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L -
Farnell Instruments have been active in the Vg
manufacture and marketing of bench power supplies
for almost 30 years. The experience gained during this
time, together with Farnell’s philosophy of constant
improvement and the introduction of new technology bench
has culminated in the company’s present position as

the major U.K. supplier of bench power supplies. power Supplies
Whatever your bench power supply needs, Farnell ’
would welcome the opportunity to discuss them.

The company believes that almost any requirementcan
be met from amongst its extensive range of unmetered
and metered, bench and sub-bench, analogue or
digital, single or multi-output power supplies.

~or your copy of our 1984 catalogue | |
circle this magazine’s reader _ it from {@’ | Fu 'ne" |

response number now.

FARNELL INSTRUMENTS LIMITED - SANDBECK WAY - WETHERBY - WEST YORKSHIRE LS22 4DH
TEL. (0937) 61961 - TELEX 557294 FARIST G
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When the EPROM manufacturer recommends Intelligent Programming, GANG-OF-EIGHT IS FIVE
TIMES AS FAST AS A STANDARD PROGRAMMER. This means you can programasetof 27128'sin 2
minutes — not 14 minutes. Or 2764's in 1.25 minutes instead of 7 minutes.

Of course GANG-OF-EIGHT will program by the old-fashioned method too. In fact it will program all
single-rail CMOS and NMOS EPROMS of the 25 and 27 series including 2564 & 27256. All possible
levels of programming voltage are covered — fixed levels at 21 and 25 volts, plus a user-adjustable level
factory preset at 12.5 volts.

GANG-OF-EIGHT has SINGLE-KEY OPERATION, which means that it performs VERIFY and BLANK-
CHECK operations automatically.

GANG-OF-EIGHT, including carriage £395 (+ VAT = £454.25)

AND LABOUR Jé

Telephone: Dorchester{0305) 68066
Telex: 418442
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LOMBARD HOUSE, CORNWALL ROAD, DORCHESTER, DT1 1RX

OURIET 132

[ N TER, 132 Column Compressed Mode
e T PRI | .
. R INKJE . Cash price
36 COLQU, s + VAT
ST Logic seeking in Centronics parallel interface with
dot address mode full Viewdata and free BBC
- Micro dump listing.

also: prints OVERHEAD
TRANSPARENCIES

Options available

& Buffered RS232/Viewdata
interface

@ Apple II & Ile interface

& IBM pc dump

Specifications:

1280 dots/line in double res. mode

37cps in full colour

Friction feed roll paper and single sheet
feed A4

Ink cartridges 4 million character life

REX LIMI

Portwood Industrial Estate, Church Gresley ‘
o EEB Burton-on-Trent, Staffs DE11 9PT E ‘
: Burton-on-Trent (0283) 215432. Telex: 377106 === S

]
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SC84 microcomputer

by J.H. Adams
Part 5 describes the
machine-code operating
system — botha

to a higher-level language.

37

Oscar-10
by J.R. Miller

from space on a home
computer

REGULARS

programming aid and a link

Telemetry decoder for

Receive data and messages

44

Lightning strike
by J. Wilson
When does a lightning
conductor fail, and what
happens when it does?

50

Electromagnetic
energy transfer

by Ivor Catt
Weaknesses in traditional
e.m. theory mean a
sounder foundation must
be established.

53

Multi-standard modem

by Richard Lambley
A repertory auto-dialler in
software for the BBC micro.

63

D.c. suppliesfroma.c.
sources

by K.L. Smith
Linear supplies — the
transformer.

73

Digital multimeters
now.

A roundup of
techniques and data for
hand-held and bench-type
d.m.ms

6

Comment and News
IT skill shortages;
Prestel in schools; sun
power.

28

Letters to the editor

TV cameras; Relativity;

Papaya tv; combination
lock.

37

Circuit ideas
780 hex display, S100 port
decoder, oscilloscope as
video monitor;
microprocessor failure
detection.

57

Communications
commentary
Digital h.f.; mobile fading,
transceiver testing;
Telecommunications Act;
packet radio.

Several articles have been held over this month, notably ‘Music
keys for the BBC micro’, ‘Stage lighting’, ‘Vi’deo playback and
© *Micro-controlied cassette recorder’.
We regret the need for thls and will |ncﬂude them in the next
issue, it possible.

