in
some countries between
broadcasters and land mobile
radio users (e.g. the UK and
France) for the sharing of a
common frequency band by
different services (I.m.r. and
tv) precludes any hopt of
standardised terrestrial tv
transmission system across
Europe on v.h.f.

High definition

The “Extended/j.d.tv" session
promised to be a lively affair. It
certainly was! George Watson
of RTE, session chairman,
described e.d./h.d.tv as being
the most important subject at
this year’s Montreux.

Speakers differed by a factor
of ten-to-one in their estimates
of how many years it will take
for h.d.tv to become reality.
Tom Robson, IBA, positioned
himself at the far end of the
range with an estimate of 20
years. According to Robson, it
is the realization of a practical
h.d.tv home display unit that is
crucial to the introduction of
h.d.tv, and as he saw it,
suitable flat screen products
would not be available before
the end of the century.

www americanradiohistorv com

Robson advocated that
the opportunity for a true
worldwide standard would come
with the next generation of
systems and not the present.
The next generation of tv
standards would be digital and
free from the present
constraints of 50/60Hz
compatibility. Such a standard
could then be the standard for
the next fifty years or so.
Robson said that today’s talkk
of a standard was not a real
world standard. Robson’s
opening remarks were later to
be fiercely contested by several
speakers.

Joe Flaherty, CBS, said that
the weakness on Robson’s
argument was his belief that
broadcasters have the power to
control the living rooms of the
future. “But, this is not true!”
Cable, v.t.rs and video discs
may have more effect than
broadcasters in doing this!

In direct reply to Robson’s
argument that a home display
unit suitable for h.d.tv would
not be available for 20 years,
Mr Sugimoto, NHK, said that a
large flat screen display suitable
for h.d.tv with a target price of
$2,000 would be on show at the
next Montreux in two years
time.

Prof Messerschmid of the
German radio and tv research
institute (IRT) strongly
disagreed with Robson’s
opening remarks: “Broadcasters
cannot just sit back for 20
years”.

Henry Yushkiavitshus, USSR,
threw into the discussion the
comment that the USSR was
looking at a possible system
using 50Hz in the studio and
75Hz field rates for
transmission.

There is no disagreement that
the world does need an h.d.tv
studio production standard, but
the question is when. The
problem with choosing an
h.d.tv production standard too
early is that even though
individual parameters (numbers
of lines, field rates, interlacing
and aspect ratios) have been
discussed, only one fully
operational standard has been
proposed. The NHK proposed
standard being based on 60Hz
presents a conversion problem
for the large number of
countries using 50Hz.

The Montreux h.d.tv debate
highlighted the amount of basic
disagreement that still exists in
this area.
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Keithley's130A &136.

pairof hands.

Ready and willing to give you tne accuracy and flexibility
you've come to expect from all handheld DMM's.,

On the one hand, the new 13JA has the design and
performance of our most pagiNar 130 model but with
greaterbasic DVC accuracy—0 25% and the need to
calibrate only once every twoy=ars — all this at no increase
inprice.

On the other, there is the naw unbeatable value 136,

a high performance full autoranging 432 digit DMM
permitting precise measurerments in 22 ranges of AC/DC
voltage, resistance AC/DC current including 10A capability.

Ifyou could use an extra pair of hands, orwould just like
to find out about our completz range of DMM’s — phone
0734 861287 or contact a Keithley distributor now. Prices
startat £69.00

Keithley Instruments Limited
1 Boulton Road

Reading Berkshire RG2 ONL
Telex 847047

Berkshire (0734) 861287 Glasgow (02367) 28170

Essex (0279) 29522 London (01) 639 0155
Gwent (0633) 280568 Cleveland (0287) 32397

Eire (0001) 984147 Fertfordshire (07073) 38623

CIRCLE 20 FOF. FURTHER DETAILS.
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NEW

R5635
R5636
R5637
R5638
R5630
R5631
R5632
R5633
R5626

CCITT V.22 bis, full-duplex Switched-Capacitor Filter .C. with MUXes.
Bell 201/CCITT V.26 combo fiiter I.C.

Bell 208/CCITT V.27 combo filter I.C.

Bell 209/CCITT V.29 combo filter 1.C.

Bell 103, full-duplex filter I.C. with MUXes.

CCITT V.21, full-duplex filter I1.C. with MUXes.

Industry Standard, Bell 212A/CCITT V.22 full-duplex combo filter |.C.
Selectable fiiter array 1.C. for 103, V.21, DTMF and Videotex applicaions.
Mask programmable to your specification.

Contact: EG & G RETICON

34/35 Market Place, Wokingham, Berks
RG11 2PP. Telephone: 0734 788666.

n

oN

Telex: 847510 EGGUK.

EGzG ReTICON

WHERE VISION AND TECHNOLOGY MEET

CIRCLE 70 FOR FURTHER DETAILS.
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A PC/XT COMPATIBLE THAT WON'T GO BY
THE BOARD

Prices exclusive of VAT
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OUR COSTAR 2000 fully IBM PC/XT
compatible single board computer and
peripherals is most advanced highly
integrated and cost efficient system
available.

ADVANCED DESIGN

The CS-2000 Mother Board is a highly
integrated state of the art design, with a

unique software controlled dual processor
speed system. Enabling all PC software to

be run uninterrupted at high processing
speeds.
When used with the CS-2000 Multi

Function Card, you get a very advanced,
compact system, with all the facilities of a

fully expanded PC/XT

COSTARS rationalisation of board
numbers has resulted in cost saving,
reliability and reduced installation time
benefits.

NOW
FOR
£1195

CS 2000 PLUS. A complete IBM PC/XT
compatible computer in a kit. Requiring

only a slotted screw driver and 1-2 hours
to assemble and run. Price and compare

our system with others and you will find
most other systems’ options are
standard on ours.
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COSTAR 2000

STANDARD FEATURES

* 8088 — CPU, 7TMHZ/4.77MHZ
Software Toggle control
8087 Co-processor optional
8K custom BIOS in ROM

6 EPROM SOCKETS

8 expansion SLOTS
Hardware Reset

PC/XT Form, Fit & Functions
*» 256K RAM, 640K max

NO RISK TRIAL OFFER

* % % % % W

If, after purchasing one of our boards, you

are not satisfied, we will refund your

money (minus post and packing), provided
the board is returned, intact, within 15 days

of shipment.
TO ORDER

Please inciude your remittance with your
order. Access, Visa and Amex welcome.

Credit Card purchases may be

telephoned. Dealer and O.E.M. enquiries

welcome.
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*» PC DOS version 2.X

256K parity checked RAM
expandable to iM

8C88 CPU

Custom 8K bios w/hard disk drivers
Tape back-up interface (option)

IBM compatible keyboard w/function
keys

* 12" high resolution monitor green/

CO-STAR LIMITED

*

* % % %
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18 MONTH WARRANTY

Our stringent production quality controls
and the high reliability of our boards, has
enabled us to give an 18 month warranty,
and a 6 month exchange program for
defective units.

MULTI FUNCTION 2000

STANDARD FEATURES

* Floppy Disk Controller

» Real Time Clock, with battery backup
= Dual Serial Port, one optional

* CENTRONICS parallel printer port

* RAMDISK

» Printer SPOOL

amber
» 2 slimline 5.25 floppy disk drives 360K
storage each
Power-supply is hard disk compatible
110-220 VAC, 50-60 Hz
Centronics printer port
Serial/modem port
RTC, CAL w/batt back-up
Case and cables

* % % * A #

321Bridgegate House, IRVINE, Ayrshire, KA12 8BD

Price exclusive of VAT

Tel: 0294 76252
Easy Link No. — 92839001
CIRCLE 29 FOR FURTHER DETAILS.
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FEEDBACK

ELECTROMAG-
NETIC PARADOX

Whereas relativity provides a
wealth of paradoxical issues
that have from time to time
engaged your readers’ interest,
there is a seldom-discussed
paradox of more direct
significance to anyone
concerned about the
electromagnetic field.

Maxwell’s equations demand
that, when waves propagate
through the vacuum, magnetic
fields are set up which imply
that there is an oscillatory
electric displacement in free
space. Yet, it is well established
that electric displacement
produced by the motion of an
isolated electron in no way
moderates the primary
magnetic action of the electron
in the immediate locality of the
electron. Rosser, for example,
writing at p.285 of his 1968
book ‘Classical
Electromagnetism via Relativity’
published by Butterworths, has
endorsed Fitzgerald’s opinion
that displacement currents in
the field between the plates of
an excited capacitor do not
produce a magnetic field. This
is consistent with the
experimental finding by Graham
and Lahoz (Nature, 285, 154
(1980)) that, when an
externally applied magnetic field
acts on the displacement
current and a return conductor
current set in parallel, the net
force acting on the apparatus is
that applicable to the conductor
current. Since displacement
current does not produce a
magnetic field it cannot respond
in setting up a force when
subject to a magnetic field.

Surely, it is paradoxical that

vaves only propagate because
displacemeni current in the field
sets up magnetic fields but yet
we know that in our bench
experiments the displacement
currents do not set up magnetic
fields. I wonder if your readers
can provide the answer to this
problem.

Pending a better proposal,
my suggestion is that the
paradox can be put in context
by noting that for any local
action there has to be a local
reaction and this applies
whether we look at apparatus
on our laboratory bench or at a
region of remote space. In the
bench experiment the primary
motion of electrons in the
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current circuit produces a
magnetic field and the reaction
1s merely the manifestation of
this field. Local displacement
currents are an embodiment of
this reaction and so can hardly
set up their own magnetic fields
as well. In the free space
situation, with the propagating
wave, there has to be
something locally in space that
has an active field-producing
role and something that has a
reactive and secondary role.
Thus, just as we argue that
there is a displacement current
between the plates of an excited
capacitor, we must argue that
in free space there are two
‘somethings’, only one of which
1s the reactive displacement.
Both must be capable of relative
motion with respect to the
applicable frame of reference,
the inertial frame or
electromagnetic reference
frame. Hence, our
understanding of wave
propagation is incomplete
unless it caters for the physical
existence of two displacements.
This argument lends support
to the views expressed in my
article in Wireless World
(October 1982, p.37) where 1
argued that the ability of the
vacuum to propagate
electomagnetic waves without
dispersion was direct evidence
of dual or reciprocal
displacement characteristic.
Since writing that article, a
further advance has shown that
the progressive attenuation of
one displacement in relation to
the other can cause a wave to
lose frequency slowly in transit
and Hubble’s constant has been
deduced theoretically (Lett.
Nuovo Cimento, 41, 252
(1984)).
H. Aspden
Department of Electrical
Engineering
The University
Southampton

RELATIVELY
INTERESTING

In the July 1985 issue, H.
Morgan suggests that Wireless
World “stem the flow of letters
and articles on |Einsteinian]
relativity.”

But who then would publish
the fierce debate between
Einsteinian relativity and
Newtonian-Galilean relativity?
Several years ago, WW
published an important article

by Louis Essen, the great
English acientist who designed
and built the first caesium
clock. Essen showed that
Einsteinian relativity cannot be
squared with the facts of
nature. Who else would have
published his critique? I do not
know of another journal in all
the world that allows criticism
of Einstein’s paradoxical—
indeed, anomalous — beliefs.
The late Herbert Dingle,
professor in the University of
London, wrote a whole book,
Science at the Crossroads, on
his own experience with
suppression, and attempted
suppression, of the debate.
For the editors of WW, a
fervent “Bravo!”
Lee Coe
Berkeley
California
USA

[ have followed the articles and
letters on relativity and the rest
of the “modern physics” circus
since the article by L. Essen in
October 1978, which so
impressed me that | started
buying Wireless World instead
of reading it in the library.

I would like to see more of
the subjects which bore
H.Morgan (Letters, July). You
ask who is competent to decide
who is right. I ask where else
we can read open debate on
these matters if you go back to
being just another electronics
magazine, printing inoffensive
S-level “physics for electronics
engineers” — in New Scientist?

If I was a professional
physicist, I think I would be
ashamed to admit it to a lay
person whose idea of what [ did
might well have been formed
from television programmes full
of starry-eyed academics
quoting from T.S.Elliot, and a
background of loud, jarring
music. Why do all the worst
BBC science programmes have
this? Is it to drown out the
words? I might have claimed to
be a psychologist and hoped to
be taken for a tough
behaviourist. Of course, the
truth always comes out
eventually. Where are the
reputations of Freud, Cyril Burt
and Lysenko now? Remember,
all founded powerful, seemingly
unchallengeable orthodoxies.
Humpty Dumpty and a great
fall...

Roderick Saunders
Birmingham

ENERGY
TRANSFER

I fear it is not I that have
misunderstood Ivor Catt (July
Letters), rather the reverse.

In my June letter I pointed
out that superposition of forces
could not be expected to
succeed when the forces in
question were quadratic
functions of current or voltage.
[ then proceeded to illustrate
this claim by reference to a
simple situation in
electrostatics, and concluded
with a derivation of the
magnetic force from Special
Relativity.

I fear these last two points
detracted from my argument,
and confused Mr Catt.

Mr Catt is upset that I choose
to overturn his arguments
(concerning forces between
conductors guiding t.em waves)
by discussing static currents
and voltages, while he allows
himself the privilege of building
his arguments by reference to
these same static forces.
However, | would assert that
there is no difference between
the static case (with suitably
chosen values of current and
voltage), and the momentarily
quiescent state in the middle of
a broad pulse. If Mr Catt thinks
that there is a difference then
he cannot use the static case to
prove that the force between
conductors carrying a pulse is
Z€ro.

N.C. Hawkes
Abingdon
Oxfordshire

I wonder if some of the
conceptual difficulties with the
transmission line stems from
the assumption — and it is an
assumption — that power
density in an em wave is
measured by Poynting’s vector?
(Do I hear cries of dissent? But
who remembers what
Poynting’s theorem actually
says?) In fact there are any
number of vectors that would
be equally valid.

One such is Slepian’s vector.

S=E X H + curl (VH)

where V is the electric
potential. Poynting’s vector
tells us that the power flows
through the space surrounding
the wires, i.e. is carried by the
em wave. Slepian’s vector, on
the other hand, tells us that all
the power flows through the
wires! It seems that either view
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is “true, but not exhaustive”
(Churchill’s phrase).

As an engineer I welcome
this. It means that I can adopt
either point of view, whichever
is more convenient for the
problem in hand.

Interested readers should
consult “The Electromagnetic
Field in its Engineering
Aspects” by G.W. Carter
(Longmans, 1954) Professor
Carter devotes the whole of
Chapter 13 to the flow of
energy in an electromagnetic
field.

P.L. Taylor
Marple
Cheshire

OPICAL
COMMUNI-
CATIONS

Having read the most
interesting article in the August
1985 issue of Electronics and
Wireless World entitled “Optical
Communications — 1935
style”, your readers may be
interested to know that there
are a number of these optical
systems on public display, still
looking as good as the day that
they were made.

Two locations with which I
am familiar are the German
Occupation section of the main
museum within Castle Cornet
on the island of Guernsey, and
the excellent German
Occupation Museum run by
Richard Heaume, also on the
island of Guernsey, at Forest
near the airport.

If any readers are proposing
to take their holidays on this
most delightful of islands, a trip
to these two museums, and in
particular the latter, will be well
worth while, and will afford the
opportunity to study many
other examples of contemporary
German technology.

Alan G. Hobbs, G8GQJ
South Croydon
Surrey

RELATIVITY

P.H. Spratt uses the word
‘pretext’ in the first sentence of
his August letter. This word is
defined in my dictionary as ‘a
false explanation or motive to
disguise the true one.’ I assume
Spratt has some experimental
evidence to prove I am a liar

and a cheat. As a letter
unanswered might be thought
to be unanswerable, Spratt
leaves me with no alternative
but to reply. Before I do reply
in some detail to his letter,
would he please explain his
evidence in very ordinary words
even | can understand as soon
as possible. This letter is an
ultimatum.

I merely quoted
measurements quoted by
Eastwood who acknowledged
the work of other scientists.
Does Spratt realise he has
libelled Eastwood and other
scientists? He ought to look
before he leaps.

M.G. Wellard
Kenley
Surrey

VALVE DISC
PREAMPLIFIER

Mr Brice’s valve disc
preamplifier (EWW, June 85) is
an interesting approach to a
familiar design exercise, and I
am with him in sentiment in his
liking for valves for sound
reproduction. However, I would
take issue with him on two
points:

Firstly, the RC coupling
between the cascode stage and
the next (cathode-follower)
stage: Mr Brice’s footnote on
the circuit diagram states that
the 10n capacitor and the 1M
grid resistor puts the response
at 20Hz down by 3dB. This
woul be a fair statement if the
cathode-follower input
impedance was in fact the
same, or nearly the same, as
the resistor value. However the
conventional wisdom of valve
electronics is that the input
impedance of a cathode follower
is about 10 times the value of
the grid resistor. (References:
Langford Smith, Radio
Designer’s Handbook; Terman,
Radio Engineers’ Handbook).
The mechanism is akin to that
which raises the input
impedance of a boct-strapped
emitter follower in the world of
solid state.

Assuming, then, that the
input impedance of the stage
under discussion is 10M, the
response at 20Hz will be about
—0.03dB. To achieve a —3dB
figure at 20Hz a capacitance of
about 800p would seem to be
required.

Secondly, the coupling
capacitor (1pu between the
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volume-control slider and the
grid of the output stage: this is
a cathode-follower identical to
the first one, with presumably
the same input impedance. A
1pF capacitance coupled to
10M, or even to 1M, looks a
little like overcooking the
bottom end response. And
surely, (a minor quibble, this)
the polarity of the capacitor, as
drawn, is incorrect.

Finally, may I suggest a small
but worthwhile refinement? If
the preamplifier, in a warmed-
up condition, is suddenly
connected to the input of a
solid-state main amplifier (as
when the selector switch is
turned from say, ‘tuner’ to
‘disc’) the output coupling-
capacitor charging current must
flow through the input circuit of
the main amplifier. In other
words the first transistor base
would see a positive pulse of
around 150 to 180 volts. It
would not like this. The remedy
is to include a high resistance,
say 4M7 or higher, permanently
across the preamplifier output,
and to ensure that the
preamplifier is fully warmed up
and its voltages at equilibrium
before it is connected to the
main amplifier.

Despite the foregoing, which
some may see as nit-picking, I
say more power to Mr Brice’s
thermionic elbow!

D. Bolton
Victoria
Australia

I thank Mr. Jones for his
constructive comments
concerning my valve disc
preamplifier circuit (Feedback,
EWW July 1985). Your readers
may be interested in two further
suggestions regarding this
design.

I mentioned in the original
article that a smooth supply can
be obtained with simple RC
filtering, but it is better to use a
regulated supply. Not only does
this secure the best hum and
noise performance but the
regulator ensures that high off-
load voltages are not applied to
the anodes of the valves and
the power supply decoupling
capacitors during valve warm-
up time. Several schemes were
contemplated and tried. All the
regulator circuits improved the
sound quality: the final
arrangement is shown in the
Fig. 1. The OA2 and OB2 are
two easily available voltage-
stabilizer tubes. Over a certain

Choose R so SmA<
I < 30mA under

on load and off load
conditions

O 0,
0AZ 150V B87G
082 108V yalve base

range of current flowing through
a cold-cathode glow-discharge
tube the voltage across it
remains nearly constant. The
circuit operates like a zener
shunt-regulated supply. Its
great advantage for h.t.
regulation is that it is self-
protecting, simple and cheap.
Just as with zener diodes, the
tubes may be used in series to
provide voltages exceeding
those of a single tube. The 1M
resistors are added to facilitate
striking of each individual tube.
The power supplies were built
on a separate chassis and this
method of construction is
recommended on sound-quality
grounds.

The ECC83 would be suitable
as the first-stage cascode valve,
except that it is less robust than
the ECC82 and, consequently,
more microphonic, hence the
decision to use the latter. I
have found there is no
alternative but to select low-
noise valves individually for this
first stage and that the more
expensive types available are no
better, in this application, than
the cheap ECC82 s available at
about 65 pence each.

Richard Brice
Teddinton
Middlesex

Letters

Letters for publication are
always welcome, but the
shorter and pithier, the better. ]
try not to edit onginal letters,
but sometimes they are far too
long, and therefore cut, and the
writers upset. Please keep your
letters short.
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ANOTHER

A thousand miles from land, the great whales
tollow their mysterious course — closely
followed by flocks of wheeling seabirds.

These are the Grey Phalaropes. Their
dict: the sea lice that preyv on the whales.

The birds cnjoy the lice. And the whales
| enjov being rid of them.

IU's a classic svmbiotic relationship: one
in which each partner needs (yet greatly
enhances the performance of) the other.

'GOOD CONNECTION

VHEN YOU’RE ALL"

We stock them all.
And we help vou specify.

In short, we're just the right
connection in the uncharted waters of
electronics.

PSP Electronics Ltd, Unit 2,

2 Bilton Road, Perivale, Greentord,
Middlesex UB6 7DX. Telex: 8954609.
Telephone: 01-998 9061.

And, as such, it parallels our relationship
with Thomas and Beus.

We're Britain's major distributor of
connectors. While thev're one of the world’s
leading manufacturers of IDC interconnec-
tions: headers; socket and solder transitions;
card edge and “D" connectors; flat and
ribbon cable; and tooling. As well as IC

WHAT’S GOOD FOR US
sockets, PC board jumpers, cable ties,

IS GOOD FORYOU
terminals, and heat shrink tubing

CIRCLE 130 FOR PURTHER DETAIL:. ﬂ [ I

TDS9:

FORTH

become fact.

@single board computer.
12K RAM 8K ROM (expandable)
@Al C-MOS for low power

@Fig-FORTH high level language. Compiled and fast.
On-board screen-editor, compiler and debug facilities.
@CEasy connection with serial & parallel channels, A/D,
D/A converters, triacs, printers, keyboards and

displays.

Triangle Digital Services Limited
100a Wood Street. Walthamstow London E17 3HX

“ um 01-520 0442 Telex 26284

Distributed by: Semiconductor Speciabists (UK)Ltd

Tel West Drayton (08954) 45522/46415

CIRCLE 114 FOR FURTHER DETAILS.

COMPUTER

Build the TDS900 into products.
Programme it with a VDU and your forecasts

3 SHENLEY RD, BOREHAMWOOD, HERTS.
E TELEPHONE 01-953-6009
| /OFFICIAL ORDERS/OVERSEAS ENQUIRIES WELCOME
OPEN 6 DAY’S A WEEK 9.00am/5.00pm THUR.9.00am/ 1.00pm
SPECIAL OFFER. 9" GREEN PHOS: 75Q COMP. VIDEQ MONITORS IN CASE
240V. HIGH RES TESTED SIZE. 10'X9/°X9/" C/P. 5 50. £36.00
POLYCOLD MODEL P757. TEMP RANGE — 120°C/135°C 240VACS0HZ 6AMP
SIZE 31°X17°X207. £350.00+15%VAT
120X 120X38M/M. 115VAC FANS NEW EX-EQUIP C/P 50p £1.75
72-0-12V 80AMP_ TRANSFORMER 250V PRIM SIZE 67, X5/, C/P. 500 £16.95
REDMOND 12 V.D.C. 60WATT 3,000 RPM MOTORS SIZE 100X75M/M C/P 200 £10.50
PARVALUX 230VAC 1PH CONT RATING 6LBS/INS 62RPM GEARED MOTORS
SIZE. 150X78M/M C/P 2 25 £14.95
PARVAI UX 230VAC IPH CONT_ RATING 4LBS/INS 44 RPM GEARED MOTORS
150x78M/M C/P 225 £15.95
PARALUX 24 VD C SHUNT HP_/ 50 WATTS 35 LBS/INS 30 APM TYPE
SDiss C/P.225 £19.00
/_HP 1425 RP.M 230 VAC IPH. CONT RATING RESIL. MOUNT SIZE
180X T40M/M C/P_ 4 00 1595
PRINTED ARMATURE D.C_SERVO MOTORS TYPE G16M4.14003 IN 2350 RPM
60 V.D C RATED 5.5A WEIGHT 7.5kg C/P 300 £10.00
TYPE GIMA4A 24 V.D.C_3700 iPM RATED 4.4 A WEIGHT 159kg POWER
OUTPUT 63w C/P. 300 £10.00
QWERTY KEYBOARD 58 KEY ASCII CODE NEW IN PLAS.C/P. 2.00 7995
72VD.C 100 WATT QUARTZ BULB'S. 30x10M/M INC C/P 7.00
OLTRONIX B32-20 0-32 V.D.C. 0-20 AMP METERED POWER SUPPLY 230
VAC INPUT C/P. 12.00 £150.00
OLTRONIX B8-7 0-10V.D.C. 7 7AMPMETERED POWER SUPPLY. 230VAC
INPUT C’P 8 00 £65.00
MARCON( 20MHZ O'SCOPE . TF2204 D TRACE £195.00
ONE MONTH ONLY PM47 GOULD 12 v.0.C. 3 AMP 230 VAC INPUT POWER
SUPPLY LINEAR. C/P. 2 50 £12.00
CLAUDE LYONS AUTO VOL TAGE STAB CVR 360 INPUT 204-252V O/PUT
240 - 03% 15 AMPC/P 500 £36.00
BERCOSTAT W WOUND 2 5 AMP REOSTAT C/P 50p €195
700 M+S MINATURE SCREENED CABLE. BICC C/P 100 £6.00.
GOULD/FARNELL 12V D C T0AMP SMP SV 250VAC INPUT C/P 275
160x105x90M/M £35 00
[TMITED STOCK 12" WHITE HIGH RES MONITOR 2a0VAC. TESTED
C/P 6.00 £12.95
TEKTRONIX INC TYPE 568 O'SCOPE_C/W 372 PLUG IN RANDOM SAMPLING
352 SAMPLING UNIT/53 SAMPLING HEAD'S £350.00
ALL PRICES INCLUDE VAT 15% UNLESS STATED
PLEASE RING FOR C/P DETAILS NOT SHOWN.
WE ALSO BUY EQUIPMENT SURPLUS TO REQUIREMENT.
SEND LIST OR PHONE.

CIRCLE 33 FOR FURTHER DETAILS.
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Multistandard

terminal unit

Implementing a digital filter with a
microprocessor leads to simple hardware for
this programmable modem.

Recently | became interested in
packet radio and soon realised
that this mode of data communi-
cation would require a new tone
standard, different to RTTY and
simple ASCII, and that a new
terminal unit (or modem) would
be required. A consideration of
the various tone standards soon
showed that to obtain best per-
formance for standard RTTY,
Amtor and packet, both the tone
standards and demodulator
bandwidths must be changed to
suit each case. The most com-
mon standards are summarised
in Table 1. By using a minimum-
configuration microcomputer and
digital filtering implemented in
software, the only alteration to
cater for a new tone standard is
program addition instead of a
hardware change. Although the
techniques described in this arti-
cle are quite complicated it
should be realised that because of
its digital implementation this
terminal unit is easily built and
does not require any setting up.

Figure 1 shows the block dia-
gram of a conventional analogue
terminal unit which could be used
to demodulate RTTY or Amtor
signals. The tones from the
receiver are split into two chan-
nels tuned to the two frequencies
representing 0 and 1. The out-
puts of the two channel filters are
rectified, low-pass filtered and
then substracted. The sign of the
subtraction indicates which chan-
nel contains the largest power at
that instant and hence the most
likely correct state of the output.
The filtering operation can there-
fore be split into three opera-

rate, which in the case of 50 baud
and F, is equivalent to a 25Hz
modulating frequency on an a.m.
carrier of 1275Hz. The channel
filter bandwidth for F, is from
1250 to 1300Hz and for F,, 1420
to 1470Hz, this being the mini-
mum channel bandwidth for min-
imum signal-to-noise ratio. After
detection the bandwidth can be
usefully reduced to F,, (25Hz)
with a post-detection filter. In
practice, the filter bandwidths
are normally made slightly wider
so that the tuning is not too criti-
cal, and to compensate the band-
width shrinkage between the
channel and post-detection fil-
ters.

Implementation of filters using digi-
fal techniques

Digital filtering is based on
sampling a signal at regular inter-
vals and then summing previous
inputs and filter outputs multi-
plied by appropriate constants. In
analogue filter design, the appro-
pniate transfer function is
obtained by starting with a low-
pass prototype and then applying
a bandpass transform to get a
bandpass transfer function. The
exact details involved in realising
Z transforms are outside the
scope of this article (for a
detailed exposition see ref. 1),
except to say that by applying a
similar process the transform
given in equation 1 can be
obtained.

1—%72
1 = A= o)

and b =cot t T(F,—F,) ,
(3)

a=cos2nF T

T is the sampling period

F, filter centre frequency

F, lower 3dB point of filter

F, upper 3dB point of filter

A,B,C,a,b are constants based
on F,F,F,,T

g digital representation of sam-
pled filter output

f digital representation of sam-
pled filter input.

Equation 11is the z transform for a

digital bandpass filter and by re-

arranging this an expression in

terms of previous inputs and out-

puts may be obtained as given by

equation 4.

g—fA—f,AZ?+

+CgZz '—Bg,%* 4)
The operator z ™! indicates a delay
of one sample period, so Bg,z72
means the filter output at the time
before last multiplied by the con-

by J.D. Walker
B.Sc.(Hons)
G6FYU

Following a period of
amateur radio interest in
digital communications John
Walker joined the electronics
industry in 1979 and
developed a number of
microcomputer systems
using the Z80, 6502 and
6800/6809 microprocessors
for both industrial and hobby
applications. John, who is
23, graduated last year from
the University College of
North Wales in electronic
engineering and has been
subsequently employed in
the designn and development
of radar display equipment.
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A wide variety of f.s.k. tone
standards have become
established for modems in
use on radio circuits. The
accompanying software
supports the established
standards listed here.

RTTY (45, 50, 75 Baud)

Oid tones (Hz) Mark (Hz)
170 shift 1445

425 shift 1700

850 shift 2125
New tones (Hz)

170 shift 2125

425 shift 2125

850 shift 2125
Amtor

is always 170Hz.

Ascii (300, 600, 1200, 2400 baud)

Table 1. Commonly used tone standards for radio data transfer

Space (Hz)
1275
1275
1275

2295
2550
2975

Tone standards as for RTTY except that the rate is 100 baud and the shift

- g Kansas computer standard, mark 2400 space 1200Hz.
tions, the two channel filters and -7 (1) | Other modem tone standards also exist
the post detection filter. The :
power spectral density for the Packet
new tone system (1275, 1445Hz) where AX25 mark 2200Hz space 1200Hz.
used for RTTY is shown in Fig. 1 b—1 2ab Bata rate 300/1200 baud. , o
2). =g—{-_—1 ,B= m , C =g—{-_—1 AXZS is the approved packet standard for amateur radio applications of
The channel filter bandwidth is S0 A
determined by the transmission (2)
ELECTRONICS & WIRELESS WORLD OCTOBER 1985 21

www americanradiohistorv com



TERMINAL UNIT

fL
e
= | P —
fh
= [ | et

Fig. 1. Conventional
configuration of a two-tone
terminal unit depicted here

can be entirely realised by
mathematical operations
performed on digital samples
of the input signal.

POWER SPECTRAL
DENSITY

1275 145
FREQUENCY (Hz)
Fig. 2. Power spectral density
of the new tones standard for

170Hz shift at 50 bits per

second sending speed is
accurately matched by the
digital filter realisations
acheived by the use of an
inexpensive 8 bit
microprocessor using 16 bit
arithmetic.

stant B. An alternative method of
expressing equation 3 is with a
block diagram, shown in Fig. 4.
From equation 3 it may be seen
that by making the sampling fre-
quency equal to four times the
centre frequency that the con-
stant ‘a’ becomes zero and this
makes C zero, simplifying the fil-
ter arithmetic. Also in the case of
a system with two channels, pro-
viding the bandwidths are the
same, the input (or non-recur-
sive) part is the same for both
channels and this yields the confi-
guration in Fig. 4, using a com-
mon input section for both filters.
So that the sampling frequency is
used for one channel and the gen-
eral form for the other channel.
This further reduces the arith-
metic — essential if a simple mic-
roprocessor is to be used to
implement the processing.

The ideal values of A,B,C for
each tone standard may be calcu-
lated using equations 2 and 3, but
in practice close exact fractional
constants may be used instead.
Although this tends to widen the

Non recursive part

Recursive part

Fig. 3 & 4 General form of the mark and space filters is
given,together with its practical realisation. Note that the
non-recursive part is common to both mark and space
channels which contributes to the economy of mathematical
operations leading to an elegant solution of the filtering task.

22

A

filters by a small amount, this is
of no consequence. The effect of
the actual values can be com-
pared with the ideal values either
by back-calculation of graphi-
cally. By substitution of equation
5 into equation 1, the transfer
function in z terms is transformed
into the frequency variable f
which upon taking the modulus of
the expression reveals and ampli-
tude response of the filter, plot-
ted in Fig. 5.

Z — ej2nFT
= cos2nFT + jsin 2nFT (5)

The other filtering operation is
the post-detection low-pass filt-
tering and this can be expressed
as equation 6

n—1

n—1
D=} FZ'— )L F &

=0 1=0

(6)

where F, and F|, are the rectified
outputs of the high and low tone
filters respectively and n is the
number of channel filter samples
during a signal element. In the
case of 50 baud and 1445Hz the
element time is 20ms and the
sampling period 172ps, so n=
116.

Equation 6 may be expressed
as a single sum:

n—1
D=} (F—F%"

1=0

(N

This is also a geometric series
which can therefore by expressed
as

D = DZ'+(F,~F,) —

lo

_(FLn_th)%_n (8)
the final digital output being the
sign of D. By applying equations 5
to 8 the response may be plotted
in a similar way to the bandpass
filters and this is shown in Fig. 6.
It is interesting to note the rapid
cut-off, as expected, and the
sharp null at twice the 3dB fre-
quency. This means that when
working in the 50baud mode the
unit will completely reject
100baud signals. The ripples in
the stop-band are not important
as these frequencies will have
been previously attenuated by
the channel filters.

Practical realisation of the terminal

The circuit consists of an ana-
logue-to-digital converter and a
small microcomputer based on
the 68B09 microprocessor, Fig.

7. A 68B21 parallel interface is
used to input the samples from
the a-to-d converter and to out-
put the demodulated data to the
computer. Because the microp

rocessor can only execute one
task at a time the three filtering
operations must be executed in
sequence as shown in Fig. 8. The
need to complete all these opera-
tions before it is time to take the
next sample means that careful
programming must be used and
to cater for some of the higher fre-
quency tone standards the mic-
roprocessor must be clocked at
2.25MHz, about 12% faster than
its rated maximum. However I
found no problem at a clock rate
of 2.25MHz (using a 9MHz crys-
tal) using the standard 6809.

The filter operations are imple-
mented using 16bit arithmetic
because the filtering operations
involve summing eight-bit num-
bers which inevitably results in
greater than 8bit answers. This
means that the terminal unit uses
the full eightbits of the converter,
enabling the unit to operate with
input signals from a few millivolts
to a couple of volts (peak). The
need to use 16bit arithmetic
makes the 68B09 an ideal mic-
roprocessor for this application
because of its low cost compared
to full 16bit microprocessors.

The modes of operation (differ-
ent tone standards and rates) are
determined by selecting the
appropriate program in the
eprom. This could have been
done with a switch on the front of
the unit, but it was considered
that in most cases a computer
would be used with the unit and
by using an RS232 interface
(68B50), the mode could be
directly controlled from the key-
board via a set of escape
sequences. This is particularly
attractive now that most compu-
ter programs used for RTTY also
control the PTT line on the tran-
sceiver, so resulting in a system
completely controllable from a
keyboard. The digital terminal
unit therefore interfaces with the
transceiver and computer as
shown in Fig. 9.

Because the unit is completely
controlled by a control part, the
unit also contains a front panel
status display, shown in Fig. 10,
which indicates the tone stand-
ard, data rate and output status
currently in use. Figure 11 shows
a suitable power supply for the
digital terminal unit. In the case
of f.s.k. signals careful turning of
the receiver is necessary to dem-
odulate the input signal. This can
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AMPLITUDE

0 FREQUENCY (Hz)

Fig. 5. Actual response of bandpass filters for 170Hz shift (50

bits per second) using the new tone standard as predicted by

computer modelling.

Because ESC 4 will demodulate
any data rate less than 100baud
the unit powers up in this mode,
but in the case of marginal RTTY
signals a further improvement
can be obtained by selecting
mode 3 (ESC 3). The AX25/Kan-
sas mode selected by mode 7
being a high data-rate mode does
not lend itself to the two-channel
digital filter approach described
because of the small number of
cycles available per bit time.
Although the terminal unit can be
programmed to operate as a
missing pulse detector, better
performance can be obtained at
higher rates by using the microp-
rocessor to measure the time
between zero crossings. This is
achieved by using the a-to-d con-
verter as a limiter sampling the
input at 10ps intervals. The time
between transitions being used to
decide if the output should be

be done either by ear, a Toni
Tuna (tuning indicator described
in reference 2) or via a tuning vol-
tage available from the tones-out
socket during receive. Clearly a
vast number of tone combina-
tions and data rates could be

only a few of the combinations
will be of use. The escape
sequences given in Table 2 have
therefore been allocated in the
prototype although other com-
binations may be easily imple-
mented if required when the

high or low. Because of the mod-
ular programming techniques
used a section for 850Hz, 50baud
using digital filtering could easily
be added by simply adding an
extra section to the program with
the appropriate constants in the

AMPLITUDE

5 25 50 100
{50 Baud) (100 Baud)
FREQUENCY {Hz)

Fig. 6. In addition to the
digital realisation of the
channel filters, further post-
detector filtering tailored to
the bit rate is also provided.

Fig. 7. Circuit of the
minimum-configuration
microcomputer used to
perform the digital
processing operations. The
design uses readily available
low-cost components

implemented, but in most cases eprom is programmed. filter algorthm. throughout.
RESET T 1T =
£T
c R Rjyto R
il 10k n i
RESET]| H s, E % 0 é all 3k3
Co | Ao | o 1 9MHz
= G 00, T TRQ
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1 0 0 21 1
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17 911
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16> 105 NJ489 " o
RS232 1IN 2 o .
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_TERMINAL UNIT

— e v —
T ——————y == PTT _ Send/receive control
Set up J Evaluate -B gZ;IZ
| Add In Transceiver lnu/O?.lf se;
] ® Mic por |- K
Input 8-brt sample non-recursive part - —+—K /B
& convert to 16-bit (1-Z7h¢ 0TV Computer ;.m;nc::stg:;le
2's complement & take the modulus sending
[ Contral TTTIRS232 Screen
= e S | in/out port
Z—2 Subtract result =
0 - from other channel g —_
- —==7 |
Shift old samples ——|:
=

.

K
b=0z Fe=lF
Evaluate /save Al Lo Ho)
2 (FLn = FHn)
(1-2 )f i
I Save F -F
. - Lo Ho
Od 97, —gZL I
Evaluate Increment
oz 2 L.p.f. filter pointer
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Add in Output O

non-recursive part LT

'
0/1 tuning

(1-27%)¢
and take the modulus.
Then save
l wait till time
- 3 for next sample
Old g ZH— gZH

.

Fig. 8. Flowchart of the program used in the digital terminal
unit showing how both channel filter response are determined
from the same input data samples. The mark and space
component energies are compared and the resulting
differences subjected to a final filtering operation.

Fig. 9.How the d.t.u. interfaces with two transceiver and

computer.

Table 2. Escape sequences used to control the d.t.u. via its

RS232 port.

Sequence Mode Use

ESC1 170Hz shift new bones 50B  Amateur RTTY

ESC2 425Hz Shift new bones 50B  Commercial RTTY

ESC3 170Hz Shift old bones 50B FSK position on new rigs
ESC4 170Hz Shift old bones 100 AMTOR & 75B RTTY

ESC5 Set normal Resets normal mode to ESC6
ESC6 Set invert Caters for invented signais
ESC7 AX25/Kansas up to 1200 Caters for new ASC11 modes.

DTU performance

After connecting the unit as in
Fig. 9 and loading a suitable
RTTY program into the compu-
ter, the digital terminal unit is
used in a similar way to any other
TU except that to change the
mode of operation the appropri-
ate escape sequences as shown in

Fig. 10. Circuit of the status
indicator board used to
display the tone standard
currently in use.

+5V
€8 RIRT: LD\)'J”/‘YA/SE or
2% y /1y ity Wiy
o2 . 0. A0 A60. A00 A0 260 260 AL W
6381 E 0 2
0 D1r006—Red
D7-Green
Pin 10 DBO 3 DO < D8—Yellow
A
! 6
8
13) | 7iS3B
| L
¥
pin 15 0By — 1130, o
58B21 12 1 0 .19
100
R
Yo 20 15 13>012 20
Gnd-10 100
103
Dataout LI
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Fig. 9 must be sent to the DTU
via the control port from the com-
puter.

The performance has been
found to be about 10 dB better
than the ST-6 TU and the reasons
are believed to be twofold: the
channel bandwidths have been
optimized together with the post-
detection filter for the best s/n
ratio, difficult to achieve with
analogue components, and (2)
the unit does not use a limiter.
The DTU has also proved to be
very effective in decoding both
Kansas (2400/1200Hz) and Bell
202 (2200/1200Hz) tones at up
to 1200baud and it therefore ideal
for use with packet radio.

Although not described or
implemented in the eprom the
circuit given can also generate the
tones required for transmission
using a suitable sine table and
digital-to-analogue  converter.
Finally, at a cost of £80-100 the
unit clearly provides performance
far beyond any other device for
the price and is easily updated to
cater for new tone standards
which may become established in
the future.

Eproms programmed for the
escape sequences of Table 2 are
available for £10 from the author,
at 82A Grosvenor Road, Epsom
Downs, Surrey.

In a subsequent article John
Walker will discuss the basis of
the Z transforms used for the
bandpass and low-pass filters,
together with the use of the digi-
tal terminal unit in other data
applications.
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AVO multimeters embody decades of experience
to meet virtually every electrical/electronic servicing
requirement. From the analogue Model 8 mk 6
and the hand-held 1000 and 1001, to the digital
2000 Series, it's easy to see why AVO multimeters are

world famous,
for decades
of reliable
and accurate
/' performance.

Tayl OF rstruments represent outstanding value for money,
with arange i digitalinstrumertts built to our uncompromising

standards to meet BS requirements and spanning  complete range

of usage. Fromthz compact, probe-style volt-ohm meter to the

32 digit TD23, yau'll find the Taylor range lives ug to our

reputation for simpl city and performance.

The choices- rstruments are ours. The choice of tham is yours. B
] Contact s today

for furth=¢
detailed information.

REERn -
e
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THORN EMI elephone: 0304 020
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The technology of television
won't stand still: satellites,
videotext systems, cable, video,
equipment interfacing...Follow
developments month by month
in this unique magazine. Each
issue includes in-depth servicing
articles on TVs and VCRs. Other
regular features include test
reports, also vintage and

DX TV. The magazine for all those
interested in the technology of
domestic TV and video.

JELEVISION

SERVICING-PROJECTS-VIDEO-DEVELOPMENTS

Inside the

October issue

Out now

* Field timebase circuit survey
* TV line selector unit

* Philips G11 fault-finding chart

[ELEVISTON

are INCLUDED as STANDARD:

® COMPLETE with EITHER single or double (as
illustrated) TEAC half-height 5% double-sided,
double-density floppy disc drives. Formatted
capacity: 320Kb per drive.

@® 4 MHz Z80A CPU
@® 64Kb RAM (in 4164 chips)

® 28Kb EPROM containing monitor & MICROSOFT
BASIC

® CP/M Version 2.2 @

@ 80 x 24 display with colour block-mode graphics
Available ONLY from:COMPUTER APPRECIATION,
MATMOS Ltd.,

L
®
®
Baud
®
®

at extra cost)

1 Church Street, Cuckfield,

ALL-TIME CP/M MICROCOMPUTER SYSTEM BARGAIN'

Fantastic bulk purchase of a major European manufacturer’s entire stock of this top-quality
machine enables us to retail it at far below its manufacturing cost. ALL FEATURES LISTED

Exceptionally high quality styled keyboard with
numeric keypad & 6 function keys

Centronics parallel interface
RS8232/V24 serial interface selectable 300-9600

UHF Modulator for TV & composite video output
ROM port. (A Word-Processor ROM is available

6 month full guarantee
111 Northgate, Canterbury, Kent CT1 1BH. (0227) 470512

PLEASE NOTE: from 5th September Computer Appreciation’s new address is 111 Northgate, Canterbury, Kent. Tel; (0227) 470512.

PRICES (monitor not included):
With DUAL floppy: £347.00 (£399.05 incl. VAT)
Wit SINGLE floppy: £250.00 (£287.50 incl. VAT)
Carriage: £9.50 (incl. VAT) Visa & Access accepted

W. Sussex RH17 5JZ. (0444) 414484 454377 (0444) 73830

CIRCLE 135 FOR FURTHER DETAILS.

Toroidal
Transformers

as manufacturers we are able to
offer a range of quality Toroidal
Transformers at highly competitive
prices and fast delivery.

Mail Order Price List - )
15VA 6.92. 30VA 7.18. 50VA 8.86. 80VA 9.92. 120VA 10.59. 160VA 12.10. 22VA 13.69.
300VA 14.77. 500VA 19.20. 625VA 22.09. 750VA 26.17. 1KVA 42.22. 1.2KVA 46.79.
1.5KVA 52.06. 2KVA 68.95. price includes p+p &vat.
Available from stock in the following voltages:—6-0-6,9-0-9,12-0-12,15-0-15.
18-0-18,22-0-22. 25-0-25, 30-0-30,35-0-35,40-0-40,45-0-45,50-0-
50,110,220,240(max. 10 amp). Primary 240 volt.
Quantity Prices and delivery on request
(we also manufacture conventional E1 type transformers)

AR Airlink Transformers.
- "LINK

Sawbridgeworth, Herts. Tel: 0279-724425.

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.HensonlLtd.

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
Telephone 01445 2713/0749

CIRCLE 91 FOR FURTHER DETAILS.

Unit 6, The Maltings, Station Road,
CIRCLE 10 FOR FURTHER DETAILS.
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The tale of the iong-
tail pair — part 2

Further applications ranging from analogue
logarithm and exponential circuits, multipliers
and dividers to fast logic gates.

High-precision, wide dynamic-
range, analogue amplifiers rely
on the use of linear resistive com-
ponents to define accurately the
negative feedback around a high-
gain open-loop amplifier. With
this classical feedback-amplifier
configuration, the exact gain and
linearity of the open-loop ampli-
fier is of little importance, pro-
vided the open-loop gain is much
higher than the closed-loop gain.
The net gain of the closed-loop
amplifier is just about equal to the
inverse transfer function of the
negative-feedback network.
Clearly, precise, wide dynamic-
range, closed-loop, linear gain is
only achieved if the feedback
network exhibits precise wide
dynamic-range linearity. Fortu-
nately, resistors are remarkably
linear and a simple resistive
attenuator, together with a high
open-loop op-amp, are all that is
required to achieve a very good
linear amplifier.

Logarithmic and exponential circuits

To produce an exponential (anti-
log) or a logarithmic analogue
amplifier, the feedback circuit
must be formed from a circuit ele-
ment that exhibits the inverse
relationship. As for the linear
amplifier, the quality of the net
performance is critically depend-
ent upon the accuracy of the
exponential or logarithmmic cur-
rent-to-voltage  characteristic
used in the feedback path.

Logarithmic circuits. First let
us consider developing an ana-
logue logarithmic converter.
Clearly, since the log of zero is
minus infinity we can only betalk-
ing about positive (unipolar)
inputs. The circuit shown in Fig.
1 is a simple log-convertor which
uses a bipolar transistor (b.j.t.)
in the feedback path. Collector
current is equal to V /R, and the
output of OA, will be negative.

Using the well known exponential
relation between base-emitter
voltage and collector current we
can obtain an expredsion for the
output voltage V,

V, = Vg = — Vylog, (I/],
V,= — Vilog, (Vi\Z/IR)

The b.j.t. yields a better
exponential  voltage-to-current
relationship than a simple diode,
due mainly to that fact that a
b.j.t. behaves as a very short
diode, there being essentially no
minority carriers at the edge of
the collector-base junction. It is
an advantage that the collector-
to-base potential is held to zero
by the action of negative feed-
back, in that no base-width mod-
ulation effects occur. However,
recalling the problems identified

in the last article about the strong
temperature dependence of the
b.j.t. parameter I, the circuit is
not particularly good in practice.

A modified version based on
the long-tail pair structure is
shown in Fig. 2. The output is
essentially proportional to the
difference in the two transistor
base to emitter potentials, which
is not dependent upon I, pro-
vided that the two b.j.ts are very
well matched and at the same
temperature (i.e. T, = T,).