WWW americanradiohistorv com

69

Literature received

84

New products
15 MHz oscilloscope,
switchmode kit; satellite
receiver; multi-task micro
program; Apple circuit
analysis; crystal clocks;
prototype board.
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Front cover is based
on Jim Miller’s piece
on reception from
Oscar-10

NEXT MONTH

John Adams describes
his eprom programmer,
which was designed for
use with SC84 but
which is equally
suitable for others. It
incorporates its own
MiCroprocessor.

Ian Kemp concludes his
piece on the stage
lighting system with a
description of the
remaining circuitry and
some practical
information.

Tor Knutsen describes
a tape timing circuit
with a real-time clock,
which is independent of
the recorder circuitry
and needs only
mechanical
modifications.
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RADIO AIND
TELEVISION

SERVICING
1983-84 MODELS

Editor: R. N. Wainwright, T. Eng
(CEl), F.S.E.R.T.

This volume, like its predecessors, continues to provide
the only comprehensive reference source for alarge
range of domestic entertainment products currently
available from retail outlets.

The first part of this volume contains manufacturer’s
circuits and service information for the main classesin a
wide selection of colour and monochrome receivers. The
second section presents a selection fromthe numerous
available types of audio equipment, including portable
and clock radios, in-car units, cassette recorders,
personal-portables and unit audio systems. Theusual
addendum gives cross-references to relevant information
detailed in earlier volumes, together with supplementary
servicing information abstracted from the technical
bulletins issued by the manufacturers during the year.

Price: £24.25
On sale now

Previous volumes are still available.
Enquiries to the Sales Department,
Macdonald & Co.

From booksellers, or in case of difficulty,
please use the coupon below:-

To: Cash Sales Dept. Macdonald & Co,,
Maxwell House, Worship Street,
London, EC2A 2EN.

Pleasesendme................ copy(ies) of RADIO AND
TELEVISION SERVICING 1983-84 MODELS.

| enclose acheque/PO made out to

Macdonald & Co (Publishers) Ltdfor...................
Please allow 28 days for delivery.

| prefer to pay by
O Barclaycard

O Access

O American Express O Diners Club

My card NUMDETIS ...
Signature ... Date .................
N AN o s as o = e s 4 i A M it S AT b
AAIESS ..o

Mdacdonalds

a BPCC PLC company
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SATELLITE RECEIVING
EQUIPMENT

e

1.9M, 2.5M and 5M Dishes. Recelvers,
Dov_vnconverters, Low Noise Amplifiers, Feed Horns
available.

Complete systems installed anywhere in the world.

A full report on reception feasibilities at any location
is available — price £25.00.

Please state Longitude and Latitude.
For further details contact: Harrison Electronics,

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX.
Telephone: Southend (0702) 332338.

Toroidal

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

Mail Order Price List ] -
30VA 6.54. 50VA 8.36. 80VA 9.15. 120VA 10.55. 160VA 11.98. 225VA15 61.
300VA 17.19. 500VA 22 .33. 625VA 27.96. 750VA 31.05. 1KVA 41.40. 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). Primaries 240, 220, 120 volt please
state which.

Quant#ty Prices and dellv?ﬁ on reques}
(we also manutacture convention type transtormers)

AR Airlink Transformers.
— Unit6, The Maltings, Station Road,
LINK Sawbridgeworth, Herts. Tel: 0279-724425.

CIRCLE 11 FOR FURTHER DETAILS.

LIGHTNING MAINS
STRIKES SURGES

PROTECT YOUR EQUIPMENT
WITH CERBERUS AERIAL
ANDMAINS SURGE ARRESTERS!

SF CERBERUS

GAS-FILLED SURGE ARRESTER DiVISION
GOLDLAY HOUSE, 114 PARKWAY, CHELMSFORD
ESSEX CM27PP (0245) 264070

CIRCLE 43 FOR FURTHER DETAILS.
ELECTRONICS & WIRELESS WORLD OCTOBER 1984



A wide range of high performance instruments that put professional
test capability on your bench.

COUNTERS — TF200 10Hz to 200MH2z TF040 10Hz to 40MHz: PFM200A
20H2 10 200MHz (hand-held model). TP600 prescales 10 600MHz. TP1000
prescales to 1000MHz

MULTIMETERS — TM351 0.1% 32 aigit LCD TM356 0.25% 32 digit LCD
TM355 0.25% 3V digit LED: TM354 0.75% 3"z digit LCD (hand-hetd model)
TM451 003% 4> LCD digit with autoranging and sample hold

OSCILLOSCOPE — SC110A 10MHz 10mV sensitivity 40mm CRT with 6mm
graticule divisions

THERMOMETERS TH301 —50°C to +750°C 1° resolution. TH302 —40°C to
-1100°C and —40°F to +2000°F. 0.1° and 1° resolution Both accert any
type K thermocouple

GENERATORS — TG101 02Hz to 200kHz Function Generator. Sine Square.
Tnangle Waveforms. TG102 Q 2Hz to 2MHz Function Generator Sine. Square
Tnangle Waveforms. TG105 5Hz to 5SMHz Pulse Generator. Free-Run. Galed or
Triggered Modes

LOGIC ANALYSERS — TA2080 8 channel 20MHz TA2160 16 channel 20MHz

ACCESSORIES — Bench rack. test leads. carrying cases. mains adapiors
probes. thermocouple probes: microprocessor disassembly options

For turther information contact
Thandar Electronics Ltd. London Road. St ives

Huntingdon. Cambridgeshire PE17 4HJ
Telephone: (0480) 64646 Telex. 32250

%7~ thandar

ELECTRONICS LIMITED

I
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hasn’t been

Latest version of Forth for the BBC

What theco

waiting for.

16k Epromtype 27128

(Isnot rehashed Forth 79 Code)

~— Slcry\/r\-/

)

Here's the Forth Eprom for the BBC Micro that makes all others
outof date.

It's Multi-Forth 83 from David Husband who has built his
reputation for Quality Forth products with his ZX81-Forth ROM,
Spectrum Forth-1/0 Cartridge and now New Multi-Forth 83 for the BBC
Micro. Thisis not rehashed Forth 79 Code, but a completely new
version of the Forth 83 Standard. It's unigue in that it Multi-tasks, and
therefore the user can have a number of Forth programs executing
simultaneously and transparently of each other.

Multi-Forth 83 sits in the sideways ROM area of the BBC along
with any other ROMs in use. It is compatible with the MOS, and
specially vectored to enable a system to be reconfigured. It contains a
Standard 6502 Assembler, a Standard Screen Editor, and a Unique
Stack Display Utility.

With this Forth, David Husband has provided the BBC Micro with
capabilities never before realised. And being 16K rather than 8K is
twice the size of other versions. Multi-Forth 83 is supplied with an

anammy fOoy ©
asawve

Unique Stack Display Utility ——____ SOFTWARE Micro
| MULTI-FORTH 83

BBC

Multi-tasking operating system

_—"forReal-Time use.

extensive Manual (170 pages plus)and at £45+ VAT itis superb value.

Order it using the coupon adding £2.30 p&p (£5 for Europe, £10
outside) or if youwant more information, tick that box instead. Either
way, it will put you one step ahead of the competition.

] e S e e
I F send me Multi-Forth 83 for BBC Micro. £45+ VAT De-luxe System inc. Disc £80+ VAT
Chegues to Skywave Software Readers’ A/C {or enter Visa No.} m
T VSA 1

LIt i]]
I ___ Postcode __

Name

SUBJECT TO AVAILABILITY FORI 00 SONdWAﬁJE R

Send to Skywave Software, 73 Curzon Road, Bournemouth, H‘

BH14PW, Dorset, England. Tel: (0202) 302385 SO WARE

Multi-Forth 83
ZX81-Forth ROM

l l l I I ! IPleasesendmemoremformatlonI

ww

Spectrum forth-I/Q Cartridge

Address

MULTI-FORTH 83 FOR THE BBC MICRO

CIRCLE 52 FOR FURTHER DETAILS.
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COMMENT

A £300,000 c.a.d. centre for
the design of hybrid
microcircuit is part of a £3M
investment programme by
Welwyn Electronics Ltd, who
are aiming to maintain their
position as a leading
manufacturer of custom
hybrid circuits.