Though the circuit is rather
unusual in its topology, both OA,
and OA, are provided with nega-
tive feedback, sothat both invert-
ing inputs are effectively held at
zero potential and hence,

I, = Vi/R, 1

I, = Vier/R,

by John Lidgey

Fig. 1. Simple logarithmic
circuit.

Fig. 2. High-quality
logarithmic circuit.

V. >0
ref
R I
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Fig. 3. Simple

LONG-TAIL PAIR_

antilog. circuit. 1 I R
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Fig. 4. High-quality
exponential circuit.

Fig. 5. High-quality single-
quadrant multiplier/divider.

Resistors Ry and R, are chosen so
that the base current into Tr,
does not load the potential divid-
ing action of these resistors on
the output of OA, and hence the
base to ground potential of Tr,,
Vi, 18

R,

= m Vo= Vi — Vi
4

As shown in the first article,
since T, = T,, then |

Vigy — Vi = Vrlog, (/1) 2

and so combining equations 1 and
2 we get the expression

V,— K log (Vy/K) 3

where K, = — V. (R, + R,) /R,
and K, = Vier - R)/R,.

In comparison with the circuit
of Fig. 1thereisno |, dependence
in the output voltage expression,
since this has been cancelled due
to the output being directly pro-
portional to the difference in
base-to-emitter potentials of the
two transistors. This represents
a vast improvement of perform-

Ry (=Ry)

—0O

+V

Ry (=Ry]
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ance in terms of temperature sta-
bility and non-dependence upon
the particular characteristic of
the b.j.ts used.

However, K, is temperature
dependent, as Vi is directly pro-
portional to absolute tempera-
ture. This dependence can be
removed if Ry is much larger than
R, and R, is chosen to have the
same temperature coefficient as
V. Since the natural logarithm is
related to the base-10 logarithm
simply by the multiplier 2.3026,
this can easily be catered for in
the design choice of K| to produce
an output sensibly related to the
base-10 log of the input signal.
Suppose, for example, the circuit
is operated at room temperature,
giving Vi = 25 mV, and we
choose R, = 100 k@ = R, and
Vger = 1 volt; then with (R; +
R,)/R, = 17.372, the expression
for output voltage reduces to

V,=log,,Vix

where V, and V, are both
expressed in volts. The choice of
K, and K, is determined by the
scaling required on the signal and
the value against which the input
is being normalised.

Referring back to equation 3
the circuit can be used to obtain
log,, of the ratio of two positive
voltages if Vygp is replaced by a
second positive input. This is a
particularly useful in several
applications, such as an analogue
automatic transfer function plot-
ter.

So far, R; has not featured in

the analysis. The purpose of R, is
merely to provide some current
limit in case excessive current is
drawn through Tr;, Tr, and OA,.
If OA, is current-limited inter-
nally and the transistors can sep-
arately handle this peak current,
then R; may be replaced with a
direct link.
Exponential circuits. To
achieve the opposite transfeer
function to the circuit of Fig. 1,
namely an exponential circuit,
the resistor and b.j.t. are
swapped over as shown in Fig. 3.
A p-n-p transistor is required for
positive inputs, the output being
given by the equation

V,——1L.R=—1.Re""

4]

Again, as was the case for Fig.
1, the circuit has practical limita-
tions due to the temperature
dependence of I.. Adopting a
similar approach, a long-tail pair
is employed as shown in Fig. 4 to
achieve a superior exponential
circuit.
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Following a similar analysis to
that for a log-circuit of Fig. 2, the
output expression obtained is

V,=K,.e" " 4

where K, =R,/ Vi (R;+ R
and K, = Ve . R/R,

Having employed the well
matched long-tail pair configura-
tion, the I, parameter is absent in
the final expression. As for the
circuit of Fig. 2, the R”, potential
divider is chosen so that the input
is simply divided down, the base
current demand from Tr, being a
negligible load. Resistor R’y acts
in the same current limiting role
as R; in the previous circuit. The
only remaining temperature-
dependent parameter V; in K,
may be effectively removed by
compensation with a potential
divider R';, R, which exhibits the
same temperature coefficient.

Multipliers and dividers using logand
antilog circuits

Multipliers and dividers are clas-
sified in terms of the number of
quadrants over which they oper-
ate. For example, if the circuit
will only operate with inputs of
the same sign, both positive or
both negative, the circuit is
referred to as single-quadrant. A
multiplier/divider circuit capable
of operating with bipolar inputs is
referred to as a four-quadrant
multiplier/divider.
Single-quadrant multiplier
divider. Having established rela-
tively simple and accurate log.
and anti-log. circuits described
earlier, it is quite plausible to
assemble a multiplier simply
using two log. circuits of the type
shown in Fig. 2, together with a
conventional summing amplifier,
the output of which is then fed to
an exponential circuit such as that
shown in Fig. 3. Mathematically,
we are adopting the following
strategy for obtaining the product
of two input voltages: input 1 is
V,:input2isV,thenV =V.V,
= exp (log,V, + log, V,).

Clearly, a divider is created if
we subtract log, V, from log, (V,)
using a differencing circuit.
Although quite feasible, such a
multiplier is complex, using in
total seven op-amps and three
well matched transistor pairs. A
very elegant solution can be
achieved more directly using the
circuit of Fig. 5.

A careful inspection of the cir-
cuit reveals that it is the combina-
tion of the high-quality log. and
exponential circuits described

earlier with the potential dividers
R;, R, and R, R, removed.
Using the analysis developed for
the output of the log. circuit,
namely equation 3, the expres-
sion for Vy, is

Ve, = Vi,
= — V;log, (V,/Vy)

=V, log, (V,/V,)

Since V', is the effective input to
an exponential circuit with V,
replacing the potential, Vg,
then the output of the entire cir-
cuit is obtained by modifying
equation 4 slightly, that is

ViV,

V,=V.e

Substituting for V g, we obtain the
final expression

V,=V.V/V,

It is important to note that the

temperature of both pairs of
b.j.ts should be identical and, as
before, the transistor pairs
should be very well matched.
These requirements are rela-
tively easily met if the four tran-
sistors are all on the same chip.
Also, it should be stressed that
the circuit is only single-qua-
drant. In practice should the pro-
duct of two inputs be required,
then V, should be chosen appro-
priately as a fixed d.c. reference,
providing a useful scaling factor.
Alternatively, if the ratio of two
inputs are required, then either
V. orV should be afixedd.c. ref-
erence, this reference providing a
scaling factor to the ratio of the
two inputs.
Converting to a four-quadrant
multiplier. It is possible to use a
single-quadrant multiplier
together with some additional
circuitry to create a full four-qua-
drant muitiplier. Two precision
full-wave rectifiers are needed to
process the two inputs, so that
the circuit of Fig. 5 only “sees”
positive voltages and then the
output is effectively

0=[V1]'[\;2]/VREF

wheretheinputsareV,, V,andV,
has been replaced by a d.c. refer-
ence, Vipe. In addition, some
logic is needed to provide the
sign-bit information. This could
be done simply by testing the
input signs using the sort of cir-
cuit shown in Fig. 6.
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Sign bit
=1af V<0
else =0

)

Linear differential transconductance
amplier

The transconductance (current
output — voltage input) per-
formance of the long-tail pair was
investigated in my first article and
it was shown that the circuit was
linear over a range of about +
25mV or so (see Fig. 2 of the Sep-
tember 1985 article). The sim-
plest way of increasing the linear
range and increasing the input
impedance is to add emitter
resistance as shown in Fig. 7.
Two matched long-tail current
sinks are used in preference to
one since such a structure can be
realised on a single chip with two
pin-outs provided to allow the
emitter coupling resistor, R, to
be inserted by the designer.
Calling the differential input
voltage V|, and neglecting base
currents compared with collector
currents, then we can solve
Kirchhoff’s voltage law for V as

Vo=V, =V, = Ve, — Vi,

+1,—-1/2)R
V, = Vylog, (I,/ (I, — 1,)) +
a4, - I/DR

Normalizing this equation we
obtain the following expressions
relating Vi to I, and I,.

Vin/Vr = log, ((1,/1)/(1—(1,/1,)
+ ((I]/Io) - 1/2) I(,R/VT 5a

L/, =1—(1, /1) 5b

Fig. 6. Sign-information
circuit.

Fig. 7. Linearized
long-tail pair.
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LONG-TAIL PAIR

—

where A = I;R/V
X = Vin/VT

y=]|/Io

x - logg (y/(1-y))+ (y=0-5)A

0-9

0 84

074

06 1

Fig. 8. Linearized long-tail
pair transfer characteristic.

30

Equation 5a cannot be turned into
a straightforward transfer func-
tion equation, so the best way of
visualising the equation is to plot
y = I/I, against x = V/V..
Figure 8 shows the plot for differ-
ent values of A = [ R/V;. Notice
A = 0 corresponds to R = 0 and
the transfer current of Fig. 8 is
identical to that of Fig. 2 in the
first article of this series. As Ris
increased so the total transcon-
ductance becomes less but more
linear. This is to be expected,
since the effect of increasing R is
to increase the negative feedback
to the circuit with the usual result
of stabilising and hence lineariz-
ing the transconductance at the
expense of a loss of closed-loop
gain. If we are operating the stage
with a limited input and a high A
value then equation 5a reduces to

Ve = (/1) — 1/2). R,
orl,/I, =1/2+ V/ (R.L)
and L/I, = 1/2 — V,i/ (R.1)
The differential output con-
ductance is now linearly related
to the differential input voltage by
(1, = 1) /1, =2V,/(R.1)

and the differential transconduct-
ance is therefore

gmd = Z/R

and the differential input imped-
ance, Ry, is approximately

Ry ~ B.R

where 3 is the small-signal cur-

rent gain of Tr, and Tr,.

The final expressions are really
quite simple in form, but it is
necessary to look at the detailed
behaviour in order to assess the
maximum differential input vol-
tage that may be applied to keep
the maximum non-linearity
within specified bounds. It is left
to the reader to look closely at
equation 5a to establish the limits
for a particular application.

Monolithic four-quadrant multipliers

An elegant wide dynamic range
four-quadrant multiplier is shown
in Fig. 9. The monolithic circuit
uses four interconnected long-
tail pairs, two of which operate in
a non-linear mode. In practice,
the two diodes would be transis-
tors connected as diodes with the
collector shorted to the base
terminal in each.

The circuit is relatively easy to
analyse, as each section has
already been examined earlier.
To simplify the analysis [ shall
assume that the § of each transis-
tor is high enough for the collec-
tor currents to be negligibly dif-
ferent from the emitter currents
and also I shall assume that all the
b.j.ts, including the diode-con-
nected transistors D, and D,, are
well matched and at the same
temperature.

The emitter resistors R and R,
provide linear converssion to the
input voltages to the differential
currents I, and [, shown on the
circuit diagram.

I =VJR, 6a

I, =V,/R, 6b

Referring to the last section
above, the condition needed here
18

R, >>V,/l, and R, > V,/l,

The resistor R, is in the circuit
merely to ensure that the base
bias potentials on the Tr,/Tr; and
Tr,/Tr, are sufficient to keep
these transistors in the forward
active region.

Now potential V, shown in Fig.
9is

V, =V, — Vp, = Vi log,
I, -1/, +1) 7

This potential now drives the two
non-linear (ordinary) long-tail
pairs Tr,/Tr, and Tr,/Tr,.

In the first article in this series
the characteristic of the long-tail
pair was established and, in
terms of the present circuit, the
collector currents I, to I, can be
written simply as

L=1/(+e """

I, =1/ +e"™")

L=1/Q+e™"

")
L=1/0+e ")

with the substitution from 7 for V,
equations simplifies to

I, =1, (I, — 1)/2]
Ly =1L I, + 1)/2]
L =1 +1)/2l
L=1 I —1)/2]
The differential output voitage is

V,=R, ((Ig+) —(I; + 1))

and substituting from equations 7
and 8, then

V, =R, 0,1 — L.1)/,

Sincel;=L+ L andIl, =1, —1,
then V, = 2R, (11.)/1, and using
equations 6 we obtain the final
expression that

Vo = I<'m Vx' Vy

where K is the multiplier’s scal-
ing factor and is given by K, =
2R,/ (R,.R..1)). Generally K is
chosen to be 0.1 for convenience
and compatibility with other
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types of multiplier. Should a ward bias on collector-base junc-  Fig. 9. Monolithic four-

single-ended output voltage be
required, then the circuit can be
modified by adding a differential
amplifier to the output terminals
of Fig. 9.

The four-quadrant multiplier
described here is an excellent
example of the ingenious use of
the accurate exponential rela-
tionship between emitter-base
voltage and collector current of
b.j.ts and the close matching and
thermal tracking that can be
achieved in a single chip circuit.

Emitter-coupled logic

So far, the long-tail pair applica-
tions discussed have been for
analogue signal processing. Even
in digital electronics the long-tail
pair has some special features.
The basic emitter-coupled logic
gate is a simple long-tail pair used
with a siingle-ended input, a typi-
cal circuit of which is shown in
Fig. 10. The long-tail is resistive
rather than an active current-sink
to ensure high speed switching.
A single common-emitter can
be used as alogic switch. Turning
on” the b.j.t. results in a for-

tion which results in a high
minority carrier population inn
the base region. To change state
from “on” to “off” is relatively
slow as the base region minority
carriers must be removed before
the collector current can be
reduced to ‘zero’. The e.c.l. gate
is extremely fast primarily
because the “on” state is asso-
ciated with current saturation
due to the long-tail current sink
limit on the collector current;
neither b.j.t. ever entering for-
ward bias V type saturation. A
typical propagation delay is 2ns
for one e.c.l. gate.

The penalty associated with
this very rapid performance is a
high power dissipation per gate
which represents a fundamental
limitation on the number of gates
per unit chip area. A further dis-
advantage of e.c. logic is the poor
noise margin, typically 50mV.
This is offset somewhat by the
fact that since the power supply
current demand is almost con-
stant, power supply spike due to
Ldl/dt effects on changing state
are much less of a problem with
e.c.l. than other b.j.t. based
logic. E.c.l. does have a place in

quadrant multiplier.

specialized, high-speed applica-
tions.

Tail-piece

The long-tail pair is a very power-
ful circuit element with a wide
range of applications. Some of the
applications are dependent upon
the precise exponential -V
characteristic of the b.j.t. and
some are dependent on the use of
a matched differential-pair confi-
guration with a current-sink bias.
I have only discussed b.j.t. long-
tail pair circuits in these two arti-
cles but clearly fets may also be
used in the same configuration
though the log/antilog and full
four-quadrant multiplier circuits
will only work with b.j.ts.

Fig. 10. E.c.l. logic gate.

-V
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Creative Animation and
Graphics on the BBC Micro by
Mike James: Collins, 212 pages,
soft covers, £7.95, ISBN 0 00
383007 1. Covers animation,
sprites, two-dimensional technical
graphics (though not graphs and
charts), three-dimensional
graphics and painting. Examples
are in BBC Basic. Many useful
tips.

Colour and Mono Television:
volume 2, display tubes,
timebases, synchronising and
power supply circuits, by K.J.
Bohlman. Dickson Price
Publishers Ltd., 235 pages, soft
covers, £8.95, ISBN 0 85380 155
X. Textbook for tv receiver
technicians. Many of the circuit
examples relate to older sets,
perhaps inevitably: there is little
enough to see inside the latest
ones. For those who collect
spellings of ‘Schmitt’ (as in
trigger), there is a novel one here.
Schmidtt. Volume 1 deals with the
tuner, 1.f., video and audio
stages; volume 3, to follow, will
describe colour decoders and
digital circuitry.

The Commodore 64 Roms
Revealed by Nick Hampshire
with Richard Franklin and Carl
Graham: Collins, 215 pages,
£8.95, ISBN 0 00 383087 X. The
bulk of the book consists of a
reconstructed source-code listing
of the Commodore roms, with
extensive explanatory notes.
Other chapters describe memory
usage and list main entry points.
Essential for the serious
programmer.

Commodore 64 Wargaming by
Owen Bishop and Audrey Bishop:
Collins, 252 pages, soft covers,
£8.95, ISBN 0 00 383010 1.
Programming techniques and
listings for war games in a variety
of settings from ancient times to
the distant future, and how to
adapt and extend them.

CP/M Techniques by Ken
Barbier: Prentice-Hall
International, 224 pages, soft
covers, £19.35, ISBN 0 13
187857 3 (PBK). For the
programmer with some knowledge
of assembly language. Covers
programming techniques, i/0,
tricks with discs (both floppy and
hard) and customizing your Bios.
Good clear explanations.

Fault Tolerant Hardware
Design by Parag K. Lala:
Prentice-Hall International, 263
pages, hard covers, £24.95, ISBN
0 13 308248 2. Chapters cover
basic concepts of reliability, types
of faults in digital circuits and how
to model them, test generation,
fault-tolerant design of l.s.i. and
v.l.s.i. chips, self-checking and
fail-safe logic and design for
testability.
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Pye Reporter Type MFG AM High Band & Low Band £90 Tektronix Oscilloscope Type 454 150MHz £675 Electranic Instruments Twenty Millicn Megohmmeter Model 294 £95
Pye Europa Type MF5FM High Band £90 Tektronix Oscilloscope Type 515A £100 Multicore Model S Soiderability Test Machine Mark 2 £150
Pye Olympic Type M201 AM High Band 265 S E Labs Oscilloscope Type SM 111 Dual Trace 18 MHz £180 Tektronix Transistor Curve Tracer Type 575 £95
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Pye Pocketione Type PF2UB UHF £80 Marconi Delay Generator Type TF 1415 £60 Ad-Yu Precision Phase Meter Type 405H £85
Pye Pocketiane Type PF5 UHF £40 Marconi Signal Generator Type TF 8010D/8S 10mH; to 485 mHz £90 Bruel & Kjoer Microphene Amalitier Type 2604 £50
Pye Pockettone Type PFB UHF £80 Marcani Signai Generator Type 1F 144H/4 10 kHz to 72mHz £90 Dawe Phase Meter Type 6324 £40
Pye Pocketlone Ty & PF9 UHF £80 Marconi AM/FM Signal Generator Type TF 9954/5 1 5 mHz to 220 mHz £120 Dawe Vibration Meter Type 1433A £55
Pye Manns Poweryl?ml Type ACT5 25 Marconi AM/FM Signal Generator Type Tt 995B/5 200 kHz to 220 mHz £220 Ferrograph Series 7 Mona Tape Recorders £100
F',ye Mains Power Unit Type AC200 0120 Marconi Signal Generator Type TF 10648 68 to 108 118 to 185 & 450 to 470 60 amp. Alternator & Generator Noise Filters £1
P;e Power Amp Type AéOU High Bang 50 mHz £100 Tektronix Oscilloscope Probes £10
Pye Controllers Type PCT £85 Marconi UHF Signal Generator Type TF 1060/2 450 mHz to 1200 mHz £60 Mullard Vari-cap Tuners Type ELC2003 Ex Brand New Equip £3.50
Pze Curuu\iev; T:De Ma1 £195 Marcon; FM Signal Generatar Type TF 10668/1 10mHz to 470 mHz £325 Pye Cambridge/Vanguard 18 Way Control Leads €4
Pye Wesrmwns(er Type W30 AM High Band & Low Band £25 Marconi Deviation Meter Type TF 7310 £100 BNC Plugs 75 chm . £50p
Pye Westminster Type LW15 FM H.gh Bana £40 Rohde & Schwarz Power Signal Generator Type BN 41001 0.1 to 30 mHz £150 Circulators 530-720 Mhz *N' sockets £25
Y Base Statign T F30FM Mid Band £200 Rohde & Schwarz Standard Signal Generator Type BN 41409 4 tc 300 mH; Transistors Type 2N3055 Brand New 4tor €1
:::: Esvsgpaliy‘ge MyFD;FM Mid Ba‘nd 4 60 AM/FM £150 Transtormers 30 volt < 1 amp €1
PLEASE NOTE all sets are sald less crystals, mikes. speakers power lead Rohde & Schwarz UHF Signal Generator Type BN 41022 300 to 1000 mH;  £150 Transformers 36 vu\(lu 15amp €1
. Syt Rohde & Schwarz Decade Signal Generator Type BN 41104 0 3 mHz to 500 10.7 Mhz SSB Xtal Filters (2.4 Khz Bandwidih) Low imp_ type Carrier and
CARRIAGE on R equipment — Mobiles £2.00 each. Base Stations £15 00 mHz £850 unwanted sideband rejection min -40db (needs 10.69835 & 10.70165 xtals
each Red Star avalable at cost Rohde & Schwarz TV Demoidulator Type BN 46453 170 mH. to 220.mHz I;zl; for USB/LSB not supplied) Size approx 2in x 1in ~ Tin £10
Marconi RC Oscillater Type TF 1101 20 Hz to 200 kHz
Pye F450 UHF Base Station Receiver, Crystaled Controled, Single Channel Marconi % Universal B:de Type TF1313 £220 “OIGITALKER™
Mains Operated. (deal lar Monitoning your local UnF Repeater. Supplied Hewlett Packard DC Power Umit Type 6268B 0 to 40volt « 30 amp £300 Speech Synthesiser Unit Based on The National Semiconductors *Digitalker
Complete with Circuits etc £15 plus €5 p.p. plus VAT Hewlett Packard Sweep Oscillator Type 86908 with 2 to 4 gHz Plug-in £1.200 System Chup Set. The Unit s Mains Powered and Included are a 700 Hz and
LOGIC ANALYSERS also available square plug-ins for above 1-2 GHz, 4-8 GHZ & 8-12 GHz ~ £300 each 200 Hz Filter. Power Amp.. Loudspeaker and NASBUS/RS232C Interlace
Fluke Model 3010A Programmable PCB Logic Tester £1,500 Hewlett Packard SHF Signal Generator Model 620A 7 to 11 GHz £220 Cireurtry ) £20 Plus €2 p.p. Plus VAT
Fluke Mode! 3020A Programmable PCB Logic Tester £2.500 EEL 245 Microwave Generator 2 45 GHz 20 to 100 W output £150 Speech Synthesiser Cards less “Digitalker” Chips €3 Plus £1p.p. Pius VAT

B. BAMBER ELECTRONICS

Tektonix Storage Dscitloscepe Type 564

£250 Airtech UHF Filter Dupiexer. 3 Cavity Type. Model M450-3A/14

BREAKING TEK 545A SCOPES
FOR SPARES

CRT type T543 P2 £18 each. Mains
£15.

PYE POCKETFONE PF1
UHF RECEIVER

440-470 MHz, Single Channel, int

speaker and aerial. Supplied complete Transformers T601

with rechargeabie battery and service High Voltage Transformer T801 with valves

manual, £6 each plus £1p.p. plus V.A.T. £25. Also Swilches, Knobs, Fans
Capacitors and Metalwork.

METEO{IU‘I\.UGICAL BALLOON orders.

with Water Activated Battery, contains
all-weather sensors, fully solid state, £5
each plus £1 p.p. plus V.AT

P. & P. or Carriage and V.AT. at
15% on total must be added to all

RADIOSONDE RS21

Callers very welcome, strictly be:
NSMITTER tween 9 a.nYm. and 1 p.m and gand
5 p.m. Monday to Friday inc.
Barclaycard and Access taken
Official orders welcome ww2»

5 STATION ROAD, LITTLEPORT, CAMBS CB6 1QE

PHONE: ELY (0353) 860185

CIRCLE 88 FOR FURTHER DETAILS.

Ph Do
Ph

that there is a real difference at Cricklewood Electronics
That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service
from the U K 's number one 100% component shop. No gimmicks. no gadgets or
computers, yust components, millions of them, all easily available by mail order
calling or credit card telephone orders Just pick up the phone (or a pen) to get your
FREE copy now (no SAE required). You have nothing to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET
Tel: 01-450 0995/01-452 0161

Telex: 91 4977

| ‘ =
- CIRCLEQFOR FURTHER DETA[LS

. | EWW

Happy Memories

Part type 1 off 25-99 100 up
4116200nS............ 1.25 115 110
4164 150ns Not Texas ........ ... ... .99 .89 .84
4256 150ns .............. ... R 3.65 3.35 310
2114 200ns Low Power . e 1.75 1.60 1.55
6116 150ns ........................ ... ...199 1.80 1.65
6264 150ns Low power ... ... . .. . 5.00 4.45 4.00
2716 450ns 5 volt . .. 3.45 3.30
2732 450ns Intel type .. .. .. 4.25 410
2532 450ns Texas type. .. 3.45 3.30
2764 300ns Suit BBC. 2.65 2.50
27128 300ns Suit BBC . 3.55 3.35
27256 250ns ... 7.55 6.95 6.50
Low profile IC sockets: Pins 814 161820242840

Pence 121314 1618242738
Available now — The ROAM BOARD for the BBC Micro. Reads
Roms via a Low Insertion Force Socket and saves their
contents as files, then reloads a file into its sideways Ram as
required. Full details on request.

74LS series TTL, wide stocks at low prices with DIY discounts
starting at a mix of just 25 pieces. Write or 'phone for list.

Please add 50p post & packing to orders under £15 and VAT to total.
Access orders by 'phone or mail welcome.
Non-Military Government & Educational orders welcome., £15 minimum.

HAPPY MEMORIES (WW),
Newchurch, Kington,
Herefordshire HR5 3QR.
Tel: (054 422) 618

CIRCLE 41 FOR FURTHER DETAILS.
ELECTRONICS & WIRELESS WORLD OCTOBER 1985

www americanradiohistorv com



b

SEMICONDUCTORS

BD137

BF259

KS100A

R2008B

lex: 946708

195

IN4002

2N2220

ANGREX SUPPLIES LTD

limax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel:01-677 2424 Te

RST

2N3905

t facilities

b,

Over 10,000 types of vaives, tubes and

to approved

In some cases prices of Mullard and USA valves wil

Il be higher than th
ies with mini

s in stock. Q

ELECTRONICS & WIRELESS WORLD OCTOBER 1985

for any types not listed. S.AE.

CIRCLE 16 FOR FURTHER DETAILS.

www americanradiohistorv com

order charge £10. Carriage and packing £1.50 on credit orders.

Open to callers Monday-Friday 9 a.m.-5 p.m.

BI!38 BF336 0.30 MIE340 079 0C24 RN 3.2
AAILY 010 | ASY27 om0 | BCI7T7  0as BD139 BI337 030 | wmie370 073 | 0C2s 1.75 258‘,’3., T INA3 [ 3;‘%3; o2k | |j2R3u0e
AAY30 ASZIS 220 | BCI7® 028 | BDI0 BF338 030 | MIZ371 105 | OC26 150 | Ticas K  oax | onduod 004 2 - p
AAY33 ASZ16 2.00 BC179 0.15 BD 144 BFS21 100 MIES20 075 OC2K 5 50 CRD l‘zu IN40OOS 0.04 2N2223  71.50 2IN4059
E 5 9 4 E . IN4006  0.04 | 2N2368  0.23 | 2N1060
AAZL ASZ17 160 { BC182 0.1 BDIRI BFS28 280 | MIES2] 073 0C29 440 | TI209 029 007 005 | INIIESA 023
AANZ1S ASZ20 150 BCI83 0.9 BDI83 HFS61 0.30 MIE2955 2,25 OC35 o TTRsoN s IN4007 - 0.05 RN [ 23 | 2Navel
AAZIT ASZ21 475 | BCIBZ 0t | BD237 BFSOR 030 | MIEI0SS 200 | OC36 400 | Tibaon 036 | imaves  oos | NG 028 | IN4062
ACI07 AUY10 356 | BC212 o1 | BDI3s BEWIO 504 [ MPFI02 085 | OCH 120 | TIp3iA 03¢ | Inalas 048 | IN26 018 |
AC12S BALIS 013 | BC213 001 | BDX10 BEWLL L0l | MPFI03 0085 | OC32 150 | Tbiza 028 | ey 00 1 N aia a3 [ N6
AC126 BAL48 015 | BC214 ol | mpX32 2. BEXS: 028 | MPEI0Z 055 | OCI3 130 | 1ipasa 0.5 | isart oes | Naene™ 930 | Az
AC127 BAIS4 006 | BC237 009 | BDYIO 2 BFXSS 028 | MPFI0S 0.55 | OCs4 125 | 1ip3in 060 | oo 0.4 4 2905 000 | IN4zeE
ACI128 BAISS 0.1 BC238  0.09 BDY20  1.50 BFX#7  0.28 MPSAGG  0.17 0C4s 0.85 TIPA1A 038 5920 o 2N§909 Gizzp] prsans
ACI31 BAIS6 006 | BCII 036 | BDYed IS0 | BEXx8 028 | MPSAS6 017 | OCTI 065 | Tipaza oar | ooay, W12 Ui | WENEHIT
ACIA1K BAWS2 005 | BCI03 036 | BFIIS 030 | BFYS0 028 | wMPSUOI 111 | OC72 220 | qivaees 0w | a030r Lo | 3N3e2 002 aNd40i
AC142 BAX13 005 | BC307 009 | BFIs2 016 | BFYSI 028 | MPSUOs 133 | OC?3 145 | Tip3ess oeo | o L N e Y AT
5 . 5 292 . 545
AC142K BAX16 006 | BC308 009 | BFIS3 019 | BEYS2 028 | MPSUSe 171 | OC13 140 | zsiao. oos | 200 M0 INGesy Ol | s
ACL76 HCI07 0116 | BC327 012 | BiI54 047 | BEYed 036 | NESSS 045 | OCTS 140 | Zsi70 031 | neor e | IN3oer oot 2Nss
AC187 HCIOK 06 | BC328 002 | KFI59 020 | BEY9) 065 | NKT401 400 | OCTo 160 | 29178 054 | oneer 00| INier 055 | 2Ns4se
ACI88 BCI09  0.16 | BC337 042 | BFI60 020 | BSX!9 027 | NKT403 350 | OC77 275 | 58371 023 | omeST 00 | i ey | 28017
ACY17 BCII3 002 | BC338 012 | BFles 035 | HSX20 027 | NKTH01 200 | OCR1 090 | 73598  oe7 | nook Q38 ] M 000§ 25019
ACY I8 BCIl4  0.12 BCY30  3.75 BE167 030 HSX21 027 OAS 1.75 OCBIZ  1.20 ZTX107 012 5”;“‘ oy 22344£ “"7,5 o
ACY19 BCIIS  0.12 RCY3L 375 BFI73 045 BTI06  1.65 | QA7 075 | ocg2”  09s | Frxiof ou3 | nvee 020 ) INIMZ Lo | 28028
ACY20 BCI16  0.19 BCY32 375 BF177 0.30 BTY79/400R OA10 .55 ocs3 1.40 ZTX109 0.12 oo ‘“5 zN37(I) onn | Box
ACY21 BC117  0.24 BCY33  2.50 BEL78  0.30 2.00 0A47 0.15 o84 1.40 ZFX300 013 N O'i‘ 323703 o || ZSie
ACY39 BCIIK 030 | BCY3S 280 | BF179 030 | BU205 120 | OA70 022 | OC122 650 | Zixior oa3 | oniidl 0384 SNdT03 0l ) 25302
AD149 BCI25 025 | BCY® 360 | BFIS0 030 | nU206 120 | OA79 021 | OCI23 650 | Z1xi0s 014 | 32 038 2NaTod 0.1 25303
ADI61 BCIZo 025 | BCYW 300 | BFISI 025 | BU208 200 | OASI 021 | OCI30 1200 | F1X305 014 | owidoz  L80 283705 01| 25322
ADI162 BCI35 018 | BCY42 032 | BRIB2 030 | Y100 042 | OABS  0.21 | OCI40 IR0 | Z1X308 on4 | oNi303 Quu f INST06 01 ] 28324
ADZ11 HCI36 018 | BCY43 045 | BRI 030 | BYi2e 015 | OAS 008 | OCIAl 1M00 | Frx31) o043 | ani30d L0 NS0T 01| 28700 i
ADZ12 BCI37 022 | BCYSS 025 | prigs 030 | BYI27 015 | OA9l 008 | OCIT0 440 | Frxsis o | INI30SLed | 2N gw | 2745 k78
AFI06 060 | BCli7 002 | BCYI0 021 | BEigS 030 | BZX6l 017 | 0A95 008 | OCI7TL 440 | Zixs00 o011 | omiags Voo | 3narve  oay | B7ea 18
AF114 3. BCl48  0.12 BCY71  0.21 BF194 0.15 Series OA200  0.15 0C200 400 ZTX501  0.14 N 0 "‘? IN37 .'”
AF11S 3.50 | BCI49 0.3 BCY72 021 BF 195 0.15 BZY88  0.10 OA202  U.15 0C201 St ZTX502 0.4 NI 308 4";” IN 7“ P CV Devices
AFll6 380 | BRCIS7  0.12 BCZ1l 350 BF196 0.15 Series OA211  1.00 0C202 ZTX503  0.14 NI IO §N37;i ) Large stocks
AFHI7 400 | BCI58 013 | BDILS 035 | BFI97 015 | CRSI/40 0.60 | OAZ200 150 | OC203 550 | 71xs0s o0 | awiedd o301 %305 18 Prices on
AFI39 055 [ §4Ci59  0.12 BD123 0 BF200 0.3} CRS3/40 0,75 OAZ201 150 0C204  7.00 ZTX531 020 | IN1%93  0.30 | 2N3819  0.50 appiscation
AEI86  0.75 | BCI67  0.10 BD124 -50 BF224 012 CRS3/60 0.90 OAZ206  1.50 0C205  10.00 ZTX550 .25 ON2147 K00 | 2N382 i
AF239  0.65 | BCi70  0.09 BDI31 42 BF241 0.12 GEX66  3.00 OAZ207 150 OC206  8.50 INS14 0.05 N214 iy ING ol
AFZII 400 | BC171 011 | BDI32 042 | BF23 035 { GENsal 650 | OCie  so0 | OC207 1800 | [ngle  one | Sheldf 278 | 2hosas 080
Arziz - so0 | sciz2 ow | BDI3S 0 BI2ST 030 | GI3M_ 300 | OC20 600 | OCPIL 280 1| |Ngooy o4 | SNZSIE 0313 SRoHEE 100
ASY26 130 | BCI73  oov | BDI6 027 | BF258 030 | GM0378A 175 | OC22 450 | ORPI2 240 i 2h22ly syl IS000L KTy
E130L 1850 | EF86 3.50 GXUI 1535 oD3 250 | QY365 od.l4 UF41 10 [ 4254 8000 | 6CG7 256 | 12aU7 LIS |ssas 150.00
VALVES ! Eisocc 1030 | EFss  Zs0 | ¢xu: 3000 | oz 350 Y3125 72.00 | UF42 210 | 4400A 8700 | 6CH6 1308 | 12AV6e  2.50 | ss41a  130.00
EISOF 1208 | EF9] 295 GXU3  15.40 PC86 1.50 Y4250 74.00 | UF80 195 | 4832 20.00 | 6CL6 398 | 12av7 380 | G5n 15838
Al834 9.00 | EI82CC 13.25 | EF®2 6.3 GXU4 4450 PC88 250 Y4-400 80.00 | yFss 178 35 12000 | CW4 s00 | 12AX7 195 | 5642 9.00
A2087 1350 E186F  11.50 EF93 1.50 GXUSO  20.00 PC9S 1.7% QYS$-500 199.00 UF89 2.00 | 4CX250B $8.00 | ¢D2 1.50 | I2AY7TA  4.00 | s654 3.00
A2134  17.50 EI88CC  8.91 EF94 2.50 GY501 3.00 PC97 1.78 QY 5-30004 UL4) S.00 | 4CX350A 10500 | 6DKé 300 | 12B4A 3.50 | s651 4.45
A2293 1600 | E280F 2251 | EF9s 5.9 G232 4.00 PCY00 1.7§ 472.00 ULs4 175 | 4X150A 0. 6DQ6B 475 | 12BA6 250 | 3670 450
A2426 2750 | E283CC 12.00 | EF%8 1.00 GZ33 475 | PCCS84 LSO | Qzos20 3270 UMs0 200 | 4XISOD 5600 | GEA8 300 | 12BE6 250 | se7% 00
A2521  25.00 E288CC  17.50 EF183 2.00 GZ34 4.00 PCC8S 1.50 RI0 6.00 UY4i 225 | SB2SaM 3500 | ¢EBS 250 | 12BH7 275 | s¢87 .00
A2900 15.00 | EAS2 12500 | EF184  2.00 Gz37 4.75 PCC88 2.0 R17 3.00 uyss 225 | $B2SSM 35.00 | sEws 225 | 12BY? 300 | s¢96 e
A3343 4500 | EA76 250 | EF8045  12.00 KT61 500 | PCCBY 175 | RIS 3.00 VLS631 1500 | 5C22  160.00 | ¢F6 300 | 12EI 2000 | s718 7.50
AZ31 296 | EABCso 125 | EF$0sS 15.00 KT66 15.00 | PCCI®9 250 RI9 9.24 XG1.2500 55.00 | SII80E 1650.00 | ¢F23 160 | 12ENTT 2800 | 5728 5o
AZ41 2.60 EAC91 3.5 EH%0 1.7% KT77 Gold PCC80S 1.60 R20 2.50 G2 . SR4GY 315 6F28 1.66 12E14 65.00 | $726 137
BK448 114.90 EAF42 2.5 EK90 1.50 Lion 12.00 PCC806 1.60 RG3-250 32.68 141.90 SU4AG 3.00 6F33 33.50 13E1 170.00 | $727 1.05
BK484  155.35 EAFg01  2.00 EL32 2.50 KT88 Gold PCES? 2.00 RG3.-250A 32.68 XGS-s00 30.00 | SUAGB 2.5 | ¢HI 14.00 | 19H4 27.50 | $749 2.5
BS90 58.00 EB4I 4.00 EL33 4.00 on 20.00 PCF80 2.00 RG3-1250 $9.50 é2 o V4G 250 | 6HIN 2.7 | 19HS 47.50 | 8751 “oe
BS810  60.00 | EB9I 1.50 | EL34MUI 4.00 KTWél 250 | PCF82 1.50 RG4-1250 61.60 162 SYIGT 250 | 6H3IN 275 | 24B9 6725 | $763 Pt
BTS s8.95 | EBC33 250 EL36 .50 KTwe2 250 | PCF86 2.5 RG4-3000 99.45 XR1-1600A $Z3 400 | 6He 300 | 30CIS 2.00 | 58144 o
BT17 15100 | EBC4l 250 | EL4I 2.0 KTWe3 250 | PCF87 200 | RR3.250 40.00 $3.75 | SZ4G 250 | )4 ss0 [ 0C17T 200 | sgep “o0
BT19 4405 | EBCsI 1.50 EL42 2.50 M8079 1234 PCF200  3.28 RR3-1250 45.75 XR1-3200110.00 | SZ4GT 2.5 | 6J6 8.93 | 30CI8 2.00 | Sgaz 12.00
BT29 915 | EBC® 125 | ELSI 5.5 Mg0os0 825 | PCF201 328 | SIIE12 65.00 XR1-3200A 630L2 175 | 6)7 475 | WFS 160 | s876A  31.50
BT69  354.80 EBF80 1.50 ELS3 600 MB081 982 PCF801 250 S130 6.00 XR1-6400 6AB4 115 | 6JEe 7.80 | 30FL12 138 | sg79 500
BT9s 12990 | EBF83 175 | ELB4 125 | Mgog2 969 | PCFS02 230 | SI30P  6.00 150.00 | 6AB7 3.00 | 6k4N 250 | FLI2 180 | S¥86  17.50
CBL31 400 | EBF® 150 EL86 175 M8083  10.2s | PCF80s 170 STV280-40 YD1120 395 6AC7 3.00 | oK6GT 275 | JOFL14  2.00 | 5963 2.50
CL33 400 | EBL3L 1000 | EL% 3.28 MB809] 1043 | PCF806  1.70 14.00 YDI240 490.00 | 6AF4A 428 K7 i LI 1.50 | 5968 1%
CY3l 3.00 EC%0 1.25 EL91 7.39 M809%6 680 PCF808  1.70 STV280-80 803U 25.00 6AG?7 3.00 6,(3 ;‘w 30L1S 2.00 | 6005 228
CIK 2000 | ECII 8.00 EL95 2.00 M8097 810 PCL82 2.00 21.00 Z7%9 2500 | 6AH6 5.08 gm 7'°° WLI17 2.00 | 6021 50
C3A 2000 | EC92 L7s | EL1S6 3000 4 Yuoox gis | PCL83 300 | SU4I 5.00 | 7Mlgoo 800 | OAKS 59 | (G o | 0p4 2.50 | 057 12.28
Cija 2200 | EC1S7 440.00 | EL360 850 M8099 800 | PCL8 200 SU42 1000 | ZMiool so00 | 6AKs 250 | ¢lecA 3% | sopis 250 | 4058 1234
DA4l 2500 | ECC33 450 ELS500/504 3.00 MB100 1030 | PCL8S  2.%0 TD03-10 35.00 ZM1020 900 | GALS 199 | J0GC 478 | 3OPL1 3.00 | 6059 .00
DA42 1870 | ECC3S 450 | ELSOS 10.00 | )50 3o Lss 250 | TDO3-10F35.00 | Zmioz) 900 | 6AMS 400 | a'eGT 300 | OPLI4 130 | cog1 600
DAF91 1.5 | ECC4  s50 | ELS21  13.00 M8137  12.26 | PCLB0S/8S 2.50 TTIS  50.00 ZM1022 900 | O6AMS 26 | o7 250 | JOPLIS  1.80 | 663 375
DAF9s 175 [ ECCBI 175 ELs22  1a.97 M8140 600 | PDSOO  6.00 TT21 30.00 ZM1023  9.00 | 6AMs 6.02 | eN2P 250 | 35wW4 1.00 | 6064 10.28
DET22 3500 | ECC82 1.75 ELL8G  19.00 M8141 6.50 PEOS-40N 45.00 Tra 37.50 ZMI0A0 1936 | O6ANS 475 | 6N3P 250 | soCs 1.50 | 6007 1178
DET24  49.00 ECC83 1.78 EM34 8.00 MB142 8.75 PFL200  2.50 TTI00  60.00 ZMI04]  16.66 6ANBA 1.5 N7 3.00 75B1 6.05 | 6072 .00
DF91 1.78 C84 1.78 EM30 2.50 MB144 7.5 PL36 2.50 TY2-125 65.00 ZMio42 1777 6AQS 3.28 | ¢p2s w00 | 75C1 4.50 | 6080 14.00
DF9% 1.75 | ECC8S 175 EM81 2.5 MS149 650 PL81 1.75 Y4-400 84.00 \BIGT  3.00 | 6AS6 16 | o7 175 | 83AL 7.50 | 60974 23508
DK9I 1.75 | ECCs6 250 EM384 2.00 MB161 9.35 PL8IA  2.00 TY4-500 110.00 | By 25000 | 6AS7G 875 | (5 325 | ®5A2 6.45 | 60378 200.08
DK92 2.00 ECC88 3.50 EM8S 2.7% M8162  11.7§ PL82 1.50 TY5-500 225.00 IBISA  48.00 6AT6 1.25 | gRHHE 6KN8 90AG 20.00 | 6146A  12.00
DK% 1.75 | ECC8  2.00 EM87 2.50 M8163  8.25 PL83 2% TY6-800 220.00 | |3 64.00 | 6AUSGT 5.00 10.00 | AV 20.00 | 6146B  12.00
DLY2 2.00 ECC91 .9 EN32 25.00 MB190 500 PL84 200 TY6-5000A IRS 1.75 6AUG 2.5 6SA7 300 1 00 | 61598 19.00
DI94 1.7s | ECCls® 210 ENv1 6.50 M8I9S 1085 PL304/5  2.50 $15.00 | oo 175 | 6AVSGA 450 | 5C7 2,78 1454 | 6139 950
DL9% 1.75 | ECC807 178 EN92 6.9 M8196 7% PLS08 .50 TY6-5000B T4 115 6AVE 150 | 6SF7 2.50 15.45 | 6201 1.4
DLSI0  14.00 ECC808  3.00 EYSI 2.75 M8204 705 PL509 6.00 3 2AS15  11.%0 6AXSGT  3.00 6SH? 309 92AG  20.00 | o442 20.00
DLSIS  12.% F30 1.50 EYS81 2.50 M82i2 1137 PL519 6.00 TY6-5000W 2C9A 0.0 6B7 3.25 | 687 325 | 92AV 20.00 | 4550 3.00
DLS16 1250 | ECF82 150 EY83 2.50 M8223 600 PL80I 1.50 4 2C43 70.00 | 6B8 325 | esK7 350 | 95A1 845 | 68838 12.50
DLS19 12.50 | ECFss 250 | EY84 924 | Ms224 630 | PLB02Z 600 | TY7-6000A D21 325 | 6BAS 150 | 6SK7GT 3.0 | 150B2 650 | 6973 <o
DM70 200 | ECH3s  3.00 | EY8S L75 | Msa2s  4s0 | PY33 2.50 $52.00 | g 825 | 6BA7 500 | 6SN7GT 3.0 | 150B3 835 | 7025 300
DM71 200 | ECHQ 3.5 EY33 1.75 MB248  14.03 PY81 1.50 TY7-6000% 2j42 98.00 | 6BABA  4.00 | 65Q7 a0 | 150C2 3.25 | 70274 8.0
DMIe0 475 | ECH81  3.00 EYS00A  3.00 MD2901 115.00 PY82 1.50 $52.00 | %)ss 245000 | 6BC4 4.00 | 4SR7 a0 | 150C4 6.00 | 7351 .25
DY87 1.50 ECH83 2.50 EY802 1.7% MUI4 2.5 PYS83 1.28 TZ40 25.00 2]70A 383,00 6BE6 1.5 6587 275 211 3500 | 7586 15.00
DY802 1.50 ECH84  2.50 EZ35 1.75 MX119 S50 PY88 2.00 U18-20 3.50 2]70B 33600 6BH6 2.5 6USG 35 | 721AB  125.00 | 7587 23.00
ESSL 50.00 ECLS80 1.5 EZ& 2.5 MX123  76.00 PYS00A  4.00 u19 13.75 2K2s 125.00 6BJ6 225 6UBA 225 803 25.00 | 7609 56.00
EXOCC. 15.00 | ECL81 175 EZ41 150 | uNIE s670 Y800  1.50 u2s 2.50 3400z 11500 | 6BK4 4 | eveGT 225 | 805 45.00 | 7868 .00
ESOCF  11.27 ECL82 1.50 EZ80 1.50 MX151  17.2% PY801 1.50 26 2.50 35007 100.00 6BL6 85.00 X4 200 | 807 3.75 | 7895 12.00
ESOF 1419 | ECLS3 3.0 | EZ8I L3 | Mxis2 13025 | QF4s1  s2se | U7 1200 [ 35 300 | SBLIGT 450 | ¢XSGT 1.7 | 81IA 1833 { 8005  110.49
ESOL 1373 | ECL84¢ 150 | EZ% 3.00 | Me) 15275 | QQVoz-6 3400 | UABCBO 125 | 334 1100 | 6BMs 11508 | 787 250 | 812A 3300 14.00
E81CC 8.00 | ECLSS 1.58 Fw4as00 3.50 MX163 2025 QQV03-10 25.00 UAF42  2.50 3B28 15,38 6BN6 2.08 7CS 400 | 813 valve 65.00 | 8122 140.00
ESIL 13.27 ECLS86 178 FW4-800 3.50 MX164 2982 QQV03-20A UB41 3.00 3B29 2005 6BQ7A 3.50 7C6 250 | 833A 193.16 | 8136 2.5
ESBIOF 35,48 | EF37A 5.0 G1.371K  35.00 MX166 147.00 48, UBC4) 228 IB240M  17.50 6BR7 6.00 TH? 400 866A 20.03 | 8417 .00
E82CC  B.10 | EF39 275 | GSSIK 1200 | Gl gosg | QQV06-40A UBF89 150 | 3p2/M 1750 | 6BRSA 3. | 7R7 425 | 8724 2000 | 18042 1153
EBICC  8.40 | EF40 500 | Gisoam 1750 | N 15,00 46. uccse 175 | 360 2500 | 6BS? €00 | 757 s | 92 00 | 15045 1049
E86C 8.2% EF41 3.50 G240.2D 12.00 OA2 ,'25 QOY07-50 64.74 uccss 1.85 3C4s 2450 6BW6 500 TY4 228 93IA 18.50 Tested
E88C 8.25 EF42 4.5 G400.1K  17.50 OA3 2.50 QUZLe-suA UCF80 2.00 ICX100AS 47.00 6BW7 1.50 724 .00 1624 4.00 | Ex-Equipment
ES8CC  10.33 | EF50 2.58 GN4 9.00 OA4 6.00 62.20 UCH42 2.5 3E29 45.00 6BX7GT  S.08 11E3 $5.00 1625 3.50 | 4CX250B 6.50
E9CC  9.47 | EFs4 500 | GN4A 900 | o) o3 | QU 12 UCHs) 250 | 35 e | ¢BZs 275 | 12aHE  see | 2050 CV Devices
ESOF 9.90 | EFSS 3.58 | GS16 1600 | (p3 258 | QVor12 630 UCL82 175 | 3y, rrs | eca 135 | i7aT6 158 | 9212E 20888 |  Large stocks
E9IH 6.25 | EF80 1.7% GTIC  25.00 oc2 3 | Q47 315 ucLss 275 1654 e00e | 6CBOA 258 | AT 1.75 | 4212H  308.00 Prices on
E%CG e i a0 ﬁgzo g-: oc3 158 | QV08-100188.00 4125A 000 | 6CD6GA S8 | 12aU6 250 { 554+  110.00{  application
b GUSI d
. 74520 0,75 745 1.75 TAAZTN
486 - -
INTEGRATED CIRCUITS 74120 053 | 7500 120 ] TAAST
490 L ! d
BASES CRTs ;ér?lm ?232 383!;?; {3:2 7400 0.35 417 0.48 7442 1.25 491 ji?; ::,7‘:: 7j: f,";',' 1222(::;\
2AP1 8.50 | SCPIA  40.00 7401 036 420 0.48 7450 0.30 402 3005 00 | 79173 oen | ThA4800
B7G Unskirted  0.40 | ZBP1 9.00 | SEPISA 15.00 7402 0.36 7422 0.36 743 0.30 193 Hioh  was | 75 T |oreasang
B7G Skirted  0.50 ;g‘;‘l lg-: BL(I;W zggg [T e e ;j;; e n 105 05R e toe | TeAsEe
9, r g 7-5 63, 42 z .36 ¢ 3 § , E
Honsmned 0401 3EGI 1000 | DE7S, Sgier | CRTsockets | qas our | 700 o | ew  ode | 79 s goongl T OER () RGO
R9D 0.5§ | 3FP7 6.00 | DG7.32 $8.07 Prices on 74060 .48 7428 (81 7470 048 447 71133 130 731091 10 1‘1&\4.7‘
In1 Octal 0.40 ;ﬁfll €% | DG730 §5.00 | application Gl 0.55 i 0.30 Rz ey e 445 072 1 a2 130 | TBATD
L g DH3-91 56.83 K 0,36 432 [T 47 i, ] " 0 -2 s
Locl e 2oe | NP2 8.0 | DH71I 113.12 IT/C sockets 7409 06 133 036 7474 036 3109 B 1 o | A ;:/:;51(»)()
Valve screening 3jP7 10.06 | yCR97  12.00 G 7410 .36 7437 0.36 7478 0.03 S0 it el e loos N TEen
L cees 0.40 | 3KPI 15.00 | yCRj38 12.00 low profile 7411 040 [ERE 0.36 7470 048 411 N 036 1o 10 BAY20
. 3RPI 35.00 | yCRI3BA 1250 | B pin 10p 7412 0.42 7439 0.36 7450 0.32 sl IR ] 57 tao | Thavio
IWPI 2000 | yCRI39A 8.00 | ldpin  10p 731 0.36 1430 .36 7483 018 411 74055 men | oraos 20 | vCArmon
16pin  10p | THl6 038 7441 048 7483 072 Ml 7315 048 | 7410 220 | veATauA
Terms of b : CWO. P ge and packing valves and semiconductors 50p per order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. Telex 946708
. M oss advertised. Prices correct when going to p-ess. E.&OEFE
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TELESCOPIC MASTS

Pneumatically cperated telescopic masts
25 Standard models. ranging from 5 metres
to 30 metres.