Brains for IT

Despite the fact that the
Government has espoused
the cause of IT and promoted
all sorts of awareness
programmes for some years,
thay have only now got to the
stage where they officially
recognise that there is an
acute shortage of graduates
and engineers working in
computer technology. The
first Report of the DTIIT
Skills Shortage Committee
(see News,) concentrating on
university graduatés, has
devised all sorts of grand
schemes to rectify the
situation. We are already at
the take-off point for some
really important advances on
computer technology design
and one wonders if they are
in time.With the formation of
the Alvey directorate and the
march towards the
fifth-generation computer, we

find that we are running out
of people to produce the
goods. According to the
Committee, there is a
five-year lag between the
time when students decide to
specialize in these areas until
the time that they become
graduates. However many
decide now that this is what
they want to do, there will be
no positive result until five
years have elapsed. The gap
may partly be filled by
graduates from other
disciplines re-training — an
electronics engineer would
probably pick it up quite
quickly, for example — but
even that takes time.

The Committee pinned
some hope on the Great
Switch; to persuade students
to study IT who might
otherwise have gone into
history or biology. Is this

practical? Can someone with
a natural leaning towards an
arts course, or even a
different science course,
change so abruptly to a new
field?

Even more hope was
placed upon the New
partnership between
industry, the Government

‘and Academia, but these

wheels often grind
exceedingly slow. Can a new
gear ratio be slipped in and
speed it all up to the rate of
progress actually needed?
The British have had a
reputation for muddling
through:“Something will turn
up” is a common expression.
This time we can’t afford to
wait for something to turn up
because the Japanese, the
Americans or the French will
have beaten us to it. However
laudable the Governments’
plans are, they should have
been thought of some time
ago. Let us hope that they
are not already too late.

Interference at the DTI

One consequence of the
imminent privatization of BT is
that the DTI has taken over the
Radio Interference Service and
renamed it the Radio
Investigation Service. The
service has about 260 staff in the
field who investigate interference
to authorised radio and tv

broadcasts and, where possible,
take action to stop it. They also
try to keep track of illicit
transmissions and prosecute
offenders such as pirate radio
operators or illegal CB users. The
service will be taken under the
wing of the Radio Regulatory
Division.

Mqr(_a
efficient solar
power

By use of clever control circuitry
the power company, Solapak,
have been able to increase the
efficiency of silicon solar arrays
by up to 25%. Traditionally the
output from solar arrays has been
intentionally limited to the
voltages required to recharge
batteries and there has been
wasted energy representing the
difference between the available

| output and the limited output.

The Solomax controller has made
it possible to convert this extra
energy and make use of it. One
practical outcome has been the
production of a 50kW solar
generating station for use in a
remote telecommunications
transmitter in Africa. The system
has been designed to power the
complete station with botha.c.
andd.c. supplies. Alan Ditchler,
who worked on Britain’s largest
solar generating station, BP’s
30kW plant at Marchwood, before
joining Solarpak as technical
director, said that the system was
highly reliable but not
over-complex. “That is crucial
for usage where the real needs
are; in the developing

countries”.
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NEWS

BT+IBM=
SNA+PSS
+08SI(PDQ)

British Telecom is planning a
partnership with the computer
giant IBM to launch a new
national data network. The
network will be based on IBM’s
Systems Network Architecture
(SNA) protocols, but will be
compatible with equipment from
other manufacturers as well. A
jointly-owned company to
operate the network is expected
to be set up shortly.

Besides offering customers a
data network management
service, the proposed company
would provide ‘value added’
service such as electronic mail
and database enquiry. And the
data network management
service would be available to
other companies wishing to
develop their own network

applications.

The new venture is partof a
general expansion of Britain's
public data networks announced
by BT. Investment in Packet
SwitchStream, BT’s existing
packet-switched network, is to
be doubled to £80M, and the
system will be enhanced to
include extra facilities for
customers. These are to include
direct access to the PSS via local
switches and concentrators at up
to 1 000 sites in the key business
areas, providing extra data
security at low cost. The system
will also be accessible through
standard dial-up viewdata
terminals.