Hilomast Ltd

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

34

Still the most outstanding, single board
computer with thousands of satisfied
users in industry and the home.
Full range of extensions and add-ons
also available.

'Phone or write for further details now!

Lucas Control Systems '

Lucas Control Systems Limited
Welton Road, Wedgnock Industrial Estate, Warwick CV34 5PZ.

Telephone: 0926 497733. Telex: 312333.

CIRCLE 107 FOR FURTHER DETAILS.

METER PROBLEMS?

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

Telex: 892301

CIRCLE 112 FOR FURTHER DETAILS.

173MHz FM TELEMETRY RADIO LINK.

8 Range up to 100 metres

& Modular, Wall Mounting
Transmitter + Receiver

W Direct Baseband Inputs +
Outputs (3kHz B/W)

M Operates to MPT1309

W Each Module 86x104x45mm +
requires only 30mA dc at 7.2V

B Selective Baseband signalling
by ‘add on’ modules available
shortly.

ADENMORE LTD

27 Longshot Estate, Bracknell, Berks. RG12 1RL Tel: 0344 52023

CIRCLE 87 FOR FURTHER DETAILS.
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Half-megabyte

memory for SC84

‘Silicon disc’ using 256K dynamic memory

chips has novel refresh system.

I use a microcomputer primarily
as a means of developing sof-
tware and of writing long docu-
ments, such as this article. My
SC84 computer gives better per-
formance than many other com-
puters but the discs don’t go
round any faster than anyone
else’s. When working back and
forth between the ends of large
files with Wordstar or when per-
forming a major assembly, disc
operations take a lot of time.

The reason for this is clear
when one watches the process. In
both cases the computer is
operating with more than onefile.
In word processing, the compu-
ter memory acts as a ‘window’
into the file. As this window
moves up and dowr a file larger
than the free memory available in
the computer, temporary files are
created to store the data ahead of
and behind the window.

In program development,
assembly means getting data
from the source file and sending
data into object and listing files.
Switching between the files takes
time as the drive head has to tra-
verse the disc surface many
times. There's wear and tear on
the drive and the computer oper-
ator, both of which can be elimi-
nated by the use of what has
become known as a ‘silicon disc’.

Silicon disc is a large memory
used either as a buffer into which
the working disc’s contents are
loaded or, as in this case, treated
as a pseudo disc. The system
described consists of a 512Kbyte
memory, accessed as one of 256
2Kbyte ‘pages’.

Pages are selected by writing
an 8bit value into a register on the
silicon disc unit. This is rather
like writing to the track-number
register of a floppy disc con-
troller. Once selected, the page
may be accessed directly or by
‘mapping’. In mapping, a block of
memory can be made to substi-

tute itself for an equivalent block
of system memory. SC84, as with
any other good computer design,
has a mapping facility. The
advantage of mapping is that
areas of system memory are not
permanently committed to tran-
sient facilities (the v.d.u. in SC84
is a good example of this). One
must choose the mapping area
carefully though as it is obviously
not possible for code executing in
the area of system memory to be
mapped out to access the mapped
area. For this reason, switches
allow the unit to be permanently
allocated or to be mapped to any
2Kbyte block within an 18bit add-
ress range. The silicon disc is
seen as an adjunct to the disc
operating system and so, for
SC84, the mapping is over the
section of memory even more
fundamental than Scidos itself,
the resident operating system
Mcos.

The half-megabyte memory is
in the form of 16 256Kbit
dynamic memories, although the
unit can be built with only half of
this capacity. Thought has been
given to making the silicon disc as
versatile as possible. As such it
relies on only two system signals;
oneindicates that a memory cycle
is taking place and the other that a
read operation is occuring. In a
7280 system these would be
MREQ and RD; in an 8086 sys-
tem they would be a combination
of ALE and 10/M and the RD
signal.

Note that no reference is made
to external refreshing. The RFSH
input shown on the circuit dia-
gram is offered as a means of
reducing unnecessary power
consumption in Z80 systems.
Refreshing of the memory is
achieved by a combination of
some rather clever facilities pro-
vided in the memories specified
and the way in which the silicon
disc is used.

ELECTRONICS & WIRELESS WORLD OCTOBER 1985

An explanation of the design
philosophy behind multiplexed-
address dynamic memory was
given in my recent series on the
SC84 computer®. Suffice to say
that in addressing dynamic mem-
ories, the address of the locations
to be accessed is latched into the
memory in two parts — a row
address and a column address.
This saves pins and thus cost on a
256Kbit device which otherwise
would need 18 address pins. It
also allows refreshing of the
entire memory by regular access-

by J.H. Adams,
M.Sc.

* SC84 is a 4/6MHz Z80-based computer
running the Scidos operating system for
CP/M software, described in the May,
June, July, September and October 1984
issues. The three-Eurocard circuit board
set for this project is still available.

Specification and performance

Memory capacity is 512Kbyte organised as 256 ‘tracks’ of
2Kbyte each and power requirement is +5V at up to 0.5A,
depending on the system cycle rate.

To test the performance of the ‘silicon disc’ compared with a
conventional system, | used Wordstar to edit a 120Kbyte
source file. The procedure was to perform a global alteration
through the file, to save the file using tKS to move to the end
of the file using tQC and then to move back to the start using

tQR.

Timings for these operations on SC84 with and without the
silcon disc and for a DEC Rainbow are shown in the table. As
shown over extra time taken depends very much on the
distance moved by the drive head during the magnetic disc
tests, the SC84 and DEC tests were carried out under
optimum conditions, i.e. with only the source file on the disc.

The fourth column in the table indicates how long a
computer would take with a typically full disc. During the
alteration, screen update was suppressed by pressing ESC as
otherwise the test would have reflected the speed of screen
update rather than of disc access — a factor which would have
considerably increased the DEC timing.

The final test was to assemble a 20Kbyte Z80 source
fite to produce an intermediate file which would result in
approximately 2Kbyte of object code, and a listing file. The

assembler used was M80.

These tests are reasonably representative of typical uses of
the silicon disc. Other advantages, particularly noticeable
when using Wordstar, are that messages and overlays load
and present themselves instantly and noiselessly.

www americanradiohistorv com . -
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MEMORY EXPANSION

MRE

o

19¢ oy 8{\\
2N 2369

11a Apto A4
‘210‘ I
200 +5V _l_
7o y 120 T .

3,4,

173.1%. Use lLiberal supply line
3(1+ Do toD7 11-18 1cy i7,18‘ I decoupling
G nszs |0 |nisan 3y

. 15:16,19 2358600 [ sion] 23563 i
T v | T
/ Pin numbers suffixed ([ 13 10y 1Cs
o8 tefer faLarinted O qn iCo 7415158 7% 15158 415158
circurt mounted /
connectar to ( = \127ALSOB 4,7,49.12 49 4,712
DIN 41612 64796 g
— 2,14 1,5-7,9-13
B0 1lepsd :
Ne - Two banks of eight HMS50256-15 or ) IS
\/ LS 14 equivalent (see note below) - 1010 g J
21c 10 o~ G271z
it 12 1~ 15 159, Flw
1250 | 14 16 3~ “ J ! ’ 04
PR 5] uises |1~ = X3 t+—i 1 Ry
6] 5] 8 iCp ‘ "B A /RB‘«—}TC?OE—” Itn|, ¢ 30
: 2 18,15 ! VAVA RS 1, 2
| i 2 o | e 0 NN EW A
| w6l 3l s 10[ 1 13[6 5 L.I L ﬁﬁ
128a 10 ) ~ 3
26a | 12 NS b
260 ! w1y 3] L
2a | 1) 761585 |1~ _§_
3 R2 S2k2 1C12-27 all pins connected in parallel except
[ < for pins 15 which are parallel within each bank
{— iant dota lings, scth dara me. feedm —ce 2d By
MEMDIS < . g - ICnjo~
R & 3k3 one IC from each bank 12 1Y

For printed circuit board, add 400 to reference
numbers

e.g ICy becomes I1C401

9c | RFSH

8

Half-megabyte memory
expansion circuit. Pins 15 of
the three LS158 multiplexers
are connected to ground,

Kits and p.c.bs

Memory board kits excluding
p.c.b. are £92 inclusive from
John Adams at 5 The Close,
Radlett, Hertfordshire WD7
8HA. This price is £93 for
readers in other parts of
Europe and £94.50 for those
outside.

Plated-through-hole p.c.bs
for this project are £16
including UK or overseas
postage from Combe Martin
Electronics, Kings Street,
Combe Martin, North Devon
EX34 0AD.
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ing of all rows.

The Z80 has an inbuilt refresh
generator consisting of a control
line and a seven-bit counter
which is regularly incremented
and output during a period when
the Z80 doesn’t need the external
bus. While memories were
addressed seven bits by seven
bits (16Kbits) this was accept-
able. When 64Kbit devices
appeared, most were made to be
actually seven bits by nine inter-
nally, although addressed as
eight bits followed by another
eight. This meant that a Z80
could still refresh these devices
but it did make the i.cs more diffi-
cult to fabricate.

Some device manufacturers
attempted to make their 64Kbit
chips more versatile by building
an equivalent of the Z80 refresh

generator, but with 8 bits, into
their dynamic memories and pro-
viding a pin to implement the
refreshing process. This was a
good idea as it allowed other
refreshing techniques such as
standby refreshing to be imple-
mented but it took away a much
needed pin. When 256Kbit i.cs
were designed, this pin went to
provide the ninth address line but
in certain devices the internal
refreshing mechanism has sur-
vived.

As mentioned, the address is
latched into the memory in two
parts by means of a negative
transition on one of two control
lines, row-address strobe RAS
and column-address strobe CAS.
The standard operating sequence
for a dynamic memory of this type
would be as follows. Begin with

Test Silicon disc  SC84 DEC rainbow SC84 typical
Alteration 43 170 179 182
KS 2 18 17 22
QR 12 47 62 160
Assembly 22 110 102 115

both RAS and CAS high, apply the
row address, switch RAS low,
apply the column address, switch
CAS low. After this a read, write,
or read-then-write operation may
take place on the addressed bit,
depending upon the WR control
line. Strobe RAS may be taken
high again a short period after
CAS has gone low and, as a varia-
tion, CAS may then be repeatedly
pulsed to latch in the addresses
of, and therefore access, other
bits within the same row.

What never happens in a con-
ventional addressing situation,
and what is exploited in the
devices under review, is that RAS
should go low while CAS is low.
My words are carefully chosen as
the data sheets for most 64Kbit
devices do show a mode called
‘hidden refresh’, where after CAS
has gone low and data is being
accessed (RAS goes high), the
address of arow to be refreshed is
applied and RAS goes low, forc-
ing a form of refresh. The differ-

Continued on page 93
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® INFORMATION e

INSTRUMENT
RENTALS

A NEW SERVICE
FOR READERS OF

ELECTRONICS
&
WIRELESS WORLD

Instrument Renlals have substanbally increased their range ¢

instruments tor rental in their new 1985 catalogue Testand mea

suremenl. communications. microprocessar development. data

products and fibre oplic test equipment 15 delated in the cata

{ogue which includes their exlremely caompetilive rental rate (or
2riodds af up e lour vears

This information service is a quick
and simple method of obtaining
the very latest literature.

CIRCLE 93
FOR FURTHER DETAILS.

We know you're going to find it useful!

ELECTROPLAN

You will atmust certamly be aware sl Electroplan'sstandingin the
field of electronic measuremenl. for we are the L1K's leading terh-
nical distributor of test and measuring instrumentalion to users
in lechnology-based induostries

lexs well known, perhaps, are our accomalishments in micr:
computer-based instrumentation a refa ively new. hut now
rapidly expanding. arm of our husiness.

Microcomputers from Hewlett-Packard a1d 1BM are stocked
Logether with a wide range of compatible ha dware and software
enabhing customised measurement systems to be configured to
the needs of specific user applicalion

PSI* Electronics have updated their free short form literalure
which includes photographs and inlormation aboul their com-
plele range of connectors.
The literature 15 in full colour. includes stock range additions
such as the Souriau 85] series. and can be obtained by circling the
This hrochure attempts to descnbe our capabilily, and the number on the Free Product Information cond
items listed helow provide some indication of our 1immense PSP 15 a hanchised distnbutar for 11T Cannon. Thomas &
strength-in-depth of standard products tha may be applied to Retts. Transradia, ITT Pomona Electronics. Pandunt and Souriau
measuremenl and control problems and. as alwavs, I’§17 are able to provide technical advice and ser-
Hewlett-Packard Microcomputers ® IRM Personal Camputers vices Lo meel clients’ particular needs
® Software for Hewletl-Packard and (BM Computers ® Scientific Manufaclurers’ catalogues with full product specifications can
Compuler Inleraces and Accessories ® Praogrammable Instru- also he supphed on request
mentation @ [Jata Acquisilion ® Computer Aided Design
We can supplv complete, integrated, messurement svstems.
together with dedicated software. wrilten in house. 10 provide a
complele solutwon for your industnal or scienlific application
It you require any further infarmation, please circle the number
on the Free Product Information cond

/l;e spedalist
n-ppuu with the right

connections

CIRCLE 94
FOR FURTHER DETAILS.

CIRCLE 95
FOR FURTHER DETAILS.

MOWLEM
MICROSYSTEMS

MICROLEASE

The Microl.ease catalogue has been completely resivied. revised
and undated for 1985 86. Mare pages. more equipment. mare
tacts. From THE namen electronic equipment rental. Also, 1985
sees the itroduction of our handy pockel equipment guide — so
vou can carry all the Microlease rental intormation around with
vou

The reason for all Lhis activity is simple — we've concentrated
on expanding our equipment range to hecome the mast compre.
hensive offered by any U K. rental company, as well as improving
the professionsl support services thal have given Microfease
therr unrnivalled reputation for speed. efficiency. quality and relia-
ity

Along with this increase in the range oft equipment on offer
we've made vur rates even more competitive for 1485/86 - with

The Mowlem Technology Graap has recently launched ¢ new
company, Mowlem Microsysters Limiled. Lo develop and market
arange of data acguisition and “ontrol systems hased nn the Al
Autemomaus bata Acgrisitior 1'nit). As part of fohn Mowlem &
Company PLC. Mowlem Techr ology is dedicated to supporting
extensive development pragranimes within its speciahst technol-
wy lields and hasideniified the potential of Lhe ADU as warthy of
substantial group investment. The hasis of this helief hes in Lhe
destgn ol the prodict: the AIY *neets the requirements for an
nlelhigent and highly Mexible device for interlacing belween
transducers and microcosmputers

The design philosophy s suc that the Abtlis compatible with

ADU
Autonomous data
acquisition un:t

A new appioach to

data acquuss

all readily available microcompulers and accepls signals from a
wide range of transducers, as well as providing hoth analogue and
digital oulputs in ats capacity s a progess controller
Theunitembodiesall the nec *ssan hardware and software rou-
ines for dala acguisihion lesl sequencing and adaptive control
The ADU s internal microcomps ter eliminates the need for an in-
depth knowledge of interdacingand software lechnigues and the

discount plans to satisfv the most cost-canscious customer. Bul
despite these even more competitive prices. Microl.ease stillinsis|
in providing greater levels of service — more rehahle delivery
even lighter quality conlrol and complele testing, servicing and
calibration by expert technicians.
Whal's more. we re expanding our equipment range all thetime
to keep pace with technological developmentis. to cover a wider

range of industry apphcations and to meet the changing require-
ments of our customers. In fact. even if the particular umit or svs-
tem vou need 15 not shuwn in These pages. it's more than likely
wailable now - simply phone us with your enguiny. So whatever
your industry, wherever you are in the U k. and whalever your
requirement. Microl ease witl deliver — Thal's why we're THI
name in electronic equipment renlal

sermerely instructs the Ao the nalure of the tests. by inpult
ng simple commands to the hist microcomputer

Thas fleximhity and simplicit- of operation allows the user to
rapidly set upa testing system talored exaclly to his wn require:
ments in a substantially shorte ted development time

THE NAME IN ELECTRONIC
EQUIPMENT RENTAL

CIRCLE 96
FOR FURTHER DETAILS.

CIRCLE 97
FOR FURTHER DETAILS.

SPECTRA STRIP

A new 56-page Designer's Handbhook 15 now available from
Spectra-Strip Lid. and provides complete engineering details of
allthe productsin the company's wide range of ribhon cables and
IDC conneclors. Comprehensive electnical and physical specifica
tions are suppinted by technical drawings, graphs and tahles of
dimensians. tegether with full ordering information

Manufaciured at the company's modern plant in Romsey.
Hampshire. the nhbon cables include Twist ‘N Flat. Round ‘N
Flat, Gronnd-plane. Colowr-caded. Co-ax, lacketed. Gey Zip. Flat-
canductor. Twisted-pair and High-flexing varelies

The compatihle range of 1DC connect ors detailed in the Hand
hoaok include Sockets. Card-edge, Dual in-line plugs, and a variety
ol D-subminiature plugs, receptactes and associaled accessaries
Also detatled isthe wide range of leaders available from Spectra-

This ®pp catalogue from kemae (Fitters) LI gwes tull technical
detalsof the company's range of vanable filters for signal-proces
sign annd alhied applications Filters covered in the catalogue
nelude contimuously variable. digitally sel. mudti-channel, com-
puter-controlled.  anti-ahasing and  noise-easuring  types
Devices are avallable with cul-off frequencies selween 0.4 1Hz
and 1MHz and passhand response down 1o d.u . and among Lhe
latest development features in the catalogue s the company's
new Svstem 998 GIPIB  IEEE senal interface. Copies of the cata-
logue are available free of charge

Th S ectraStnp

P XN # Stap. including Unprotected. 4-wall Protected. and Low-profile
in all their various forms. such as Straytht. Rigthi-angle. etc Des:gners Handbook
=4 The ventre pages of the Handhook provide nformation on NN | =14
¥ KemoO Spectra-Strip's very successful INC Harnessing Service, which 1s 5 x*-—-*m.d

receiving (asl-growing support fram manufacturers thronghout

il the UK o Auito =
CIRCLE 98 CIRCLE 99
FOR FURTHER DETZILS. FOR FURTHER DETAILS.
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CIRCUIT IDEAS

Humidity control

Normally, the extractor fan in
this humidity control circuit is
started when the bathroom light
is turned on and the motor
stops around 20 minutes after
the light is turned off. If relative
humidity exceeds about 80%
however, the motor runs for
about 20 minutes or until
humidity falls below 80%.
Domestic induction-motor
fans of up to 1.5A can be
switched. For safety, check

that the motor is impedance and
overtemperature-protected;
most modern fans include these
features. Transients produced
by switching are damped by a
v.d.r. over the triac but as the
circuit switches at or near zero
voltage this is not a major
problem.

Network R;C, sets the 20
minute delay. A 10V regulated
supply is derived using C;, R,,
D'~ and a smoothing capacitor;
full-wave rectification must be
used to stop C, charging to

peak mains voltage.

The sensor * requires an
alternating signal of less than
1V. An 11V squarewave at the
D, , junction is used for this.
Sensor resistance falls as air
moisture increases and
eventually the signal passing
through the sensor triggers the
timer. A potentiometer sets the
timer trigger level. While the
light switch is on, the timeri.c.
is triggered through C,.

Wiring around the high-
impedance areas of the circuit,

including the sensor, should be
short and well screened by
track areas at mains neutral
potential. The sensor should be
away from the triac and its
wiring and it must, of course,
have access to room air. Bear in
mind that the whole circuit is
connected directly to the mains.
M.R. Hadley

Lyndhurst

Hampshire

*Available from Norbain Electro-Optics

Ltd, Norbain House, Baulton Road,
Reading, Berkshire R62 OLT.
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Add-on current
dumping

Recently, several ‘non-
switching’ class-B amplifier
circuits have been published.
Some of these are complex,
some have thermal runaway
problems and some require
careful matching of devices.
This circuit is so simple that it
can be implemented in any
class-B amplifier, yet it is
effective enough to cure all of
the problems that traditionally
result in crossover distortion.

The idea is to make sure that
the output device is always
turned on, by configuring it as a
constant-current source when it
would normally be turned off.
The principle is not new, but
the realization is.

Transistor Tr, is forced into
constant-current mode by
collector current of Tr,. This
transistor senses the fall in Tr,
collector current as I,R_ falls, so
I,R;, directly compensates i Ry,
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negative feedback through Tr,
being the regulating current-
derived negative feedback
prevents thermal runaway
without the need for special
thermal feedback.

Take care selecting base
resistor values Ry, 5,. Lower
values of around 200Q are
preferred to prevent creation of
an additional pole within the
desired bandwidth.

Drive current I needs to be
set at about twice the value of
Try/Tr, maximum collector
current to allow the drivers to
work in class-A throughout the
full voltage swing. Quiescent
current is set by I; and Ry/R;.
Making R equal to Ry
simplifies calculations.

Generating bias voltage with
diodes allows a simple output
current limiter to be added in
the form of Dy ,.

Erik Margan
Ljubljana
Yugoslavia
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Easy character-
generator timing
adjustment

Display circuits using 6845 or
similar c.r.t. controllers usually
have a system of gates and
inverters to extract strobe
pulses from the dct-clock
divider. These strobe pulses are
for shift register Icading and
data latch enabling.

If this gating is replaced by a
3-to-8-line decoder, the outputs
available cater for most timing
requirements in systems with
up to eight dots/character
horizontally and beyond eight
dots if strobes are not required
in the additional space.

The advantage cf this circuit
is that timing charges are easily
made after constriction without
the need to rewire or patch.
This permits substitution of
character generatcr roms and
v.d.u. rams of vanous speeds
and changes of parameters such
as dot-clock frequency or
number of dots per character.

In the general application, top
left, each 138 decoder output
goes active low once per
character during the
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LS 138 outputs 0 1 2 3 5 B % T ——

before qualification

corresponding dot time. A
switch selects output activity
during either the high or low
pulse of the dot clock.
Alternative qualifying signals
may be applied to the enable
inputs.

Falling edge o the shift
register LD pulse should
coincide with the rising edge of
the shift clock, which is the dot

clock in this case. If the 138 is
switched to give outputs during
the clock low phase, this should
be inverted before being used to
drive the shift register.

The special application uses a
12MHz source to provide a
1MHz CCK signal, a 6MHz dot
clock for six dots per character
and a 4MHz output for a 6802
microprocessor. In the timing

diagram for this application the
138 outputs are shown without
qualification. I would suggest
divider B output for 138
enabling, E, and a 6MHz dot
clock to either E or E.

J.B. Bell
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RS232-to-
Centronics
interface

Serial RS232 data is converted
to a form suitable for driving a
printer with a Centronics
parallel interface using this
circuit. On the AY-3-1015 uart,
for converting the asynchronous
serial stream to strobed parallel
output, the busy line is used to
implement a CTS handshake.
Data rate and number of stop
bits are link or switch
selectable; clock frequency is
16 times the desired data rate.
Whether one or two stop bits
are used depends on the printer
type. The three leds PE, FE
and OR indicate parity, framing
and overrun errors respectively.
D.J. Virden
Cheltenham
Gloucestershire
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CIRCUIT IDEAS
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i.f. Mixer output contains both

the sum and difference of the

two signals, so filtering must be LAtA :

used to provide a signal suitable ?

for a conventional counter.
My circuit uses an all digital Jom

method to subtract the two (R

frequencies and is therefore

more accurate than the
conventional method. Output

from the first local oscillator the count to be recognized is possible to program eight

feeds a decade counter which which in turn controls a gate different i.f. offsets

should be a 74HC or HCT type between the incoming signal simultaneously, and to provide

as frequency here can be up to and the frequency counter. For  a true frequency indication by

40.7MHz for a receiver input of  example, if an offset of disabling the eprom through its

30MHz and an i.f. of 10.7MHz. 10.7MHz is required then all chip-select input. ’
Decade-counter output is locations from 0 to 106 are George Cavarra

further divided and used to filled with zeros and remaining  Bristol

address a 2716, 2Kbyte eprom.  locations are left at FF.

Data in the eprom determines Using an eight-bit eprom, it
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8085/NSC800
microprocessor
replacement

Prompted by the increasing
amount of Z80-oriented CP/M
software and Braunschmid’s
circuit idea on page 51 of the
November 1984 issue, |
substituted an NSC800N-4
processor for the original 8085
device in an Explorer
microcomputer. In doing so |
noticed some further differences
between the two processors.

Comparing the timing cycles,
the first obvious difference is
the NSC800 refresh facility.
Although this appears to be
transparent on the 8085
system, generation of an ALE
address-latching signal may
have hardware implications on
some computers. On the
explorer it affected the system
boot cycle. The remedy is to
gate ALE with refresh signal
RFSH using say a 74LS08 in the
adaptor.

A more subtle difference is
that the NSC800 clock output is
180° phase shifted with respect
to ALE and read strobe RD.
Again this may have hardware
implications. On the Explorer,
which supports an S100 bus,
ALE and CK signals are gated
together and so the phase shift
has to be removed. Using the
original adaptor, the clock
signal can be passed through a
spare inverter on the LS240 i.c.

There is a yet more subtle
difference in the length of write
strobe WR. On the 8085 this
lasts for three T states whereas
on the NCS800 it only lasts for
two. It was necessary to
introduce a wait state on the

e
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NiCd battery
charging

Rod Cooper’s articles in the
May and June issues showed
the problems of reverse
charging in sealed NiCd
batteries. This circuit is
designed to reduce these
problems in a cheap and
effective manner.

To ofher similar
cell pairs inseries 1
to form battery

Load current

Explorer to ensure sufficient
time for memory write
operations. This was simply a

these problems, my computer is
now satisfactorily running Z80
software.

In a battery, the cells are
grouped in pairs ds shown.
Normally the combined cell
voltage keeps Tr, switched on.
If voltage falls below 1.3V —
which is equal to two diode
voltage drops and one cell
voltage — then Tr, turns off.
The voltage across one cell
cannot become negative.
Optional diode D, allows other
cells in the battery to function
when this cell pair has cut out.

About 0.1 to 0.3V is lost in
the circuit due to VCE,, in Tr,.
In addition, current passes
through R, even when the
battery is not in use. Values
shown give about 12A leakage
current and 10QmA load

Five-decade

oscillator uses
one op-amp

A chopper-stabilized op-amp,
the ICL7650, replaces two op-
amps in a previously described
circuit* to provide a simple five-
decade oscillator, whose
frequency is set using only one
potentiometer. Output of the
circuit is a squarewave.

The i.c’s internal oscillator
squares output of a vanable
frequency range ramp generator
consisting of C,, and a variable

matter of closing a link, but it T. Sumner ———
may not be so easy on other Orpington Michael Robertson
computers. Having overcome Kent Oxford
e
current source. Sawtooth output 5
"

at pin 10 of the op-amp is
directed to the internal
oscillator input at pin 13 and a
pulse-train output is taken from
pin 12.

Kamil Kraus

Rokycany

Czechoslovakia

*Siegel, A.M., Single control adjusts
variable oscillator over four decade
range, Electronic Design, vol.32 no.24
Nov. 1984, p281.
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INVENTION & ELECTRONICS

Comparison of HOTOL with the
US Space Shuttleis inevitable and
major differences in basic tech-
nological philosophy can be seen
as a result.

The first of these fundamental
differences lies in the mode of
take-off of the vehicle itself and
the propulsion system associated
with it. Taking the HOTOL case,
with its horizontal take-off (and
landing) it may be regarded as
being a ‘conventional’ aircraft,
which in many respects it is. Its
configuration, not least of that of
the wings which are used, owes
much to Concorde; and it is
stated that the runways from
which it would operate are of
standard Concorde length.

After the War Britain was 3rd

largest steel producer. Now it

is 10th. (Engineering Council,
see panel)

For propulsion, a new depar-
ture is being made, with thrust
being provided by a combination
of air breathing and rocket
engines to take the vehicle into
Low Earth Orbit (LEO). This
arrangement enables advantage
to be taken of the free oxygen
through which it is flying during
its passage through the earth’s
atmosphere, and correspond-
ingly to reduce the amount of
liquid oxygen which would have
to be carried for pure rocket
(liquid hydrogen/liquid oxygen)
propulsion. This forms one ele-
ment in the design considerations
which make vertical take-off
unnecessary, an aspect which,
know-how and background gen-
erally. This will be returned to
later; but in addition to quoting
Rolls-Royce on propulsion, Brit-
ish Aerospace gives three exam-
ples of major rocket projects for
which the Group has had respon-
sibility, together with two rocket
engines — Spectre and Stantor.
The vehicles ranged from Sky-
lark, a small ‘sounding’ rocket,
developed originally by RAE,
Farnborough, through Black
Kmght, a 10 tonne-thrust hquid-
fuelled rocket, to the Blue Streak
heavy launcher. As the first stage
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in a multi-stage European satel-
lite' launcher, Blue Streak “per-
formed faultlessly in eleven fir-
ings”. This project was aban-
doned in the late 1960s.

In turn, this specific statement
of experience, extending over
some twenty years for launch
vehicles, leads to the systems
work being undertaken in the
interlacking fields of remote con-
trol, communication and data
handling as  required for
unmanned working. The capabil-
ity of the British Aerospace orga-
nization, with the Rolls Royce
contribution, is best illustrated
by a straight quotation from the
list given by the former in this
connection:  “Automatic  and
remote piloting control systems
are already capable of handling
ascent, in-orbit manoeuvring,
payload deployment, re-entry
and landing.” It may be added
that HOTOL is shown as being fit-
ted with radar; and it does appear
that the nose cone configuration
would be basically the same as for
Concorde.

It will be realised that any com-
parison of HOTOL with the Space
Shuttle is bound to finish up with
the question, “What advantage
has the unmanned vehicle over
the manned Space Shuttle, with
its inherent capacity to stay in
orbit for a period of some days
and to act as a miniature space
station?” The main substance of
this question can be put in
another wav — “What is the jus-
tification for preceeding with a
project which has reached the
end of its design development
studies when no immediate appli-
cation for it can be seen?.”

Clearly, there are two mutually
dependent main issues, technical
and economic, which have to be
examined in the light of the
unknowns that lie ahead. Even
from the outline descriptions it
becomes evident that by virtue of
this background of experience
and know-how, combined with
the innovative ability shown in
the project studies, these prob-
lems will be found to have been
anticipated in great measure as
an integral part of the essentially
forward-looking project work.
Consequently there are good rea-
sons for assuming that, with this
anticipation, the long and damag-
ing delays which can take place in
the early stages of engineering
development would be greatly
reduced, if not virtually elimi-
nated in many areas of the work.
Thus in view of the extent of the
effort (both in human and mate-
rial terms) which has to be
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In 1900 Britain made 60% of
the world’s shipping. Today it
makes 3%. (Engineering
Council, see panel)

deployed at this stage in such a
programme, it can be assumed
that a more than significant sav-
ing in cost would be achieved.

HOTOL has been called a low-
cost spacecraft launcher by Brit-
ish Aerospace; and this can be
seen as a key phrase extending
over the entire project. Thus
going on from the R & D end of
the studies just quoted, one looks
at the engineering economics of
the whole project, beginning with
the advantages exhibited by
unmanned, as opposed to
manned, operation.

First of all, the space occupied
by the human crew, and particu-
larly by their ‘life support’ equip-
ment, can be devoted to payload,
and their individual weight pen-
alties removed. This gain in pay-
load capacity will be offset to a
certain extent by the correspond-
ing demands of the replacement
remote-control equipment; but it
would appear that these demands
would- be much less for the
unmanned condition.

P SIS R e BT T Y Tk O
Britain’s hidden

Most critics agree that the Brit-
ish are still a nation of inventors
but that their record for bringing
their new ideas to fruition is
increasingly open to question.
The range of the criticism is wide
and is far from baseless; but this
series set out to show that a very
different picture emerges when
unique technological strengths
built up over the years are taken
into account. If ‘built up over the
years’ seems frightening in the
context of invention and amid
the clamour for University-based
Science Parks, it is in the ‘total
engineering’ power of the British
that the unique capability to
exploit the new ideas exists.
pposition to this view is
strongly expressed, in extreme
cases amounting almost to a
counsel of despair. This is seen,
for example, in the recent Engi
neering Council advertisment
where a group of pictures of a

Although not strictly compar-
able, similar considerations apply
to the economies effected by the
use of combined air breathing and
rocket propulsion in conjunction
with a winged vehicle configura-
tion to permit horizontal take-off
and — of equal significance — to
make single-stage-to-orbit poss-
ible. These techniques, as dis-
cussed earlier, take full advan-
tage of existing practice; and, as
in the case of Concorde!, this
applies with particular force to
the electronically based systems
engineering required.

Thus, with this background it
is possible to give a two-part
answer to the first question
related to the Space Shuttle:

a) On the economic side, the
development costs of HOTOL,
eventually fed into the operating
costs, should be much less than
for the Shuttle: while with the
comparative lack of complexity in
HOTOL both its initial (capital)
and operating costs should be
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Britain once exported motor
bikes to over 100 countries.
Now it imports almost every
machine. (Engineering Council,
see panel)

‘bowled-out’ cricketer — repro-
duced in this article — and their
captions carry a story of decline
in varied UK industries.

These articles counter this
with powerful examples, taken
from the build-up of the aero-
space industry, the full range of
medical electronics, and — one
of the most telling examples —in
computer-based process and
control applications (July arti
cle). With the example of the
CEGB’s National Grid control
complex, that article highlights
the thrust of the series — that
the British have the power to
develop their new ideas, and
more significantly, to set up
organisations which give com-
plete flexibility to individual
teams to work on their own pro-
jects.

Another major aspect dealt
with is that of continuity which
brings with it a climate of confid -
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much less.

b) Bearing in mind the low-cost
aspect, HOTOL offers a means of
staying in space in a controlled
orbit at an operating height of
some 300 km and for a (typical)
duration of 50 hours. While in
orbit, satellites with a total mass
up to 7 tonnes can be launched;
and it is inferred that observa-
tional data can be acquired for
real-time onward transmission or
brought back to earth in recorded
form. All this is done without
highly trained specialists having
to be exposed to the rigorous con-
ditions encountered in space; and
without massive ground (rocket-
range type) preparation and
operational  facilities  being
required.

Thus, the final conclusion can
be reached that, because of all
these low cost features, “Several
HOTOLS could be provided for
the price of one Shuttle”; and that
this means that the number of
vehicles available for a given pro-
gramme expenditure would be
greatly increased so that, for
example, quick follow-up action
could be taken to gain immediate
checks on suspect data. Thisisin
contrast to the more widely sep-
arated ‘appearances’ of the Shut-
tle, with the factors contributing
to this including a much more
lengthy turnround time in addi-
tion to the comparatively large
cost of setting up a single mis-
sion.

Comparative figures for the
two types of operation are a
reduction in cost by a factor of five
for sending HOTOL into low
earth orbit; while even for geo-

strengths

4
Before the War almost every
car on Britain's roads, was
British. Now well over haif are
foreign. (Engineering Council,
see panel)

synchronous launches a reduc-
tion of 50% is claimed for the
unmanned operation. In this con-
nection it is also claimed that
HOTOL would be able to compete
realistically for some three quar-
ters of commercial market
demands as predicted for the year
2000 onwards.

This reference to the year 2000
serves to introduce the concept of
HOTOL becoming a manned
aero-
space plane for the 21st century;
information on these studies hav-
ing been issued at the end of May
1985. (The comparative figures
quoted above are taken from this
source, and are obviously based
on up-to-date — confirmed —
surveys.)

The salient features of this
striking project for a ‘Transat-
mospheric Skyliner’ are:
® The installation of a capsule-
type passenger compartment in
the payload bay with conven-
tional airline seating for about 30.

ence but, for real success, it
depends on rapid adaptation by
teams to new phases in the work
and to the changes in approach
which are necessary whare orig-
inal activity is involved. This
ability to adapt and to transfer
technological know-how is fund-
amental to the claims of Britain's
unique capability in invention
and innovative development.

August’s high technology
example links automotive engi-
neering and electronics, where
innovative development work
undertaken effectively as a priv-
ate venture has brought together
small groups operating in the
field, and has shown that inven-
tive ability combined with adapt-
able know-how are not far below
the surface; they simply need
‘bringing out’.

In the new discipline of human
communications, three areas of
closely interlocked work have

developed, recognised by acad-
emics as original and far-reach-
ing: human behaviour under cri-
sis-control stress, immediate
presentation of information for
unimpeded operational use, and
hyper-autism, which together
with the concept of ‘data mar-
shalling’ have all recently fea-
tured in these pages. Of these,
hyper-autism is particularly
significant in that individuals
have been brought together to
form an R & D organisation simi-
lar to that described for the priv-
ate venture of the August article
but working entirely on a volun-
tary basis. September’s article
describes their advances.

This present article, the last in
the series, brings together these
ideas to show where Britain’s
hidden strengths exist, where
they are being suppressed, and
how they could be brought to the
surface again in the future.
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® Retention of all elements of the
basic HOTOL design as described
for unmanned operation. Provi-
sion was made for both manned
and unmanned operation right
from the outset as part of the orig-
inal concept.

® Forward looking plans for
ultra-high-speed passenger ser-
vice with the main section of the
flight consisting of a ballistic tra-
jectory outside the earth’s
atmosphere, with a powered
climb to this path reaching a max-
imum of Mach 5, and with a
corresponding descent path to
landing after re-entry. The pos-
sibilities offered for the future by
this flight patterm are spectacu-
larly illustrated by the proposal
for a one-hour service from Lon-
don to Sydney (overhead to over-
head in 45 minutes).

With this background, and
reverting to the original compo-
site question, it can be said that,
as compared with the Shuttle,

HOTOL would appearto offer a
more flexible and a lower cost
service for launching satellites
and for similar tasks. On the
other hand, at the present time
the Shuttle stands alone in pro-
viding its re-usable Space Station
faclity; and the importance of this
and the pioneering work that
went into it cannot be over-
emphasized.

These innovative studies are of
special interest to all R & D
engineerss with management of a
project where more than one
branch of technology and several
separate interests are involved.
The HOTOL studies, with their
comprehensive documentation,
and with their interlinking with
Concorde in particular, give an
inside picture of the way in which
advances are made, and consoli-
dated, in a large, multi-team,
high-technology project. A simi-
lar picture has been built up for
other comparable UK projects,

Britain pioneered the world
machine tool industry. Its
share is now 3.1%.
(Engineering Council, see
panel)
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notably for the CEGB in Big-sys-
tem automation and telemetry
(Article 5); and the work of that
authority enters into the next
section — on continuity.

However, there are two
aspects of the aerospace total
study which have made it
uniquely suitable for this article,
both strongly related to the
future.

The first is that, although con-
ducted as a pure research exer-
cise, its content has been pre-
dominantly practical, outstand-
ingly with regard to ‘spin-off’.
Spin-off, in its widest sense, and
contributing to a number of major
technologies within the aero-
space context, represents what is
perhaps the greatest strength of
this multi-team project. It cer-
tainly justifies the approach
which has been adopted and
which has resulted in the
informed and coordinated built-
up of background of mutual ben-
efit to, for example, the aero-
space and electronics/control

Britain discovered the wireless.
It now imports 96% of its
portable radios. (Engineering
Council, see panel)

engineers concerned. This does,
of course, correspond with the
interchange and spin-off shown
with radar and television (Article
2) which developed in Great Bri-
tain even before World War 1I.
For this comparison, it should
be pointed out that the spread of
technologies is much greater for
the aerospace concept — both
radar and television are essen-
tially electronic in character.
Consequently, spin-off and mut-
ual support extend over a much
larger number of fields in the aer-
ospace case. In turn, this means
that shutting-down an individual
project of this nature will affect
any others which are being sup-
plied with information or with
results from it on which they may
well be utterly dependent. There
is no need to stress the serious-
ness of such knock-on conse-
quences, quite apart from the
loss in national terms which
comes from the break-up of an
47
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established team.

These considerations are suffi-
cient in themselves to justify the
retention of a project which has
reached the end of its design/
development studies when its
ramifications extend even over a
fraction of those as quoted. In
other words, on these grounds
alone one can answer the original
question, with the statement that
the losses incurred by shutting
down a project which has reached
the early stages of engineering
development (as distinct from
studies), are so great that reten-
tion is justified on economic
grounds alone.

It is, however, in terms of the
future that complete justification
may be found; and it is with this
specific aerospace project under
review that the full extent of the
arguments in favour can be seen.
Quite simply, such projects

%

Britain made the first practical

computer. It now has only 5%

of the Information Technology

market. (Engineering Council,
see panel)

should be carried on because of
the crucial base they provide in
whole areas of technology.

Continuity

The whole question of continuity
has been brought in at relevant
points throughout this series;
especially in relation to the clim-
ate of confidence which can be
associated with it. Two kinds of
climate of confidence, closely
interlinked, exist here. The first,
technical, has already been given
considerable emphasis, particu-
larly with regard to the transfer of
know-how from one branch of
technology to another.

The other kind of climate of
confidence, assurance of the
future, is more than the imposs-
ible ideal which it appears to rep-
resent, certainly if taken literally.

However, there are two ele-
ments which do involve the future
and some degree of assurance.
The first of these, which comes
under the technical heading, is
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concerned with the dual issue of
spin-off and sub-invention. This
obviously cannot be taken into
the long-term; but clearly it is
vital for a reasonable time to be
seen to be available for the ‘side-
issue’ developments to be under-
taken which produce spin-off. In
this connection, it should be
pointed out that, in terms of R &
D management, one cannot jus-
tify expenditure of effort and
resources on ‘off-stream’ work
unless adequate time is available
for it: it must not be scamped.

On the other hand, success
even with a minor, but neverthe-
less new, development, can have
an effect far beyond the immedi-
ate use to which it is put, particu-
larly with regard to the personal
side. That some widening of the
base of the programme has taken
place, and that effort has been
devoted to the (effectively) sep-
arate work, indicates that the
project has been made larger with
a potential for interlinking with
other R & D areas; and this can
offer a wider view of the future.

If successful, there are, of
course, economicc advantages
which accrue from such an appro-
ach. One of these illustrates the
principle given in Article (1), that
methods and techniques deve-
loped for a specific part of a pro-
ject do not have to be redis-
covered and can be applied in the
future, provided continuity is
maintained over the whole series
of programmes.

Two main issues covered by
continuity come in here. The first
is the straightforward use of the
word for describing the coordi-
nating and other processes, and
the policy behind then, which
keep even the largest projects
flowing smoothly and success-
fully. A number of examples of
such successful UK operations
have already been given one of
the most outstanding in the pres-
ent context being that of the
CEGB’s far-reaching develop-
ment programme for the control
complex for the National Grid®.
Extending over a considerable
number of years and, if anything,
being accelerated at the present
time, this ‘total’ project has con-
tinuity literally as its key feature.

The second of these issues may
be linked with the continuity
which lies behind the proven cap-
ability of the British to show com-
plete flexibility in approach when
dealing with the new and untried,
or of responding quickly to new
phases in the work. The state-
ment of this capability is in most
respects the statement of the per-

Britain once made all the
textile machinery in the world.
It now makes 8%. (Engineering

Council, see panel)

sonal qualities required to under-
take wide-ranging project work
and advanced engineering which
is demanded for the technological
ventures already described. The
acquisition of these qualities is by
no means automatic; although it
has been submitted in this series
that, in a sense, they are almost a
national characteristic. How-
ever, in practical terms, the pro-
cess of acquisition takes time,
whatever the inherent capabilit-
ies of the individual may be; and
expressed as a period of educa-
tion (which in many ways it is)
should be recognized as being
inseparahble from R & D work.
Therefore, there is an implied
commitment for continuity to be
maintained for the individual to
work effectively and smoothly
without worrying about interrup-
tions to his specific programme.

The macro-project

Throughout this series it has
been possible to show that there
is an enormous fund of technolog-
ical knowledge and experience
which can be found in Great Bri-
tain at the present time and at all
engineering levels. Moreover it
has been possible to show that
the British retain the power to set
up organizations capable of
handling the largest projects
right from initial development to
full exploitation of the original
idea or group of ideas on which
the project has been based.

However, it is felt that,
although these examples have
given a representative picture of
the way in which these projects
are run and of the British exper-
tise in such fields, this capability
should be examined in relation to
a project which is very much in
the future.

The ‘macro-project’ which has
been selected for this purpose is
entirely hypothetical; but the cir-
cumstances which surround it are
far from hypothetical. They are
the conditions of drought and

consequent famine which are
affecting much of the continent of
Africa, and have proved of more
than passing concern to the rest
of the world. Expressed in utterly
basic terms, the proposal is that
this problem should be tackled at
source with the primary task to
provide water on a huge scale,
first for human consumption and
then for irrigation. Assuming
breeder-reactor power would be
available, the water would be
obtained by evaporating sea
water using nuclear power, and
distributed by pipeline, perhaps
initially by tanker. Each section
of this plan would represent a
development programme of
unprecendented magnitude; but,
on the other hand, need not be
regarded as insuperable.

Power generation would prob-
ably have safety precautions as
its biggest project engineering
cotmittment: but there is no
reason to believe that this and all
the other steps into new design
and development areas would be
beyond the capacity of the UK,
bearing in mind the record and
achievements of the supply
industry and that of the manufac-
turing side both at home and
internationally. It is perhaps not
out of place to refer to a visit to a
geothermal station in the North
Island of New Zealand where it
was clear thatanew technological
world had not been found to pres-
ent insoluble problems.