BT also intends to set up a
data network based on the
Insternational Standards
Organisation’s Open Systems
Interconnection (OSI) protocols.
OSl s a hierarchy of
communications standards
devised to enable systems of
different design to exchange
data. At a later stage, hardware
and software will be added to
interconnect the OSI network
with the SNA system.

| Corporete Dets Scien?es BEXBRFHANLAS
RAXBARBTE—BPiR i ERRERNENRES )
AN R RITRHANTF
EREANEFRARARENTERXR LARR
BREREALNPITHBEFHBEACAREI EUN
BERRENTRERIERFHANMSLRE D R

- E20

TR b o 8RS (0 A 0 10 B

RIiEFIENEEF L HRRB R HENER
HEEARFHEARARNERRERE QTN
RERARDILIB CPAKM AR ERERNNG TN

HRRE—-EBH™.

HEHf i Corporate Data Sciences. i
2368 Mission College Blud.. Suite 182.Sante Cleare.

CA 95959
HiE
aE
ER#HK 0

408 380-9747 Telex 757433 Ans. COS AMTEC

ABCDEFGHIJKLMNOPOQRSTUUMX

In Brief

The BBC Microcomputer is to
remain the BBC micro for at least
another four years. This follows
the signing of a new agreement
between Acorn and the BBC. It
saves the BBC having to find
another micro, although there
were strong representations from
Sir Clive Sinclair, and it also saves
Acorn from having to find a new
name for its product. Qver

350 000 BBCmicros have been
sold and it has overtaken all other
computers for use in schools and
colleges.

® Much greater insights into the
magnetic map of the solar system
will be found when Ulysses, the
ESA/NASA spacecraft isflipped
out of the ecliptic plane during a
flypast of Jupiter. It is planned to
take a polar orbit round the sun
and send back information about
the properties of solar wind, the
interplanetary magnetic field, the
sun's magnetic field, solar and
galactic cosmic rays and cosmic
dust. The craft is to be launched
from a NASA Shuttle in May
1985. It will take 14 months to get
toJupiter, another
two-and-a-half years to get over
one of the poles of the sun and a
further eight months to the other
pole. The whole mission is due to

last for five years.

@ All those interested in
receiving pictures from weather
satellites are invited to send their
names and addresses to H. Neale
(G3REH) who is planning, with
others, to initiate some form of
organization. At first they are
planning to correlate names and
addresses, interests, skills and
sources of advice and if there is
sufficient interest, go on to form
a Remote Imaging Group. H,
Neale, Thornlea, Fishergate,
Sutton St. James, Spalding Lincs
PE12 OEZ.

® The Harlesdon records and
video company which retails
computers and hi-fiis called
Lightning and during a
thunderstorm recently was
struck by lightning! The alarm
system and telephone had been
affected as well as some
structural damage to the
warehouse, but business was
back to normal by 11a.m. the
following day.

@ Following research at the
Frenchay Hospital in Bristol, it
has been found that one of the
best ways of promoting recovery
in head-injured patients is to sit
them in front of a computer. It
seems that the logical thought
needed to work with a computer

helps to restore logic to the brain.

A charity has been founded to
buy (BBC) computers and

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

displays etc, and to provide staff
and accommodation. Details
from, and donations to
Councillor Mrs Anne Cummins,
Head Injury Recovery Trust,
Dept. of Neurosurgery,
Frenchay Hospital, Bristol.

® A pan-European cellular radio
service is now within reach, says
Pye Telecom liason officer John
Carlton, who is chairman of the
EEA mobile radio committee and
president of the European
Conference Mobile Radio Group.
At arecent mobile
communications conference he
said that the CEPT was planning
to produce a European system
specification for the 1990s,
establishing the basic parameters
by December 1986. More was
needed than just harmonization
of channels; an air interface
standard must be common too if
people were to use the same
equipment all over Europe. The
will and desire for such a service
existed, said Mr Carlton, and it
cannow become a reality.

@ Following the sucessful launch
of Ariane 3 with the satellites
ECS—2 and the French
Telecom—1, the European
Space agency has a full order
book for future launches. Both
satellites have been correctly
positioned in geosynchronous
orbit and are operational.