In the same way, pipeline
‘transmission’ of water over long
distances can be seen in South
Australia and in the west of the
island continent where tempera-
tures can reach values not dissi-
milar to those encountered in
Africa.

Continued on page 64

Last year Britain even imported
65% of its sports equipment.
How's that! (Engineering
Council, see panel)
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TAYLOR

BROADBAND CABLE T.V.
REPEATER AMPLIFIERS

Application other than Cable T.V. includes C.C.T.V. (up to 26 Channeis 8MHz
wide on V.H.F. Repeaters, and up to 65 Channels 8MHz wide on U.H.F./
V.H.F. Repeaters). Suitable for outdoor mounting.
FREQUENCY GAIN dB MAXIMUM OUTPUT FREQ RESPONSE INTERNAL : POWER
[TYPE RANGE  MH7 ADJUSTABLE dBmv FLATNESS SLOPE ADJUSTMENT | REQUIREMENT
[rSC3060 40-300 1030 0B {1000mvI + of- 508 5dB 2742V 10VA
[TSC3060SM 40-300 1030 80J8 (1000 ) + or— 508 508 2545V TVA-
[TSCI660 X AD-300 i 10-30VHF —EHB('MWV) » or— 5dB ;BVNF == ;AIVWVAV
470-860 16-36UHF UHF
ITSCI6605M 40300 10-30VHF H0d8 {1000mv) + o1 508 SIB VHF 2545V 13VA.
470860 16-36UHF UKF
[TSCI665 40-300 10-30VHF 608 {1000mv) VHF + or— bdB SdB VHF 2447V 24VA -
470860 16 3GUHF | 6548 [1800mv) UHF | = UKF | .
[TSCIBEESM 40-300 10-30VHF 60d8 [1000mv} VHF + or - hdfl SdB VHF 25-45V 18VA~
I 470860 16-36UHF €5dB {1800rw] UHF — UHF l
Varations of The above are availabie on request. . 240V mains ; 54-84V line powered . trunk
disubution amplrfier with one trunk ine and one distnbution line out
INTEBNAL PLUG IN EQUALISERS (OPTIONAL)
FREQUENCY ATTENUATION ATTENUATION FREQUENCY ATTENUATION ATTENUATION
RANGE MHz SOMHZ 300MHz TYPE RANGE MHz 470 MHz BEOMH 7
6 40-300 6dB 108 EZU6 470860 608 1dB
[Ezva 40-300 88 148 EZU9 470-860 98 108
[ S EZV12 40-200 1248 108 EZuv? 470-860 12dB 1d8
%
' || e COAXIAL CABLE CONNECTORS
| —
%w A | SCP14 Screw on coaxial plug for 14mm Outside Diameter cabie.
3 B | sceio Screw oncoaxialplug for 10mm Outside Diameter cabie
) L c | scp Serew-on coaxial plug for 5 - 9mm Outside Diameter cabie
iq D SAC Screw-on right angied connector
TAYLOR BROS (OLDHAM) LTD B ¥ -
SMC | Screw onmate line connector
BISLEY STREET WORKS, LEE STREET, e 5.
%EEPHO'NE%\IGO%l 657 3221 TELEX: 669911 = et
CIRCLE 132 FOR FURTHER DETAILS.

From £239 (+ VAT)

The latest products in the
Black Star range of quality test
and measurement instruments.

ENWPZ Designed and PE17 4WJ, ENGLAND.
LA N manufactured in Britain

Colour leaflet with full specifications and prices available from:
BLACK STAR LTD, 4 STEPHENSON ROAD,
ST. IVES, HUNTINGDON, CAMBS.

Tel: (0480) 62440 Telex: 32762

FREQUENCY TO 100MHz
TIME INTERVAL
SINGLE PERIOD
AVERAGE PERIOD
TOTALISE

RATIO

STOP WATCH

RPM
® FREQUENCY MULTIPLIER @ LOW
PASS FILTER ® TRIGGER LEVEL

CONTROL ® SLOPE CONTROL @ INPUT
ATTENUATORS

Black¥Star

CIRCLE 8 FOR FURTHER DETAILS.

NEWRAD INSTRUMENT CASES LTD
Unit 19, Industrial Estate, Gore Road

New Milton, Hants: BH25 6SJ
Tel: New Milton 0425 621195

. HEIGHT DEPTH  PRICE

< . U 250 £18.84

: 1 300  21.35
\ .- 20 250 2205
: 20 300  24.69

. U 250 25.22
U 3 27.99

19 inch Rack Mounting enclosures
complete with chassis and top and bot-
tom covers. Front, Side and Rear panels .
are aluminium and flat for easy machin-  4U heights and depths of 400mm are
ing. These panels are located with available in minimum quantities of 10.
heavy duty aluminium extrusions.

Front and Rear panels are satin ano-

dised. Covers are finished in cream. PRICES ARE EXCLUSIVE OF VAT. P&P £2.50.

MSF CLOCK is EXACT

8 DIGIT display of Date, Hours, Minutes and Seconds.

SELF SETTING at switch-on, never gains or loses, automatic GMT/
BST and leap year, and leap seconds.

EXPANDABLE to Years, Months, Weekday and Millieseconds, and
use as a STOPCLOCK to show when an event happened.

COMPUTER or ALARM output also, parallel BCD (including Week-
day) and audio to record and show time on playback

DECODES Rugby 60KHz atomic time signals, superhet reciever
(available separately), built-in antenna, 1000Km range.

LOW COST, fun-to-build kit (ready-made to order) with receiver.
ONLY £89.80 includes ALL parts, 5X8X15 cm case, pcb,
by-return postage and list of other kits. TIME RIGHT.

CAMBRIDGE KITS

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

CIRCLE 127 FOR FURTHER DETAILS.
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It's a whole new board game......with our 7000 Series

Many operations and tasks are now possible through BASIC which
could previously ONLY be accomplished in ASSEMBLER.

Based on the Intel 8052 (romable version of the industry-standard 8051) BASIC CONTROLLER

single-component Microcontroller, the CPU comes complete with BASIC

Interpreter, Serial /0 and full support specifically for Industrial Control DISTRIBUTOR ENQUIRIES WELCOME

applications. Many unique features are incorporated and the system
allows very fast interactive development of user software for super easy
deployment in the target system.

Static MOS RAM boards (to 12Bk), Power down control boards, Decoder boards providing
further address line decoding, watchdog, Real-time clock/calendar, plus additional output
flags and 1/0. Mass storage devices. Backplanes. PSU and battery packs. Drive boards

offering power output, pulse generation, or externally gated outputs. Muiti-channel
expandable ADC, Remote switch units for power, sound or V.I.S. of vision

For Industrial Control or Data Acquisition at board, sub-system or turn-key level we
offer inexpensive solutions and professional implementation.

T b

CPU BOARD FEATURES "™
* 11 MHz + Clock

* Hardware Timer Facilities.

* Full Floating Point Arithmetic,
* 9 X 8-Bit 1/0 Ports as standard.
* Very Fast Tokenised Interpreter. i ,
* 8K RAM Plus 16K User ROM on-Board. . L ;
* Interrupts Handled by BASIC or ASSEMBLER : ¢ Cavendish Automation™ =
* Singie Ended Power Supply (+ 5v Only Required).
* Complete with EPROM/Programming Facilities.

* BASIC Utilities may be called from ASSEMBLER. Telephone: 0480 219457 Telex: 32681 CAVCOM G
* Serial Communications on Board (EIA, RS232) Plus printer Port. CIRCLE 108 FOR FURTHER DETAILS.

=1

* 45, High Street, St. Neots, Huntingdon, Cambridgeshire, PE19 1BN

Sowter TEST EQUIPMENT

Hewlett Packard 1410A & 1425A Sampling Plug-ins (pair)....

Hewlett Packard 6521A 1000v 200mA Variable Power Supply.
Hewlett Packard Microwave Link Analysers 3701/3702
Hewlett Packard 3707 RF Unit Mainframe

With over 45 years’ experience in the design and manufacture of several Hewlett Packard 214A Puise Generators. ..............o.oovovee
hundred thousand transformers we can supply: Hewlett Packard 1600A Logic Analyser with pods ........ ..
AU Dlo FRE QUENCY Hewlett Packard 1610A Logic Analyser with pods ...........
Hewlett Packard 1615A Logic Analyser with pods ........
TRANSFORMERS OF EVE RY TYPE Hewlett Packard 1640B Senal Data Analyser..........................
Hewlett Packard 141T/8552B Spectrum Analyser System ... .........
YOU NAME IT! WE MAKE IT! Hewlett Packard 141T/8552B/8555A Spectrum Analyser System ...
OUR RANGE |NCLUDES Hewlett Packard 86230A 2-4GHz Sweeper Plug-in....................

Microphone transformers (all types?), Microphone Splitter/Combiner transformers. Systron Donner 6244A 4.5GHz Frequency Counter

Input and Output transformers, Direct Injection transformers for Guitars, Multi-Secon-
dary outputtransformers, Bridging transformers, Line transformers, Line transformers
to B.T. Isolating Test Specification, Tapped impedance matching transformers, Gramo-

Tektronix 184 Time Mark Generator
Tektronix 191 Constant Amplitude Generator.

phone Pickup transformers, Audio Mixing Desk transformers (all types), Miniature Tektronix 106 Pulse Generator_ --------------------------------------

transformers, Microminiature transformers for PCB mounting, Experimental transfor- Tektronix TM504 Mainframe with DC503/PS503A/FG502/DM502 ..

mers, Ultra low frequency transformers, Ultra linear and other transformers for Tran- Tektronix 568 Sampling Oscilloscope with 3T5 & 3S1 Plug-ins .......
sistor and Valve Amplifiers up to 500 watts, Inductive Loop Transformers, Smoothing Sorensen 300v 3A Metered Power Supply Unit........................
Chokes, Filter, Inductors, Amplifier to 100 volt line transformers {from a few watts up to Sorensen 300v 1.5A Metered Power Supply Unit

1,000 watts), 100 volt line transformers to speakers, Speaker matching transformers Sorensen 600v .75A Metered Power Supply Unit

(all powers), Column Loudspeaker transformers up to 300 watts or more. Philips 150v 3A Metered Power Supplies ................

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR P.A. 283:22: gjz ;RAPESV";’?'SE“DEQ;’S """""""

QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE OR B GLELLEELELLELEE

SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard types are in Lyons PG2-E Pulse Generator..... ...

stock and normal dispatch times are short and sensible. SyStron Donner Pulse Generator 100A. ... ..

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES, MIXING Telequipment D75 50MHz Oscilloscope ...

DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS, BAND Wayne Kerr B641 Autobalance Digital Bridge.

GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we have overseas Biomation K100D Logic Analyser with pods. ..

clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc. Send for our ques- Biomation X-Y Display ..........................

tionnaire which, when completed, enables us to post gquotations by return. Narda 61A1B Attenuator Calibrator . . ... .

Philips PM 5770 100MHz Pulse Generator.............

Hewlett Packard 131A Mainframe with 1415A TDR plug-in ...........

Tektronix 463 75MHz Oscilloscope................. ................ ...

Tektronix Amphtude Calibrator ........ ..... L
O‘N rter t Electrohome 19" X-Y Monitors (B & W) ................................
® ® o All equipment working and calibrated.

Manufacturers and Designers VAT and carriage extra.
E.A. SOWTER LTD. {Established 1941): Reg.No. England 303990 =g o
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk B TIMEBASE Q"I'E_@ | ™
P.O. Box 36, Ipswich, IP1 2EL, England 94 ALFRISTON GARDENS, SHOLING, SOUTHAMPTON S02 8FU
Phone: 0473 52794 and 0473 219390 TELEPHONE: (0703) 431323
Telex 987703G Sowter Callers welcome. Access/Barclaycard: Telephone your order
CIRCLE 117 FOR FURTHER DETAILS. CIRCLE 136 FOR FURTHER DETAILS.
50 ELECTRONICS & WIRELESS WORLD OCTOBER 1985

o www americanradiohistorv com L




68000 hoard

The £100 Kaycomp — Bob Coates, 68000

computer board for engineers, students ,,
and enthusiasts — is developed using .
a terminal and takes a G64 bus interface.

Kaycomp is a low cost computer
board using a Motorola 68000
microprocessor with 16-bit data
bus. It is designed for use either
as an evaluation/educational tool
or as the processor board of a
larger system, connecting to a
wide range of readily available
peripheral cards through its G64
interface bus.

Programs can be entered using
a terminal to gain access to Kay-
comp’s 23 function monitor pro-
gram Kaybug. There’s also an
optional line-by-line assembler
available to speed up program
development. Alternatively, the
board also links to a host compu-
ter with assembler/compiler faci-
lities. Communication software is
included in thie monitor program.

The 68000 microprocessor has
a 32-bit internal structure. Eight
data and seven address general-
purpose registers are available to
the programmer, all 32 bits wide.
Its external address bus is 24 bits
which gives a linear address
range of 16 megabytes, Fig. 1.

Motorola evaluation kits for
the original eight-bit 68000 i.c.
were available for around £150.
There is a similar kit for the 6809
microprocessor but it was not
introduced in the UK. For the
68000 microprocessor, Motorola
produce a design module costing
£1500 — a tenfold increase over
the price of a 68000 evaluation
kit.

Of course the 68000 design
module is a far more complicated
product than its older equivalents
and designed to allow evaluation
on a wide scale. In many applica-
tions though this complexity is
not necessary and there is cer-
tainly a need for alow cost evalua-
tion system.

1 designed Kaycomp so that it
could be built in its basic form for
under £100. In this form it has
two RS232 serial interfaces and
general-purpose i/o lines pro-
vided by a 68681 i.c., a monitor
eprom, a small ram and a full 16-
bit 68000 i.c. When expanded,

the board has 128Kbyte ram,
64Kbyte eprom, two serial inter-
faces, a 68230 peripheral i/o
device and a bus interface which
allows connection to standard
peripheral cards.

Large systems nowadays can
have many processors and direct
memory access controllers work-
ing together on the same bus to
multiply processing speed. I con-
sidered that this feature was not
essential to learning about and
evaluating the processor and
leaving it out saved a lot of peri-
pheral logic. If you are interested
in the type of work that requires
multiprocessing, £1500 won’t
normally be a problem.

An external bus interface prob-
ably isn’t essential for training
and evaluation either, but 1
included one to increase the use-
fulness and versatility of the
board. VME bus is the obvious
choice for a 68000 processor
board but the cost of implement-
ing it is very high. To illustrate,
one manufacturer produces a
single Eurocard wire-wrap board
for prototyping containing just
VME interface chips for £600.

My choice was the European
G64 bus designed for Motorola
eight-bit processors. The inter-
face circuit consists of just three
t.t.l. devices. G64is probably the
best supported eight-bit Euro-
card bus, with over 200 different
cards available from many differ-
ent manufacturers, but it is not
well known in the UK yet. The
main UK manufacturer is Syntel
of Huddersfield which produces a
wide range of processor and peri-
pheral cards, back planes, rack-
ing systems, etc.

Kaycomp overview

Figure two illustrates the sys-
tem. Kaycomp in kit form is dou-
ble-Eurocard sized, measuring
234 by 160mm, and its p.c.b. is
double-sided but to keep costs
down, it is not plated through as a

ELECTRONICS & WIRELESS WORLD OCTOBER 1385

board of this complexity normally |

would be. Layout is however for a
plated-through p.c. board which
means that some soldering on the
top side of the board is necessary,
Sockets for i.cs must allow sol
dering on the component side
too.

In order to keep costs down,
some systems use a reduced-bus
version of the 63000, the 68008,
which although internally the
same as the 68000 only has an
eight-bit data bus and a 20-bit
address bus. 1 decided against
using this version. The board
accepts either the 68000 or an
enhanced version, the 68010,
running at up to 10MHz. The
68010 is a virtual memory ver-
sion of the 68000. This feature
cannot be used with Kaycomp,
but the 68010 also executes some
instructions faster and has some
extra ones too.

Memory consists of two eprom
and two ram sockets. Two of each
byte-wide memory are required
to give a 16-bit data width. Links

by R.F. Coates

Our front cover shows the
68000 board in its fullest
form with G64-bus interface
— this is the basic version.

Fig.1. The 68000 has a 24-
bit external address bus
giving an address range of

allow eproms with standard | 16Mbyte.
Ell 16 15 87 0
T T 0
= ‘ I J— 0
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63000 BOARD

G64 bus

Optional
G646 bus
interface

On-board bus =~ 16 data, 16 address

_____ =

|

Two serial ports

Optronal Up to Up to MC 68000
Ik 64K byte 126K byte MC68681 dual uart a0
peripheral ram eprom
interfaces l
timer
Xtal Clock
| ¢ generator
]
i . ]
% /o 10 i/0 lines ' l_ _J
lines Bkl St L
RS232 Alternative Optional
interface ¢ pu. clock crystal

Fig. 2. Kaycomp uses a full
68000 processor and two
peripheral i.cs from the same
family. Using these instead
of more common 6800
peripherals means higher
performance and increases
the board’s value as an
evaluation tool.

Fig. 3. Kaycomp can be used
by simply connecting a dumb
terminal but in this
configuration, it is effectively
connected in the terminal
line from the host computer.
In this way, software
developed using 68000
assemblers and compilers on
the host can be fed directly
into the board.

JEDEC pin configurations from
2732 t0 27512 to be fitted, giving
arange from 8 to 128Kbyte. Note
that not all larger eproms con-
form to the standard pinout, not-
ably those from Mostek.

Ram sockets currently accept
either 2 or 8Kbyte static rams,
l.e. either 6116 or 6264, to give
either 4 or 16Kbytes. The board
is laid out though to accept 16 and
32Kbyte devices for when mono-
lithic i.cs become available,
which will give up to 64Kbytes of
ram. Hybrid 16 and 32K devices
are available now but they tend to
be expensive. Reasonably priced
hybrid 32Kbyte rams consisting
of four small-outline 6264 i.cs on
a ceramic substrate are produced
by Digital Memory Systems, the
DMS8832-15PC, and by Hybrid
Memory Products, the HMS
62832.

To allow programs to be deve-
loped and written on the board,
there’s a monitor program which
fits into two 2732 eproms. This
monitor, Kaybug, requires con-
nection of a separate RS232
terminal. If a terminal is not avail-
able, many home computers such
as the BBC microcomputer have
an RS232 port and can be made to
act as a dumb terminal. With this
in mind, the monitor program can
easily be set to produce either a
40 or 80-column display by a key-
board command.

A second RS232 serial port on

Terminal Port A

Kaycomp

Host

Port B computer

52

Kaycomp can be used to connect
the board to a host development
system or mini/microcomputer.
Both RS232 ports come from a
68000 peripheral i.c., the 68681
dual asynchronous receiver/
transmitter or duart. The 68681
internal oscitlator requires only a
3.6864MHz crystal. A cheaper
3.579545MHz American colour
tv crystal will suffice; data rates
will be a little out but still within
the required tolerance.

For full-speed operation, the
processor requires a separate
8MHz crystal clock but if speed is
not important, the duart 3.6MHz
clock may be used. If you need to
used the serial ports in an applica-
tion, there’s another version of
the monitor program available
which allows you to develop pro-
grams through an external G64
dual serial port card.

Paralle! input/output is pro-
vided by another 68000-family
i.c., the 68230 peripheral inter-
face/timer. This optional i.c. is
not used by the monitor and all of
its facilities are available for user
applications and evaluation.

Finally, there’s the optional
(64 bus interface which consists
of three t.t.l. bus-interface i.cs.
There are two sections in the G64
bus memory map, one for mem-
ory addresses and the other for
peripheral addresses. The peri-
pheral area consists of a 1Kbyte
block somewhere in the memory
map which is decoded on the pro-
cessor board. Valid peripheral
addresses are denoted by asser-
tion of the VPA signal, which is
not to be confused with the 63000
signal of the same name.

On Kaycomp, the G64 bus is
provided solely for the addition of
peripherals. The on-board mem-
ory is potentially quite large and
capable of operating at much
higher speeds than would be pos-
sible with memory operating
through the interface bus.

Monitor software

Kaycomp’s monitor program
Kaybug allows you to enter and
debug programs and exercise all
the facilities on the board. Com-
mands allow you to display/alter
memory, set break points and run
or single-step trace through pro-
grams. Registers can also be
altered. Kaybug contains all of
the usual monitor features.

At a basic level, Kaybug allows
programs to be hand written and
typed into memory from a simple
terminal using the ‘memory open’
command. There is an optional
line-by-line assembler to simplify
this job. If a home computer is
used source code can be written,
edited and stored using the com-
puter’s facilities. When ready,
the source code can be sent for
processing by the Kaycomp line
assembler. Object code is then
produced and loaded into ram as
each line is entered.

If you have a development sys-
tem or development facilities on a
micro or minicomputer, the sec-
ond serial port allows program
transfer. Kaycomp is then effect-
ively connected in the terminal
line from the host computer as
shown in Fig.3.

One Kaycomp command
allows the board to become
‘transparent’, i.e., the terminal
communicates directly with the
host computer as if the board did
not exist. Programs can then be
written and assembled or com-
piled in a high-level language
according to the 68000 program
development software available
on the host computer. Another
monitor command allows result-
ing object code to be loaded into
Kaycomp’s memory in Motorola
S-format ready for running. The
procedure may vary slightly
depending on the host system
used but this is a common way of
developing programs.

Alternatively, a computer with
68000 ‘cross-software’ can be
made to act as both a terminal and
development system, Fig.4. A
monitor command allows object
code to be loaded through the
terminal port; the host port is not
used.

Before you can understand the
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circuit, you need to know a little
about the 68000 processor,
Fig.5. More detailed descriptions
are given in the Motorola Data
Manual and the MC68000 Mic-
roprocessor User’s Manual.

About the circuit

Clock drive. The clock input i1s a
t.t.l. compatible signal which is
internally buffered for develop-
ment of the processor internal
clocks. There are 68000 proces-
sor versions with clock speeds
from 4 to 16MHz faster versions
are expected.

Address/data buses.These two
buses are fairly straightforward.
There are 16 data lines and 23
address lines but there is not an
external A, address line.
Addresses are considered as
being byte sizes, i.e. eight bits,
and although A, is used inter-
nally, the address busis only cap-
able of generating even-number
addresses.

Asynchronous bus control. Bus
control is a little different to that
of previous eight-bit processors
in that bus transfers between the
processor and memory/peripher-
als are asynchronous.

On the 68000 for instance bus
transfers are controlled by a syn-
chronous timing signal E. This is
an equal mark/space ratio signal
upon which all bus timings are
based. In the case of writing to
memory the processor sets up
the address bus and read/write
signal in the first (low) half of the
bus cycle and sets up data to be
written in the second half. At the
end of the cycle, the E signal
returns low and data is latched
into the memory.

When reading, the processor
presents memory with the add-
ress and expects it to have data
ready on the bus by the time that
the E signal falls to latch the data
bus into the processor. This
means that the system designer
must make sure that memory or
peripherals used are capable of
operating at the speed required
by the processor or, more likely,
that the processor clock speed is
slow enough to suit the slowest
device in the system.

In the 68000, this problem is
overcome by using asynchronous
bus transfers. The processor sets
up the bus in the same way, but it
then asserts an address signal
called AS and holds the bus until it
receives a data transfer acknowl-
edge signal, DTACK, back from
the memory or peripheral.
DTACK signals from the various

system elements are wire-or’d
together before entering the pro-
cessor. This ensures that each
part operates at 1s highest speed.

Peripheral i.cs in the 68000
family produce the DTACK signal
but extra circuits are required for
this if peripheral devices from
other families are used.
Accessing bytes. No A, address
line is available so some means of
implementing byte read/write
operations is required. Two sig-
nals handle this, upper data
strobe UDS for even byte loca-
tions and lower data strobe LDS
for odd locations. For a normal
16bit word transfer, both signals
are asserted.

Figures six and seven summar-
ize the various bus transfers.
Figure six shows aread and thena
write cycle with no wait states
inserted. After setting up the
address bus the processor
asserts AS, UDS and LDS and
then waits for DTACK which it
responds to by releasing the three
signals. At that point, the
addressed device must also
release DTACK. If a slow device
1s addressed, it can be seen that
wait states are inserted by the
processor after S4 until DTACK s
received. Figure 7 shows the
action of UDS and LDS when
addressing bytes.

68000 peripherali.c. accesses.
Asynchronous bus accesses work
fine with 68000 peripheral i.cs
but not with the wide range of
68000 peripherals which do not
generate DTACK. There are
three control pins on the 68000
especially for 68000 peripherals.

If the address decoding circuit
asserts valid peripheral address
signal VPA instead of DTACK, it
indicates to the processor that
the device or region addressed is
a 68000 family device. The pro-
cessor then executes the rest of
the bus cycle synchronized to a
6800 type E signal as described
earlier. It acknowledges this fact
by asserting low the valid mem-
ory address output, VMA, which
is gated with the device’s chip-
select signal.

The 68000 E signal, with a
40:60 mark/space ratio rather
than 50:50, is at one tenth of the
clock signal so a processor
operating at 10MHz can access
1IMHz 6800 peripherals. A syn-
chronous bus access results in a
somewhat slower cycle than is
possible  with  asynchronous
transfer.

Interrupt control Seven levels of
interrupt can be provided for,
which ideally would mean seven
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Computer/
terminal

Kaycomp
Port A Port B

l

interrupt pins. To save on pins
though, the seven interrupt
levels are turned into three-bit
binary, the eighth value, all pins
high, indicating no interrupt.
Normally, these three pins are
fed directly from the three poss-
ible interrupt sources. Hence
only three interrupt levels can be
used, one, two and four.

When servicing an interrupt,
the 68000 fetches an address
from a vector and continues pro-
cessing from that address. There
are two types of interrupt vector-
ing though, ‘auto-vectored’
which is similar to that of the
6800, and vectored, where the
interrupting device provides a
vector number on the data bus in
response to the processor exe-
cuting an interrupt acknowledge

Fig.4. A computer can be
used as both a terminal and
host for developing Kaycomp.

Fig. 5. Input/output signals
on the 68000 processor, top,
and Fig. 6, read-then-write
bus transfer with no wait
states.
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individual components
complete kits including double-
sided p.c.b. and data packs
are available from Magenta
Electronics, 135 Hunter Street,
Burton-on-Trent, Staffordshire
DE14 2ST. A kit for the
minimum system described is
available for £99.

G64 card suppliers include
Syntel Microsystems, Queens
Mill Road, Huddersfield, HD1
3PG and Thomson
Semiconducteur whose UK
distributors include Pronto
Electronic Systems, 466
Cranbrook Road, Gants Hill,
liford, 1G2 6LE. G64 bus back-
planes are available from these
and also from BICC-Vero.

Components and Support

Cross-software for various
host computers is available
from a number of sources, for
instance, Microtec Research,
Frances Road, Basingstoke,
supply 68000 cross-
assemblers, Pascal and ‘C’
crosscompilers for DEC, Data
General and IBM PC
computers.

Bob Coates will program
your pair of eproms (any type)
with the Kaybug monitor
software for £7 sent to 57
Dalebrook Road, Burton-on-
Trent, DE15 OAB. Machine-
code listings can be obtained
by sending a large s.a.e.
marked Kaycomp to our
editorial offices.

Fig. 7. Action of upper and
lower data strobes UDS and
LDS used when addressing
bytes. These strobes are
needed because the 68000
has no address-line zero.

Fig. 8. Function codes
indicating the state and cycle
type currently executing.
These outputs are valid
whenever the address strobe
is active (low).

cycle. This allows different inter-
rupting devices on the same
interrupt level to be serviced by
different service routines without
polling, which saves time.
Processor status. When pro-
cessing an interrupt the proces-
sor places a unique code on status
lines FCO/1/2 of all ones, which
is used by Kaycomp to generate
an interrupt acknowledge signal,
IACK. This signal lets the rest of
the board know what is happen-
ing. Other states are indicated by
the status outputs, Fig.8, but
only interrupt acknowledge is
used on Kaycomp.

System control. Three signals
constitute the system control
section, bus error, reset and halt.
Bus error, BERR, is not used on
Kaycomp. It has two main func-
tions. First, [ mentioned earlier
that bus cycles are terminated
with DTACK. If the circuit does
not send this signal, if for exam-
ple access to non-existent mem-
ory location is attempted, the
processor stops. A way around
this is to have a hardware time-
out circuit which generates a bus-
error signal if DTACK is not
asserted within a given period. A
bus-error signal causes exception
processing to allow an orderly
recovery — hopefully.

Function code output
TFC,  FG FQp |
low  low Low

Low Low High

Low High Low

Low  High High

High  Low  Low

High  Low High

Ihgh  High Low

High  High  High

Cycle type

{Undefined, reserved )
User dato
User program
{Undefined, reserved )
{Undeftned, reserved)
Supervisor data
Supervisor  program
Interrupt acknowledge
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The second use of BERR is in
conjunction with HALT. If both
are asserted together the proces-
sor will attempt to rerun a previ-
ous, failed, bus cycle in the hope
that it will work the second time.
This can be significant in terms of
reliability if the processor is con-
trolling say a large plant, but
omission of this feature on Kay-
comp will probably go unnoticed.
If you attempt to access a non-
existent location, you’ll have to
press the reset button.

The HALT pin is bidirectional
and the processor can drive it low
to indicate a double bus error.
Bidirectionality also applies to
the reset pin. A reset instruction
executed In software causes the
reset pin to be driven low for 124
clock periods. All peripheral
devices connected to the RESET

line are reset.

Taking RESET low externally

will have the same effect on peri-
pherals but it will not affect the
processor. To reset the proces-
sor fully, at power-up for
instance, both RESET and HALT
must be taken low together exter-
nally. If the HALT line is taken
low on its own, the processor is
held in its current state until the
line is released.
Bus arbitration conrol. Three
pins, bus request, bus grant and
bus grant acknowledge (BR, BG
and BGACK) make up this sec-
tion. These deal with multi-pro-
cessor/d.m.a. functions which
are not available on Kaycomp.

Bob Coates gives a more
detailed description of the cir-
cuits in his next article.

The kit p.c.b. is not a plated-through type; this saves
money but requires use of turned-pin i.c. sockets.
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MORE THAN JUST ONE STEP UP

HM208 £1300.
Dual Trace, Digital Storage 2mV —20V/cm
20 MHz Bandwidth  Algebraic Add, Invert
X-Y, 4 x |k Stores, 20 MHz Clock,
Roll, Refresh, Pre-trigger

HM605 £515.
Dual Trace 1mV-20V/cm
60 MHz Bandwidth  Algebraic Add, Invert
X—Y; Single Shot Delay Sweep,
Var Hold-off Component Tester, 14kV CRT

HM204-2 £365.
Dual Trace 1mV-20V/cm
20 MHz Bandwidth  Algebraic Add, Invert
X-Y; Single Shot Delay Sweep,
Var Hold-off Component Tester

HM203-5 £270.
Dual Trace 2mV-20V/cm
20 MHz Bandwidth  Algebraic Add, Invert
X~-Y Component Tester

2 Year Warranty
Prices U.K. list ex. VAT

HAMEL=S

FOR THOSE WHO COMPARE

74—78 Collingdon St. Luton, Beds, LU1 1RX
Tel: (0582) 413174 Telex 825484

CIRCLE 134 FOR FURTHER DETAILS.

- IOD-
The world shrinkers

IQD's state-of-the-art DTMF signalling techno ogy now
brings you Smartpatch 5700, which allows you to dial
direct into the telephone network while you ae on the
move, and to accept incoming calls regardless of your
location.

Smartpatch 5700 is the only intelligen: tele-
communications interconnect system with British
Telecom approval.

Smartpatch 5700 complements
IQD’s extensive range of DTMF
products, which includes the
Codepad, Micropad 2
and Selcall devices.

IQD keeps you in
touch.

1QD Limited
North Street, Crewkerne
Somerset TA18 7AR, England

Telephone: (0460) 74433
Telex: 46283

CIRCLE 12 FOR FURTHER DETAILS.
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PHONE P. M. COMPONENTSLTD TELEX

0474 60521 SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
4 LINES SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD TOS—PM
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LC7130 350 SN76003N 3.95 | TAA3S0A 195 | TOA1006A 2.50 UPC1191V 150 D10-230GH 35.00 M14-100GM 4500 V5004LD 59.00
(67131 550 SN76013N 3.95 TAAS70 195 TDAI0O10 215 | UPC1350C 2.95 D10-230GM 35.00 M14-100LC 45.00 V6001GH 65.00
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MB3712  2.00 SN76650N 115 | TBAS20 1.10 TDA2522 1.85 7808 0.60 D13-611GM 59.00 M24 120GM 59:00 V7030 59.00
MC1307P 1.00 SN76660N 080 | TBA5200 1.10 TDA2523 295 7815 0.85 D13-630GH 59.00 M24-120LC 59.00 V7031GH 59.00
MC1310P 150 | 57K014 795 TBA530  1.10 ) ) D14-150GH 75.00 M24 120¥3VAR §9.00 V7031/67A 59.00
T B i "W S e | . y M24 121GH 65.00 V7035A 49.00
SEMICONDUCTORS bozedl o3 BFRBS 030 | RCA16335 0.80 g]ﬁ 1328:?/34 oo M28B-12GH 55.00 V7037GH 45.00
e o 2 e 225 048 | BP9 150 | SKESF  1.45 D14.172GR 5500 M28-13LC 49.00 VB0O4GR 65.00
AAY12 0.25 BC178 0.15 8C232 0.35 BFR91 1.75 TIP29 0.40 D14172GV 55.00 M28-13LG 49.00 VBO0EGH 65.00
AC125  0.20 8Ci82 010 | B8D233 0.35 BFT42 035 TIP29C  0.42 D14-173GH 55.00 M28 13GR 49.00 V8010A 65.00
ACI26  0.45 BC182LB 0.10 BD23a 035 | BFTa3 035 | TIPOC 043 D14.173GM 53.00 M28-131GR 55.00 VCR139A 11.50
atizi 020 BC183 010 | BD236 049 BFW92 085 | TIP3IC 055 D14.173GR 5500 M28-133GH 55.00 28P1 9.00
AC128 028 BC183L 003 | BD237  0.40 BFX29 030 | TIP32C 042 D14.187GH/98 §5.00 M31-101GH 55.00 38P1 1150
ACI28K 032 | BCIB4LB 0.09 BD238 040 | Brxgs 026 | 1IPC 095 D14-181G4 55.00 M31-182GR 55.00 30P 1130
AC141 0.28 BC204 010 BD242  0.65 BFXBS 0.32 TIP348 0.95 D14-181GM 53.00 M31.182GV 53.00 3H/0BM 5500
AC141K  0.34 BC2078 013 80246 075 BFX86 030 | TIP41A 045 D14.181GMS0 59.00 M31 184W 65.00 WP 18.50
Acie® 03 B85 013 DDNS  gae | BFX8S 025 TIPAIC 045 D14-182GH 5900 M31-184GH 65.00 4EPY 3000
Acek  om Bl 9% | Boan  bes BE¥S0  Jozy | [TIRA2EL 047 D14-200BE 89.00 M31-184P31 65 00 58P1 9.00
Sl G5 BC212L 003 | BDA34  0.6% BFYST 021 | TIPa7  0.65 D14.500CA 50 3500 M31 186W 69.00 38HPY 30,00
AcTo 0% Scaal (003 | load] ‘ Bhysol Jo2om | NiIRI20,  J0°60 D14-200GM 75.00 M31-190GH 55.00 5BHPIFF 30.00
A 8C213 003 | HDASS 073 BFYSD 077 | TS 065 D14-210GH 7500 M31-190GR s5.00 CahE ot
- : d BLY48 175 | TIPi42 175 : M31-190LA 100 -
AC188K  0.37 BC214 009 BD538  0.65 ‘ BRv39  o4s | TIPS 2395 g::g‘vgvovwso 1:3.33 Kaicy EH gg;wﬂs ;g_gg
o Bcc  folo Bosar O BRI1O0  0.26  TIP2955  0.80 D14-320GH/82 PR M3 2200 59.00 138P1 1350
. . - BR1 y T b : M31-270GY 5.00 :
ADWA3 082 BCo378 009 | BD7O2 125 ‘ ooty DN | RS [0S D14 340GH/KM 45.00 MaL2E00N, o500 138pe 750
AD143  0.70 BC238  0.08 ‘ 80707 0.90 | pgpcgsa3 115 | TVI06/2  1.50 D14, 300K R oYog M31-271GW 65.00 3271085 69.00
AD161 039 BC239 012 | BDX32 150 | Bri00A/02085 | 2N1308 135 D16 100GH/65 aTo0 M31-271W 65.00 K S 558 EBTTEaN S0
AD162 039 BC251A 012 | BT106 149 | 2N2219 028 e €5.00 M36-141W 75.00 1273 39.00
Afce? 8% Be2olh 002 | BEMe oss | BINE 120 2N2%05 040 Dle 100aH 78 69.00 M36.170LG 75.00 1564 39.00
: | : 87119 315 2N3063  0.40 ! : M38-101GH 65.00 N
AF114 1.95 BC258A 039 BF127 039 BT120 188 | anaond  oes D16-100GH97 65.00 R o ;22351 ;g gg
AF115 295 8C284 630 BF154 020 | BU1GE 1 D18-160GH 69.00 i d
.95 2N3055  0.52 M38-120W 65.00 95447GM 75.00
AF116 295 BC300  0.30 BF158  0.22 BUIB 169 | anai03 o1 D21-10GH 65.00 N3 20N o0 e LR
AF117 238 BC301 030 BF160 0.27 BU1Z4 125 | 2N3703 0412 DG7 5 S5.00 M38-121GHR 65.00 7709631 7850
AF121 0.60 8C303 026 BF167 027 BUI2S 125 | onaroa  o1s DB76 35.00 b
AF124 065 BC3078 009 | BF1I73 022 BUIZ6 160  nores D22 vrvy
AF125 0.35 B8Cc327 0.16 | BF177 0.38 BU204 155 IN3706 032 AUDIO TAPE HEADS |
AF126 032 BC28 010 | BFIZE 026 BUZ0S 130 | aname  9i2 N EW » * AL
AT o R N veorcie 1|
; - o AUTO REVE 3.50
AF1S0 060 BC37a 013 | BFIB] 029 BUIBD 185 | aNajey 148 aas | STEREO HEAD 2.35
A s BEE 0% bHes  oze | B 120 iy 4y '
. i 1.24 R
AFZ12 375 Beoany [0 | {Bhust 028 BUSOD  2.25 | g:gggj 0‘-;; VIDEO HEADS VIDEQO BELT KITS | ELECTRO-OPTICAL
Asver  oss T I O T L BUSOBA 195 | 5N2536 048 3HSS £29.50 | Akai VS9300/9500/ r
AU0Y 18 BCs49A o010 | BF15 011 | BUSZ6 190 | Insjes  0ls0 Suitable for Ferguson 9800 . ............... £375 | 9s2am 25.00
AU1IO 350 BC550 014 8F196  0.11 BUY6OR 170 | 2N5485 045 3V00, 3V01, 3V086, 3V16, Ferguson 3V16....... 450 9677M 22.00
BC107A 011 BC557 008 | BF197 0N MJ3000 198 | 5N2E0 00 3v22, 3V23, 3v24, 3V29, JVCH HR 3330/3600 . 4.50 P4231BAM 19.00
BC1078 011 BCSS7B  0.08 | B8F198 016 MJE340 040 | 55cags 080 3v30, 3v31, 8903 and JVC HR 3360/3660... 4.50 .
som, o g e gm ol WEE SR SR LR | many Ve Akl Fanasonic NV 3006 503 | WIREWOUND RESISTOR
BC1088  0.12 BO1'S 030 | BF241 015 | MpoAlS 023 | 25Cio96 080 Normende, Teletunken. Panasonic NV 20008. 3.75 b)
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DIODES gggg oo e | Is:fajmg sogg LINE OUTPUT TRANSFORMERS EHTMULTIPLIERS VARICAP TUNERS PUSHBUTTON UNITS
1 ~ =Y | BY210.800 0.33 y DECCA 100 7.95 | TT CVC20 6.35 ELC1043/05MULLARD 8565 i
AA119 0.08 BY223  0.90 :::8003 3;‘.3; DECCA 1700 MONO 9.95 | TTCVC30 6.35 ELC1043/06MULLARD  8.65 R—ETCCCV’E;ETWCXYC 206wAY 1619
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St ol | Doy | e o [Sreue L LI
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BAIS7  0.30 BYX55-6000.30 | IN5402 044 | ITTCVC20 8.20 | UNIVERSAL TRIPLER 5.45 YR 05 | TNl e H
mx: e | el | NG GG =
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" 13000/3500 b PHILIPS G11(470/250V)  2.35 WDA0 1.75 | ANODE CAP (27kV) 0.69
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by Andrew Ray
B.Sc., Intelligent
Interfaces Ltd

Fig.1. Software sections of
the interface for controlling
Commodore peripherals using

{t is a popular misconception that
microcomputer interfaces are a
complex plug and socket and that
their design time is equal to the
time taken to make the necessary
electrical connections.

The Oxford dictionary desc-
ribes an interface as an area of
interaction between two sys-
tems. This wider definition
becomes more applicable as sys-
tems grow in complexity, parti-
cularly when distributed process-
ing is involved. As the area of
interaction grows, emphasis
moves from interface hardware to
interface software; this descrip-
tion of the design of Syscon 6 is an
illustration of this trend.

Syscon 6 allows Commodore
disc drives and printers, now
often found collecting dust in
educational establishments, to

a BBC computer.

be used with the BBC microcom-

BBC computer
paged rom
interface calls

l

BBC computer
filing system
interface calls

J

o
filing

routines

FS
system

cD

filing system

Commodore dos
interface
routines

FS

Hardware driver
routines
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Case study in
interface design

Development of the Syscon 6 interface for
using Commodore peripherals with a BBC
computer illustrates the sometimes
overlooked ratio between software and
hardware design effort.

puter. Firmware makes sure that
the user does not notice any dif-
ference between using the Com-
modore peripherals and the disc-
drives and printers normally used
with the BBC computer. The
resulting interface software gives
increased data storage capacity,
data security and flexibility.
There are two separate inter-
faces in Syscon 6; both can func-
tion concurrently as data is trans-
ferred to and from the disc in
blocks and to the printeraline ata
time. Firmware for the printer
interface allows Commodore
printers to print a normal upper
and lower case character set.

Commodore disc-unit design

To appreciate the design of the
disc interface, CDISK, one needs
to understand both the Commo-
dore disc unit and the BBC com-
puter disc filing system, the
d.f.s.

Over the years, Commodore
has produced a variety of disc
units, all designed as intelligent
subsystems with two micropro-
cessors. One processor unit,
described as the file-interface
controller, handles communica-
tion with the host computer
through the IEEE488 interface.
The second processor acts as a
disc controller. The processors
communicate through 4Kbyte of
shared memory used for data data
buffering and operating-system
work space.

The Commodore disc operat-
ing system, or dos, is in the disc
unit. All versions support primi-
tive direct-access commands
such as those for reading or writ-
ing a block of data, and later ver-
sions support a relative-record

filing system. However, random-
access filing systems have always
had to be supported by applica-
tion programs running on the
host computer.

Discs are formatted such that
outer tracks have more sectors
than those closer to the centre.
Tracks are reserved for a direc-
tory of files and a block-allocation
map, or bam. The dos includes
error-checking, e.g., read-after-
write verification.

Disc operating system com-
mands are sent by the computer
to the disc unit as strings of Ascii
characters. When a dos com-
mand has been executed an
error-status message, also a str-
ing of Ascii characters, can be
read by the computer.

BBC computer d.f.s. design

The BBC-computer disc filing
system is totally integrated into
the main computer. An 8271 disc
controller is used with software in
a ‘paged’ rom. This simple but
effective design results in rapid
data storage and retrieval. Discs
are formatted with ten sectors
per track which gives 100Kbyte
per side for a 40-track drive or
twice that for an 80-track one.

There are two distinct areas of
interaction between the BBC
computer operating system and
the d.f.s. The obvious one is the
command-line interpreter. After
the d.f.s. has been selected by
*DISC, other commands such as
*BACKUP, *COPY, etc., are
passed by the operating system
to the filing system for interpreta-
tion and execution.

The less obvious interface is
used by languages and applica-
tion programs written in assem-
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bly-language. These make use of
seven specific operating-system
calls for reading/writing data
bytes, filing information etc., and
‘OSWORD’ calls.

Data in a disc file is always
stored contiguously. To retrieve
a file, the only information
required is the file start sector
and length. Disadvantages of this
storage method are that disc sur-
face faults cannot be tolerated
and that frequent file writing and
deletion can cause empty gaps
between files. To fill the gaps, a
*COMPACT command has to be
used.

The first two sectors on the
disc’s first track hold d.f.s. cata-
logue information. Only having
two sectors limits the number of
files per disc side to 31 and file
names to seven characters,
which can be irritating. All files
are treated by the d.f.s. as a
sequence of bytes. Extremely
fast random access filing 1is
achieved by using a pointer.

CDISK interface design

After studying the Commodore
dos and Acorn d.f.s. it was poss-
ible to draw up the Syscon 6
CDISK filing-system specifica-
tion. CDISK would have to have
all the facilities of the Acorn d .f.s.
and, to be of use in educational
establishments, 1t would have to
be capable of transferring pro-
grams written on a BBC compu-
ter withthe Acornd.f.s. toacom-
puter with CDFS without modifi-
cation.

Commodore dos only fully sup-
ports sequential files, so most of
the design effort went into a ran-
dom-access capability for CDFS.
Following aspects of the disc unit
design were carefully considered.

Data transfer speed between
the host computer and disc unit is
limited for two reasons; the disc
unit uses software for IEEE488
source and acceptor handshakes,
and disc commands are sent as
Ascii character strings rather
than as a sequence of binary
bytes. However, as the disc unit
is an intelligent subsystem, the
number of commands needed is
reduced. Some operations, such
as formatting a disc and searching
for named files require only a
single command.

We considered that the effects
of limited data transfer rate on
data storage/retrieval time could
be reduced by efficient communi-
cation. This was achieved by buf-
fering in the host computer and

transferring data to the disc unit
in blocks.

Efficient filing system opera-
tion depends on how data storage
is organized on the disc. After
considerable thought, we chose
the following method. CDFS cat-
alogue information, load add-
ress, execution address, etc., is
stored in a dos sequential file.

These sequential catalogue
files are referred to by an
extended file name which CDFS
pads to 14 characters using
spaces. The file name is preceded
by the CDFS directory character
and followed by a space if the file
is unlocked or an ‘L’ if the file is
locked. Each catalogue file con-
tains up to eight two-byte track/
sector pointers to blocks which
can, in turn, contain up to 128
two-byte track/sector pointers to
the data blocks. Thus the maxi-
mum size of a CDFSfilei1s 8X128
blocks or 256Kbytes, provided
that the drive can hold that
amount.

During operation, CDFS main-
tains a pointer for each open file
which points to the next byte to
be read from or written to. CDFS
determines the data track/sector
list block, the data block and the
position of a byte in the data block
from the pointer.

Commodore dos sequential fil-
ing system commands and facilit-
ies are used to locate and update
the catalogue file while direct-
access commands are used to
read and write data track/sector
list blocks and the data blocks
themselves. The dos block-allo-
cation map, bam, is automati-
cally updated during sequential
file operation. By using the dos
block-allocate and block-free
commands during read and write
operations, CDFS ensures that
the allocation map is kept up to
date, avoiding conflict between
sequential and direct-access
operation.

General catalogue information
is stored by CDFS in a sequential
filing system.

The drive type is used to avoid
dos directory tracks and deter-
mine data-block size. CDFS for-
mats a disc using the dos NEW
command and then writes the
system files to it. Backup is car-
ried out by formatting the disc in
the destination drive and then
copying each file in turn from
source to destination.

DOS read-after-write verifica-
tion identifies a bad block and
CDFS then excludes it from fur-
ther use, allocates the next free
block and repeats the write
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operation. The interface system
is flexible in operation as the
sequential catalogue files, data
track/sector list blocks and data
blocks can be stored anywhere on
the disc, allowing a file to be
extended at any time. Optimal
use of disc space is made as
blocks are only allocated as
required and freed when not.

The maximum number of files
on the disc is limited only by the
dos directory capacity and ranges
from 151 to 224, depending on
the disc-unit model.

CDFS operation

This is how a file is created and
written to using CDFS

Opening the channel. This is
done in response to an OSFIND
call normally resulting from use
of a Basic OPENOUT function.
CDFS first checks availability of
an open channel, checks file
name validity and checks that
there is no previously opened
channel to a file of the same
name. It then reads the system
file if there are no channels
already open to the same disc.
During this operation, the disc is
initialized if necessary and the
write-protection state is deter-
mined. Next, CDFS determines
whether the file exists, and if so,
checks that it is unlocked and
deletes it. Lastly, it writes the
default catalogue file on disc to
reserve space.