A vast potentional market for
computers in the People’s
Republic of China has been
broken into by Corporate Data
Sciences Inc. who have
concluded agreements with
the Amalgamated Computer
Companies of Guangdong
Province. Among their
products is a high-resolution
intelligent v.d.u. the Video
Scroller Terminal with an
internal microcomputer
capable of receiving data ata
rate of 12Mbyte/s and can
print on the screen at
39Mpixels/s. The software
includes Chinese character
editing and processing system
enabling a computer novice to
carry out word processing in
Chinese.



NEWS

Not an abstract picture by
Vasareli but an illustration of
parabolic refectors used in
dual-band antennae. These
were produced by plating
copper onto a.b.s. plastic
which is then vacuum formed
into the required shape. The
final product represents the
overcoming of several
problems; a.b.s. is a difficult
material to plate and it is
almost impossible to produce a
bond strong enough to

withstand the subsequent.

flexing during the forming
operation. Chemists at Russell
Laboratories in Ashford, Kent
solved the plating problem and
the material was forwarded to
the Electronics Laboratories
at Cambridge University,
where the copper was etched
and the reflectors formed for
use in research into
frequency-selective surface.

IT Brain shortage

To investigate, and make
proposals to rectify, the country’s
shortage of skilled people in the
information technology field, the
DTTset up an IT Skills Shortage
Committee under the
Chairmanship of
Under-secretary John Butcher.
The Committees’ first report
looks at the shortage of graduate
skills. The Alvey directorate has
estimated a current shortfall of
some 1 500 graduates which is
likely to escalate, if noaction
were to be taken, to 5 000 by
1988. The Committees’
recomendations are to increase
the number of first degree places
in the appropriate areas, increase
the number of IT conversion
courses (where graduates from
other disciples can learn about
IT) and to expand the role of
courses for updating or
upgrading a student’s IT skills.

The areas identified as being
in particularly short suprly of the
right skills are: artifical
intelligence, large-scale
integrated circuit design, and
software engineering. There is
also a great shortage of teachers
of these skills. In additicn to

increasing the number of
university and polytechnic
places, the committee has
recommended the institution of
the Great Switch by reducing the
number of places in
less-productive disciplines (the
education spokesman on the
Committee pointed out that we
have a more than ample supply of
historians and biologists).
Another strategy is to attract
brain-drain ex-patriots back with
suitable tax and capital
incentives. The major strategy is
to encourage industry to provide
equipment and expertise in the
setting up of a new Partnership of
collaboration with the

. Government and with academic

institutions. This would involve
the foundation of IT Training
Companies; the commissioning

of universities and colleges to
provide contract courses such as
conversion, updating developing
and the like; for industry to
provide key personnel as visiting
professors and help with the
supply of lecturers; to give or
lend equipment to educational
establishments and to provide
access to ‘leading edge’
technology; for industry to
provide consultancy and
employment opportunities so
that academics can enhance the
town and gown relationship,
increase the earnings of key
individuals and provide students
with practical work experience
withintheir academic programmes.

The need for urgency is
paramount, especidlly as it takes
five years from the time that a 16
year old chooses which subjects
in which to specialize to the time
that a 21 year old emerges with a
first degree.

Prestel in schools

Special educational
microcomputing applications are
to beincluded in an extension of
BTs viewdata to be known as
Prestel Education Service. The
service has been developed by
BT with the UK and Scottish
Programme and many
educational organizations will be

contributing to parts of the service.

The service is aimed at
secondary schools and among the
special features will be School
Link, a microcomputing service
to be produced with Educational
Computing magazine and
allowing schools to receive
telesoftware programs directly
from the telephone line. Advice,
support and ideas to enable

schools to develop their uses of
information technology will be
provided, as will guides to further
education courses and career
opportunities. A system for
ordering educational material
and supplies 1s being developed.
Dueto start at the beginning
of next year, the deal to school
willinclude a special low tarmff
rate for Prestel and a low cost
equipment package enabling
schools to buy everything
required to receive Prestel on
their microcomputers at a
substantial discount on
commercial prices. Those
schools who already receive
Prestel will be eligible for the
discounts from October this year.

British Space Agency?