Reading and writing data. To
increase speed, CDFS maintains
two buffers for each open file in
the computer memory. The first
contains a section of the data
track/sector pointer block and
the second a data block. When-
ever the pointer crosses a data-
buffer boundary, the data block is
written to disc. In the same way,
whenever the pointer crosses the
boundary of a data track/sector,
the data track/sector pointer
block is written to disc. The least-
significant pointer bits specify the
next position in the data buffer to
be written to. After each write

operation, the pointer is updated.
Closing the file channel. Here,
the CDFS writes any valid data
and data track/sector buffer to
disc then erases the default cata-
logue file and writes the current
catalogue file. Lastly, it erases
then writes the current system
file if no other disc write channels
are open.

Having decided how data was to
be organized on the disc and
determined filing-system opera-
tion, the software design could be
completed. The software sec-
tions are clearly defined. There
are two interfaces to the BBC
computer machine operating sys-
tem (mos). First is the paged-
rom interface which handles
auto-start and auto-boot opera-
tions, OSWORD calls and com-
mands not recognized by the
mos, such as *CDISK and
*CPRINTER.

The second interface handles
the seven filing-system calls,
OSFIND, OSBPUT, OSBGET,
OSGBPG, OSFILE, OSARGS and
OSFSC. Most of the commands
used by CDISK are similar to
those provided by the Acom
d.f.s., but some offer addtional
features and there are sonie extra
commands like *BLOCK.

Conclusion

For the sake of brevity, I have not
included a detailed description of
the software. Nevertheless, 1
hope that you have gained some
appreciation of the ratio of sof-
tware to hardware design time,
which in this case was around
100:1.

In any interface design, this
ratio is a function of the mismatch
between the interfacing systems.
In this case, the mismatch was
considerable. Although this is
only an interface between a
single-user microcomputer
operating system and an intelli-
gent disc-subsystem capable of
undertaking one task at a time,
the area of interaction between
the two systems is large.

Table 1. CDFS catalogue file format. Catalogue information,
load address, execution address, etc., is stored in a dos

sequential file.

byte contents

&00 - &03 load address, |.s. byte first

&04 - &07 execution address |.s. byte first
&08 - &0B extent |.s. byte first

&0C - &0F  attributes

&10 - &1F track/sector list block
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oo the chameleon
thatstandsout
fromthecrowd...

allyouneedinasinglecard!

@ Program in BASIC or FORTH/ASSEMBLER

@ Fuily ‘Rommabie’ Code

® 54 Digital /O Lines

® 64k Memory Space (8k RAM supplied as standard)
® Flexible Memory Mapping with PAL and PROM

® Ful Duplex Serial Line RS422/423 + CTS, RTS

@ Essex Bus with buffered data lines

The Chameleon Controiter Card allows you to rapidly get to grips with your
application and eliminates wasteful development time. A 5v supply and a
terminal is all that 1s required to enable you to program in BASIC or FORTH/
ASSEMBLER.

Other system options include: Floppy Disk Interface, EPROM Programmer,
Battery Backed Memory, Real Time Calender Clock, Opto Isolated I/O, Mains
Intertaces, 12 Bit A/D D/A Conversion. A packaged development system is also
available.

Attractive discounts
for volume users.

Send Today
tor Full Information

Esen Electronics Centre

UNIVERSITY OF ESSEX COLCHESTER CO4 35Q
Tel. COL (O206) 865089

NEW EQUIPMENT made by PYE.

SSB TRANSCEIVERS 130M, 2 Channel 4-8 Md/s
SSB TRANSCEIVERS 130M, 4 Channel 4-15 Md/s
PSU for above 12V DC/230V AC.

Remote control for above sets.

SPARE PARTS FOR

Linear Amplifier A200, Olympic M202, 100T SSB, Tx
Type T100 FM VHF, W15 FM, Rx Type R17/R18 VHF

FM, SSB 130 M & F.

DECCA KW 2000 CAT SSB RADIO TELEPHONE
2-12 MHz with PSU 230V AC with Messenger (Mobile)
DTR 2002, 2-18 MHz supply direct from 12V battery.

VEHICLE MOUNTING (3-18 MHz) Flexible glass fibre
protected rods Type HFA (Separate rod and base

assembly available).

POWER SUPPLY UNITS 230V AC input, 750V-100V +
12V, A300V output is obtained from a centre tab of

the 750V.

CHARGING SETS 300 watts, 15V made by BSA.

IN STOCK ALSO

Large quantities of Switchboards ‘F & F* Magneto 10

line, Telephone Type "Y',

‘L’ and ‘F’, Field Telephone

cable D10, MARCONI signal Generator TF 144 H.

COLOMOR (ELECTRONICS LTD.) 170 Goldhawk Rd, London W12
Tel. 01-743 0899 or 01-749 3934. Open Monday to Friday 9a.m.-5.30 p.m.

CIRCLE 7 FOR FURTHER DETAILS.

OSCILLOSCOPES

TEKTRONIX 465 Dual Trace 100MHZ Delay
£1000

Sweep

HEWLETT PACKARD 1707B. Dual Trace 75MHZ

Delay Sweep. Mains/Battery £750

TELEQUIPMENT D75 Dual Trace SOMHZ Delay
£350

Sweep

COSSOR CDU150 Dual Trace 35MHZ Delay

Sweep £200

S.E.LABS SM111 Dual Trace 18MHZ AC or external

DC operation £150

TEKTRONIX547 Dual Trace 50MH Z Delay TB. Delay
£140

Sweep
TELEQUIPMENT D43. Duat Trace 15MHZ £100
TELEQUIPMENT $43 Single Trace25MHZ £75

SIGNAL GENERATORS

HEWLETT PACKARD616B.1.8-4 2GHZ £350
MARCONITF2008 AM/FM 10MHZ-510MHZ £1200

MARCONI  TF10668/1 AM/FM 10MHZ-
470MHZ. £375
MARCONITF995A/2 AM/FM 1.5 — 220MHZ . £200
MARCONITF144H/4 10KHZ — 72MHZ £65

ADVANCE type SG63EAM/FM 4 —230MHZ . £150
ADVANCE type SGB3 AM/FM7.5— 230MHZ . . £75
ADVANCEtype SG62BAM 150KHZ — 220MHZ £70
ADVANCEtype62 AM 150KHZ — 220MHZ £35
FARNELL Modular Puise Generator System 1HZ
10MHZ. £50

MULTIMETERS
AVO 8 Mk IV and AVO Mk IV,
Comp\etewuhbattenesandleadsloron\y. £65
AVO TEST SET No 1 (Similar to AVO 8 MK3)
Complete with Batteries, Jeads & carryingcase. £80
AVQ Model 73 Pocket Multimeter (Analogue) 30
ranges. Complete with batteries & ieads £25
AV(0 72 — Similartoabove butno AC Currentrange
with Batteries & Leads £18

PHILIPS DIGITAL MULTIMETERS

4 digit. Auto ranging. Un-used. complete with
batteries and leads (P&P £5}

TypePM2517E(L.E.D ) £75
TypePM2517X{L.C D} £95
5',” FLOPPY DISK DRIVES

TANDON . Height Brand New
SingleSided Double Density £60

Double Sided Doubie Density £100
MP) Type 92. Double Sided Doubie Density. 80
Track Un-used £100
DISK DRIVE PSU 240V In. 5V1 6A + 12V 1 5AQut
Size W125mm; + 75mm; D180mm. CASED. Un
used ONLY£15eachp&pf2
P&P all drives £5.

PROFESSIONAL 8° GREEN SCREEN MONITORS
made by KGM for REUTERS

Gives quaiity 80 column = 24 line display
Composite Video In. Cased. Good Condition. ONLY
£40 each

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605. Dual Trace 60MHZ
Detay Sweep Component Tester £515
HAMEG OSCILLOSCOPE 203.5 Dual Trace 20MHZ
ComponemTester £270

BLACK STAR FREQUENCY COUNTERS. P&P £4
Meteor 100 — 100 MHZ £98

Meteor 600 —600MHZ £126
Meteor 1000 — 1GHZ £175
BLACK STAR JUPITOR 500 FUNCTION
GENERATOR  Sine/Square/Triangle 0.1HZ

500KHZ P&P£4 £f110

HUNG CHANG DMM 6010 3; dlgn Hand heid 28
ranges including 10 Amp AC/DC. Complete with
batleries & feads P&P£4 £33.50

OSCILLOSCOPES S PROBES. Switched X1, X10. P&P
T

HEWLETT PACKARD LOGIC ANALYSER
16005 - 32 bits

(Consistingof HP1600Aand HP1607A - can besold
separately) Specmcauon on request

MARCONI RF MILLIVOLTMETER TF2603 50KHZ.
1500MHZ, 1mV-3V.FSD £175
MARCONI ELECTRONIC VOLTMETER TF2604
20HZ-1500MHZ; AC/DC/OHMS 300mv
300V.FSD .£95
MARCON!I VALVE VOLTMETER TF2600 10HZ
10MHZ; 1mV-300V.FSD

AVO TRANSISTDR ANALYSER CT446
Suitcase style — battery operated
{Batteries NOT SUPPLIED)

With information only £20 each

AVO TRANSISTOR TESTER TT169

Handheld. GO/NO GO for tn-situ Testing
Complete with batteries. leads & instructions
Now Oniy £12p&p £3

CHERRY KEYBOARD — SERIAL/ASCII STANDARD
QUERTY WITH NUMERIC PAD. NEW CASED. WITH
CIRCUIT (P&PE4) £15

This IS A VERY SMML SAMPLE OF STOCK SAE Or
Telephone for LISTS

Please check ava:lability before ordering.
Carriage all units £12

VAT to be added to Total of Goods & Carriage

Also supplied by:
RCS MICROSYSTEMS, 01-979-2204

STEWART OF READING Telephone: 0734 68041
[F#3 110 WYKEHAM ROAD, READING, BERKS R66 1PL -

Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive

CIRCLE 119 FOR FURTHER DETAILS.

CIRCLE 18 FOR FURTHER DETAILS.
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D.C. SUPPLIES

Switched-mode
ower supply

Last part of the instructional series on d.c.
supplies is a practical description of a
switcher to provide 13.8V at 13A.

In this, the last part of the Power
Supplies series, I describe a fly-
back switcher — again to show
how the theory is applied and to
see if it works. There should be
enough detail to enable anyone
interested to gain some hands-on
experience and perhaps embark
on a design of their own.

I have deliberately chosen
cheap, easily obtainable compo-
nents. You can find the switch (a
BU126) for less than a pound and
the control chip (TIDA2640) for a
couple of pounds or so, in the
advertising pages. The technol-
ogy is therefore a straightforward
application of the ideas to pro-
duce the following specification:

® power output 180 watts (13.8V
at 13A)

® flyback mode, double-wound
choke

® switching frequency, 16kHz.

I chose a flyback-mode circuit to
introduce the slightly more com-
plex detail necessary for its
design: a forward converter
should be simpler, should you
with to experiment with one,
although a storage choke is
required, so there is probably not
a lot of simplification in it.

Establishing parameters

The two important
required are quoted:

formulae

VA=(?}$§1)'(1 fﬂ_)

3

. T‘ )
a1+

BA..f ... (104)

and

V_ 2 Bad | (0a
Turmm 1+1n 6

min

Table 1 lists the quantities with
the values relevant to the opera-
tion of this design.

The choke

A core large enough to store the
energy (or in other words, handle
the throughput) is required. Two
Mullard Ferroxcube-E cores type
FX3609 were chosen and shouid
be ample for P, = 180W. The
dimensions of the cores used are
given in Fig. 1(a) and (b). The
ferrite matenal is type A16 (3C8)
and the absolute maximum flux
density allowed before saturation
at 100°C’is just over 300 millites-
las. The pair of cores can handle
the required absolute peak flux of
126mWhb.

Using the data collected, the
calculation proceeds via the two
equations. Throughput, VA =

180X 10 %X0.5X%7.5
1.7X107%X1.3%125X10 %X 14

vz ~M~73X10 6-16X 103

. 0.4”\: 1.4
(1+3>

= 190 VA

This result indicates that the
required 180 watts should be
comfortably obtained.

The second equation gives the
required volts per turn to support
the peak flux, at f = 16kHz.
From this the number of turns on
the primary is easily found. In
practice, 1 used 4 volts per turn
and with an input level of 360
volts, this rounded off to 90 turns
for N,.

In a flyback circuit, where the
mark to space ratio is not unity
(i.e. our “8” differs from 0.5), the
output voltage at any secondary
is not simply the turns ratio dif-
ference. Therefore to find the
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secondary turns we must use
()

This gives a ratio of 15.1:1 at the
nominal V, of 340V and output of
13.8V, and requires 6 secondary
turns. I wound half of these ben-
eath the primary and the other
half on top — with a non-shorting
copper foil screen between each
winding. The secondary has to
handle 13 amps and a bunched
winding is the best answer. [ used
13 strands of 24 s.w.g. copper
enamelled wire, ail in parallel on
each 3-turn half-secondary.

One or two points arise in the
design. The first is the difference
between the absolute maximum
flux allowable in the core, and the
working peak flux under normal
circumstances. A safety factor is
given by:

B, was used in the volts per turn
expression. The normal
appears in the throughput for-
mula.

There is a tertiary winding

placed on the choke for sensing

by K.L. Smith
Ph.D.

Fig. 1. Dimensions of Mullard
Ferroxcube Cores. At (a),
type FX3609 as used in the
power choke. At (b), the
small “U” cores type FX3605
employed in the driver
transformer. Both are made
from type A16 (3C8)
material, B, = 310 mT,

K, = 1000.

= 55

[

U U]

A I

FX3609
(a)

=20

| 1]

28 -7

|. 16

All dimenstons
are 1" mm

b

FX3605
(b)
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D.C. SUPPLIES
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Fig. 2. Circuit diagram of
power supply.

the voltage level to enable the
feedback system to control the
output stability. The flyback
choke factor n was chosen to be
0.4: thus, full control is main-
tained down to a power output of
a little less than half the 180
watts. At that point the current in
the choke winding falls to the cri-
tical zero value and the control
circuit detects this and drastically
alters the factor to keep the out-
put fairly level. But much stabil-
ity is lost, and the output smooth-
ing 1s liable to worsen. Also, the
mode of control changes, and an
audible whine may arise — from
the magnetostriction in the fer-
rite core,

There is a large d.c. compo-

nent in the windings of the power

choke. The optimization of the
a.c. performance (i.e. the induct-
ance) therefore requires a gap in

the magnetic circuit. As I
mentioned in earlier articles,
Hanna curves are usually

employed to estimate this. My
approach was “experience tem-
pered with experiment”, in other
words, I slid the cores apart very
carefully under power — and
watched the slope on the current
wave being monitoring with an
oscilloscope until it showed the
shallowest decline. (This was dif-
ficult, as there was considerable
magnetic pull.) I then inserted
paxolin shims of the required
thickness.

Table 1. Design parameters and quantities for 180 watt
flyback switcher
f switching frequency 16 kHz
P. resitivity of copper at 20°C 1.7X1078Qm
m resistivity increase with temperature, (ref. 20°C) 1.3@220+00°C
Fa A.c resistance: d.c. resistance of windings
(extra factor in 10A}) 1.4
A, cross-sectional winding area (not window area) 180x10 ®m?
F, winding copper factor 0.5
| mean turn length 125X10°m
gma, absolute maximum peak flux density 300 mT
A... magnetic core area 420 mm?
Bn duty factor (mains high) 0.36
O, duty factor (mains low) 0.47
) duty factor (normal) 0.38
n minimum to maximum P_ chosen to be. . . 0.4
62

Operation

The full practical circuit is shown
in Fig. 2, with the printed circuit
layout in Fig.3. The TDA2640
s.m.p.s. control chip I chose is
being replaced by later types,
such as the TDA1060, in up-to-
date designs. Briefly the 2640
operates as follows (see Fig. 4), .

A voltage of +12V is required
onpin 1. I derived this viaa Zener
diode (D)) from the main d.c.
line. If the voltage falls below
48V on pin 1 then the protection
circuits inside will switch off the
supply. Pins 3,4 and 5 are the
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oscillatorcontrol component con-
nections. C;;, R; and R, produce
a switch rate of 16kHz here. The
pulse width modulated output
appears at pin 6, feeding the base
of the drive transistor, Tr,. Pin 7
is a connection for “low feedback
protection”. Resistor R,, con-
nected to pin 13 reduces the duty
cycle to a small value if there is a
loss of wvoltage on pin
10.

Tt is important to detect over-
voltage. A sample is taken to pin
8 via a rectifier network from the
sensing winding on the choke.
The potential on pin 8 is com-
pared with the reference voltage
on pin 9 from the 6.2V Zener (Dy)
and if the level is exceeded, the
protection circuits trip. The regu-




lation control system operates via
pin 10. Again, the reference is the Components R, 2R78W D,
voltage on pin 9 and the pulse- R, 22k5W D, 2A
width modulator varies the drive C, 0.1 pF 600V R, 5k6 D, Mains Bridge
waveform; i.e. the factor & to C, 0.1 pF 600V R, 390k D,
maintain level output. If you look g3 } nE 25 3gt D, 12V zener
at the circuit in the feedback loop, oy EF 2 ;ks 2% gﬁ 6V2 zener
" ’ 5 : b ,  1N4004
a number of actions can be seen: C. 1nF R, 4k7 D. 75V zener
R;s R, and Ry, supply the sam- C, 225 pF 380V R, 1k D, BY206
ple. The present RV, sets the Cs 10 pF 10V R,, 6M8 D,, BY210
level of output voltage. The com- Cy 0.1pF R,, 82k D,, BY210
bination C,; and R, improves the C,, 10 uF 25V R,, 10k D,, abBYV32
transient performance: C,, and C,, 1.7nF R,y 27k
R, is a feedforward network tak- (C:w }OUOF . R Tr, BSX21
ing a sample of mains hum from ¢y nFn 215 ?;SKZA) ITCrz 88126
the main d.c. feed to enable the c 47nF R° 1k 1 TDA2640
modulator to compensate for it. C:: 4.7 nF R’ 33 T mains filter
Finally there is a shunt network, C,. 25 uF 380V Rl 22k 5 W T, seetext
C,, R, which sets the gain of the C, 10nF R,, 3k3 T, seetext
loop and obviates possible insta- C,, 82nF R,, 5R6
bility. Cyo 0.47 pF R,. 470R L, 10pH
Pins 11 and 12 sense any over- C,, 4.7 yF R, 33R
current through the switch — (C:?Z :1328 DE 224 }SSF?W F, 2Aslow
and turn off the circuit to protect 15 ;TF 2 1K Fa 1A
it. The sample is taken across the C::, 1.llF A 2k2 9 W
1 ohm resistor, R,;. The thresh- C,, 1nF R 1R2W
old is set by Ry,. C,, 2.2nF R,, 330R
The components C,, and R, C,; 1000 pF 35V R,, 4k7 preset
from pin 13 to the common line C,, 1000 uF 35V R,, 2k2 preset
form a slow-start circuit. When
switching on, the drive to the
switch is gradually increased,
reaching full drive after a couple 51 4l s 7 2V GND4g Ref V ¢
of seconds. Thus, inrush surges —{ I l
are avoided.
Finally, the chip incorporates a
fault-condition counter. The TDA 2640 -
number of restarts counted Z Oscitlator Comp 10
before the circuit is turned off el * e
permanently is set by C,; on pin sense sense
15: after the final trip, the whole 8 . _ .
supply must be turned off, then Lver voltage Remote Fulsehw dif Output 6
on again to restart. Pin 14 is a GRusaih) switching m(osd”:%rlor stage Pulse width
remote-control point, left float- r” ¢ - modulated
ing here. [ \ o/p
n Slow start "_J Low output
Current [ low supply V Counter voltage § st
5 e ~Qver current protection reduction
12 “oratection L-—
3 15 7

Fig. 4. TDA2640 contains
Driving the switch advanced control and
monitoring circuitry, as
The variable-width voltage pulse | outlined here.
from pin 6 of the control chip
requires converting into the
approprate current-drive wave-
form to operate the BU126. I dis-
cussed the reasons, and how the
fast turn-on and reverse base-
current turn-off waveform was
produced, in part 5.

The driver transistor Tr, is a
BSX21 and stores energy in the

4 Fig. 3. Component side of the
printed circuit board.
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D
D.C. SUPPLIES

T

I Max) (A)

200 300
lgenpy (MA)

400

Fig. 5. The maker’s data
regarding base current
requirement, given
graphically.
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2. Television Switched-mode Power Sup-
ply Using the TDA2640 White, L.M. Mul-
Iag(l Technical  Communications, July
1975.

driver transformer (T,) while the
main switch is off. When the
BSX21 goes off, the energy
stored in T, turns on the BU126.
The base drive current must
therefore decline as the field col-
lapses in T,. The secondary
inductance must be large enough
to support the drive right to the
end of the on time — the worst
case is when the duty cycleis long
and there is a minimum V,. Out-
put current of the BU126 rises
over this time. Lowest forward
base-current Iy, must still
keep the power switch into satu-
ration up to the trailing edge.
From the maker’s data, the base-
current requirement for the
BU126 is shown in Fig. 5. If the
quantities are known, the
required inductance can be calcu-
lated from

(Vo= Ve —IgR,y) 8T
Al

L=

s

where V|, is the drive voltage, and
Al is the current droop. Other

symbols self-explanatory. At a
very rough level, with V,, around
6 volts, Al, 100mA, V,, one volt
and 8T, 22 ps, L, works out at
about 1mH. This agrees with
maker’s figures®.

At turn off, the base current
must decline, then reverse. The
energy for the reverse base cur-
rent is supplied by the leakage
inductance of T,.

Other components in the driver
stage include C,, and R,, which
underdamp T, as Tr, goes off.
This speeds up the rise and pro-
duces a slight overshoot on the
base drive waveform to the
BU126. Components C,, and C;,
increase the reverse base current
at turn off and D, clamps the top
of T, primary winding to prevents
spurious turn-on pulses from
reaching the output switch.

Driver transtormer

The construction of T, is based
upon a pair of FX3605 ‘U’ cores
(Fig. 1(b)). Its secondary was
wound to have 0.8mH induct-
ance, found from

2
L = MlNS N, = 26 turns
s C]

where y, is the amplitude perm-
eability C, is the core factor for a
pair of FX3605s. From maker’s
data, p, = 1000 and C, =
1.2mm™}'. These 26 turns were
wound outside the primary with
36 s.w.g. enamelled wire. The
primary supported some 75 to 80
volts during the pulse, which was
stepped down to a secondary
level of 5 to 6 volts, giving a turns
ratio of about 14: 1. It was wound
with 380 turns of 42 s.w.g.
enamelled wire.

Snubber

The power transistor has to be
protected from voltage pusles
anising mainly from the leakage
inductance of T,. This is true
especially for this circuit which
has no energy-recovery winding
on the choke. Components C,,,
R, Dy, and C,; with diode D,
perform this function — called in
the USA “snubbing” circuits.
Resistors R,, and R, dissipate a
large power and must be heavy
duty types (9 W wire-wound).

Final output

The last operation isto rectify and
smooth the available pulses of
energy at the output winding of
T;: fast diode pair BYV32 is
designed for this service. The
total average current it can han-
dleis 20A, whichis plenty for this
application. Output smoothing is
achieved by C,, assisted by C,,,
which are 1000 pF low-series-
resistance types. The small (= 10
uH) choke L, reduces the high
frequency “edges” likely in the
output of a flyback s.m.p.s.: it
was added empirically, not really
designed into the circuit for opti-
mum performance. Components
C,; and R, also help to damp
transient edges at the output
winding. :
Finally, T,, C,, C, and the
small capacitors around the diode
bridge help to suppress interfer-
ence flowing back into the mains.
In a tightly controlled profes-
sional design, the level of mains-
borne and directly radiated inter-
ference would have to meet the
standards laid down, as I
mentioned in part 1 of this series.

From page 48

However, as experience indi-
cates, the difficulties do not end
when the technological problems
are solved and water becomes
available for cultivation of food
crops. It has to be anticipated
that all soil will be completely
infertile, without even a trace of
humus being present; but again a
possible solution can be seen in
work done overseas on agricultu-
ral technology. At the beginning
of the century, a British project
was conducted in India on the
production of compost, and in
which, incidentally, bullock carts
were used to crush tough, woody
material before composting. In
this instance the significance of
composting lies in the fact that a
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variety of organic materials, par-
ticularly vegetable matter, into a
form of fertile soil, with a high
humus content, sometimes
known as a compound manure,
and strongly reminiscent of the
Black Land (alluvial soil) of the
English Fens.

Composting, described as low-
cost biotechnology'®, depends for
its action on bacterio-chemical
conversion processes; and, as
carried out in the UK on a domes-
tic scale, using mainly kitchen
waste, is virtually cost-free. It is
therefore possible to envisage a
large-scale operation being set
up, initially in the UK, to produce
compost for replacement of
eroded soil in regions denuded of
trees and vegetation generally.

Yet again, the problems are
more than formidable, but the
solutions are not beyond the
bounds of possibility. Briefly,
from the production engineer’s
point of view, composting is a
long process (full conversion,
even with accelerators, takes 6-9
months or more.) As seen by the
farmer, however, this is a normal
sort of time scale; and with the
proposed scheme it might be pos-
sible to make use of the farmer’s
experience and yet evolve some-
thing more like continuous pro-
duction by taking serially from
groups of heaps graded according
to age.

Also from the production engi-
neer’s point of view, handling
poses a number of problems; but

it would appear that advantage
could be taken of existing agricul-
tural practice and of the slow-
moving nature of the process.
Export to other countries by sea
might well be done by means of
converted oil tankers with the
compost treated to make it more
fluid, thus enabling existing pipe-

Jline delivery. techniques to be

used.
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ROBOTS
for
EDUCATION
TRAINING

MENTOR

and System
INDUSTRY from

featured in
Practical Electronics
Sept. issue

NEPTUNE

Hydraulic S{féfnm

using i 3
water! il £2195

SERPENT
System from
£1515

MENTOR DC servo desktop robot; 8 bit Extensive software Is supplied free with
control system; 300gm capacity; 420 reach.  each robot.
NEPTUNE I/TI 6/7 axes 8/12 bit control Leads availabie for connecuon to BBC,
system 2.5kg capacity. | 120mm reach. ZX Spectrum, Apple lie, Commodore 64

and ViC 20.
SERPENT I/IT 5 axes 12 bit control system
2 kg capactty 400/650mm reach. Most other micros are also 2asily usable with

these robots
Robots programmed from keyboard or hand-
held simulator [model robot). Robots availabie as kits or ready built.
Robots may also be taught by ‘lead by the FMS {Flexible Manufacturing System| work
nose” method ceil additions aiso available

A Piease phone for brochure: 0264 50093,
i i (t;’ West Portway Industrlal Estate, Andover SP10 3wWWw,
gi"""' 1€ A private and independent company giving prompi.
phitcatisns personal service.

E.M.S. POWER
SYSTEMS

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

CIRCLE 103 FOR FURTHER DETAILS.

CIRCLE 133 FOR FURTHER DETAILS.

4 +11GHz SATELLITE TV RECEIVING EQUIPMENT
LNA's LNC’s RECEIVERS, FEED HORNS ETC.

Dealer enquiries welcome
For further details contact
HARRISON ELECTRONICS
22 MILTON ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 7JX Tel: (0702) 332338

{ R . .
4:0 Rack mounting frequency shifter for howl reduction in
€ publicaddress and sound reinforcement

1EQ Mono version, box types and circuit boards
{ aisoavailable
¢

SURREY ELECTRONICS LTD., The Forge, Lucks Green

{ Cranleigh, Surrey GU6 7BG
? Telephone: 0483 275997
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Introducing...

WITH 'PERSPEX’
SEE-THROUGH
CYLINDERS!

COMPLETE SYSTEM “§X

UNDER
£10001
including software!

> | e
{ni-'ad water nymph)

NAIAD
MICRO ELECTROHYDRAULIC ROBOT

BEING FEATURED IN WIRELESS WORLD November Issue

0
i i N (E)' Please phone for brochure: 0264 50093
8 iy arne'ic

West Portway industrlal Estate, Andover SP10 3WWw,
pplicatiens A private and independent company giving prompt, personal service

CIRCLE 101 FOR FURTHER DETAILS.
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GENERATORS

TG501 FUNCTION GENERATOR £295+VAT
005Hz to 5MHz: sine, square, tnangle, ramp, pulse and
haverwave waveforms; free-run, tnggered or gated modes,
varable star/stop phase, 19:1 symmetry range; variable DC
offset; vanable 508 output; TTL output; external sweep mode.

TG502 SWEEP/FUNCTION GENERATOR £495+VAT
Main generator features as TG501 plus internal sweep
generator; 1000:1 linear or 10000:1 log sweep range, precise
dial-and-enter setting of sweep limits; marker with variable
duration and out-of-range indicator; variable sweep rate; single
sweep mode. sweep reset and hold: sweep and pen-lift outputs.

TG503 PULSE/FUNCTION GENERATOR £495 +VAT
Main generator features as TG501 plus normal, double and
delayed pulse modes; pulse width variable from 50ns to 50ms;
delay vanable from 100ns to 50ms; 10MHz capability in double
pulse mode: complement mode; symmetrical. positive-going or
negative-going outputs with adjustable baseline.

For further information contact

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

2= thandar

ELECTRONICS LIMITED

CIRCLE 110 FOR FURTHER DETAILS.
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C ELECTRONICS LTD.

AUDIO VISUAL
EQUIPMENT FOR
THE PROFESSIONAL

Matrices ® VDA's & Modulators @
Cross Wire Generators ® Time/Date
Generators # Split Screen Generators
& Comprehensive Design and
Manufacture of Customer ‘Specials’
DICON ELECTRONICS LIMITED

{A wholly owned subsidiary of Telefusion Pic)

Unit 8, Barrs Fold Close, Wingate Industrial Park, Westhoughton, Lancs. BLS 3XH.

Tel: 0942 811717, Telex: DICON *G' 677493.
CIRCLE 102 FOR FURTHER DETAILS.

MICROPROCESSOR BASED DESIGN
ELECTRONIC EQUIPMENT MANUFACTURE

jfﬂﬂm@rﬁm@%@

SurTel

UHF RADIO TELEMETRY

e

HOME OFFICE APPROVAL TO MPT 1309

* RANGE LINE OF SIGHT

* TRANSMISSION RATE 1200 BAUD

* SERIAL INPUT/OQUTPUT

* ROBUST WEATHERPROOF HOUSINGS (IP65)
* OPERATES FROM 12 VOLT D.C.

* LOW POWER DRAIN 250mA

* OPTIONAL BASE INTERFACE UNITS

— LINK COMPUTER/COMPUTER/PERIPHERAL/INSTRUMENTATION —

— COST EFFECTIVE UHF RADIO MODEM —
MICROMAKE ELECTRONICS

1 THE HOLT. HARE HATCH, UPPER WARGRAVE, BERKS RG10 9TG
TEL. 073522 3255 TLX: 849462 TELFAC G FAX: 0628 74928

CIRCLE 144 FOR FURTHER DETAILS.
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Lom bard House, Cornwall Foad
DORCHESTER Dorset DTl 1RX

phone 0305 68066 telex 418442

micro en LINEEIrINg  CRCLE 141 FORFURTHER DETAILS.
' FAST EPROM PROGRAMMER

Copies eight EPROMS at o pass

all 25 and 27 series up to 27256

s ¥ W EPROM type is set by switches

SANG-OF-BIGHT i jic— ; . erasure Is checked automatically

/ . control is simple - two keys
Alpha liquid crystol display
checksum facility 6 hex digits
FAST or NIRMAL prcgroamming

PLUS VERSION alsc hes:

serial RS232 program & check

CTS or DSR hondshake

ASCII, SIMPLE HEX, INTELHEX
MOTORDOLA S or TEKHEX

GANG—-OF—-FIGHT £395
GANG—OF-EIGHT plusL445

(80 TUTOR

Designed for Schools Council
to teach ZB80 machine code

MENTA uses TV for display

shows STACK & PROGRAM in HEX

TTORDADLE NTT

Diagnoses bus troubles
Helps mend micro boards
280, 6502, 6800, 8085
All covered by one product
Disassemblers Included
Plugs Into micro socket
Hand-held probe identifies
ADDRESS, DATA and CONTROL

lines at a touch.

LPROM EDITOR

Disptays HEX on standard TV
with text-editing facilities
inserts and deletes
shifts and copies
bytes und blocks of code
EMULATES EPROM in circult
using romulator lead supplied

Editing facility includes
direct keykocrd ASSEMBLER
RS232-output DISASSEMBLER

Prints o memory map

of an unknown system

showing ROM, RAM, 1/0
and EMPTY ADDRESSING SPACE

Used *to write & dekug
short machine-code rcoutines
MENTA is a complete
controller with 24 bits of 1/0
used fcr ROBOTICS

TEACHER’s GUIDE, PUPIL READER
MODULES (e.g. A tc D2 aveilckie

MENTA . £99
COMPUTER BARGAINS

-ring for our BEST [OFFER

OLIVETTI MZ1, M2Z4
with 10MB hard disk if req
AUTO-CAD & M24 created this AD

also EPSON PX8
~ cave big buget crstomer | EPROM ERASERS from £ 39

| SOFTY. £795 30V [T AND TRY

ADAPTOR... £ 25| REFUND GUARANTEED

less postal expenses, if goods returned intact within 714 days
PRODUCT IS USUALLY IN STOCK
TODAY DESPATCH IS POSSIBLE VISA

PHONE FOR A LITEFRATURE PACK
VAT must be added to prices

www americanradiohistorv com ~

Lv_ploads and downloads
using serial and paratlel
routines - RS232, Centrorics

PROGRAMS & EMULATES
2716 2732 2532

Useful for development
particularly for piggy-kack
single—chip micros

Adaptor is available
to program 2764 & 27128

LOGS oll 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 and DATA busses
Prints out memory contents
in ASCII, HEX or SDURCE 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
for weeks — but SOFTY




\
OISHED
WASHER — j - \
OUTER é\
INSULATION 7
The toroidal transformer is now accepted as the standard in industry,
overtaking the obsolete laminated type. Industry has been quick to
i i insi i i NEOPRENE
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY WASHE RS
field and, thanks to I.L.P,, PRICE. WINDING
Our large standard range is complemented by our SPECIAL DESIGN INSULATION -
section which can offer a prototype service within14 DAYS together N CORE
with a short lead time on quantity orders which can be programmed PRIMARY :pz
to your requirements with no price penalty. WINDING T END CAPS
— ——
15 VA 50 VA 120 VA 225 VA 500 VA
62 x 34mm 0.35Kg 80 x 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 45mm 2 2Kg 140 x 60mm 4Kg Why a Toroid?
Regulation 19% Regulation 13% Regulation 11% Regulation 7% Regulation 4% . Yy a 0'0'f~‘1~ .
SERIES SECONDARY RMS 2501 6.6 416 1x010 6.6 00 6x0 1201 938 8x016 Smallyer_ size & we:ght to meet
No Volts Current 2x011 9.9 277 4:011 9.9 666 gxg:4 vs‘ ;e g ) 8x017 0 -;ﬂ 833 modern 'slimline’ requirements.
25012 12412 208 a4x012 12412 500 x o 8x018  35-35 714 . | i i
0:010  6+6 125 24013 15.15 166 4x013 15415 400 6x01 22422 511 8x026  10+4 ) LOdW electrically induced
0x011 9.9 083 2:014 1818 138 ax0is 18418 333 6:016  25-25 450 81025  45.4 5 noise demanded by compact
g!g'g 'g:f ggz 2x015 22-22 113 4x015 22422 2712 g‘g:; §2~3u g; 82033 50+ 50 0 equipment.
01 +15 2,016 25+25 1900 4x016 25425 2 4¢ x -3 8x04 55455 454 . . R .
0x014  18.18 042 2017 3043 )83 %ot Boiiso 200 6:026  40-40 28 82028 10 454 High gffnc.eqcy enabling )
g.8|g gg'gg ggg 2x028 1 045 4x018 3535 171 6!?25 45 ac gg 8x029 220 227 conservative rating whiist main-
»01 g 0 2x029 220 22 4x028 110 109 6x033  50-50 5 8x030 240 o f
0:017  30.30 025 2x030 240 20 4x029 220 052 61028 1 204 ol Ealnf:a?/\ls;eoag\rla::wag?;n ot
(encased in ABS plastic} 80 VA 4x030 240 050 giggg gfp gf 140 x 7Emm 5Kg perating perature.
90 x 30 1K 160 VA Regulation 4°
i 0.45K i;egurlr::on 12% s 110 x 40mm 1.8Kg 300 VA Why ILP?
70"30'“'.“‘0,, 18% g Regulation 8% 110 x 50mm 2.6Kg 9x017 30-3 ) 41
egulati o 6.6 a ol ™o 889 Regulation 6% Raons  pEe o Ex stock delivery for standard
1x0 6 250 3011 oo 5x012 12412 666 7x013 15.15 10 00 9x025 454 45 5 94 240V range
1201 9.9 166 Sa0K2 333 5013 15¢15 533 73014 18.18 833 92033 0+ 625 “F
1012 1212 125 3:013 ggg 5,014 18418 432 7x015  22-22 682 e B o0 A qast prototype service avallable
<01 1515 00 o 5:015 22422 383 7x018 25425 600 9x028 568 3 weeks despatch f i
013 1818 083 301 181 5x016  25.25 320 7:017 “30 00 oty e 21 orders patch for special
015 2222 068 Sous. 160 5x017  30+30 266 7x018 35,3 428 91030 4 26 % .
$016 25425 0 60 'i‘mi; 1 ;g 5x018  35+35 228 76026 4049 375 2 year no quibble quarantee
1017 3030 050 3e02 5x026  40+40 200 7x025  45.a 333 . i
31029 36 2.028 110 25 7x033 50450 oo No price penaltv for
3x030 33 5:029 220 072 74028 110 272 call-oft orader
5x030 240 ) 66 72029 220 36
75030 240 25
Prices including P & P ang VAT Mail Order — Please make your crossed .
cheques or postal orders payable to |LP Post to: ILP Electronics L.td., Dept. 3
wheze R pE Sz b Electronics Ltd. Graham Bell House, Roper Close,
30 1 767 225 6 1375 Trade — We will open your credit account Canterbury, Kent. CT2 7EP
50 2 8.90 300 7 14.97 immediatel f i . 3
0 3 006 008 1960 s - YA e POl it Tel: (0227)454778 Telex: 96578C
120 4 10.65 625 9 2230 ’
Far 110V prirnary insert “O” in place of "X" in type number.
For 220V primary (Europe) insert 17 in place of "X’ in type number.
For 240V primary (UK} insert “2" in place of "X" in type number VISA & BB I e
IMPORTANT Regulation — All voltages guoted are FULL LOAD _
Please add regulation tigure to secondary voltage to obtain off Ioad voitage E L Tn l S L
EC ONIC TD.

CIRCLE 145 FOR FURTHER DETAILS.

to supply the fine
range of test &

@ counters
@® multimeters
® scopes

@ signal
generators etc.

ELECTROVALUE LTD 28 St Jude's Road, Englefield Green, Egham.
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA
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Telephone 061 432 4945
Please mention this publication when replying

OPTO EDCUPS 3 l
CT1000KB* Clock/Timer 17.40 | Imm red 9 Smmred 9] B 21 M 1.0
CTB000" + Programmable Inmgreen 12 Smmgreen 12 ] 556 0 ms27 180
Timer 3800 § Immyekow 12 Smmyekow 12 ] 2 MSx 180
XK114 Relay Ki for above 190 | Rectanguiat square artow or 748 N ME9 180
XK 101 Blectrontc Lock 1150 B triangular tiaf face) AD5%0 3130 MM74CSN 850
XK102* 3 Note Door Chume 550 | Reqg 15 Green 18 Yelow 18 ] AYISIC 380 MMI4C915 96
XK104 Sold State Switch 240 | aeoow 65 Paswng Reo 50 CANBD 85 MMMCSZ 330
XK 112 Mains Wiring Remole Tricolour Red CAI3 8% MM7CS% 4. 90
Control 4200 | Roung 2 Contnous %11‘007 40 NESs? 1.5
XK113 MW Radio 550 | Recianguiar 45 f 900 SWE8 220
XK126 D¥MThermometer 1850 | 17t 55 moczs  1iof ') 800 SS)D 220
DL1000K 4.Ch Light Chaser 1595 107 170 MOCXM0 1507 'CMI%S 55 SABOGXS 350
DLZ1000K 4Ch Light Chaser LE 3 ) % MEL 3] |CMB038 310 SABOG 250
DLA/1 Opto Input for above 70 Seven Segment LED Displays LF351 0 Sl 1.9%
DLI0OOK 3Chsound tolight 1295 {104 3 e 78 4Dig 18 cc LF33 NS 1%
TD300K t JOW Touchdimmer  7.75 | (\ncons o g DIRECT ORIVE LF% 0 &g ;‘,:
TS300K t 300W Touchswitch ~ 7.75 INDSO75ca 5 Display 708 M324 50
LD300K + 300W Lightdimmer  3.95 LM3342 8  TBASD n
TOR300K 1 IR Remote Controlled 400V TRIACS IM3Z 120 TBABIGAS 90
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Call cost calculator

To conclude this series, a description of the
software and the reprogramming procedure.

The call costing procedure must
take account of the many permut-
ations of distance, connection
charge and tariff.

For «calls on the Brtish
Telecom system, inland and
international, there are 13 dis-
tance zones, three charge rates
and three modes. In all there are
117 combinations, but because of
repetition they can be stored in
only 80 data blocks. Each block
consists of six bytes specifying
cost and time; it may hold data for
the initial call unit or for subse-
quent units.

If every call category had
unique data for both initial and
subsequent units, then 234
blocks would be needed. Fortu-
nately, direct-dialled calls nor-
mally carry the same charge for
initial and subsequent units and
so the storage requirement is
greatly reduced.

Consider now the calculator’s
2Kbytes of ram. The combination
look-up table occupies 0.5K and
the data block area takes 1K, giv-
ing up to 256 two-byte combina-
tions and 174 six-byte data
blocks.

The look-up table reference
consists of two bytes. One points
to the address of the block speci-
fying the initial charge unit, the
other points to the block for sub-
sequent units.

The system is sufficiently flex-
ible to allow any combination of
distance, rate and mode; for
example there could be 16 Dists,
four Rates and four Modes or 28
Dists, three Rates and three
Modes and so on.

Now, how do we refer to the
initial and subsequent units
through the look-up table?

Each Dist, Rate and Mode has
a binary number allocated to it
(Fig. 1). Each of these factors has
a limit — Lmdist, Lmrate and
Lmmode — which is the number
of possible distances, rates and
modes: in our case, 0D,,, 3,;and
3, respectively.

The address of the initial data
block reference in the look-up
table is given by the formula

(Start of look-up table) +
2 X ((Dist X Lmrate X Lmmode)
+ (Rate X Lmmode) + Mode)

Incrementing this address will
give the block address reference
for the subsequent unit.

The start address of the initial
data block in the data block area
can be expressed as

(Start of data block area) + 6 X
(look-up block reference)

Consider an example. An oper-
ator-controlled call (normal
charge) at peak rate over 35 miles
costs 114p for the first three
minutes and one-third of that for
every succeeding minute. Accor-
dingly, the bytes containing the
initial unit information will be

Time
03 00 00

Cost
01 14 00

and those for subsequent units

Time
01 00 00

Cost
00 38 00

These groups can be stored any-
where in the call data block area.
If we decide to make the initial
unit block the first block in the
area (that is, starting at 20F0,),
then its reference will be 00,.
The subsequent unit block will be
the second block, with a start
address at 20F6,; and the refer-
ence 01,,.

Now we must place the refer-
ences 00 and 01 in the look-up
table. But where?

The value of Dist (for a call of
over 35 miles) is 02,5 and the
Rate and Mode are also 02,,. We
have the same Lmdist, Lmrate
and Lmmode as before and so
plugging into the formula gives

2000, + 2 X ((2X3X3) +
(2X3)+2) = 2058,

as the address where the initial
data block reference 00 is placed.
The address reference for subse-
quent units, 01,, is stored at
location 2059,;.
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Reprogramming

To reprogram for yourself, write
down all the block information for
initial and subsequent call units.
Allocate a unique hexadecimal
number to each unique block and
put them in numerical order into
the call data block area starting
with block 00. Then using the for-
mulas above, go through each
combination and locate the look-
up address for the unique data
block references.

System parameters

System parameter bytes can be
altered by the user to control the
operation of the system. Parame-
ters beginning with Sc (see Table
3) are the addresses to which the
program will jump from the
scrolling message procedure
when the appropriate keys are
pressed. This arrangement
allows jumps to user-supplied
routines within the ram space. It
also allows expansion software to
be accessed. The Adjump add-
ress is the jump location used on
pressing Reset after a telephone
call has been made. These loca-
tions are filled with default
addresses on bootstrap loading.

Stsps and Cadast are the start
address of the data areas. By
default they are 2600, and
20F0,, respectively. Initad is the
start address used by the repro-
gramming routine: by default it

— Rates:

by S.A. Cameron

Stephen Cameron, who is 23, is read-
ing for a B.Sc. in electrical and elec-
tronic engineering at Brunel Univers-
ity, Uxbridge. An industry-sponsored
student, he has worked for the past
four years on broadcast equipment,
radio and line developmentand com-
puting systems.

He qualified as an instructor in
Cadet Force signals while atthe Duke
of York's Royal Military School,
Dover. Spare-time interests include
music, tennis and writing poetry. He
is publicity manager of the Brunel
University Industriat Society.

Table 1: for the B.T. tariff
structure. The unit can cost
calls on any system in the

0010

0000
0001

0010
0010
0100

r Special services:

None selected
Advice of duration
and charge
Credit—card call
Fixed time call
Personal call

0011
0100
0101

0110
0111
1000
1001
1010
1011
1100

irsh Republic, isle of Man, calls to

celiular radio

International
International
intemational
international
international
international
International

charge
charge
charge
charge
charge
charge
charge

subscribers

band
band
band
band
band
band
band

0000 Cheap/economy
0001 Standard world.
0010 Peak
~ Modes: rDistances:
A

0000 Diract-diaked 0000 Local
0001 Operator—controlied, 0001 Under 35 miles

lower charge 0010 Over 35 miles

A

B
c
D
3
F
G
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CALL COST CALCULATOR

Table 3: System parameters.
Address are in hexadecimal
form. Data format is shown

in brackets.

70

points to the State control para-
meter at 26D1,,

Mklim bytes are used to
change the end-of-unit indication
limit. They are initially set to give

40 seconds.
The Lm— parameters are used
for unravelling the packed

characters in the call-type text
area. They indicate the limit for
call-type selection and are used
for data area access calculations.

Totcos, Lstdist and Totuni are
the storage bytesfor the running
totals. On bootstrap they are all
reset to zero.

Certain bits in the state control
byte indicate to the system the
position of the decimal point in
the cost data, with respect to the
least significant byte. All costs
are expressed in the cost base
unit (Cobu). An appropriate
abbreviation — P for pence, for
British users — is stored in
Cobuch, 26E4 .

State byte Cost format Cobuch
bitl bit0

[} 0 999999 P
0 1 999999 P
1 4] 999999 14
1 1 999999 P

This decimal format applies also
to the Totcos bytes. The floating-
point format is used in the total
cost and cost information display
procedures. It features automatic
suppression of leading zeroes and
variable-justify for overflow.

The time and cost display has a
fixed format and displays no deci-
mals unless bit 1 and bit 0 are 10
or 11.

If a hundreds form of the base
unit exists, as with the pound
sterling, this will be indicated by
bit 2 and the display will accord-

lows the pattern used previously.
A look-up table the length of
Lmdist, accessed by the Dist
parameter, has address refer-
ences pointing to the start of Sps
data blocks twice the length of the
number of services available.

Each Sps binary number is the
offset in this data block. It points
to two bytes giving the cost of
that service at that distance. The
data blocks appear immediately
after the look-up table.

Programming procedure

Before switching on, remove the
top panel of the instrument and
link program pin D,, to V+.
Switch on. The display immedi-
ately shows the Initad address
and data at that location in hexa-
decimadl format. From here you
can gain access to any point in the
memory map. If the system
crashes, this routine will always
work so that corrections can be
made.

The flashing digit can be incre-

26C0 Scjumpl Scroll message jump store for Dist key (binary) ingly be subdivided into pounds mented by the Rate keylor decre'
26C2 Scjiump2 - for Rate key (m.s.b./lsb.) and pence. mented by Dist. Carry is applied
26C4 Scjump3 - for Mode key 1 1 1
T e Sy . ~ The special service (Sps) data only in thg case of changes to the
26C8 Adjump On addition jump kcation is separate from the normal cost- least significant digit. The Mode
26CA  Stsps Start of Sps data ing as it represents a distance- key switches control from each
26CA Cadast Call data start address _ ; g
26CE Initad Initial address for reprogramming plus service element ‘.”}“Ch —
26D0 Bootcnt  Bootstrap control (bit) be treated as a connection charge Table 2: ram map. Addresses
26D1 State State control — aone-off additional cost to the are shown in hexadecimal
2ehs EIRNV o P call. form. System interrupt
26D4 Buzprd  Buzzer period for software monostable Each Sps cost occupies two variables should be used with
26D5  Mkliml Marker limit, s;\econds (b.cd) bytes of memory at the base unit care as they contain
2608 MlimZ o ver it ainarodths (‘::injs)""’s level. For British Telecom this important display counter
26D8 Lmrate T Te.g. Lmdist=1016 if there are gives a cost range of 0 to 9999p. values, divider and sequencer
gggi tmode 16 distances to be considered Should the Sps costs be far more constructs as well as key-pad
26DB  Toteosl-4 Total cest store, ms.b.-Le.b. (bo.d) than this, State bit 7 can be set, scanning information. Call
26DF Lstdist Last distance store (binary) multiplying costs by 100to givea type text is stored
26E0 Totunil-2 TYotal units store, m.s.b.-Ls.b. (b.c.d.) g . .
MmN A O e A o
26E3 Prthold Port hold control . L ) Dy s
26E4 Cobuch Cost base unit character, e.g. P for pence Ifno Sps serviceis required the character blocks respectively.
gggz Chxstr g—p":f:s“'“ store (binary) gclcilitylf) pag be disabled by setting Areas 2000-21D0, 2600-
26EF spare tate bit o. 2630, 2680-277F are

The data storage format fol- bootstrap-loaded from eprom

if Bootcnt (26D0) does not
contain AA ;.

2000 } Look-up data bytes
20F0 J (up to 0.5K)
20F0 } Call data blocks
21CF J (up o 1.5K, relocatable)
21D0
25FF} S0

Sps look-up table

} and data blocks
(up to 0.5K, relocataéle)

267F Top of stack

2680 .
26BF } Introductory message text
gggg} System parameters
26F0} Sps text

270F } (packed)

2710 } Call-type text

274F } (packed)

2750

278F } Spare

ggB } System work-space

27EC } System interrupt variables
27F7 ) (virtual interface start)
27F8 ; .

27FF } Display area

All the electronic components are mounted on two printed
circuit boards which fit into a standard plastics box.
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-] Table 4: System control. The status byte 27F3, ; is used for inter-

communication between the interrupt routine and the main pro-
gram.

Bit description set (1) clear (0)

0 Key pressed new key no key

1 Timer control timer on timer off

2 Auto-repeat sustained single key entered
3 New number indicator intermediate number same number

4 Correct addition sequence add to total do not add to total
S Flashing (1Hz) on off

6 Buzzer with flashing enable disable

7 Buzzer traigger trigger monostable do not trigger

The instrument, based on a Z80 processor with 2K of ram,
uses low-cost components thhroughout. The same hardware
could be used to implement a general i/o controller, for
example in a security installatioon or central heatiing system.

digit to the next.

The Start/stop key toggles
between address and data con-
trol. Changes made by the user
are not transferred to the dis-
played address until Start/stop is
pressed to switch to address con-
trol. Addresses are incremented
and read automatically during
data loading with the Start/stop
key.

The Reset key returns the data
at the current address to its old
value. If Reset is held down then
the address 1s reset to the Initad
address.

When programming is com-
plete the user should ensure that
the control byte Bootent 2610,
is set to AA ;. This will disable
the bootstrap loader from over-
writing the altered data on subse-
quent switch-ons.

The unit may now be switched
off and the D. link removed.

The introductory message
(which can be up to 64 characters
long) may be changed by writing
to. ram locations 2680, to
26BF 4. The purpose of this mes-
sage is to show the user whether
the system still contains the
updated cost and time data. It is
therefore wise to include in it an
1ssue date.

The byte Chxstr (26E5,5) con-
tains a checksum of all the bytes
from ram locations 2000, to
2630,,. It 1s updated automati-

cally on switch-on.

An indication of the total units
used is displayed when the Start/
stop button is pressed dunng
total cost display. Reprogramm-
ing of these displays can be dis-
abled by State bit 4.

Display byte

The display character byte fol-
lows the standard bit-segment
format. Bits D, to D, correspond
to segments a to h (as shown in
the display board circuit diagram
in the August issue). Setting any
bit causes it segment to light.
State bit 3 indicates to the sof-
tware whether the decimal points
in use are night-hand or left-hand.

Assembler listing

An assembler list of the software
is available for £3 from the author
at 7 Donnington Court, Worthy
Road, Winchester, Hampshire
5023 7BJ. The listing is in the
formof a48-page A5-size booklet
and includes detailed notes and
comments.

Component Kits for this design
are available from the sources
given in the July and August arti-
cles.
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Table 5: Cost data and display formats are controlied by the State
byte at address 26D1.

Bit description set (L) clear (0)
0 Decimal point pos’n bit 0 see cost format table

1 Decimal point pos’n bit 1 see cost format table

2 Hundreds selection No hundreds hundreds
3 Decimal point left-hand right-hand
4 Total cost/total unit enable disable

S Sps selection disable enable

6 Buzzer disable enable

7 Sps multiplier 1 100

The calculator displays elapsed time and cost of calls in
progress and stores running totals in memory.
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The Archer 780 &B

The SDS ARCHER — The Z80 based single board
computer chosen by professionals and OEM
users.

* High quality double sidea 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

* DISC INTERFACE card

Sherwood Datadystems [id

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX.Tel. 02814-5067
.
- CIRCLE 138 FOR FURTHER DETAILS.
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Polyphonic keyhoard — 2

Digipoly’s t.t.l. processor circuit

and microcode program. by D.J. Greaves B.A.

3 2 2
¥ A B ¥ 4 = (A + B - (A - B)
¥ The square table 1s indexed =128 to + 127
¥ and gives values 1n the range 0 to 63
X
Q0 00 LOAD FL,V get low order part of note phase
01 12 ADD FL,V add on the freguency (Intergrate)
02 80 STORE PL,V
03 01 LOAD PH,V repeat with high arder
04 53 ADC FH,V including the carry from the low order
a5 81 STORE FH,V
046 0A LOAD WV,A Look up the result in the waveform table
a7 8F STORE EZ
08 04 LOAD VOL,V get the amplitude of this ascillator,
09 &6F SUB EZ take the difference,
DA 08 LOAD S&,A and square it.
OF BE STORE EZ2 Save in register 2. T
oC 04  LOAD VOL,V Now calculate = g
oD 1F ADD EX the sum of them, — — - e
OE 08  LOAD S0.A square the answer, The large circuit has left little
OF &E SUR E2 plus the square of the difference ~ : :
10 86 STORE DACO giving the answer. spacetbrjextzn UHSISSUG.LVG
11 Av  LOOF hope to find room for more
12 RO INCV move to next voice and perform HOST description in the next article
g SIS ASSACT: which includes details on the
Midi bus.
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The instrument has two proces-
sors — an 8088 microprocessor
for control functions and a t.t.l.
processor for note generation.
There are 18 instructions in
Digipoly’s microcode program,
List1, which execute sequentially
and then start again. The final
instruction, INCV, causes the
program to be run on each sound
channel in tumn.

Frequency of the master clock
is divided by the length of the pro-
gram and by the number of voices
to give the sample rate at the
audio output d-to-a converter.
With a 5MHz master clock rate
this is
5 000 000/(18%8)=35kHz.

An assembler wrntten for the
microcode language in BCPL pro-
duced the code in List 1, but mic-
rocode can easily be manually

assembled using the instruction
set described last month.

The first three instructions of
the microcode increment the P-
register low-order section and
the next three the high-order sec-
tion. At address six, the wave
from the waveform table is sam-
pled and this is multiplied by the
VOL, V register in the ramaining
instructions. At address 16, the
computed result is sent to the
output d-to-a converter.

Each channel sends its output
to the same converter and the
value is latched there until the
next channel sends a value.

This gives a discontinuous
waveform. Summation of the
eight channels into a single con-
tinuous audio wave is performed
by the integrating behaviour of
the analogue low-pass filter fol-
lowing the converter.

List 1 Microcode of t.t.l. processor is only eighteen bytes long.

Features and software availability

Digipoly is an eight-note polyphonic digital musical instrument
with a five-octave keyboard transposable over a nine -octave
useful range. It includes

O Comprehensive envelope generator controls

O Vibrato and tremolo control

© Midi interface

O Hundreds of front-panel selectable waveforms

O Battery-maintained memory for 16 user-defined voices
O Rotary control for adjustmant of many parameters

Note frequencies are not rigidly locked as in divider type
organs. A detune facility introduces a variable amount
of scale error.

Digipoly can be built for arpund £175 excluding case.
Software is available iin various forms from the author at 5
Grovely Way, Crampmoor, Romsey, Hampshire SO5 9AX. A
fifty-page listing of the 8088 source program is £3 and a 40-
track disc for the BBC microcomputer, holding source, object
and related files, is £4 (single density). Programmed 2764
eproms containing the 8088 object code and a bipolar prom
containing the t.t.l. processor code are £6.50 and
£4.00 respectively. Please include £1 for UK postage
and make cheques payable to D.J. Greaves. Brave

readers can obtain a copy of the hexadecimal listing

X a) This version uses the wrap around on the V
X register to set the number of oscillators.
¥ b) The 1nstuction after LOOF is assumed to execute.

¥ c¢) The HOST instruction is assumed to be performed

b 3 as a side effect of the INCV instruction.

X

A==m======= —===—===z======= === =%

¥ The multiplication is performed using a quarter
¥ squares algorithm. The amplitude valuwe is 0O..63 and
X the waveform table ranges -64 to &4.

)

by sending a large stamped addressed envelope and
a cheque for £1.35 to our editorial offices. Please
make this cheque payable to Business Press
International.




POLYPHONIC KEYBOARD
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comversion logic
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_ 4 58\2 1 __3&[3“0
I ?3 DACH Carry bit
Available for expansion
X
r‘o ; isb Remaining connections for {77 shown later
0g"03_ 10, - .
DACOROT This discrete high-speed t.t.l.
3 processor was deygloped )
e specifically for Digipoly but is
G707 ms.b general enough in design for

T 1,

many other applications. Its
purpose is note generation.
Microcode software for the
ten-instruction processor is

stored in a bipolar prom.
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PC/XT - PERIPHERALS

gx(/[]ginboard B — 103 4 Layer PC/

................................. 294
MEGA Mainboard PC/XT ........ £249
SUPER Mainboard PC/XT ........ £249
256 M/FUNCT.

1par,1ser,cl,cal OK...............
384k M/FUNCT. 6-WAY (SEE ]LL)

O st s i o iR bssnsias s

512 RAM EXPAND (2 DIP
SWITCH}JOK....................... £95
Parallel printercard ............... £39
Parallel card with 64K buffer

OK) oo £109

Monochrome (text) display card . £119
PC Express/Intelligent Research

12K, £798
Titan Accelerator 128K........... £609
Titan Accelerator 512K........... £729

COLOUR/GRAPHICS
Card (2 layer)

COMPOSITE COLOUR/rgb

Monitors ... £149
SUPER COLOUR/GRAPHICS Card (4
layer) PC, PCXT, PCAT
COMPATIABLE .. ... .. £399
MONOCHROME GRAPHIC CARD
VERSION II single parallel port
standard .......................... £229

MULTI I/O CARD — 5 WAY!!! Dual
floppy controller interface
Asynchronous RS232 serial comms
port Parallel printer port, games
adapter Clock/Cal with battery

EPROM WRITER CARD up to

128K, ..o £149
MODEM CARD V21/V23 CCITT AA/
AD £1

AD/DA 12bit 16ch-A/D, 1ch-D/A £139
83K Cherry Style KEYBOARD.... £129

TRANS—NET NETWORKING
BOARD...................oo.. £450
NetMail Software................. £550
NetSPOOL Software.............. £250
NetDISK Disk Server Software ... £150
NetDMS Data Management

Software .......................... £175
NET BOOT ROM for floppyless

NET STARTERKIT . £o75
(NOTE: We can supply most
of the above as
UNPOPULATED boards for
OEMS.)

DISKETTE SALE

NASHUA DS/DD...... £14. box of ten
UNBRANDED DS/DD 96 TPI. £14. box
of ten

backup........................... £249 | DX45 lockable 100pc DISKETTE
BOX.. o £17
EPROM WRITER CARD up to DX50 lockable 50pc DISKETTE
128Ks . rrcarerrrrrs.cnn. . . | £149 BOX. ..o £15
384 MULTIFICATION PC/XT CASE
CARD — SIX WAY!!!
o8 — Slot
eHinged lid
064K to 384K RAM Memory eIncludes hardware
®RS5232C Serial Port £a5.00
};Real TiénekCIOCk/Calendar with
attery Backup
RAMDISK & PSPOOL Software PC to XT CONVERSION
OOptiogal games:q port KITS
®Built & Tested £195.00
b L L FOR [BM AND COMPATIBLES

4—LAYER PC/XT
MAINBOARD

¢64K to 1IMB ON BOARD
o8 Fully Compatible Slots
Built & Tested £295.00

RAM CHIP SALE!!!

¢ 4164 64K DRAMS 150ns £1.49 each
(upgrade PC/XT and compatibles)
041256 256K RAMS 150ns £5.49 each
{upgrade OLIVETTI M24, COMPAQ
DESKPRO etc)

® 4128 (Piggyback) Upgrade IBM PC/

Dl n oo = U T Y £5.99 each
¢ CO—PROCESSOR INTEL 8087 -2/-
Hcomt oo . P = £139.00

¢ NEW FAST CONTROLLER!!!
WESTERN DIGITAL 1002 SWX—2
SEGATE ST—506 STANDARD.£199.00

¢ 10 MEGABYTE MR—521 1/4"
WINCHESTER HARD DRIVE, 2-
HEADS AVERAGE ACCESS

85ms ... £375.00

¢ 20 MEGABYTE MRb22 5 1/4"
WINCHESTER HARD DRIVE, 4—
HEADS AVERAGE ACCESS

85ms ... £550.00

¢ HARD DRIVE CABLE SET ... £256.00
o UPGRADE 130WATT POWER
SUPPLY . oy y3 e siuiphigusss avs 16 £135.00

Prices exclude VAT and DELIVERY
— terms on application.

ISR

Business Systems Ltd.

Unit M, Charlwoods Business Centre,
Charlwoods Road,
East Grinstead,
West Sussex, RH19 2HH

(0342) 24631 tlx: 957547

TRANSFORMERS Ex-STOCK
12/24VDC-240VAC
MAINS ISOLATORS 50/25V or 25-0-25V 30/15V or 15-0-15¥ | 100w £65.15
Pri/Sec 120V =2 2x25V Tap Secs Volts | 2x15V Tap Secs. Volts | 250w £198.00
P
(60-1000VA Tap Secs) | available5, 7,8, 10,13, | availabie 3,4,5.6,8,9, | soow £260.00
VA Price pap | 15, 17, 20, 25, 30, 33, 40, | 10,12, 15,18, 20, 24, 25.27 | 1000w £414.00
*20 5.1 170 |20-0-20 or 25-0-25V | 300r 15-0-15V 2000W £620.00
8 G Bl e el W o e
200 1647 23600 L[ T 2 454 148| CONSTANTVOLTAGE
250 1992 277| | 2 528 150 , 4 734 169| TRANSFORMERS1%
30 2ase  2sa| 2OA 4 812 181 6 850 145| Spike-freestablemains
500 30.69 3.10 4 M 8 14:80 2'22 4 A 8 10.15 199 250VA £148.000/A
1000 5585 470 | g P 5 191 23g| > M 10 125 2101 soova £201.930/A
1500 71.79 595| g § 15 2675 286| © P 12 1420 2301 ikya £380.500/A
2000 8638  635| 20 3174 320| 8 1619.00 2361 o¢yp . £590.950/A
3000 12112 0A 108 20 2192 246
: 12 24 3799 336 i 3KVA £951.050/A
5000  258.77 0A 12 24 236 263| Lo 30
* 115 or 240V sec only 15 3 279 3 SKVA £1470.000/4
4007440 to 200/240V CT SUI30Y or 30-0:3 2 40] 3razy BNA| wepem ™ aeissorn
e Price  PEP 2x120v°’2xgl-]‘\]l.Tg: AUTOS THKVA . £1796.750/A
100 s 270 | Secs. Volts available 12, 1;5, 0, u; 20V 10KVA . ... £3480.000/A
200 1647 236 | 6 8.10.12 16, 18, AR rown AL
250 1992 252 | 20,24, 30,36, 40, 48, 60, | VA firica  IR&R) P
350 2454 2.84 | 24-0-24 or 30-0-30V. o B L A
500 30.69 3.10 150 7.36 1.69 | DA117 £105.00
1000 5565 420 |60V 30V Price Pap| 250 896 176 | paore 40,00
: 0.5 1493 158 500 1396 234 :
2000 8.38 550 DA2000 65.00
3000 12114 ol g ;g; ;83 1000 2384 290 P8R ET - VAT
6000  258.77 oaE wa. & Kol irol gy 2330 4338 Full range AVO & MEGGERS
4 M 8 1591 2313000 75.22 5.10 available.
5 p 10 2011 2.36(5000 11311 0A
2412V or 12-0-12V 6 12 2295 278
2x12V Secs. Pri. 240V 8 S 16 3226 320 CASED AUTOS WW MODEM PROJECT
12v 24y Price pap |10 20 3755 347 240V Cable Input Transformers 71, T2
A R 24 4328 368 USA socket outlets £6.90 pair inc VAT, P&P
! % 345 12 VA Price  P&P|  METAL OXIDE /W
A ) SakEr 20 757 159 5y RESISTORS £1/100
6 , 3 807 176 MINIATURES 8 38 1830 12,20,33,47, 75 390,430
g A1 943 1sp|Secv  Amp Prce pap| 30 12I0 9% G0 56y Tk ik, T3
1 M5 g3y 205 |JOSV 02 3 861 Lpp g3 Hign| kG, ke, 2k, 3k, 39, 15K
12 P 6 1143 215 0-0-9 01 272 96| 1000 3543 3.97 | 16k, 24k, 27k, 39k, 56k,
16 g 8 1362 233 | = 2000 §349  176|82k 100k 110k, 120k
20 o 1833 66 | P2 0.33x2 253 96
2 10 1833 2661500  sxp 353130 | 3000 91.14 0A | 130k, 150k, 200k. 220k,
60 3 467 450 |82 A2 448231 | cupieisoo urms sog) | 20k 300k P&P 20p
15%2 2x2 253 96 BRIDGE RECTIFIERS
83 a1 8376 550 [\, £f T3 OR SPECIAL OFFER
) 20,2 15x2 355130 £140/1000m UK Man 1A 400V 32
gs’sucv ;:31574};?‘[ 20x12 . While stocks last. 2A 200v 52
- e e 15202 oA 3170 L VAT 358 00V £3.00
e 4‘8 0I4BV 15-27x2 5 588170 PLEASE ADD 15% VAT TO 12 5A 500v £3.62
FCLRIE 15-27x2 1A 7.66 50 | ALLITEMSAFTERP&P
72/96 36/48V Price  P&P [0-CTx15v 5 2566 96
1 2 938 152)0CT-15v4A 728108 @ ¥.\'{* R(] )
2 4 4 1542 23 . Ll )
3y & 1888 252 WINDING SERVICES Unit 21 Stratford Workshop
4 P 8 2388 260 | 3yatg15KkvA 2/3 phase nrd Road ande
5 10 3384 336 Plus Toroidals .
6 8 12 4238 368 Stock Items By Return. | |
8 16 46.23 3.98
. CIRCLE 46 FOR FURTHER DETAILS.
H.P. EQUIPMENT
2 — HP8690B SWEEPER MAINFRAME £550.00
6 — HP8693B PLUG IN 4-8 GHZ 650.00
4 — HOI86928 PLUG IN 1.7 — 4.2 GHZ 650.00
9 — HP8491A ATTENUATOR 20DB (NEW) 50.00
15 — HP3420 NULL VOLTMETER (6 DECADE) 250.00
17 — HP8746B S-PARAMETER TEST SET 2500.00
56 — HP11605A FLEXIBLE ARM 450.00
55 — HP7221B PLOTTER (RS232) (HP 1-13) (A3) 4 COLOUR 950.00
57 — HP86242A SWEEPER PLUG IN 5.9 —9-0 GHZ 1250.00
59 — HP7040A X-Y RECORDER A3 950.00

TEKTRONIX TEST EQUIPMENT

1 — 491 SPECTRUM ANALYSER C¢/WITH ALL ACC'S 10 MHZ — 40 GHZ3500.00

12 — 604 XYZ MONITOR HIGH RESOLUTION
24 — 1485R T.V. WAVEFORM MONITOR PAL NTSC ETC.

44 — GMA 102 C.A.D. STORAGE SCREEN MONITOR (NEW) 26"
48 — GMA 103 C.A.D. STORAGE SCREEN MONITOR (NEW) 26"

60 — 7704 4 SLOT 250 MHZ MAINFRAME

PHILIPS TEST EQUIPMENT

55 — PM3181 XY RECORDER (A3) 50 UV SENS (IEE448 1/F)
22 — PM5532 G/07 PAL SYNC GENERATOR

23 — PM5539 T.V. COLOUR ANALYSER

OTHER EQUIPMENT

650.00
2950.00
950.00
1100.00
2250.00

950.00
P.OA.
1200.00

41 — PERKIN ELMER 5900 LASER GAGE TO 0.8 UM RESOLUTION MAX RANGE
45 METERS TEMP + PRESS CONPENSATION. TROLLEY MOUNTED, DIGIT
DISPLAY — PRINTER BCD O/P ETC. FOR CALIBRATING N.C. MACHINES,

LINEAR TRANSDUCERS ETC
33 — B+K 2209 SOUND LEVEL METER
34 — B+K 1613 OCTAVE FILTER SET
32 — RFL INDS 3265 GAUSS METER
27 — VERSATEC V-80 HI-RES PRINTER — PLOTTER
52 — SMS 3000 8X300 DEVELOPMENT SYSTEM
21 — ZILOG 2DS-U Z80 DEVELOPMENT SYSTEM
16 — INTEL MDS-1 (INCOMPLET) TO CLEAR

4950.00
650.00
150.00
200.00

3950.00

1500.00

1500.00
295.00

7 — WANDEL + GOTERMAN TFPM 42 TFPM 43 TRANSMISSION TEST SET AS

NEW CONDITION
10 — MARCONI TF801 AM SIGNAL GENERATOR 10-470 MHZ,
CONDITION

'550.00
EXCEL L4
250.00

63 — GOULD ADVANCE MG520 5U 20A MINITURE SWITCHING P.S.U. 22.50

PHONE 0223 68990 FOR FURTHER INFFO OR APPOINTMENT.

VESCO UNIT 2, DITTON WALK, CAMBRIDGE.

CIRCLE 47 FOR FURTHER DETAILS.
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CIRCLE 32 FOR FURTHER DETAILS.
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Electronic mailhox

Construction tips and line interface circuits
complete the description of a self-contained
electronic message system.

A plated-through printed circuit
and the three roms are available
to constructors. The printed cir-
cuit is designed to fit into an RS
cabinet type 509-620. This
board, the mains transformer,
and the line-isolation transformer
are all attached to the front panel,
leaving only the backup battery
fixed to the base of the cabinet.
Other components fixed to the
panel are the three leds indicating
‘power’, ‘on-line’ and ‘attention’,
two push buttons to manually
open and close connections if
required, and a switch for the bat-
tery backup supply.

The relays are RS type 346-851
and the switch for the clock is RS
type 336-674. The only compo-
nents not mentioned in the circuit
diagram are numerous 100n
decoupling capacitors  which
should be monolithic ceramic
types. They are shown in the lay-
out drawing which will be sup-
plied with the printed circuit.

The 64K rams can be any type
except the Texas variety which

has different refresh require-
ments; the slowest available
devices will be suitable for the
application. This also applies to
the roms and the interface chips.
To reduce dynamic consumption,
the system runs at arelaxed clock
speed but this does not limit its
operation in any way. The 1nF
capacitor in the receiver monost-
able should be polystyrene; other
capacitors are not critical.

The mailbox can be connected
directly in parallel with a tele-
phone by using a dual-outlet
adaptor. There is no need for the
line to the telephone to be
switched as in a normal modem,
because any sounds picked up by
the handset cannot cause data
errors.

There are only two adjust-
ments to be made in the modem
circuit. Inject a sine wave of
10mV peak-to-peak at 1700Hz
across the line side of the trans-
former, and monitor test point
one. Adjust the offset poten-
tiometer to obtain a symmetrical

Messages entered into the
mailbox from a computer or
terminal are sent
immediately or later on while
you’re asleep. The message
can even be held until the
destination caller rings you.

.
¥

square wave, and confirm that
the shape does not change when
the input level is raised to 1V.
Monitor test point two and adjust
the timing potentiometer so that
the logic level is on the point of
changing states.

The clock is set by use of a spe-
cial command and an internal
switch which protects it from
being changed inadvertently. The
command format is

t0000«units mins><tens mins»
«units  hrs><tens  hrs>units
days> «tens days»«day of wk><units
months:<tens months><leap sta-
tus>10 «magic switch on> «cr>
«magic switch off> «cr>

where leap status is eight for leap
year, four for leap year + 1, two
for leap year + 2 and one for leap
year + 3. For example, to set the
clock to 23:57 GMT on 9 Decem-
ber 1984, the string would be
t0000753290021810. The trim-
mer on the clock crystal should be
adjusted at intervals of a few

ELECTRONICS & WIRELESS WORLD OCTOBER 1985
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by Martin Allard
B.Sc.(Hons)

Martin Allard has an honours
degree in computing science
from Essex University. Over the
years he has worked in
psychology research, gas
pipeline instrumentation,
operating systems design and
digital video, including the
single-handed design of a
digital PAL-NTSC standards
converter, all done from his
cottage in Devon.

He recently left that
business, convinced that it is
the road to madness, and is
now an independent
broadcasting and
communications consultant.
One of his current projects is
the construction of solar-
powered community f.m. radio
stations in Nepal and Sri
Lanka, in conjunction with
UNESCO and Arthur C. Clarke.
Martin still owns the working
automatic telephone exchange
which he designed at the age
of 11.



| Principles of the electronic mail sys-
tem were discussed in the August
issue and hardware in the September
issue.

Analogue signal paths. On
the receive side, the limiter
is followed by an exclusive-or
gate generating pulses on
both edges of the waveform.
These pulses are integrated
and sliced after passing
through a monostable i.c.
Data for transmission is
buffered after passing
through a simple filter.

ELECTRONIC MAILBOX

days, and the clock should be
reset until it is found to be runn-
ing accurately.

Uses of the system

Computing appears to many
people to be a solitary pastime,
but when the power of modern
data communications is added it
becomes an interesting social
activity.

This system is intended to pro-
vide a mail service and a remote
terminal service which are suffi-
ciently reliable and easy to use
that one can concentrate on the
message being sent, and forget
about the way that it is being
delivered. Because the writing
and reading of mail is all per-
formed off-line at no cost in com-
munication time, messages tend
to be much longer and more lei-
surely in style than conventional
electronic mail. There are no
arguments about whether or not
the message was received — the
sender always knows the answer.
One doesn’t know whether it has

been taken notice of however.
The control wire called DCD is
in fact a far more reliable form of
remote control than anything
provided by a simple modem, and
it is being used to switch compu-
ters on and off when an incoming
call is received. As with all other
aspects of the system consider-
able attention has been paid to
making it fail-safe.
Fundamentally, the mailbox
provides a cheaper, faster and
more reliable way of getting mes-
sages to a specific destination
than centralized systems such as
Prestel, Telecom Gold, Easylink,
and the hobbyist bulletin boards.
It does have the social disadvan-
tage that one cannot spend one’s
telephone bill idly browsing
through other people’s corres-
pondence. However it is a general
purpose real-time communica-
tions system as well as a way of
delivering private mail, and as
such is well suited as a means of
accessing a common database. I
am considering setting up a bul-
letin board specifically for users

of this design if interest justifies
it. and would therefore like to
hear from prospective users. The
firmware rom has plenty of space
for enhanced facilities in it, and
one use of the board would be to
arrange for firmware upgrades. It
is my belief that the underlying
standard is sufficiently sound to
remain compatible with potential
future versions possessing many
more features.

A double-sided plated-through
printed circuit for this design is
available from Combe Martin
Electronics, King Street, Combe
Martin, North Devon EX34 0AD,
for £23 including UK/overseas
postage and v.a.t.

A set of three programmed
roms is available from Mallard
Concepts Ltd , 13 Southdown
Avenue, Brixham, Devon TQ5
0AP for £34.50 including v.a.t.
and postage. A guide giving
more detailed information on the
use of the system is also available
free of charge from the same add-
ress on receipt of a large s.a.e.
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TRACER - A new Robotic

Teaching System from LJ

Robotics.

/O facility.

pen-piot kit.

The new LJ TRACER Robot provides a cost-
effective introduction to the world of

The TRACER is supplied with a pcb
Assembly Task Kit (as
shown) and a 3 colour

For full details of this
and other LJ products
send for our catalogue

This ruggedly constructed XYZ robot
features both stepper motor and
closed-loop servo motor drive. The
TRACER can be driven by any
microcomputer with a suitable TTL level

Francis Way
Bowthorpe Industrial Estate
Norwich, NR5 9JA. England

Tel: (0603) 748001
Telex: 975504

LJ Electronics Ltd

CIRCLE 100 FOR FURTHER DETAILS.

SMALL SELECTION ONLY LISTED
RING US FOR YOUR
REQUIREMENTS WHICH MAY BE
IN STOCK

g,,,»-—"
Portable Battery or Mains Oscilloscope. SE Laborato-
ries 111 Oscliloscope — Solid State — General pur-
pose — Bandwidth DC to 18/20MC/S at 20MV/CM —
Dual Channel =

Rise time 19NS — Calibrated Sweep — Calibrator —
Display 10CMSx8CMS — Power AC— 95 Volts to 100-
180 Volts to 260 or 24 Voit DC battery — Size.
W.25.5.CM — H25.5CCMS — 56CMS Deep —
WT11.4KGS — Carrying handle — Tested in fair condi-
tion with operating instructions £120.00.

Lales! Bulk Government Release — Cossor Oscillo-
scope COU150(CT531/3) £150 anly: Solid state general
purpose bandwidth DC to 35MHz al SMV/CM — Oual
Channel — High brightness display (8x10cm) Full
delayed time base with galed mode — Risetime 10NS
— llluminaied graticule — Beam tinder — Calibrator
1KMz squarewave — Power 100 — 120V.200V — 250

volts AC — Size W 26CM — 41CM deep — WT 12.5K.G.
carrying handle — colour blue — protection cover front
containing polarized viewer and camera adaptor plale
— prabe (1) — Malns lead. Tested In Falr condition with
operating instructions — £150.00.

Communication Recievers. Racal S00KC/S to 30MC/S
in 30 bands 1MC/SWIDE — RA17 MK1T £125. RATL
£150. RAT17E £200. New Metal Louvred Cases for

Etc £100 to £150. MA250 — 1.6MC/S to 31.6 MC/S
£100. MA1350 for use will RA17 receiver £100.
MA259G Precision frequency standard 5MC/S —
1MC/S — 100KHz £100 o £10. Panoramic Adaptor
RAB6 £150. RA137 and RA37 £40to £75 LF convertors
1010 980KC/S. RA218 Independent SSB unit £50 RA9B
SSB-ISM Covertor £50. RA121 SSB-1SB convertor £75.
EC964/7K Sofid slate — single channel — SBE —
mains or battery — 1.6 to 27.5 MC/S and 400 to 535KHz
£100 with manual Plessey PR 55G Solid State 60KC/S
— 30MC/S £400. Creed 75 Taeé)rinlers — Fitted tape
punch and gearbox for 50 and 75 bauds — 110volts AC
supply — in original transport iray sealed In polythene
— Iik new £15EA. Redifon TTT1 Audio Teleprinter con-
vertor raceiver solid state — supply 110 or 240AC —
Made for use wilh above Ielegrinter enabling print-out
of messages recieved rom awdlo Input of communica-
tion recelver £15 with circuit tested. Redifon TT10 Con-
vertor as above but inciudes transmll facilities £20.
Oscilloscopes — stocks always changing Tektronlx
465 — 100MC/S £750. FM Racorder Sanghmd Sabre
111 14 channels £350. Tramstei Malrix prinlers —
AF11R — 5 level Baudot Code — up to 300 Bauds — for
printouton plain teleprinter ;zaper £50t0 £100. Trans-
el AH11R — As abovebutaisc 8 level ASC11 (CCITTNo
2 and CCITT No_ 5) Like new £100. Army tield tele-
phone sets. Type F — L and J — Large quantity in stock
£6 to £15 depending on type and quantity P.0.R. Don
10 Telephone Cable — half mile canvas containers
£20  Night viewing intra-red AFV periscopes — Twin
Eyepiece — 24 voit dc suppty £100ea. Original cost to
government over £11,000ea. Static invertors — 12 or
24 voltinput — 240 voit AC simewave output — various
wattages P 0.R. XY Ploters a1d pen recorders various
— P.O.R. Ferrograph series 7 Tape recorders mono
€100, stereo £150. Slgnal Generators various —
TF995/A3 £60, TF801D/8s — t0MC/S to 485MC/S £90
TF144H/A4 £90. TF1060/2 £60, HPG06A — £90 £140
HP608 £50 HPE14A £100 HPE18B £100 HP620A £100,
Marconi TF10648/5 £100 TF791 Devialion meter £100
TF893A Power meler £50 Asrial mast assembly 301t
high complete with 16ft whir aerial to mount on top
guyropes - insulators - Baseand Spikes etc., 1a heavy
duty carrying bag - new £30 Racal trequency counter
Type 836 £50 Tektronix plugs-ins— 1A1 £50, 1A2 £40,
1A4 £100 MES0, Altitems are bought direct from H.M.
Government being surplus equipment: Price is Ex
works. S.A.E. for enquiries. Phone for appointment
for demonstration of any itzms. Also availability or
price change. V.A.T and carriage extra.

EXPORT TRADE AND QUANTITY
DISCOUNTS GIVEN
JOHNS RADIO (0274) 684007
WHITEHALL WORKS,

84 WHITEHALL ROAD,
EAST BIRKENSHAW, BRADFORD
BD11 2ER

above £25. All receivers are air tesled and in
our workshop — suppiied with dust cover — operation
instructions — clrcuit — in tair used condition. Racal
Sy isers (Decade treq MA350B
Solid State lor use with — MA73 — RA217 — RA1218

WANTED: REDUNDANT TEST EQUIPMENT —
RECEIVING AND TRANSMITTING EQUIPMENT —
VALVES — PLUGS —ETSCOCKETS SYNCHROS

pantechnic

®m design manufacture and supply

POWER AMPLIFIERS
HIGH POWER ASSEMBLIES
CONTROL CIRCUITRY

& for application in

INDUSTRY
PUBLIC ADDRESS
HI-FI

®m available

OFF THE SHELF
CUSTOMISED
C A D DESIGNED

tel. 01.361.8715 132 High Road
telex 266 873  New Southgate
PANTEC G LONDON N11 1PG.
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# & NI:CAD BARGAINS »

Ex-equipment but litte-used, re-chargeable Nickei-cadmium
batteries at fraction of L.P.

DEAC Type 10000K 6 Cell Button-stack (7.2V)

Measures 2;=2° Diam. Capacity 1AH. Price each

£3. - inc vat {pp 25p)

DEAC Type 600DKZ 3 Cell Button-stack (3.6V)

Measures 1,<1," Diam. Capacity 600mAH. Price

each £1 50 inc val (pp 25p)

% STEPPER MOTORS &

Brand new stock of 'ASTROSYN' Type 20PM-
AU55 stepper motors. 28V DC. 24 steps per rev
15 oz-in torque (v 100PPS Body length 2%
diameter 2, shaft Ya' diam x 4Ya  spirally
threaded. Weight 160z, Price each £11.50(p&p
50p) Connections supplied. INC VAT

DRYFIT BATTERIES

Brand-new, un-used. Sonnenschein Drytit A300 sealed
jead-acid re-chargeable batteries at a surplus price. 12V
1 8AH (AS No.-591-966 £17) OUR PRICE £8.50 inc vat.
{ppC1)

Also available small quantity of automatic standby units
incorporating the above battery. Inbuilt mains-failure

‘0SCILLOSCOPES' -

TEKTRONIX 454 dual
TEKTRONIX 475 dual — trace 100MHz
TEKTRONIXT932Adual — trace 35MH.
HEWLETT—PACKARD 1707A dual 75MHz
DYNAMCO D7100dual — trace 30MHz
GOULDDS1000B dual — trace 20MH,
TELEQUIPMENT 3 — trace D63 15MHz

trace 150MHz

change-over, charger. ideal for burglar alarm systems etc
£25 each (ppf2)

ESCAP DC'MOTORS

1 & HPROFESSIONAL AUDIO

Swiss-made precision 8V DC motors with 70 1reduction gearboxes
giving final drive speed of 16RPM « 8V Diameter 2'Acms « dcms
long. PRICE INC. VAT & CARRIAGE £5.25
Ex-equip tested & guaranteed)

DATRON Model 1051 DIGITAL VM

# SWITCH-MODE POWER SUPPLIES »

Fully tested and guaranteed swich mode power
suppiies by Gould/Advance. Farnell etc.

SVaits w B0Amps.
voits « 154
12Volts « 15A
5V« 100A
IV 10A
Multi-rail. SV4A & +15V w2 175A ea

1051 Multi-functien digital voltmeter {DC) with Options fitted
for AC Volts and Resistance. Total list 1s over £2200. Littie £30
used condition €500 + VAT NB.. THESE PRICES ARE VAT & POST INC.

* % CROSS—HATCH GENERATORS * * ISSPLAY SCOPES

Armec/Racal 4 channel display oscdloscopes for
LABGEAR COLOURMATCH CM6004PG colleges, educational etc. 17° CRT DC — 10Khz Fully
UHF television pattern generators

operatignat £126 + VAT
grving cross-hatch, dot and greay scale
patterns Fully tested and guaranteed m'"s GUHDITIOHEBS
e Lo G €OULD" shwdaoy ~ Eigs e vaT(pp 10y
HEWLETT—PACKARD LOGICANAL YSER 1602A - £250+ VAT + VAT (pp
KNIGHT SWEEP GENERATOR 3 — 220MHz £150+ VAT CENTRONIC REGUVOLT 220V ZK% 220‘0’
SONYPRESTEL TERMINAL - PRINTER £750+ VAT AT {pp £15)

BAUSCH & LOMBMETALLURGICAL MICROSCOPE €500+ CENTRONICREGUVOLT 220V 3KW €350+
AT VAT (pp £15)

RALFE - ELECTRONICS

10 CHAPEL STREET, LONDON, NW1 TEL:

ER AMPLIFIER MDDEL S5
used condition at vastly reduced price, Specitication includes. Dual-Channel 500-500W. THD
0.005% IMD 0.02% Output impedance 2.5-160hms. Frequency response +1db 10Hz-20KHz
(NB. For industnial apphications these amps’ can be canfigured to DC response). Forced air cooled
dissipators for reliabiity and cool operation. Size 19° Rack mount x 3 5 Ht

PRICE ONLY £295 -- INC VAT AND HANOBOOK {pp £5)

# COMPUTER PERIPHERALS »

1.6MB 8" FLOPPY DISC DRIVES — New
Stock

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 1o 1 5MBytes. Power
requirements +5V and + 24V & 11A 240V AC 50Hz.
LOWESTPRICE EVER, £160 — INC. VAT, CARRIAGE & HANDBOODK

DRE 4000A DRIVES

Data Recording Equipment Model 4000A 5 + 5 MB Top-
loading disc drives in stock. Brand new including full
technical manual Few remaining £250 each + VAT

+ MULTI-RAIL LINEAR PSU’s

Recentstock of brand new COUTANT ESM-Series Power Supplies at
surpius prices. Model ESM15.2 qiving regulated, stabdised DC
outputs 5V @ 15A and +12V to +15V @ 1.5A each and an un
stabilised 24V @ 2A. 240V AC input. Measures SxBx11" Fully
enciosed. In original cartons with handbooks. £45 each + VAT (+
carriage £5)

01-723 8753

£650+ VAT

£2K+ VAT
£325+ VAT
£650 + VAT
£200+ VAT
£200+VAT
£275+ VAT

ST506 WINCHESTERS

avaitabie ex-stockin superb. little- We have in stock genuine SEAGATE ST506 5% Winchester disc

drives soid i little used, fully tunctional cendition complete with
OEM manual Farmatted capacity SMB

PRICE £225 inc. VAT. carriage and manual

Also available 10MB version v €275 inc

{NB.: List price over £700 } (Smalt quantities only. don't delay!)

MARCONI 5
il 8" SHUGART DISC DRIVES

EQUIPMENT

SA800 Soft-sectored single-
sided industry standard 8
floppy disc drives BOOKB
storage Supplied in excellent
condition, little-used. Removed
from tully funchonal equipment.
Price including VAT, carnage
and Zerox of handbook — £95

WAYNE KERR Aulabalence Universal bridge Model B641 £250+
VAT

Fully re-conditioned test equipment,
90-day guaranieed.

TF2000 Audiosig/gen/atienuator . £200+
VAT

TF2700 Universalbridge
TF1313 % Universalbnidge  £250+ VAT
TF868 Universal bridge £125+ VAT
TF833A AUD!O POWER METERS TO 10W

£250+VAT

SULLIVAN Inductance bridge Mode! R4000 Measures L 1o 11.11H
TF2905 SINE SUUARED PULSE & BAR with discrimination 010 002uH £375+ VAT

GENERATOR £250

TF2604 ELECTRONIC VOLTMETER  £150 _h

All fans available ex-stock and GUARANTEED
230V 10W 5-Blade 3;x3;x1° NEW
115V 13W 5-Blade 3}x3!x1° NEW

EDDYSTONE Communications receivers
770R/1 Covering 19-165MH. 8€150 . gd
77072 Covering 150-500MHz £185 '"C ¥3'-{PP + £5)

AIRMEC 20KV IONISATION TESTER 209
BRUEL & KJOER DEVIATIONBRIDGE 1504
PHILIPS PM666180MHz8 DigitFreq counter

£150+4 VAT
£95
£125+ VAT

regular basis

COMPANIES PLEASE NOTE That we would be very pleased to receive your invitation to tender
for your surplus or redundant equipment. Contracts offered for factory contents removais on

115V 4hxd 5-Blade NEW
118V 7W 4;° 3-Blade WHISPER
230V 40W Papst 350M/Hr. Ex-equip.

All prices include VAT {pp - 50p)
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PINEAPPLE SOFTWARE

Programs for the BBC model 'B’ with disc drive with
FREE updating service on ali software

DIAGRAM

® A program which allows you to store very large dragrams - up to 39 mode 0
screens - and view or edit them by SCROLLING thecomputer screenaround over any
part of the diagram

FEATURES

® Draw diagrams, schematics, plans etc
N any aspect ratio, eq. 1073 2°12
screens

® ACcess any part of thediagramrapidly
by entering an index name, 9. 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 N varying print sizes up to18mode 0
screens on an A4 size sheet, compatible with most dot matrix
printers

£28 *

all inclusive

Suppliea ony on @ Many other features including, selectable display colours,

disc - 40T/80T comprehensive line drawing facilities, TAB settings, etc
Coparnie @ Disc contars sample diagrams and two versions of the
Ali orders program. one of which will work from a 16k sideways RAM
sent by return
of post. ® Comprehensive INStruction manual

PINEAPPLE SOFTWARE, 39 Brownlea Gdns.
seven Kings, liford, Essex I1G3 9NL

01-599 1476.

280

CARDMASTER CPU

* 4MHz 280 CPU

* CP/M compatible

e User transparent MULTI—TASKING

® Up to 38K EPROM & 16K RAM

o Watchdog crash protection

e R$232 & R$S422 Comms

e 2 " 780a P10 (one uncommitied)

* 0On board bus buffering

* Power-on jump hardware

e Euro-card constuction
The CPU card is supplied with a powertul three-way operating system MCP — The Multi-tasking Control Pragram
MONITOR/DEBUG — An enhanced version of the MCV monitars. Commands inciuge Single-Step and Break-point setung
MIRROR — MIRROR cannects the CPU card to your C/PM computer. via the ink, in such a way as 0 give the illusion of G/
PM running on the CARDMASTER CPU card MIRROR itself is a two part program which effectively gives CAROMASTER
direct access to your disk drive. (DISCS WITHOUT BISCS!)

Only £178.00 bui't and tested including the software subsystem

CUB MICROCONTROLLER

e 780 CPU

® 4 x 280a P10’s (64 1/0 lines)

e Z80a CTC

* 4K Battery backed RAM 2K sup.}

o 4K EPROM (2K MCV2.0 sup.)

* Powerful monitor (MCV2.0)

e Eurocard construction . : [ )
The very popular CUB microcontroller 1s the 1deal sofution where a stand aione controller is required. The CUB tully
the powertul ZB0 mode 2 interrupt structure. Single-step & breakpoint
to0ls. The CUB 1s avaitable built & tested or as a bare PCB.

PRICES: Buit & Tested £104.95 Manual only £4 50

supports
1n MCV2.0 provide excellent debugging

CMR16 MICROCONTROLLER

Z80A CPU

® 4 x 780a P10’s (64 1/0 lines)
e Z80A CTC

* 64K Dynamic RAM

* 8K EPROM

® 4 Channel A/D converter

® Real time clock

* MCV1.0 Multitasking monitor

The CMR16 1s a very powerlul multitasking control system. featuring all the facildies of the “Ul (excep! B/Backed RAM) in
addition. the CMR16 has RS232 and a massive 64K RAM. Oata aquisition 1s simple with the 4 channel 10 bit A/D converter.

PRICES: Built 8 Tested £219.75 Bare PCE £40.00 Manual only £5.50

Prices include carriage . Piease add VAT @ 15%
GNC ELECTRONICS Little Lodge. Hopton Road, Theinetham, Diss, Norfolk IP22 1N
Telephone: Diss (0379) 898313
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NEW PRODUCTS

Ram-rom input/
output controller

A combination of ‘sideways’
ram and rom-based software
expands the capabilities of the
BBC Micro into control
applications. The Spider adds a
number of commands to BBC
Basic to allow easy access to
external devices and has uses in
laboratories or in industry for
real-time control. Applications
include measurement and
recording systems, burglar
alarms, aids for the disabled
and energy optimizing systems
for industry and the home.

The device is provided on a
butterfly board which plugs into
the 6522 user v.i.a. socket.

Parallel processing is possible,
which is why it is called the
Spider: if an event is caught in
the ‘web’ it is acted upon,
another event triggers the
system and its presence noted.
The first event has its data fully
secured and the processor is
then free to deal with the
second or subsequent events.
Different versions are available
from the simplest, Spider-B at
£65, which communicates
through the user and printer
ports to Spider-X at £115,
working through the 1IMHz bus.
Spider-E, also £115, interfaces
with the Control Universal
range of Eurocard control and
monitoring devices. Paul Fray
Ltd, Willocroft, Histon Road,
Cambridge CB4 3JD. EWW201

Modular
workstation

A choice of central processing
units, displays, application
software, programming
languages and peripherals are a
feature of the Hewlett-Packard
series 300. The modular
approach enables the user to
start on an entry-level system
at relatively low cost and
upgrade as and when required
by the addition of a faster
¢.p.u. or a higher-resolution
display. All of the software, and
the peripherals, remain
compatible. The c.p.u. is either
a 10MHz Motorola 6810 or a
32-bit 16.6MHz 6820. A
megabyte of ram is standard
with either processor and may

be expanded to 7.5Mbytes.
Four bit-mapped v.d.us are
available medium or high
resolution, monochrome or
colour.

Like most of the H-P range,
these computers are particularly
designed for control and
measurement applications and a
number of analague and/or
digital interfaces are available
along with the appropriate
software. Series 300 will run
most of the series 200
applications software and an
integrated word processor/
spread-sheet/database package
is available as well as electrical
and mechanical engineering
programs. Peripheral devices
include digitizer tablets, mice,
mass storage, printers and
plotters. The workstations can

ELECTRONICS & WIRELESS WORLD OCTOBER 1985
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be networked together and can
communicate with H-P series
200 and 500 systems over a
10Mbit/s lan. Two IEEE 802.3
Standard cabling options may be
used: The first can link up to 30
systems over a distance of
185m, the second can provide
connections to 100 computers
at distances of 500m.

A typical entry-level system
will cost about £5164 while the
top of the range costs ten times
as much; lower than the Series
200 which are superseded by
these computers offering better
performance. Measurement
Design and Manufacturing
Systems, Hewlett-Packard Ltd,
Miller House, The Ring,
Bracknell, Berks RG12 1XN.
EWW206

www americanradiohistorv com .

Frequency
spotting laser

Instantaneous measurement
and analysis of any number of
incoming r.f. signals is possible
with the use of the Bragg cell
developed by Marconi Research
labs at Great Baddow and
available through GEC
Research. The Bragg cell uses
acoustic energy generated by
the incoming signal to deflect or
modulate a laser beam passing
through a lithium niobiate
crystal. The angle of deflection
of the beam is proportional to
the frequency of the signal and
thus it is a simple process to
determine that frequency.

The cells are said to have
much potential in optical signal
processing and spectrum
analysis. It could also be used
to unscramble the signals from
a frequency hopping radar or
radio, or to follow the
frequencies in order to jam
them. The cells are available in
various versions with
bandwidths from 60 to
2000MHz and centre
frequencies from 0.16 to
2.9GHz. GEC Research Ltd,
East Lane, Wembley,
Middlesex HA9 7PP. EWW211
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NEW PRODUCTS

Digital i.c. tester

Many i.c. testers need
‘personality’ modules to tell the
instrument which i.c. it is
testing, but an instrument from
ABI Electronics includes test
algorithms for a wide variety of
i.cs which are held in memory
and can give instant results on
all the 74 series of t.t.l.
devices, the 4000 range of c-
mos devices and a number of
memory and interface chips.
The instrument can identify the
device and test it, thus enabling
the identification of unmarked
devices. It can also test itself.
Any new device or custom chip
can be accomodated as ABI will
supply the appropriate
software.

The i.c. tester emulates in-

circuit conditions and provides
the correct supply and input
voltage levels. The test may be
repeated indefinately to
simulate soak testing and for
the detection of intermittent
faults. The makers claim that it
is possible to test 1000 devices
in a hour on the instrument and
is therefore ideal for ‘goods
inward’ testing, while the price
(£573), the makers say, is
within the means of many
educational establishments who
may wish to test a ‘job-lot’ of
i.cs purchased for students’
designs.

The makers also manufacture
a low-cost 16-channel logic
analyser (£299). ABI
Electronics Ltd, Unit 21,
Aldham Ind. Estate, Wombwell,
Barnsley, S. Yorks S73 8HA.
EWW209

Data from space

Automatic satellite telemetry
receiver and information
decoder is represented by the
acronym Astrid and describes
the functions of Astrid — a
complete satellite receiving
systern with built-in decoder,
enabling signals to be received
and data displayed on a home
computer.

In operation, it receives all
the data transmitted by the
Uosat satellites and
automatically records it on a
standard tape recorder. The
recorded signals are then fed
back into Astrid to be decoded
into ASCII format which may be
read through the RS232 serial
input on a computer. Signals
may also be decoded ‘live’.

Information transmitted from
the satellites include news
bulletins, satellite status data,
experimental data, messages on
an electronic mailbox, and orbit
information. There is an

experimental speech digitizer
giving telemetry information on
board Amsat 2 and c.c.d. tv
camera signals.

Using suitable software,
which is available from Amsat
UK, the data can be decoded to
allow the graphic display of
satellite tracks over maps, error
detection of received data, disc
storage of data for computer
analysis and data presentation
of particular telemetry
channels. The software also
allows the inclusion of the latest
orbit information to enable the
accurate prediction of satellite
positions.

Astrid comes complete with
an aerial and feeder, power
supply unit, test tape, manual,
and connecting leads. It costs
£149 from MM Microwave Ltd,
Thornton Road Ind. Estate,
Pickering, N. Yorks YO18 7]B.
EWW207

Amsat UK is at 94 Herongate
Road, London E12 5EQ.

with 2Kbyte and 8Kbyte static
rams and may upgrade existing
boards for memory retention
without any change in the
design. Manufactured by Dallas
Semiconductors, the DS1213
sockets are available from
Joseph Electronics,
Westminster House, 188
Shirley Road, Solihull, W.
Midlands B90 3AQ. EWW203

Lithium-backed
memory

Over 10 years is the quoted
retention of these memory
modules when ¢c-mos static ram
is used in the DS1213 ‘smart’
socket. The socket incorporates
a lithium cell and a control
circuit. The socket may be used

Miniature v.h.f.
amplifier

Working over a range from 5 to
250MHz, the Watkins-Johnson
EA51 can provide a typical gain
of 17dB with less than 3dB

noise. The v.s.w.r. output is
1.2:1 and the direct current

required at 5V is 12.5mA. The
amplifier is housed in a TO-12
package and will work as
specified over a temperature
range of from —54 to +85°C.
Watkins-Johnson International,
Dedworth Road, Oakley Green,
Windsor, Berks SL4 4LH.
EWW202
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AUDIO - VIDEO - DATA

A superb range of innovative loading
and duplicating technology

+ Worldwide -

the leaders

Tape Automation Ltd, Unit 2, River Way, Harlow, Essex CM20 2DN.
Telephone (0279) 442946, Telex 265871 MONREF G quoting Ref: 84: AULOO1. i

EUROPE * USA * JAPAN * UK * INDIA

CIRCLE 128 FOR FURTHER DETAILS.

POWERTRAN ROBOTIC WORK GELL SYSTEM

COMPLETE ROBOTICS EDUCATION AND TRAINING PACKAGE

1985

Custom-tailored accessories enable IVAX to
be incorporated into a comprehensive work
cell environment. 32 1/0 lines can control
auxiliary units and monitor sensars. Rugged,
refiable and exceptionally accurate, IWVAX is
suitable for Jight industrial use as well as for
educational purposes.

ng v :
package iVAX is the. SCARA (Selectwe ! Ioop system to simulate virtually any
Compliance Assembly Robot Arm) with the - jndustral application. 4 axes and an

Powertran pedigree, With fully integrated independent gripper are operated by a

software and coursework, IVAX is the perfest  prograrimable controfler, either as a seif-

tool for robotics education and training. contaired unit or under the control of a host
microcomputer.

CIRCLE 36 FOR FURTHER DETAILS.
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SOME IDEAS NEVER SELL... =S

but our new innovations do

Crotech ' scopes are chosen for use throughout the electronics
industry and in education for their reliability and ease of use.

. and they're affordable too!!
LIKE THE 3132 DUAL TRACE 'SCOPE

The innovations. . .

Component Comparator
Triple Output DC Source
plus. . .

20MHz Bandwidth
2mV/div Sensitivity
40ns/div Timebase

TV Frame and Line Trigger
Add and Subtract

X — Y mode ﬂ
... and very affordable at £312.00*

For free details call: *{exc. VAT)

Lrotech instruments Limited

2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ
32/10/4/1 Telephone: (0480) 301818

* %

% % A ¥ Ak K

CIRCLE 104 FOR FURTHER DETAILS.

THE THERMOMETERS

}[.)iifAfZ:e?]tial HAZ30 Types K, T and J available
0.5% accuracy 0.2% accuracy Low battery indication
~30°C to + 200°c ~ —120°C to +820°C 2000 hour min battery life
0.1°C resolution é4C5 rse(')solutlon HAZ20 3 year Guarantee
£63.50 : 0.1% accuracy
-100°C to + 1370°C
2. 1t/1 resolutlon HAZ SERIES
Min and Max hold Sealed tactile keyboard
RS232 and Centronics Automatic segment test
Output option Splashproof design
£95.50

HYTECH LTD.

"LINI The cheapet! 17 Amberley Road,

(BHIVIXEN

£29.85 0-2% accuracy - 120°C to Bostal Heath,
) + 820°C 1°C resolution \ London SE2 0SG. 01-310 4233
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NEW PRODUCTS

Socket for the
leadless

A low-profile socket, type IC75,
is only 7mm high and 33mm

square and may be used for any
Jedec A or B 68-way leadless

chip carrier. The contact design
and cantilever-action lid ensure
good electrical performance we

are told: the contacts are rated
at 1A with a maximum

resistance of 30mohm at 10mA.

All 68 contacts are accessible
from the sides of the socket to
enable testing under loaded
conditions. The socket may be
used at up to 150°C. Radiatron
Components Ltd, Crown Road,
Twickenham, Middlesex.
EWW210
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CB at 934MHz

G34MHz never caught on as
rapidly as the 27MHz band for
CB, partly because at this
wavelength the equipment
needs to be more precise and
therefore more expensive. It is
seen by many to be the more
discerning band, free from the
many ‘cowbey’ operators who
dominate the 27MHz band. A
(B transceiver, the Cybernet
Delta 1, offers 20 channels at
this frequency. It has an

automatic search facility with a
memory for the positions of 8
specific channels as well as
manual selection of any
channel. The receiver is
claimed to be highly sensitive
with 20dB quieting sensitivity
of less than 0.7uV and a signal/
noise ratio better than 40dB.
made by Kyocera in Japan for
Mike Devereux Music Ltd, it 1s
distributed at £355 by
Telecomms, 189 London Road,
Portsmouth, Hants PO2 9AE.
EWW220

Commodore
upgrades

The Commodare C16 computer
can be augmented to a 64K
machine by the addition of a
ram becard from MCT of
Norwich. The board plugs into
the computer internally, leaving
:he cartridge part free, and
enables the extended memory
to be used with Commodore
15 and Plus-4 programs (but
10t those for the CBM64). At
£59.95 inclusive, MCT claim
the 64K machine represented

the best value for money of any
home computer.

The same company has also
produced their own extended
Basic, MCT Basic, for the
CBM64 which incorporates the
commands found in the much
improved Basic of the C16. The
product is available on cassette
for £10.95 and on disc for
£14.95; a rom version will be
available “in the not too distant
future.” Micro Component
Trading Co. Group House,
Fishers Lane, Norwich, Norfolk
NR2 1ET. EWW217

Multi-tasking 0S9
board

A development board, the SC09
from Arcom, brings together
the STE bus with the 6809
processor and the OS9
operating system. The single
Eurocard includes four memory
sockets, three 16-bit
programmable timers ana.c.i.a.
for RS232C communications,
and an STE- bus arbiter.

The 0S89 is a multi-tasking
system which can access a disc
controller through the bus or
communicate with a target rom-
based system; it can be
replaced with a machine-code
monitor. The memory sockets
take two 24-pin and two 28-pin
devices and may be used with
any combination of rom and
ram. Ram may have power

|
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back-up from the STE bus
standby power line.

The STE bus has access to 64
pages of 56Kbyte ram and 1K of
input/output locations any of
which may be accessed by the
6809. The 1/0 is memory
mapped and code running in
any of the STE pages may have
access to peripheral devices.

Interrupts are accepted from
any two of the bus’s attention
request lines. The processor
acts as a ‘master’ on the bus,
using its arbiter to grant access
to one or two other temporary
masters. The control system
includes facilities for the
processor to scan the bus and
deduce the amount of memory
available and identify the
connected modules on start-up.
Arcom Control Systems Ltd,
Unit 8, Clifton Road,
Cambridge CB1 4BW. EWW204
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NEW PRODUCTS

Heat-sensitive
paint

A three-bottle kit of liquid
crystal thermographic paint
provides temperature coverage
from 58 to 117°C to non-
destructive thermography.
Spectratherm may be applied to
any dark and preferably non-
reflective surface.
Semiconductor packages in
shiny finishes may be darkened
with a black felt pen before

applying the liquid crystal paint,
thus allowing the colour change
to show more clearly. The right
combination of liquids to give
the required temperature
colour-change can be applied on
a test piece and assessed
against a printed calibration
spectrum provided.
Temperature can be resolved to
within 0.5°C under laboratory
conditions. The kit costs
£25.30 from Redpoint Ltd,
Cheyney Manor, Swindon,
Wilts SN2 2PS. EWW219

Current tracer

Unskilled operators can trace
faults in complex circuits with
the Polar Toneohm 580. Such is
the claim for this instrument
which has a sensitive magnetic-
field probe that can detect small
currents such as the flow
through an i.c. substrate or
within the layers of a multi-
layer p.c.b.

The instrument also has an
internal power supply that

provides a test current of about
0.55V at 50kHz which can then
be traced with the probe.
Shorts and partial shorts can be
traced by following the current
path around the circuit. It gives
an audible tone so the operator
can concentrate on the circuit
under test without needing to
look at the instrument. £176
from Antron Electronics Ltd,
Hamilton House, 39 Kings
Road, Haslemere, Surrey GU27
2QA. EWW212

Countupto
100MHz

Capable of measuring
frequency, period, frequency
ratio of input channels, time
intervals and unit count, the
Circuitmate UC10, may be used
in audio and computer
servicing, cordless telephone
repair and for calibrating
function generators. With a
frequency range of 5Hz to
100MHz, the instrument is also
provided with four time-gate
selections from 0.01 to 10s. A

built-in 10:1 ratio attenuator
reduces h.f. noise components
to prevent false counting. Input
sensitivity is 20mV up to
100MHz. The period function
averages periods for three
cycles before displaying a value.
A self-check function test the
internal timebase generators
and counters. £216 from
Beckman Industrial Ltd,
Electronic Technologies
Division, Mylen House, 11
Wagon Lane, Sheldon,
Birmingham B26 3DU.
EWW215
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A liquid that is claimed to cut
down or eliminate problems
caused by poor contacts is
called Tweek. It is not a
cleaner, says the distributor,
but a non-conductive fluid that
works by filling in the surface
imperfections and improving the
metal-to-metal contact and

‘dramatically’ reducing the
contact resistance. It is claimed
to offer improved reliability in
any electrical or electronic
equipment. It comes in a 7ml
dispenser for £15 and, as it
needs to be used sparingly to
give of its best, 7ml should go
a long way. Fulcrum (Europe)
Ltd, Valley House, Purleigh,
Essex CM3 6QH. EWW208

L

Digitizing tablet
Initially designed for Siemens as
a high-quatity, low-resolution
input device, the Videograph 1
is now available in the UK. The
working area is 320mm square
with a resolution of 0. lmm.
The output can be binary or
ASCII, serial or parallel, up to
19200baud, point, siream or

switched stream, at 1 to 200
coordinate pairs per second. A
single 12V supply is taken in
through the RS232 connector.
Typical configuration of tablet,
stylus and RS232 interface
costs £499. Dicoll Datasystems
Ltd, Bond Close, Kingsland
Estate, Basingstoke, Hants
RG24 0QB. EWW216
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This month we feature some tantastic
bargains. Our standard range of
professional quality kits and cassette
decks is still expanding, along with
new lines in Video heads and power
supplies. Our FREE list gives details
of these and many other lines.

ALL BARGAIN ITEMS INCLUDE VAT & POST.

MODEM OPTICAL ISOLATOR UNIT

Sperry Univac M4000 optical isolator unit, designed to provide
excellent electrical 1solation between data terminals employing
high voltages and modems. Fullisolation up to 2.2Kv with a max line
speed of 9600 baud. Complete unit is 4'%4" high, 9"." wide, 7" deep
andwewghs‘i‘ﬂbs Power supply is 240v 50Hz at 20 watts Fittedwith
25 way "D” connectors for RS232C/V24 mpul and output

OURPRICEONLY .. .. £1995

TOP LOADING STEREO CASSETTE MODULES

Limied quantity of brand new stereo cassette units, as used in hifli music
centres etc. All have auto stop.

Deck type 858B.Has R/P Circuits. 12v DC motor. 3-digit
counter £29.32
Deck type 811C. As above but with Dolby noise reduction. Fully wired
withtwin VU meter, level controls, pilot lights and DIN socket £44.73
Deck type 828A.Deck mechamismonly as used inboth above. produced
by ane of fapan's top manufacturers. Fitted high quality stereo R/P head
andFernte erase. 12v DC electronically governed motor :1 1.27
Cassette Doorto fitany above 4.02
Deck type 111D. Complete modute with record and play eleclronlcs 3-
digrt counter, AC drive motor and cassette door £21.73

COMPLETE STEREO TUNER MODULE
3Band. LW/MW/FM Stereo Tuner fully assembled on PCB 165 X 85mm
Supplied with Ferrite Rod Aerial, stereo LED and band switch fully wired

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

A’ »w/

Do your tapes lack treble? A worn head could be the problem
Fitting one of our replacement heads could restore performance
1o better than new! Standard mountings make fitting easy and
our TC1 Test Cassette helps you set the azimuth spot-on. We are
the actual importers which means you get the benefit of lower
prices for prime parts. Compare us with other suppliers and seel
The following is a list of our most popular heads, all are suitable
for use on Dolby machines and are ex-stock.

HC20 Permalloy Stereo Head. This is the standard head hued as
onginal equipment on most decks "
HMS0 High Beta Permalloy Head. A hard-wearing, hlghev pel
tormance head with metal capability £8.
HS16 Sendust Alloy Super Head. the best head we can hnd
Longer life than Permalloy. higher gutput than Ferrite, fantastic
frequency response

HQ557 4-Track Head for auto-reverse or quadrophonic use Full
specification record and playback head . .£9.7
Please consult our list for technica! data on these and otner
Special Purpose Heads.

MA481 Latestversion Double Mono (2/2) Record/Play head.
Replaces R484 £8.90
SM166 Standard Mounting 2/2 Erase head. Compatible with
above or HQ551 4 Track head. . £5
H524 Standard Erase Head. Semi double gap. high em-

12vDC Supply TUS60 —Tuner. Price Only £7.99 . £1.50
Drive accessories with2knobs, tuning drum, window andscale.  £2.99 Y 4
Special pricefor both itemns bought together £9.70 H561 Metal Tape Erase Head. Fulldouble gap .£4.90

HART TRIPLE-PURPOSE TEST
CASSETTETC1

One inexpensive test cassette enables you to set up VU level
head azimuth and tape speed. Invaluable when fitting new
heads. Oniy £4.66 plus VAT and 50p postage

LIQUID CRYSTAL DISPLAY WATCH MODULE
With LCD display. 2 pieces of Polarising material, backlight diftuser,
micro lamp, I, trimmer, battery contacts and open
L e ¥ dyonsn CLOCK/TIMER/FREQUENCY METER PARTS
Special offer of the fabulous MSM5524 ciock, imer and frequency
meter chip. MSL2318 prescaler chip and 6L T09 5-Digit fluores-
cent display. These are the 3 primary components for a complete
timing and frequency dispiay system covering the long. medium,
short and FM wavebands. Total cost of these parts is normally
over £25. OUR SPECIAL OFFER PRICE ONLY £13.68
INF230 Data on MSM5524 and MSL2318
INF260 Application Circuit
Crystal 3276.8 KHz

SLIMLINE AXIAL FANS

PLESSEY MAINS INTERFERENCE SUPPRESSORS
Filter unit for mains borne interterence. Max current 1 5SA Qur Price,
brand new only£2.27
Same ltem. Store soiled only£1.61

10W POWER AMPLIFIER MODULE
Multard (P1173 Amplitier module Needs 24v DC Supply to gives 10
walts into 4 ohm speaker. Size 112 X 70 X 29mm. Complete with heat
sink. . Only £2.40 complete with Data.

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnetisation causing noise
on playback

Curved Pole Type for inaccessible heads £4.85

ALPS FF317U FM FRONT END
Beautrful, precision made High Quality variabie capacitor tuned FM
FrontEnd with Duai-gate MosFet. Covers full FMrange of 87 to 109 MHz.
12vsupply. ONLY €5.15Circurtifrequired 35p

Send for your free copy of our LISTS Overseas please send 2

d v 25 thick IRCs to cover surface Post or 5 IRCs for Airmait.
scuare and only 25mm thi . 3 .
equipment fans, Mini Frilac Type Please add part cost of post, packing and insurance as follows:

V30. 2700 RPM 115v 50Hz 13W ! INLAND OVERSEAS

etygcyictin opelslignasnd Orders upto £10 - 50p  Piease send sutficient to cover
ideal for high power amplifiers Orders £10 to £49 — £1 ot e S
Normally these cost around Orders over £50 — £1.50 urface or Air Po

£14 each required

CURPRICE ONLY

24hr SALES LINE
(0691) 652894

Crouzet precision made 93mm

CAR RADIO FM IF AND STEREQO DECODER
Miniature PCB with 10.7MHz ceramic filters, 2-transtormer ratio
detector, AX010 noise suppression IC and TCA4500A advanced stereo
decoder IC. Oniy needs front end to make FM tuner or car radio
Complete withcircuit. Incredible value at Only £1.99

ALL PRICES EXCLUDE VA™

Personal callers are always very welcome but
UNLESS STATED

please note that we are closed all day Saturday

CIRKWIK is a lightpen or trackerball driven CAD package orientated to the
production of schematic drawings, such as circuit diagrams, flow charts, power
systems, pipework diagrams and many similar professional and engineering
applications. <

Using this on screen menu driven program you can turn your BBC microinto a
powerful CAD system capable of producing high quality drawings easily and
quickly. An ordinary 80 column dot-matrix printer is all thatis required for output
and a unique graphics routine allows a multiple screen drawing to be printed in
one pass.

Drawings up to 2 screens high by 4 screen wide may be produced and new sym-
bolic shapes may be created on an enlarged scale even while the drawing is in
progress. Up to 640 different symbols may be used at any time. The drawings are
in high resolution mode 4 with no restrictions on position and symbols and text
may be joined, overlaid, rotated and inverted at will. Block move and copy com-
mands, logical erase and self straightening lines are some of the useful features
included with this program. Parts lists of symbols used may be generated and
printouts can be obtained of the unlimited symbol libraries.

3 versions available; Datapen lightpen, trackerball and Grafpad, the latter two
also include the lightpen version. The drawings produced on any version are
completely interchangeable and the difference between versions is one of speed
of drawing.

Please send your cheque/P.O. to:

=
Datapeq

Lightpen version .......... .£19.95
Trackerball/lightpen version.24.95
Grafpad/lightpen version ..£24.95
Datapen lightpen............ £25.00
Marconi Tracker ball with
Micro-Draw program..... £59.50
ICON drawing program ..£60.50
ATARI Trak-Ball with BBC
interface. . ..

All prices include VAT & postage.
S.A.E. FOR FURTHER DETAILS.

Hants. RG25 3JB. Tel: (0256 770488)

Dept. WW Datapen Microtechnology Ltd, Kingsclere Road, Overton,

CIRCLE 30 FOR FURTHER DETAILS.

Lynwood GD1 VDUs: Intelligent Green micro controlled,
RS232, printer port, 101 key k/b. Full Video
enhancements. .................. ONLY £149+ £15P&P (S/H)
Burroughs MT686/7/TD710: intelligent Green 12" VDU with
3micros and 64K store. RS232. Programmabile. .. Only £199
new or £149 S/H + £15 P&P

Open Chassis Video Monitors from above VDUs .
.............................. £40+7.00p&p
Multirail Switching PSUs from above 5v 4A 12v +24v..
.................................................. £25+€1.50
Data General 6012 VDU’s very attractive display working RS232
with integral 73 key k/b either dumb terminal mode or page
buffered. ... . Only £120.00 + £15.00p&p
Centronics 306 Line printers: Professional fast (120 cps),
superb quality 80 column printer. Paralleli/f.. ... ONLY £99+ £15.00 P&P
Osborne Executive Portable CP/M system with oodles ot software Twin floppy

n Electronic
| Corporation
THRUUNE@) Directional Wattmeters

TERMALINE® Rrr Coaxial Load Resistors
TENUUNE® Attenuators and accessories

from stock

Aspen Electronics Limited

arives . ... e ~......£900+£15p&p
Diablo 630 Dalsywheelprlnter.OEM |/f ................. NEWE599+£15P&P The exclusive UK representative for Bird Electronic
Calcomp 565 Drum Plotter, 10thousteps. ............. ONLY £450+£10 P&P

2/3 Kildare Close, Eastcote, Ruislip
Middlesex HA4 9UR
Tel: 01-868 1188 T'lx: 8812727

BECKENHAM PERIPHERALS LTD

We also buy

Catlers weicome A
redundant peripherals

by appointment

01-486 5582

34 Rodway Road, Bromley
Kent BR1 3JL

CIRCLE 90 FOR FURTHER DETAILS.

CIRCLE 140 FOUR FURTHER DETAILS.
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o) Hitach! Oscilloscopes

the highest quality from £299
the most competitive prices +VAT

~ Hitachi Oscilloscopes provide the quality and performance that you'd
expect from such a tamous 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 60MHz Dual Timebase
V-223 20MHz Sweep Delay V-1050  100OMHz Quad Trace
(illustrated) V-1070 100MHz Four Channel
V-209 20MHz Mini-Portable V-1100  100MHz DMM/Counter
V-422 JOMH7 Duat Trace Vo134 10MHz Tube Storage
V-423 40MHZz Sweep Delay VC-6015 10MHz Digital Storage
V-509 SOMH/ Mini-Portable VC-6041  J0MHz Dignal 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 specitications and prices ring (0480) 63570
Thurlby-Reltech, 46 High Strect, Solihutl, W _Midlands, 891 3TB.

CIRCLE 122 FOR FURTHER DETAILS.

The world’s most advanced

low-cost bench multimeter!
Thurlby 1905a £349. var

A complete high performance bench DMM

® 5 digits; 0.015% acc; TuV, TmQ , 1nA.

® Full ac and current functions as standard

A sophisticated computing and logging DMM
® Linear scaling with offset; null/relative

# Percentage deviation; running average

# dBV, dBm general logarithmic calculations

® Limits comparison; min and max storage

® 100 reading timed data logging

® RS232 and IEEE-488 interface options

Thuriby Electronics Ltd /I’ Thurlby ' L\"VA
ZEInN

New Road, St.lves, Cambs. PE17 4BG
Tel: (0480) 63570 designed and built in Britain

CIRCLE 123 FOR

Now Thurlby makes loglc analysns affordable !

An essential instrument

An oscilloscope and logic probe are not enough to unravel the
complexities of today’s eiectronic equipment. A logic analyser has
become the essential tool for both hardware and softwarz engineers.
Indeed a logic analyser is as important for the gbservation of logic
signals as an oscilloscope is for the observation of amnalogue
signals.

Unfortunately the high cost has made logic analysers unavail-
able to many who could benefit from them, but now the Thurlby
LA-160 puts a sophisticated and versatile logic analyser within the
reach of evervone.

FURTHER DETAILS.

from

the Thurlby LA-160 £395 ;vat

16 data channels, expandable to 32
Clock rates up to 20MHz

2,000 word data acquisition memory
Non-volatile reference memory

Data state and logic timing displays

Binary, octal, decimal or hex formats

& Slmple connection to the microprocessor
@& Full capture using 32 data channels

& All memory/stack operations are shown
@ Branch addresses are calculated

® Extra uncomitted channels available

Now, with the launch of uP disassemblers, a complete 32 channel
logic analyser system with disassembler software and personality
module is available for £658.

Contact us now for full technical data and prices.

[Thuriby] &

designed and buiit 1n Britain

Thurlby Electronics Ltd
New Road, St.lves, Huntingdon, Cambs.
PE17 4BG, England. Tel: (0480) 63570

CIRCLE 124 FOR FURTHER DETAILS.
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Its easy to
complain about
advertisements.
But which ones?

Every week millions of advertisements
appear in print,on posters or in the cinema.

Most of them comply with the rules
contained in the British Code of Advertising
Practice.

But some of them break the rules and
warrant your complaints.

If you're not sure about which ones they
are, however, drop us a line and we'll send vou
an abridged copy of the Advertising Code.

Then. if an advertisement bothers j

you, you'll be justified in bothering us.
The Advertising Standards Authority.

If an advertisement is wrong,were here to put it right.
ASA Ltd. Dept 2 Brook House. Torrington Place. London WCIE 7HN

This space 1s donated in the interests of high standards of advertising.

ELECTRONICS & WIRELESS WORLD OCTOBER 1985

The Wings Appeal
Fund helps to maintain
the RAF Association
Home for Disabled
and Chronic Sick.
Careis essential for
those who have served
theircountry andwho are
inneed. Soplease help by
giving all you canforan
emblem in WINGS WEEK
inSeptemberorsenda

£

To : Royal Air Forces Association
Appeals Dept., (DS) Portland Rd
Malvem, Worcs. WiR14 2TA.

lenclose a donation of
forthe Wings Appeal Fund.

Name
Address.

Please tick if receipt required (]
orinformation on RAFA Space donated by
Membership (0

El_ectronics_& Wireless_ _Worlt_i _
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SUPER DEAL? NO - SUPER STEAL
| THE FABULOUS 25 CPS “TEC STARWRITER"

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 \ o . .

quality. Micro-processor @\frachon of its original cost /
electronics offer full 3
DIABLO/QUME command compatability and tutl 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 tine, friction feed
rollers for single sheet or continuous paper, internal buffer, standard RS232 serial
interface with handshake. Supplied absolutely BRAND NEW with 90 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.

SUMMER OFFER ONLY £399.99!!

DIY PRINTER MECH

Brand New surplus of this professional printer chassis gives an
outstanding opportunity for the Student, Hobbyist or Robotics
constructor to 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

TELETYPE ASR33

DATA I/0 TERMINALS

Industry standard, combined ASCI|
110 baud printer, keyboard and 8
hole paper tape punch and reader.
Standard RS$232 serial interface.
Ideal as cheap hard copy unit
or tape prep. for CNC and NC
machines. TESTED and in good
condition. Only £235.00 floor
stand £10.00. Carr & Ins. £15.00.

EX NEWS
SERVICE PRINTERS

Compact uitra reliable quality built unit
made by the USA EXTEL Corporation.
Often seenin major Hotels printing up to
the minute News and Financial inform-
ation, the unit operates on 5 UNIT
BAUDOT 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 £49.95

stepper motors for carriage and paper control, 9.5" Paper platten etc.
etc. Even a manufacturer's print sampie to show the unit's capabilities!!
Overall dimensions 40cmx 12cm x 21 cm.

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

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

20,000 FEET OF ELECTRONIC
AND COMPUTER GOODIES

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

DEC CORNER

MAG TAPE DRIVES

PDP 1140 System comprising of CPU, 124k
memory & MMU 15 line RS232 interface.
RP0O2 40 MB hard disk drive

TU10 9 track 800 BP! Mag tape drive, dual
track system. VT52 VDU, etc. etc. Tested and

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.

running. £3,750.00

BA11‘M8365 Bog, PSUb LTC £395.00 CALL FOR DETA“'S

DH11-AD 16" x RS232 DMA

i e1.90000 | COMPUTER/SYSTEM CABINET & PSU
gtm}f‘é“s’éﬁéf uged’l";fiuppon 21338'88 All in one quality computer cabinet with integral

DUP11 Synch. Serial data i/o £650.00 | Switched mode PSU, mains filtering, and twin tfan

DQ200 Dilog - multi RK controlier £495.00

cooting. Originally made tor the famous DEC PDP8

DZ11-B 8 line RS232 mux board £650.00 | computer system costing thousands of pounds.
KDF11-B M8183 PDP 1123 Made to run 24 hours per day the psu is fully
PLgSP €1 1£go.oo screened and will deliver a massive +5v DC at 17 amps, +15v DC at
&32 D'e‘g\‘fr'ni’:dEﬁegfoa'd 0.00 | 1 amp and -15v DC at 5 amps. The complete unit is fully enclosed
20 mA loop £270.00 | With removable top lid, filtering, trip switch, power and run leds
MS11-JP Unibus 32kb Ram £80.00 | mounted on ali front panel, rear cable entries, etc. etc. Units are in
MS11-LB Unibus 128kb Ram £450.00 ?ood but used condition - supplied for 240v operation complete with
;A[)s';:;bgsuéubuézsel;b Rtam gggg.gg I circuit and tech. man. Give your system that professional finish
u Ham, 1/0 etC .
FoE Cgu' BRIV mFasolo0 f106r oxl%/oiggr]?? g-”é:arr 19" wide 16" deep 10.5" high. Useable area
RT11 ver 3B documentation kit £70.00
EEga-J ngPMsb disk drives £650.00 | Also available less psu, with fans etc. Internal dim. 19"w, 16°d, 10.5"h.
A async i/o £175.00
M18E PDP 8 Boo)tlstrap option £75.00 £19.95. Carriage £8.75
V';SO \ADU and Keyboard £175.00 o ; ELECTRONIC
m .
VT52 VDU and RS232 interface  £250.00 Z D’Scouur ON ESU.?%’E%'}'TS

R R RN RN KR AR AR A AR VR TR ARA RN IR
Give your VT100 a Birthday!!f

H Brand New VT100 Keyboards
H only £85.00

BN AR N AR AN R AR AT RN AR RRR AR KRR AR AR AR AR RS

N 2 4

1000's of EX STOCK spares for
DEC PDP8, PDP8BA, PDP11 systems &
peripherals. Call for details. All types of
Computer equipment and spares wanted for
PROMPT CASH PAYMENT.

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 value and
perhaps one of the most consistently useful items you will every buy!' Sold by
weight.

2.5kls £5.25 + pp £1.25

10kls £11.25 + pp £2.25

5 kls £6.90 + £1.80
20kIs £19.50 + pp £4.75

DOO Of O B @ g a q PO = PH RA s i
* P AB RS ARD AR DD PHU
DR - DO n D OF ROARD B 0 B

=2 = = J - olc Z J Mac

DO orge & = d Q & Of ele 0 D . asedq 10
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CIRCLE 129 FOR FURTHER DETAILS.
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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 RS§232 serial interface, internal
vertical and horizontal tab settings
standard ribbon,  adjustable baud
rates, quiet operation plus many other
features. Supplied complete with manual
Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

Untested GE30 £65.00 Optionai 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 full
spec with manutacturer'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. Fully guaranteed all
IC’s full spec. 100+ £6.90,

200+ £12.30, 300+ £19.50

CENTRONICS
710 PRINTERS

Ex RENTAL Heavy duty full width
carriage printer up to 132 columns on
17" fan fold sprocket fed paper. 60 cps
print speed with standard RS232 or 20
mA loop interface. Supplied in TESTED
used condition with data. ONLY £85.00
carriage and insurance £10.00.

MAINS FILTERS

CURE those unnerving hang ups and data
glitches caused by mains interference with
protessional quality filters. SD5A 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 “Compiete
Toolkit” for copying, writing, modifying and
listing EPROMS of the 2516, 2716.
2532, 2732 range. Many other functions
include integral keyboard. cassette inter
face. serial and parallel i/o UHF modulator
ZIF socket etc.

ONLY £195.00 + pp £2.50

“GANG OF EIGHT” intelligent Z80
controlled 8 gang programmer for ALL
single 5v rail EPROMS up to 27128 Will
copy 827128 In 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 R8232 serial
interface for down line loading data from
computer etc. ONLY £445.00 + pp £3.00

Data sheets on request
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EX-J'TOL‘I( INTEGRATED CIRCUITS

Japanese Hal; height, 80 ‘rack double sided

disk drives by TEAC, TOSHIBA etc. Sold as
NEW with 80 day guarantee ONLY £125.00.
SUGART SA4 S FH 35 TRK £55.00
SIEMANS FDD100 SS FH 40 TRK £75.00
carriage on 5%" drives £5.50

Brand NEW metalcaseswith internal PSU etc
for above drives, below cost!!!

DSKC 1 for 2 HH or 1 FH 5% drive £39.95
+ppL4.50DSKC2for1 HHor1 FH5%" drive
£29.95 + pp £4.50

8" Refurbished standard units.
SUGART 801 SS£175.00 + pp £8.50
SUGART 851 DS £250.00 + pp £8.50

MJ&%RE?%?E%‘ |$11srr?ar1 case,

complete with PSU etc, £595.00
8" DRIVE PSU for 2 drive units £45.00

Hard Disk Drives

DRE/DIABLO Series 30 2.5 Mb front load,
£525.00, Exchangeable version £295.00
ME3029 PSU for above £85.00

DIABLO 44/DRE4000A,B 5+5 Mb from

ﬂRWK 5+5 Mb £795.00
CDC 9762 80 Mb RMO3 etc £2500.00
PERTEC D3422 5+5 Mb £495.00
RODIME 10MB ST506 Winchester NEW

£299.00
gASF 8T72 23Mb Winchesters, as seen
Carriage on other drives £10.00.

Unless stated all drives are refurbished with
90 day guarantee. Many other drives and
spares in stock - call sales office for details.

MODEMS

Join the communications revolution with our
super range of DATA MODEMS, prices and
specifications to suit all applications and
budgets . .
BRAND NEW State of the art products.
DACOM DSL2123 Multi standard 300-300,
1200-75 Auto answer etc. £268.00
DACOM DSL2123AD 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
mtelhgem modems, auto dial auto call, index,
buffer etc etc. €498.00
STE EBECK $B1212 V22 1200 baud FULL
DUPLEX, sync or async, optional auto dial,
£465.00
TRANSDATA 307A Acoustic coupler 300
baud fult duplex, originate only,
232 £49.00

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

DATEL 2B 300 Baud Modem see SPECIAL

OFFER.

MODEM 13A 300 baud unit, only 2" high fits
under phone. CALL mode only £45.00
MODEM 20-1. 75-1200 baud. Compact unit
for use as subscriber end to PRESTEL,
TELECOM GOLD, MICRONET etc £39.95

+8p £6.50

MODEM 20-2 1200-75 baud. Same as 20-1 but
for computer end, £65.00 + pp £6.50

DATEL 2412 Made by SE labs for BT this two
part unitis for synchronlous data links at 1200
or 2400 baud using 2780/3780
protocol etc. Many features include 2 or 4 wire
workmg self test auto answer etc,

COST VER 0 Our price ONLY £199

DA)'FEL 4800, RACAL MPS4800 baud
modem, EX BT good working order, ONLY
£295.00 + pp £8.00

SUMMER OFFER
MODEM TG2393. Ex BT, Up to 1200 baud, full
duplex over4 wire or half duplex over2 wire line.
ONLY £85.00 PER PAIR + pp £10.00

For more information
CONTACT OUR SALES OFFICE

4164 200ns D RAMS 8 for£14.954116 300 ns £1.50
2112 £10.00 2114 £2,50 2102 £2.00 6116 £2.50
EPROMS 2716 £4.50 2732 £3.00 2764 £4.95
27128 £5.50 6800 £2.50 6821 £1.00 68A09 £8.00
6B09 £10.00 8085 £5.50 8086 £15.00 8251 £7.00
8748 £15.00.

Thousands of IC’s EX STOCK send SAE for list.

*
Dry Fit MAINTENANCE FREE by Sonnenscheln & Yuasa ®
A300 07191315 12v 3ah as RS 591-770 NEW €13.95 :
A300 07191312 6v3ah as R§531-360 NEW £9.95 e
A300 07191202 6-0-5v 1.8ah as RS 591-382 Ex Equip
£5.99 3.6v 100 mah PCBmount as RS591-477 NEWE1.00 ¢¢eeeeececececcrecsscscrncocecvcococe

ss900

Keep your hot parts CQUL and RELIABL& wlm
our range of COOLING FANS
ETRI 126 LF21 240v & blade equipment fan
Dim. 80 x 80 x 38mm £9.95
ETRI 88XUOI Dim. 92 x 82 x 25mm
240v equipment fan complete with finger
uard NEW £98.95
OULD JB-3AR Dim. 3" x 3" x 25" compact
very quiet runmng 240v operation.
NEWE6
BUHLER 69 11.22 8-16v DC micro miniature
revarsiblefan. Uses a brushless servo motor for
extremely hl?h air flow also silent running and
uaranteed 10,000 hr iife. Measures only 62 x
2 x 22mm. Current cost £32 00. OUR PRICE
ONLY £12.95 complete with data
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fans 110v OR 240v NEW at £10.50 or tested
EX EQUIPMENT 240v£6.25 or 110v £4.95.
1000’s of other fans Ex Stock.
Call for Details. Post & Packing on all fans £2.00

QWERTY KEYBOARDS

Manutacturers BRAND NEW surplus.
ALPHAMERIC 7204/60 Full travel ASCII,
60 key with parallel output and strobe.
£398.95

DEC LA34 Uncoded keyboard with 67
quality gold ptated switches on X-Y matrix —
ideal micro conversians etc. £24.95
AMKEY MPNK-114 Superb word processor
chassis keyboard on singie PCB with 116
keys. Many features such as On board
Micro, Single 5v rail, full ASCH coded
character set with 31 function keys,
Numeric keypad, cursor pad and 9600 baud
SERIAL TTL ASCIl OUTPUT!! ONLY
£69.00 with data.

Carriage on all Keyboards ‘:3 50

PLESSEY Ltd thls
compact unit. only
slightly larger than a

telephone, features an

\ e all in one TELEPHONE,
24 x40 character CRT
screen, VIEWDA
/ PRESTEL modem
Keypad and electronics to run as a fully
fledged PRESTEL :erminal or telephone
Ready to piug direct into a BT 600 type jack
socket and instantly connect you to
PRESTEL etc. Many other features include
Memory diailing, Reczll button, Off line screen
data storage, Picture expand, Standard
Multard LUCY chip set. Integral 5" JVC crt
monitor, etc etc. Designed to sell to the
EXECUTIVE al over £600! But from
DISPLAY, BRAND NEW AND BOXED at
only £99. 00 for DTME tone dial or £140.00
1or sl?inadard DIAL PULSE version.
Carr,

seceeer HOT LINE DATA BASE cocevee-

.
Z# © .
. ¢ the US GENERAL ELECTRIC CORPQORATION the G
« + MODEL 30 features a standard QWERTY 80 key

1000’s OF
BARGAINS
FOR CALLE

PRINTER / TERMINAL SCO0P

A MASSIVE purchase of these attractive stand alone
terminal units enabtes a SUPER BARGAIN offer. Made b

electronic keyboard coupled to a quality built matrix

+«The ORIGINAL FREE OF CHARGE dial updata? ith variab! rms tractor. The printer is
¢base. Buy, browse or place YOUR OWN AD fore 5’;‘3;%5;”'& Vfori?niguéosﬁy 'Srimﬁn v F
+goods or services to sell. 1000's of stock items,® characters per line. Standard RS23
spares and one off bargains. Updated daily.
ON LINE NOW. CCITT, 8 bit word, no parity.
For 300 baud modems call 01-679 1888
For 12G0-75 baud modems call 01-679 6183

, with up to 120
interface accepts
+ ASCll data at 110, 150 or 300 baud. Ideal for Terminals,
« Dataloggers, local tabel prlmmg or just as a printer!! Sold
. TESTE% with data ONLY £95.00. Also available with
s TWIN MAGTAPE CASSETTE unit for data capture, data
® preparation etc £150.00 Carriage £10.00.
L]

COLOUR AND MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" COLOUR MULT! INPUT MONITOR

made in the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has ali the features to suit your immediate and
future monitor requirements. Two video inputs: RGB and PAL Composite Video,
allow direct connection to the BBC and most other makes of micro computers
and VCR's. An internal speaker and audio amplifier may be connected to your
systems output or direct to a VCR machine, giving superior sound quality. Many
other features inciuded PIL tube, Matching BBC case cotour, Major controls on
front panel, Separate Contrast and Brightness - even in RGB mode, Two types of
audio input, Separate Colour and audio controls for Composite Video input, BNC
plug for composite input, 15 way ‘D' plug for RGB input, modular construction

etc etc.
This Must be ONE OF THE YEAR'S BEST BUYS
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee
SUPPLIED BELOW ACTUAL COST - ONLY £149.00

DECCA 80 16" COLOUR monitor. RGB input.
Little or hardly used manufacturer's surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a coiour monitor as yet unheard of!! Our own interface, safety
modification and special 16" high definition PIL tube, coupled with the tried and
tested DECCA 80 series TV chassis gives 80 column definition and picture
quality found only on monitors costing 3 TIMES OUR PRICE. In fact, WE
GUARANTEE you will be delighted with this product, 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, Modular construction. auto degaussing circuit,
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, ONLY
99.00 + Carr.
DECCA 80, 16" COLOUR monitor. Compositve video input Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr.
REDIFFUSION MARK 3, 20" Colour monitor. Fitted with standard 75 ohm
composite video input and sound amp. This large screen colour display is ideal
for shops, schools, clubs and other AUDIO VISUAL applications. Supplied in AS
NEW or little used condition ONLY £145.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video
monitors.

Ali units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and set up for 80 column use on BBC micro etc. Even
when MINOR screen burns exist— normal data displays are unaffected.

12" KGM 320-1 B/W high bandwidth input, will display up to 132 x 25 lines.

$g (?SEEN SCREEN version of KGM 320-1 Only £39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £55.00
9" HITACH! VM-906E/K Black and White screen £49.95

Carriage and insurance on ali monitors £€10.00

GOULD OF443 enclosed. compact switch mode supply with DC regulated outputs of
+5v @ 55a, +12v @ 05a -12v@ O laand -23v@ 002a Dim 18 x 11 x6 c¢cm 110 or
240v input BRAND NEW only £14.95

GOULD G6-40A 5v 40 a g switch mode supply NEW £130 00

GREENDALE 19A-BOE Switch mode 60 watt open PCB with a fulsy regulated DC
output of 5v @ 6 amps. and three sem regula(ed outputs of +12V,. 12V +15V @ upto 1
amp. Dim only 11 ¢cm x 20 cm x 5.5 cm. Similar to RS 581-894. 110 or 240v AC input

gTED ex equipment. Only £24.95
AC DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a rugged
ALLOY chassis to continuously supply fully regulated DC outputs of +5V @ 3 amps, -5V
@ 0.6 amps and +24v @ 5 amps, Short cncun and overvoltage protected 110 or 240 V
AC input Dim28 x 12.5x7 cm NEW £4
Carrlage on PSU's £300

SPECIAL 300 BAUD MODEM OFFER |

VDU TERMINALS

Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND
NEW or little used 2B data modems allows US to make the FINAL
REDUCTION. and for YOU to join the exciting world of data

Standard VDU data entry terminats at give away
prices!!

QUME QVT108. Current product, state of the art
terminal with detachable keyboard, 12" green

communications ai an UNHEARD OF PRICE OF ONLY £29.95 Made 10| screen, 2 page RAM, TVI 825 emulafion, 25 x 80,

the highest POST OFFICE APPROVED spec at a cost of hundreds of
pounds each, the 2B has all the standard requirements for data base.
business or hobby communications. All this and more!!
® CALL. ANSWER and AUTO modes
® Standard RS232 senal interrace
NOW ONLY = @ Built in test switching
® Supplied with full cata = £29. 95 t ® 240v Mains operation

. @ 1yearfull guarantee
® Just 2 wires to comms line

BT 600 Jack plug and cable £2.25 Carriage and Ins. £10.00

® 300 baud full duplex
® Fuli remote control
® CUITT tone standards

JWM

® Modutar constructon »
® Direct isolated connection ﬁ\

All prices quoted are for U.K. Mainland, paid ¢ash with order in Pounds Steriing PLUS VAT Minimum order vatue £2.00.
Minimum CreditCard order£10.00. Minimum BONAFIDE 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

Clock, Swivel and tilt base, Printer port, Function
keys etc. BRAND NEW and BOXESAT ALMOST
HALF PRICE Only £425.00

AJ510 - EX RENTAL 280 controlled, 15
green screen 24 x 80 display, graphics. cursor
addressmg printer port etc. Very good condition

TESTED complete with manual only £225.00
ADDS 520- Dumbterminal. used, 12" b/w screen
RS232 interface and printer port TESTED.
ONLY £125.00
Carriage on terminals £10.00
100's of other terminais in stock,
CALL for more details.

Telephone 01-679 4414 Telex 894502 Data 01-679 1888 E
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AERITALIA AVIONICS GROUP j

e S Electrical & Magnetic
PR R et Field Sensor System.

Covering Frequency:
Low Frequency Power Amplitiers _ €
DC Power Amplitiers 20Hz-1GHz & 1-18GHz.

Simulation of all power supply units from 100VA to 100KVA. m;z:lne optional sensor

TYPICAL APPLICATIONS
(electric and magnetic fleids)
e Radiation hazard

measurements in near and far
field conditions

e Transmitter antenna
evaluation and field pattern
measurements

E - S e Transmitter antenna tuning
for maximum radiation
CIRCLE 23 FOR FURTHER DETAILS.
APPLICATIONS ) ® Monitoring electromagnetic environment in areas where electro-
Research & design of electrical and electronic equipment with either variable explosive devices, or weapon systems are stored

or fixed frequencies and voltages. Quantitative “on the air” measurements
Active steady mains simulation for sources of 50Hz, 60Hz, 400Hz, & 4KHz. R.F. interference measurements

Capability to decrease & surge the voitage and shift the frequency. R.F. field strength measurements during EMI susceptibility tests (MIL-

([ ITZENBERGSER +

Mains simulation for MIL-STD-704B. STD-461-462, H.E.R.O. TESTS etc.)
TESTING OF: Motors, chokes, capacitors, fluorescent lamps, transformers, e Monitoring of installation sites for R.F. sensitive equipments (industrial
synchronizers. A calibrating source for all control & regulatory apparatus. areas, ships, aircraft etc.) CIRCLE 24 FOR FURTHER DETAILS.
Electro-Metrics Div. of Penril Corp.
T TS R
H I R E ELECTRO-METRICS  EMC-50 500MHz-18GHz
BL-ASE e RS B oot ST

INTERFERENCE AND FIELD STRENGTH ANALYSERS

P pp——— e

'_Uc‘bétob el 3

-

Many Units from these
manufacturers are
included in our range
Of EMC Hire faCiIitieS o Pre-selected down-converters will take it up to
26GHz & 40GHz

per day/week/month EMC-11 20H-S0KHz

EMC-25 10KHz-1GHz
MIL-STD-461/2

ASK FOR THE HlRE BROCHURE SAE J551 CIRCLE 26 FOR FURTHER DETAILS.

FCC/VDE/ANSI
Impulse Generators

Electro-Static Discharge Testers
CIRCLE 25 FOR FURTHER DETAILS. A wide range of equipment for HIRE Ask for the HIRE Brochure

EMCO FEeC FISCHER

Antenna Range T ) Custom

oo B 0 Communications
ELECTRO-MAGNETIC Saniniid

INSTRUMENTATION

A full range of current probes 20Hz to 1GHz.

-

Also injection probes.
Magnetometers Models can be
Magnetic Field Intensity Meters customised regarding
Helmholtz Coil Systems internal diameters.
Magnetic Field Generating Coils
Antennas 20Hz-18GHz

Triaxial Magnetometer System
L.L.S.N.'s

Rejection Networks

CIRCLE 27 FOR FURTHER DETAILS. CIRCLE 28 FOR FURTHER DETAILS.

For further Information on the above contact:

SR O R RN
ELECTRO-METRICS ELECTRO-METRICS LTD. TEL: (0767) 316767

41 Church Street, Biggleswade, Beds., SG18 0JS.
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RECEIVER UP-DATE

Communications receivers

Some additions to last month’s

Philips have launched two multi-
band synthesized portables, each
covering 150kHz-30MHz plus the
f.m. broadcast band.

The D2935 (£170), styled as a
portable, is a double-superhet
with a liquid-crystal display, key-
pad frequency selection giving
storage for up to nine stations,
a b.f.o. for s.s.b. or c.w. recep-
tion and anr.f. gain control. It can
run on mains or battery power
and it weighs 2.45kg.

Among the additional features
offered by the D2999 (£300) are
three-speed electronic tuning
using a knob as an alternative to
the keypad, a digital field-
strength meter, seven more
memories, a search-tuning facil-
ity and a switchable dual loud-
speaker system. This model,
which is described as a transport-
able, weighs 4.11kg.

survey

109.9MHz. Modes available are
s.s.b., f.m. (broad and narrow-
band), radio-teleprinter, a.m.
and phase-locked a.m., with true
passband tuning. This versatile
set has a two-line, 20-character
alpha-numeric l.c.d. read-out,
99 memory channels, scanning,
four  independently-selectable

The Danish manufacturer
Eska is returning to the market
after a reorganization, and among
the h.f. products announced by
the company is the RX99PL
transportable receiver.

Frequency coverage is 15kHz
to 29.999MHz plus a.v.h.f. range
of 144-176MHz and an unusually
wide f.m. broadcast band of 60-

a.g.c. time constants and nine

receiver bandwidths ranging from
500Hz to 240kHz. Remote con-
trol and data transfer are possible
via a passive 20mA current loop.
Also from Eska is a modifica-
tion kit for the JRC NRD-515
receiver pictured last month. The
kit includes extra filters to
improve the set's selectivity and
is claimed to increase the signal-
to-noise ratio by 10dB. It also
provides a phase-locked a.m.
detector for distortion-free recep-
tion of a.m. stations even during
severe fading and interference.
Eska Communications Systems
A/S, Frederikssundsvej 274D,
DK2700 Bronshej, Denmark.

The D2935 from Philips

Eska’s RX99 PL receiver

From page 36

ence here is that in the newer
devices there is no onus on the
system to provide the refresh
address.

This ‘CAS-before-RAS’ signal
mechanism — just one of the
advances being made in dynamic
memory development —
requires the slightly more com-
plex RAS signal.

To keep the system simple, no
code is executed within the sili-
con disc memory; it is purely a
store into which and from which
data is transferred. This means
that access to it will always be
interleaved with access to other
areas of memory.

The timing controller generat-
ing RAS and CAS for the silicon
disc produces conventional mem-
ory cycles when the disc is actu-
ally being accessed. It generates
CAS-before-RAS cycles when-
ever accesses at other addresses
occur or when the silicon disc is
mapped out of the system. Thus
refreshing is guaranteed while
the microprocessor runs and yet
minimal control signals are
required.

Component IC, buffers the data
bus to and from the host system.
It is permanently active and nor-
mally faces off the system bus
toward the silicon disc. Page

selecting latch IC, is treated as an
i/o port clocked by an external
signal which, in the case of the
SC84, comes from the i/o board
through pin ¢25. The lower seven
bits stored in this latch combine
with the lower 11 bus address
lines to form inputs to a nine
channel two - input multiplexer,
IC, ;, providing row and column
addresses to the dynamic mem-
ory array.

It doesn’t matter which add-
ress lines are paired up, or which
multiplexer outputs go to which
dynamic memory address inputs.
Upper system address lines A} to
A, go into an eight-bit compara-
tor formed from IC, . which gives
an active output when the add-
ress matches the switch settings
and the SDSEL line is active. This
line is the signal which maps the
silicon disc into memory and may
be selected to be active high or
low by switch S,. Output of the
comparator is used to gate the
inverted RD signal into the
dynamic memory W pins.

In SC84 an inveried read signal
rather than the conventional
write one was used as the write
strobe to the memories. The
advantage of this is that an ‘early
write’ is always generated. This
type of write cycle is particularly
useful in that the write operation

for these dynamic memories can
take two forms, dependent on the
state of the W line when CAS goes
low.

Most microprocessors  still
have their write signals high at
the point when CAS goes low, so
a conventional cycle is generated
where the memory outputs the
present state of the bit, i.e. the
cycle begins as a read one. By
setting W low before CAS goes
low an ‘early write’ cycle occurs
in which the output pin of the
memory stays in a high imped-
ance state throughout the cycle.
This allows the data input and
output pins on the memory to be
connected together without any
fears of bus contention — an
arrangement which suits the bidi-
rectional system data bus.

The main control signal indi-
cating a memory cycle passes
through buffering and a series of
time delays to produce a slightly
delayed version for the RAS sig-
nal. A further delayed version
switches the address-line multi-
plexer and a yet further delayed
one acts as the conventional CAS.
Note that these signals are all
gated with the original one so that
all signals go to their inactive
state promptly at the end of the
memory cycle.

The memory control signal
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also feeds forward, bypassing the
delay chain. This is the early ver-
sion of CAS, made available for
the ‘CAS-before-RAS’ refresh
cycles mentioned earlier. Selec-
tion of the CAS type takes placein
a dual 4-to-1-line multiplexer,
IC;. Here the comparator output
and the higher order bit from the
page register combine to select
which type of CAS, early or con-
ventional, is passed to which
256Kbyte memory block.

In using a silicon disc, one rule
must be adhered to. Remember
that the ‘disc’ is silicon and not
magnetic and so should the power
fail you will lose all of the data.
The rule is to regularly make
back-up copies of any master files
on magnetic disc.

A version of the SC84 operat-
ing system, version 2.1D, is
available which treats the silicon
disc as drive E. For readers
patching their own CP/M Bios, a
DPB exists. The DPB sets the
number of sectors per track as 16
(sixteen 128 byte sectors yields
the 2Kbyte of page/track) and
zero offset, i.e. no tracks
reserved for system use as you
would never boot the system
from a silicon disc! Other para-
meters are by choice, although
the system uses a block and 16
checked directory entries.
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ADVANCED
B LOW COST
SPECTRUM ANALYSER

THE IFR A-7550 SPECTRUM ANALYSER

The A-7550 Spectrum Analyser is the most advanced, low cost portable
spectrum analyser on the market today. Two powerful microprocessors,
menu driven display modes and single function keyboard entry aid the user
in the operation of all analyser functions. To further enhance the operational
simplicity of the A-7550. the microprocessor system automatically selects
and optimises the analyser’s bandwidth, sweep rate, centre frequency dis-
play resolution and the rate of the frequency slewing keys. An operator over-
ride is also provided when non-standard settings are required.

TO LEARN MORE ABOUT THE A-7550's IMPRESSIVE RANGE OF
FEATURES, CONTACT US TODAY.

e 5 —— Fieldtech Heathrow Limited,
H Huntavia House, 420, Bath Road ‘
FleldteCh Longford, Middl,esex, UB7 OLL, éngland.
Heathrow

| Telephone: 01-897 8446 "m
e ~ Telex: 23734 FLDTEC G

CIRCLE 13 FOR FURTHER DETAILS.

WireléssWorld

EDITORIAL FEATURES
1985/86

ISSUE PUBLICATION
DATE DATE

FEATURE

Nov. 1985 Oct. 16th Modems

Jan. 1986 Dec.19th AtoD&Dto A
Converters

Mar. 1985 Feb. 20th Computer Aided
Design
Equipment

May 1986 April 17th Fibre Optics

For more details regarding
advertising
Contact Bob Nibbs
01—661 3130

It5 easy to complain
about an advertisement.
Once you know how

One of the ways we keep a check on the advertising that appears in the
press, on posters and in the cinema is by responding to consumers’ complaints.
Any complaint sent to us is considered carefully and, if there's a case to

answer, a full investigation is made.

If you think you've got good reason to complain about an advertisement,

send off for a copy of our free leaflet.

[t will tell you all you need to know to help us process your

complaint as quickly as possible.

The Advertising Standards Authority.
If an advertisement is wrong,we're here to put it right.

ASA Ltd, Dept 1 Brook House, Torrington Place, London WCIE 7HN

This space is donated in the interests of high standards of advertising.

94

ELECTRONICS & WIRELESS WORLD OCTOBER 1985

www americanradiohistorv com



DISPLAYED APPOINTMENTS VACANT: £21 per single col. centimetre (min. 3cm).

Advertisements
accepted up to 12 noon
October 1for November

issue

LINE advertisements (run on): £4.50 per line, minimum £30 (prepayable).
BOX NUMBERS: £7 extra. (Replies should be addressed to the Box Number in the
advertisement, ¢/o Quadrant House, The Quadrant. Sutton, Surrey SM2 4AS).
PHONE: 1AN FAUX, 01 661 3033 (DIRECT LINE)

15% VALUE ADDED TAX NOT INCLUDED

Cheques and Postal Orders payable to BUSINESS PRESSINTERNATIONAL LTD. and crossed.

£7,000-£30,000 + CAR

" % Where does your interest lie: Graphics; CAD; Robotics: Simulation

Image and Signal Processing; Medical; Automation; Avionics:;
Acoustics; Weapons; Comms; Radar; Opto and Laser?

% Experienced in: VLSI; Microprocessor Hardware or Software;

Digital and Analogue circuitry; RF and Microwave techniques?
* There are hundreds of opportunities in: Design; Test; Sales and

Service for Engineers and Managers

* For free professional guidance: Call: 0638 742244
(till 8pm most evenings) or write (no stamp needed) to

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED

FREEPOQOST, The Maltings, Burwell, Cambridge, CB5 8BR

(1926)

reqwrements agamst

We have many clients seeking Engineers and Technicians at all levels and we are
particularly interested in hearing from you if you have experience in the following:-

e Signal Processing e Technical Sales e ATE Programming
» RadarSystems e RF Development = Real Time Software

Your next step is to complete and return the attached coupon or
telephone John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends

appropriate vacancies.

The Easy Way to look for your new job from the
>, comfort of your own armchair. Our well qualified
"9 consultants will carefully match your

P

NAME

ADDRESS

POST CODE
TELNO ...
QUALIFICATIONS

0
CG/HNC

NONE
SALARY

0-£6000  £6-10000

(Mr/Miss/Mrs)

DEGREE OTHER

£10-15000 £15000+

ELECTRONICS & WIRELESS WORLD OCTOBER 1985
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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 vourinterests.

Call us now for posts in Design, Test, Sales or Field Service,
at all levels from £6,000 — £18,000.

O Technomark_

Engineering & Technical Recrustment

11 Westbourne Grove, London W2. Tel: 01-229 9239,

i

CAPITAL APPOINTMENTS LTD
THE UK's No. 1 ELECTRONICS AGENCY

If you have HNC/TEC or higher qualifications and are
looking for a job in design, test, customer service, technical
sales or similar fields:

Telephone now for our free johs list
We have vacancles In all areas of the UK
Salaries to £15,000 pa

018083050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF

------------mm---J

(291) i

1
I
¥
I
b

Telecommunications
Engineering
Technicians

Openingsin Servi-cing and Maintenance

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 equipment from
computer-based data transmission to
FM and AM radio 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 quailified to at ieast City &
Guilds intermediate Telecommuni-

Home Office

Up to £9,317

Our business is to install and -
maintain the communications (;{
equipment used by the Police i

cations standard and possess a &
current driving licence.

travelling
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.

Good prospects for promotion.

If you are interested in work- i

ing with us, please write for further

details and application forms quoting

reference WW/9to: Miss M

Andrews, Home Office, Directorate

e of Telecommunications, Horse-

ferry House, Dean Ryle Street,
London SW1P 2AW.

= (35)

Directorateof
Telecommunications
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SEEKS AN
ENGINEER

QUALIFIED to HNC/HNC to perform varied
tasks in a friendly and challenging
environment. ILR2 salary plus shift allowance.

Apply:- Chief Engineer,
Piccadilly Radio,
P.0. Box 261,
Manchester.
M601QU.
PICCAOILLY RAOI0

An Equal Opportunities Employer (43)

OLYMPUS CAMERAS

require Technicians

Olympus Optical Co (UK) Led, the
UK largest distributor of 35mm
cameras, requires additional techmicians
tor their rapidly expanding micro digital
product range

The ideal applicant should be selt
motivated and capable of working
under pressure with the ability to pre
pare training courses

Benefits are all that would be
expected of a large multinational Com
pany: good salary, non-contnibutory
pension scheme, lite assurance and
BUPA

of your application.

12 Mount Ephraim,
Tunbridge Wells,
Kent. TN4 8AS.

Tel: 0892 39388

(24 Hour Answering Service)

Electronic Engineers-—

What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary
levels from around £6,000 —£20,000,

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,

Appointments

All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware

Please send me a TJB Appointments Registration form.

Name

Address

(861)

Please telephone Mrs Jane Rockel |
| for an application torm and turther
information on
| 012530513 OLYMPU(§)
THE OPEN UNIVERSITY PENRHOS ELECTRONICS LTD
in collaboration with BRITISH TELECOM COMPUTERISED AND PEN R H O
Faculty of Technology PROGRAMMABLE CONTROL
FOR INDUSTRY fznas
e Dk
RESEARCH FELLOW g §
A GROUND FLOOR OPPORTUNITY oK -| -
EXISTS FOR Q
COMPUTER AIDED FILTER DESIGN ® PRODUCTION z
g
ENGINEER @ o
Applications are invited for the three year post of Research Fellow, to °©
work in the Electronics Discipline at the (g en University on a SERC e . .
Collaborative Research Programme with British Telecom Research I Quallflcatlons - Micro Electronics HNC/D or Degree.
Laboratories entitled ‘A comprehensive Computer Aided Filter Design 2. Experience 2/3 years Z80, Motor Rola, 6,8000,
System’. The System will be based on a DEC Vax Station Computer, Assembler, C,.
together with a wide range of input/output devices. o . )
We are seeking applicants with a PhD in Electronics, Computer Science GLRE El'ectronlcs BEIELS growing company'WIth a
or a related area, and a background or interest in one or more of the Wo.rld - wide market. We require a hardworking, ambitious
areas of Computer Aided Circuit Design, Electronic Filter Design, engineer who would have his sights set on the
Numerical Methods, Software (C,Fortran under Unix), and Man- * Technical Directors job * at the outset he would take
Y TR RS charge of a small team and be responsible for taking designs
An appointment will be made on the Research Fellow |A scale, and modifications through prototype trials into
currently £7520 to £12150; with an initial starting salary of up to £8920. roductions
The post is available from Ist October 1985. P :
Further particulars and an application form can be obtained from: Salary initially £8-11K with sizable increments on
Miss M. Fordham (4867/2), Faculty of Technology, progress.
The Open University, Walton Hall, Milton Keynes, MK7 6AA, i . . .
or Telephone Milton Keynes (0908) 65394 1: Please reply in writing to: C.M. Griffiths, Managing
There is a 24 hour answering service on 653868. Director, Penrhos Electronics Ltd, Westfields Trading
Closing date for applications: 7 October 1985 (a1) Estate, Grandstand Road, Hereford, HR4 9PA. (42)
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Appointments

Brighton
Health
Authority.

Chailey Heritage Hospital.
Rehabilitation Engineering Unit.

Medical Physics Technician
Grade I" or ".With a background in electronic

and mechanical engineering to join an enthusiastic
research team on a Spastics Society funded research
project concerned with the development and duplication of
special switches and interfaces for electronic aids and
microcomputers for the severely disabled. This is a new
post, initially for three years.

Salary according to age, qualifications and experience on a
scale £6408-£9627.

Closing date for return of application forms is 31st October.
Further information and application forms from:

Dr C.E.E. Thornett, Senior Research Scientist, or:

Mr R.L. Nelham, Technical Director, Rehabilitation

Engineering Unit, Chailey Heritage Hospital, North Chailey,
Lewes, Sussex, BN8 4EF. Tel. 082-572-2112 Ext 99. (46)

VIDEO SER\II“ICE ENGINEER

R
INDUSTRIAL VIDEO EQUIPMENT —
FARNHAM, SURREY.

E.S. Video have a vacancy for an engineer with service
experience on low band ‘U’Matic equipment, Industrial V.H.S.,
single and three tube cameras.

Attractive negotiable salery with car allowence and Free BUPA.
Write with full details to:-
Mr R N Woodward, ES. Video, 5 Mead Lane, Farnham, Surrey. GU9 7DY (40

—7 THE START
| OF

SOMETHING
NEW

If you are leaving College and planning a career in modern

communications or if your present job lacks interest and

challenge why not join us in GCHQ?
We are recruiting

RADIO OFFICERS

who are after initial training will become members of an
organisation that is in the forefront of communications
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
College) which will fit you for appointment to RADIO
OFFICER.

Not only will you find the work as an R O extremely
interesting but there are also good prospects for
promotion opportunities for overseas travel and a good
salary. Add to this the security of working for an important
Government Department and you could really have the
start of something new.

The basic requirement for the job is 2 years radio operating
experience or hold a PMG, MPT or MRGC or be about to
obtain a MRGC. Registered disabled people are welcome to
apply.

Salaries start at £4,988 at age 19 to £6,028 at age 25 and
over during training and then £6,832 at 19 to £8,915 at 25
and over as a Radio Officer. Increments then follow
annually to £12,328 inclusive of shift and weekend working
allowances.

For full details and application form phone 0242 32912/3

or write to: The Recruitment Office A/1108
‘ '. Priors ROZITAM
CHELTEN
Glos GL52 5AJ (e

CoOMMUNICATIONS
DESIGN
FROM START...

AtLLM. Government Communications Centre

we're using the very latestideas in electronics technology
to design and develop sophisticated communications
svstems and installations for special Government needs
athome and overscas. '
With full technical support facilities on hand, it's
an environment where vou can see vour ideas progress
from initial concepts through prototvpe construction,
test and evaluation, to the pre-production phase, with a
chance to influence every stage. Working conditions are

plcusunl. the surroundings are attractive, and the career
prospects are excellent,

Ideally we're looking for men and women who
have studied electronics or electronics related subjects to
degree level orequivalent and have had some experience
of design, whether obtained at work or through hobby
activities. Appointments will be made as Higher Scientific
Oflicer (£7,435-£10,039) or Scientific Otticer (£5,909-
£8,163)according to qualifications and experience.

For further details please write to the address given
below. [twould be particularly helpful if an outline of
vour personal interests and practical experience could
be inclucded.

The Recruitinent Officer, HMGCC, Hanslope Park,
Buckinghamshire MK19 7BH.

... TO FINISH

(2523)
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Appointments

i
For full systems test on data
communications Networks
£8,000 + Wokingham
USA training on ATE systems. Suit
| experienced repair technician
‘ ‘ £10,000 + car Woking
“ TECHNICIAN ENGINEER
To maintain VAX PDP11 & flight
I’ simulation systems
|\ to £11,000 Middlesex
IN-HOUSE ELECTRONICS
Fault-find data-proocessing

‘I 11 TEST ENGINEERS

m’

'“ FIELD SERVICE ENGINEERS
“ equipment to componant level

We have an opening for a Service Engineer to work in-house in our £8,000 + car Hants. & Central

| Some systems involvement
‘!|| Harpenden, Herts c£10,500 Herts.
i o ) ) ) ) ERVICE ENGINEER
‘ Tektronix is at the forefront of innovative technology in electronics WS Ao, o
. with an extensive product range unequalled in the industry. equipment

London

FIELD SERVICE ENGINEER

Digital/fibre optic communications

Harpenden office. Working as part of a highly skilled team this
represents an excellent opportunity to develop your knowledge of

. test and measurement equipment. £12,000 + car S.E.London

‘] electronics, and apply it to our most sophisticated in-house range of netwanke. EUIkiainemsey

’ [ You should have a good practical knowledge of analogue techniques Phone/write/call Roger Howard C.Eng
and circuit theory, plus the ability to fault-find down to component MIEE, Cliveden Technical Recruitment
level. If you can also bring some knowledge of digital techniques s0 Consultants, 92 The Broadway,
much the better but this is not essential. Bracknell, Berks RG12 1AR. Tel:
We offer a competitive salary, enhanced by a profit share scheme and Biracknie (1543) 483488 fslx ""'(’;298)

fringe benefits. Excellent product and skills training is offered and
there is good opportunity to advance within the company as we
continue to grow and diversify.

1 For more information and an application form, please contact

Sue James, Human Resources Department, Tektronix (UK) Ltd, Fourth
Avenue, Globe Park, Marlow, Bucks. V I D E
Telephone: Marlow (06284) 6000. ENGINEERING
CO - OPERATIVE
WA I eresing and vared work it
| ‘ I | m interesting and varied work in
”mmm | M'h’“ the independent and
‘w ”'“””” m I ”” i s commercial sectors.
} ‘ ! } H | “m ronIX® S.A.E. for further details
1 WIIIHIlIHIIHHIIHH! L ”milu.. COMMITTED TO EXCELLENCE to: VET Ltd. ¢/0 S.C.D.A.
135 Rye Lane, London SE15.
(59)
(44)
! I T
B'E%%LR%%%%{?S& UNIVERSITY OF PAPUA NEW GUINEA UNIVERSITY OF TECHNOLOGY
Egham il Egham. S TW20 05X SUSSEX DEPARTMENT OF ELECTRICAL AND
2 Grade 5 Tech NT o P'H\d,?lct?f ELECTRONICS TECHNICIAN (M/F) O LBAIC AT HAE WS E
rade echniclans required for this
recently expanded  department. SENIOR TECHNICAL INSTRUCTOR
One to assist with the research into In the Psychology Laboratory in the — . . . . :
: : : : Applications are invited for the post of Senior Technical Instructor, which will
gl;cslt?;lro;::;h:"“g:;ve szﬂzs'ce:ta(:; ?“ts and SOC‘“A,S'U,‘I‘;&; Area. In the be available from January 1986. Candidates should have a higher certificate/
irst instance this will be a temporary diploma/degree qualification and relevant industrial experience.
spectroscopy. appointment with a possibility of being . ) ] . . ;
One to assist in the running of the mad . . a1 i Preference will be given to candidates with teaching experience/
e permanent. Duties will include e A - A .
lzlx]rge ur:):ijergraduate laboratories in maintenance and repair of computer qualifications and experience in communications systems or broadcasting.
the modern Tolansky building. terminalsand printers, installati ) . . : :
‘Applicants should be_qualified 1y C?]renclll(?r?gs:{lwif{:lré,?;z'l;}fa?ioz:'l lot)frzzrr:s ISAtLERl/. Selrnc:(rlge%nslcal Instuctor | K}gESS? pe(r) ?Srlusjm Senior Tlechr;lca;
physics, applied physics or electronics puters, ordering and keeping stock of U ”.’ctor t denandi per anlr]flljmf( = dg. ol approx), level o
and have some laboratory or workshop spare parts, An aterest in compating s appointment depending on qualifications and experience.
::g::::g: wouAlgpklyta:;t);oint:éﬂL?u; desirable. The initial contract period is for three years. Other benefits include a gratuity of 24%
: . Salary withi ded — taxed at 2%. Appointment and repatriation fares for the staff member and family after
lower grade and be instructed in alary within Grade 4 — £6,106 o 18 months of service, settling-In and settling-out allowances, six weeks paid leave per
laboratory techniques. 024 pde.r e (pa)é award pendiing), year, education fares and assistance benefit schemes are available.
Salary on the scale £7101 - £8204 according to age and experience. Detailed applications (two copies) with curriculum vitae together with the names
e ap 1 oon alowance. || Application form from: appcimtment. should be receed by. THE REGISTRAR, PAPUA NEW GUNER
Pl lv i iti i ! g appointment, should be receved by: TH| , i
qualifications and experionce togethos | | bersonnel Office, Sussex House, UNIVERSITY of TECHNOLOGY, Private Mail Bag, Lae, Papua new Guinea, by 11
with the names and addresses of two Brigh y N H g er, October 1985 Applicants resident in the United Kingdom should also send one copy to
p o : righton BNT 9RH. the Association of Commonwealth Universities (Appts.), 36 Gordon Square, London
referees to:- the Personnel Offlcer.(sg) Closing date 18 October 1985. (47) WC1H OPF, from whom further general information may be obtained. (60)
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Appointments

Services Sound and Vision Corporation

Assistant Chief Engineer
(UK & Overseas)

Based at Chalfont Grove and reporting to the Chief Engineer (UK and
Overseas) the main duties will include:

Assisting in the day-to-day general and technical administration of
UK non broadcast engineering staff.

Recruitment and training of non broadcast engineers.

Administration and supervision of the general office for
engineering department UK.

Co-ordination and liaison with equipment manufacturers regarding
Post Design Services activity and equipment assessment.

Deputise for the Chief Engineer (UK and Overseas) in his absence.

This is a managerial position and in addition to a competitive salary a
corporation car is provided which is available for personal use. Five
weeks and two days annual leave. Good pension scheme and life
assurance. Group BUPA scheme available.

Applications are invited from suitably qualified personnel with at least
5 years experience of technical support for electronics or electro-
mechanical equipment at least 2 years of which should be in a
supervisory or managerial capacity.

Please apply to Mrs. D.B. Trigg, Personnel Manager,

The Services Sound and Vision Corporation, Chalfont Grove, Gerrards
Cross, Bucks SL9 8TN. Telephone: Chalfont St. Giles 4461. (49)

—

® WANTED @

RESILIENT BROADCAST ENGINEER

To operate 20 Kw AM & FM Transmitters for “The Voice of
Peace” aboard the Peace ship in the Mediterranean,

Applications, including C.V. to:
The voice of Peace, P.O. Box 4399, Tel Aviv, Israel
Or call Israel (010 972) 03 245 560.

(37)

Product
Development
Engineers

Dolby Laboratories, famous for its audio noise
reduction systems, was founded by an engineer.
A company that believes in engineers and
engineering, we are small enough for individual
contributions to be recognised yet well
established with the resources to implement and
capitalize on innovations

We are looking for Senior and Junior Engineers,
who are probably electronics graduates, to staff a
new Product Development Section in the UK
Reporting to the Managing Director, the group
will be responsible for translating agreed product
‘outlines’ into manufacturable units. The
emphasis is on creative engineering and design.
Salaries will be competitive.

For more information contact.

Gary Holt, Dolby Laboratories Inc.,

346 Clapham Road, London SW9 9AP

~~ MDolby

SERVICES SOUND AND VISION CORPORATION

VIDEO TECHNICIAN
FOR WESTERN EUROPE

An experienced and suitably qualified Video Technician is required to
work in and around Dusseldorf, West Germany. Responsibilities will
include the service and repair of video equipment (predominantly
domestic) in our workshop in Dusseldorf along with some on-site visits
to areas in West Dusseldorf.

A car is provided with this appointment.

VIDEO ENGINEER
FOR WESTERN EUROPE

An experienced and suitably qualified Video Engineer is required for
work in our workshop in Minden, West Germany. Responsibilities will
include the repair and service of video equipment both domestic and
industrial with some on-site service calls.

The successful applicant should possess a good working knowledge of
U’matic V.C.R's and 3 tube colour cameras.

Good salaries paid to right applicants. Please write or telephone for an
application form to:

Mrs. A.R. Sive, Personnel Officer,

The Services Sound and Vision Corporations,

Chalfont Grove, Gerrards Cross, Bucks SL9 8TN.

Tel: Chalfont St. Giles 4461 Ext. 221. (48)

ELECTRONIC DESIGN ENGINEER

PearpointLtd isemerging as one of the country’s leaders in solid state areaimag-
ing techniques.

To complement our ever expanding committment to new product development
we are seeking to recruit a first class electronics design engineer. A thorough
knowledge of the design and implementation of the latest digital electronics tech-
niques, coupled with an ability to understand the analogue aspects of the work
would be a requirement of this post.

It is considered that candidates should possess the minimum of a 2nd Class
Honours Degree in Electronic Engineering or a similar discipline. Renumeration
will be by way of a first class satary and other fringe benefits.

The company will shortly be moving to a greenfield development site in Alton,
Hampshire and would consider relocating a suitable applicant to the area.

Please apply in the first instance to: Mr. A K. Sefton
Pearpoint Ltd
° 32 Woolmer Trading Estate
earpoint =
Hants GU35 9QF (50)

RED ROSE RADIO P.L.C.

The independent Local Radio Station for
Lancashire has a vancancy for an
Engineer, Grade ILR2.

The successful applicant will enjoy a
wide variety of work including project
design and development, technical
maintenance and Studio and Outside
Broadcast operations.

Applicants should be qualified to
Degree/HND level in Electronics and have
experience in broadcasting or a related
field. A clean driving licence is essential.

FOR YOUR
CLASSIFIED
ADVERTS
PHONE
01 661 3033
(IAN FAUX)

Salary is in accordance with current ACTT
rates. Apply in writing, including a full
C.V. to:- Dave Cockram, Chief Engineer,
Red Rose Radio PLC., P.0. Box 301,

St. Paul's Square, Preston. PR1 1YE. (38)
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ELECTRONICS/SOFTWARE
*
TECHNICAL AUTHORS
I Howard Engineers produce maintenance and user manuals, to

. @ high standard, for a wide variety of products, from large
| electronics systems to software for personal computers.

° We currently have vacancies for both trainee and experienced
I Technical Authors. The work involves liaison with our clients,
* developing a detailed understanding of the product,
] organising and writing the handbook and co-ordinating the
« production of the finished text and iliustrations.
! Prospective trainees should have a sound knowledge of
| electronics or computer software, acquired from formal
education, job experience or a serious leisure activity, pius the
i ability to express themselves concisely in the written word.

= The company offers varied and interesting work, a pleasant
| working enivironment and a salary commensurate with your
« knowledge and experience.

! Vacancies exist at our Gosport, Southampton and Wokingham
I offices. Apply in the firstinstance to:

Carolyn Hatch

|

. HOWARD ENGINEERS LTD

| Grosvenor House

. Cumberland Place

[ Southampton
Hampshire

. SO1 28D

1 Tel: (0703) 334332

|

|

LOUDSPEAKERS
STEYNING SUSSEX

Rare opportunities to join our progressive
research team developing high-end audio
products.

SENIOR PROJECT ENGINEER

Candidates should have a good degree and at
least five years R&D experience in high quality
drivers and loudspeaker systems, and be
capable of original thinking as well as following
projects through to conclusion.

AUDIO ENGINEER

To work with Project Engineers in developing high
quality drivers and sgstems. Some previous

experience is desirable, but graduates will be
considered depending on ability and initiative.
Working conditions are extemely pleasent, complete
with computer and laser interferometry facilities.
BUPA membership, canteen and other fringe
benefits. Salary commensurate with ability/
experience. We are looking for dedication and
ambition recognising success with a bonus scheme.
Please apply initially in writng to the Managing Director
B&W LOUDSPEAKERS LTD
Eim Grove Lane, Steyning, West Sussex Bnassa  (18)
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Wl

PAPUA NEW GUINEA

SOUTH PACIFIC
JOB OPPORTUNITIES

i

PAPUA NEW GUINEA
DEPARTMENT OF CIVIL AVIATION
GROUND FACILITIES DIVISION

REQUIRES—
CHIEF ENGINEER

Ref No. VIS/CA/63

SENIOR ENGINEERS
RADIO AND ELECTRICAL

Ref.No. VIS/CA/54

TELECOMMUNICATIONS AND ELECTRICAL
TECHNICIANS

Ref.No. VIS/CA/55

TECHNICAL INSTRUCTERS
RADIO AND ELECTRICAL
Ref No. VIS/CA/E6
DRAFTSMEN ELECTRONIC AND ELECTRICAL

Ref No. VIS/CA/S7
SALARY PACKAGE
Engineers C£23000 — £24200
Technicians, Instructers and Draftsmen C£18000 — £22000

BENEFITS

Three year contract with possiblity of renewal.
Free MARRIED/SINGLE accommodation.

Six weeks annual leave.

Return leave fare once per contract.

EXPERIENCE

Extensive background in Aviation Ground Facilities
preferred. May consider those from allied areas if they
have proven staff management and training experience
particularly in a developing country.

QUALIFICATIONS
Degree, HNC/ONC or equivalant.

Closing date for applications 20th September 1985

For full details and application forms please write or telephone
the Recruitment Dept. Papua New Guinea High Commission,
14 Waterloo Place, London SW1R 4AR. Telephone:01-930
0922 Telex:Kundu 25827 an

Inner London Education Authority

LEARNING RESOURCES BRANCH,
Production Division,
Television and Publishing Centre,
Thackeray Road,

London SW8 3TB

TELEVISION ENGINEER

for Master Control Section (ST1/2)

This post is involved with the bulk production of colour videocassettes

from 1" Ampex submasters. The successful candidate will be expected to

operate the 1” machine, cassette machines (VHS, Betamax and U-matic)

and label and check copies. He/she will have a good working knowledge

of colour television principles and suitable experience and/or technical

background. .

Salary within the scale £6222 to £9327 + £1494 London Weighting

Allowance.

Further details, including full job description and application forms from

EO/Estab 1B, Room 366, The County Hall, London SE1 7PB. (Please

gnclose S.A.E.) The closing date for completed application forms is
0-9-85.

This post is suitable for Job-share.

This is a re-advertisement.

ILEA IS AN EQUAL OPPORTUNITIES EMPLOYER. 116)
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ARTICLES FOR SALE

Light beam modulation — murror microgalvos.
res freq. 1625 £29.data £2. Marcori TF.1041 B
£69. Valves 3022 £10, 5B254M £5. EHT
capacitors 6Kv, 680pf 75p ea. LCR Bridges. 0 1%
or wide-range £98. Tape speed stroboscope
£7.50. Radio frequency adaptor with probe for
Avo-8 €15, Marcomi TF 890 £65. Siemens
electron:c fault locator, multi-channel £45. Micro-
spot welding heads £55. Kent Chromalog 2 £75.
Beckman Hydrogen lamp POWER SUPPLY £50.
Tektronix Time-mark Calibrator £79. Hoffman
Dynamic  Batence Machine  electromic &
mechanical units £85. Low pressure regulators 0
— 100mBar £15. Quantity Ferrograph spares £75.
Sweep generators, FM/AM generator Puise
generator Marcom Test Modulator HQ 72 £59.
Resistance/capacitance boxes Variable standard
capacitors. Centrifuge Marcon:i Noise Recever TF
1225 A £65. ph, Temperature & Fluonde—ion
electrodes Very large stepper motors suitable for
power robotics etc. £45 ea. Quanuty of
chemicals. reagents, metals, electroplating etc
Mazda Sodium Lamp £5. VHF Frequency Standard
£45. Three new automobile products. electronic,
mechanical and chemical, prototype stage easy &
cheap to manufacture. etc etc

040 - 376236

(2016)

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 SW11 4AR.(2099)

LINSLEY HOOD DESIGNS
® Amplifiers ® Signal Generators
® THD Analyser ® Millivoltmeter
Details from:
TELERADIO ELECTRONICS
325 Fore Street, Edmonton,
London. N.9. OPE.
(24)

LITESOLD SOLDERMATIC wave soldering
machine — model 300, with 90 Kg of solder.
Comiplete with sturdy purpose made bench.
Excellent condition. £2300.

Tel: (05036) 2013. {53)

QUARTZ CRYSTALS OSCILLATORS AND
FILTERS of all tvpes. Large stocks of standard
tems. Specidds supphied to order. Personal and
export orders welcomed — SAE for lists please.
OEM support thru:- design advice, prototype
quantilies, production schedules.

Golledge Electronics. Merriott, Somerset TA1S
SNS. Tel: 0160 73718 (2472

WOUND COMPONENTS

Complete custom built service for
air core, self bonded, miniature
ferrite wound components for
transformers, inductors, chokes etc.
Write or phone

Tayside Audio (Scotland) Ltd
Unit 1, Dunsinane Ave
Dundee DD2 3QN
Tel (0382) 819997 Tix 76137
(56)

GRUNDIG COMMUNICATION RECEIVER
Sateliite £600 prof Hardly used Superb Global
Reception. Latest model 1984 £280.00 Ring
Carlos Olms 01
weekend.

- 499 1673 after 6p.m. or
(56)

TO MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, €280, C296, DISC
CERAMICS, 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 Tally Ho Corner)

(1613)

TEKTRONIX DAS 9109
LOGIC ANALYSER OPTION A2, 01, 02
with 91P16 Pattern Generator,

91A32 Acquisition and
all probes.
£15,000 ono.
Phone: 099 389 8282 ext 155
(51)

G.W.M. RADIO LTD. 30/42 Portland Road.
Worthing, Sussex. Tel: 0903 34897. Marconi
Atalanta Commumication Receivers £25. Suitable
spares or re-build. Buyer collects. A.V.0. 8 with
case and leads £70 inc. A.V.0. 7 no case £35 inc.
Advance Signal Generator ] — 1A 15¢/s — 50K¢/s
£25inc. Wayne Kert Umiversal Bridge Type CT492
£80 inc.p+p. All prices include VAT. Satisfaction
guaranteed. {55)

More

VARIOUS P.C.B’s Chassis disk drives and cables
for data general Nova 820 family of computers.
Tel: 01-328 7987. (21}

BRIDGES waveform/transistor analys-
ers. Calibrators, Standards. Millivoltme-
ters. Dynamometers. KW meters. Oscillo-
scopes. Recorders. Signal generators —
sweep, low distortion, true RMS, audio,
RM, deviation. Tel. 040 376236. (2616)

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 shouid
be talking to us for your next career move

* ARTIFICIAL INTELLIGENCE ¢ IMAGE PROCESSING

* MICRO HARDWARE & SOFTWARE ¢ GUIDED WEAPONS

= OPERATIONAL RESEARCH ¢ RF & MICROWAVE ¢ OPTICS
* MATHEMATICAL MODELLING © SIMULATION ¢ C?

= HIGH LEVEL PROGRAMMING ¢ SYSTEMS ENGINEERING
* ACOUSTICS & SONAR ¢ FLUID DYNAMICS ¢ RADAR

® SATELLITES © AVIONICS ¢ CONTROL » ANTENNA

Opportunities exist with National, international and
consultancy companies offering excellent salanes and career

advancement

For Free and Confidential career guidance call John Spencer
or send a detalled CV Please quote
reference WW/3

Skyquip Technical Services

85 High Street, Winchester, Hampshire. $O23 9AP
Tel: Winchester (0962} 69478 (24 hours)

J1S

S uan] e routrowt foe Ao

s Deferce & Commumcations industres

(2579)

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, 3 Eastcote
View, Pinner, Middx HAS 1AT.

Tel: 01-866 3300 (33)

OPPORTUNITIES IN
THE SOUTH EASTY

Sales Executives
10.6k basic + 6k OTE + car.

Sell Telecom Equipment in the city ond
N.W.london

Test Engineers
9.5k

All rounder with Anolog Digitol ond some
Microwave experience. Working In-house.

Service Engineer
c8k.
Experience on Micro Processor Equipment to

component level working In-house ond in the
field.

In-house repair ond systems support
voconcies. Solory Neg. Working for o
leoding Doto Comms Compony.

Field Service Engineer
8k + car.

To service ond repair Micro Computers in the
field.

Technical Support
10k plus.

Supplying Technicol Support 1o customers on
Digitol Hardware

Plus wide ronge of other Design Servicing
ond Tech Support voconcies.

c.v.'s to:
lan Darch,
Garnet Professional Services (AGY)
10 Queen Victoria Street, Reading.
ar Tel: Reading (0734) 588685

(3)

* MICROCOMPUTERS
* PERIPHERALS
* INSTRUMENTATION
For fastest, best CASH offer, phone,
COMPUTER APPRECIATION
Oxford (0865) 55163
Telex 838750

(2492)

When replying to classified
advertisements,readersare
recommended to take steps
to protect theirinterests
before sending money
(2519)

E C COMPONENTS
We buy large and small parcels
of surplus I/C, transistors, capa-
citors and related electronic
stock. immediate settiement.

Tel: 01-208 0766
Telex: 8814998
(2491)

STEWART OF READING

110 WYKEHAM ROAD
READING RG6 1PL
TEL NO: 0734 68041

TOP PRICES PAID FOR
ALL TYPES OF SURPLUS
TEST EQUIPMENT
COMPUTER EQUIPMENT,
COMPONENTS etc.

ANY QUANTITY (52

TURN YOUR SURPLUS i.cs transistors
etc. into cash, immediate settlement. We
also welcome the opportunity to quote for

complete facto clearance. Contact
COLES-HARDING & CO, 103 South
Brink, Wisbech, Cambs. 0945
584188. (9509)
WANTED
SURPLUS ELECTRONIC
COMPONENTS AND
EQUIPMENT

We also welcome the opportunity to quote for
complete factory clearance
B. BAMBER ELECTRONICS
5 STATION ROAO, LITTLEPORT, CAMBS.
Phone: Ely {0353) 860185
(2483}

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and
electronic scrap and quan-
tity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO

86 Bishopsgate Street
Leeds LS14BB
0532 435649

(9956}
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Service.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering

Quality workmanship by professionals at economic prices.
Please telephone €1-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

{1391)

DESIGN, DEVELOPMENT AND PRO-
TOTYPES. Digital and microprocessor
based equipment our speciality. Proto-
types and small batch production under-
taken to the highest quality and with fast
turnaround. For details of our hardware
and software services please contact: IB
Electronics, 11 Broomshaw Road, Maid-
stone, Kent. (2635)

SMALL BATCH PCBs, produced from
your artwork, also DIALS, PANELS, LAB-
ELS. Camera work undertaken. FAST
TURNAROUND. Details: Orbitechnic Cir-
cuits, 38 Torquay Gardens, Redbridge,
Essex. IG4 5PT. Tel: 01-550 3610.
(9794)

DESIGN AND MANUFACTURE. ANA-
LOGUE, DIGITAL, RF AND MICRO-
WAVE CIRCUIT AND SYSTEM DESIGN.
Also PCB design, mechanical design and
prototype/small batch production. —
Adenmore Limited, 27 Longshot Estate,
Bracknell, Berks. Tel: Bracknell (0344)
52023. (656)

HAVING DESIGN PROBLEMS?
THEN CONTACT QUR SOLUTIONS DEPT
ANALOGUE & DIGITAL DESIGN — C.A.D.
PHONE

SecoM .,

WRITE

tel - 021 - 773 - 0913

Unit A. N.E.W. 272 Montgomery St,

Sparkbrook, Birmingham B11 1DS.
(2627)

ot

, Qngef .

lan Faux O1 661 3033

for your classified adverts

ring

used in advertisement

15% VAT to be added

Box No. Allow two words plus £7

Cheques, etc.,'payable to “Business
Press International Ltd.” and cross “& Co.” -

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

To "Wireless World” Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

Rate £4.50 PER LINE. Average six words per
line. Minimum £30 (prepayable)

Name and address to be included in charge if

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION
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7/ T SCOPES

HITACHI*HAMEGe CROTECH

GENERATORS

BLACK STAR e THANDAR
LEADER » TRIO*SALDETA

MULTIMETERS
THURLBYs SOAR« METRIX
BECKMAN * THANDAR
PLUS LOW COST RANGE

INGLUDES

POWER SUPPLIES [RUn s

RANGE OF EQUIPMENT

TV TESTING: DIGITAL AND ANALOGUE
MULTIMETERS: 'SCOPES: CLAMPMETERS:
INSULATION TESTERS: WOW/FLUTTER
METERS:DISTORTION METERS: FUNCTION
PULSE AND R-C GENERATORS:LCR BRIDGE:
DIGITAL CAPACITANCE: MULTIPLEXERS:
LOGIC ANALYSER: LOGIC PROBES:
COUNTERS: POWER SUPPLIES:
TRANSISTOR CHECKERS. ETC.

THURLBY «PLUS LOW COST  [R%-
RANGE AL

PUTER SOFTWAR
SSOR ¥

301 Edgware Road. London W2 01-724 3564
404 Edgware Road, London W2 01-724 0323

| ] .‘.‘E.,?.‘.‘.‘.’!ﬁ:ﬂ%‘s

0PEN g INSTRUMENT

UAYSA CATALOGUE
/ Write, call in or phone.
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ANTEX ha. a worldwide rep.tation for quality & service & for many years
has been one of the best known & most popular names in soldering. Always
at the forefr:)nt of technology, ANTE)-._rs continually researching new and
! DY eliable, and cost effective
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SK5
Soldering Kit

Model X5 _

Modei C

TCSU-D
Temperature-Controlied ”
Soldering Unit o

Model C SK5 Soldering Kit. Contains y

15 Watts. Available for modet CS 240v Ircn, an ST4 TCSU-D
250, 220, 115,100, 50 or Stand and solder. Model CS-BP Elegart Temperature
24 volts. SK6 Soldering Kit. Contains  — 17 Watts. 240 volts, fitted  controlled Soldering Unit
Model XS model X5240v fron, an ST4 ~ with British Plug. with 50 W fron (XSD) and
— 25 Watts. Available for Stand and solder. TCSU1 built around FERRANTI
240,220, 115,100, 50, 24 §K5-BP and SK6-BP Very robust temperature custom-made ULA. Range s
or 12 volts. Soldering Kits as above with  controlizd Soldering Unit, Ambient to 450°C. Acc-
Model X5-8P . British Plug. with a choice of 30 Watt uracy + 5°C. Zero
- 25 Watts. 240 volts, fitted  model €S (CSTC) or 40 Watt (XSTC) crossing switching
with British Plug. _ 17 Watts. Available for miniature irons. Detachable J/
ST4 Stand 240,220, 115,100, 50,24  Range 65°C to 420°C Fuge g
- To suit all irons or 12 volts. Accuracy 2% tray. ,

CIRCLE 2 FOR FURFHER INFORMATION
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These represent just a small selection from our extensive range of cards.

GMB811 280 CPU board with serial and parallel 17O

GM813 Z80 CPU board with 64K dynamic RAM,
serial and parallel /O

EV814 IEEE 488 interface board

GMB816 Multiple parallel 1/0O board

GM824 8 bit A-D board

10828 High resolution colour graphics board
GM832 Video controller board

GM833 512K RAM-DISK board

GMB836 RS422 network interface

GM837 Medium resolution colour graphics board
GM839 Prototyping board

GM841 Extender board

GM842 Trackerball interface

CIRCLE 113 FOR FURTHER DETAILS.

-'fﬂifigﬁ_:: sy
§
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GM844 8-way Backplane assembly
GM845 6-way Backplane assembly
GM846 3-way Backplane assembly
GM848 Multiple serial I/0 board

GM849 Floppy disk controller/SCSI board
GM853 Bytewide Eprom board

GM862 256K dynamic RAM board
GM863 Static RAM board

GM870 Modem board

GM888 8088 co-processor board

¥ Gemini o
Computer Systems Limited

Springfield Road, Chesham, Bucks HP5 1PU.
Telephone: (0494) 791010. Telex: 837788

www americanradiohistorv com