A single body to coordinate the
country’s space efforts is needed,
according to a pressure group led
by the trade union TASS, many of
whose members work in the
aerospace industries. According
to the union’s aerospace
organiser, Chris Darke, ‘Britain’s
lead in the field of satellites and
space technology is being
overtaken by the French and the
Japanese. We need to set up an
agency similar to NASA in the
United States or to ESA in
Europe.’

He pointed out that many of
the components used in satellite

construction are bought in when
they could be manufactured
domestically and that there was
little home research and
development into the
manufacture of launch vehicles
and space stations. 81 MPs have
signed a motion supporting the
formation of such an agency and
the union, along with other
supporters, will be lobbying
Parliment and in particular
Kenneth Baker, the Minister with
responsibilities for space
activities, to press for its
foundation.
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E9IH 6.25 EF55 3.50 GS16 16.00 OB3 2.50 QV03-12  6.80 UCLS? 1.75 V4 175 | eCa 1.5 12AU7 1.75 | 5545 165.00
E92CC 8.75 EF80 1.75 GTIC 15.00 oC2 4.35 QVo47  3.80 UCLs3 2.75 465A 60.00 6CB6A 2.56 12AV6 2.50 5SS1A 114.90
99F 9.10 |~ EF83 4.00 | GUSO _ 20.00 | OC3 2.50 QV08-100 171.20 L125A  60.00 | 6CDEGA 500 | 12Av7 350 | ss83A 1553
INTEGRATED CIRCUITS 7495 073 | 74136 051 | 74175 1.02 | TBAS20Q 2.30
7400 D6 | 7423 0.33 18 bote: gg Taler 2% T 1% | Thasi 13
- p . . 7460 0. b ; 41 1 TBAS 2.30
BASES CRTs Do (R Td 0.37 | 7428 030 | 7470 038 | 74100 1S4 | 74143 Ze0 | 7179 13 | TBASq 2
2APL 850 | sCPIA  40.00 - 7402 0.17 | 7427 0.30 | 7472 033 | 74107 0.45 | 74144 260 | 74180 1.20 | TBAS60CQ 3.22
B7G unskirted 025 | 2BPI 900 | SEPISA 15.00 7403 0.17 | 7428 043 | 7473 0.38 | 74109 0.73 | 74148 100 | 74190 190 | TBA673  2.20
BIG skarted 035 | 3BP1 1200 | sopr " 2500 7404 0.18 | 7430 0.17 | 7474 038 | 74110 0.51 | 74147 2.00 | 7419 190 | TBA700 1.52
B9A unskuted 025 | 3DPI 500 | Dars 39 7405 0.18 | 7432 0.30 | 7475 0.54 | 74111 0.71 | 74148 176 | 74192 190 | TBA720Q 230
" g g - - 7406 0.43 7433 0.40 7476 0.42 74116 1.85 74150 1.80 74193 1.90 'TBA750Q 2.07
B9A skirted 0.35 | 3EGI 1000 | Di7.31 5807 | TubeBases 5 7418
Int Octal 035 | 3FP7 600 | Dor3r 3a0r | prchas 7407 043 | 7437 032 | 7480 0.56 | 74118 1.00 7 151 0.94 | 74194 1.25 | TBASO 1.20
wal 055 | 3GP1 600 | DTdE 6500 | ameon 7408 020 | 7438 0.32 | 7482 035 | 74119 1.54 4154 1.80 | 74195 1.20 | TBA920 290
Nuvisiorbase 200 | 3JP1 8.00 5 Cains P 7409 020 | 7 032 | 7483 1.00 | 74120 0.83 | 74155 0.90 | 7419 1.35 | TBA920Q 2.90
8pin DIL Texas 010 | 3JP2 800 | DEl a8 7410 0.17 | 7441 0.90 | 7484 105 | 74121 0.43 | 74156 0.90 | 74197 135 | TBA990Q 2.90
P G {;P, 100 | DETIN 1312 7412 0 | 744z 072 | 7486 039 | 74122 062 | MI57 075 | 74198 270 | TCA270Q 2.9
16 pin DIL Texas 0.10 | 3KP1 15.00 | veR138 12.00 7413 0.32 7447AN 117 7490 0.60 | 74123 118 74159 2.20 74199 2.3 TCA760A 1.38
Valve screening IRPI 3500 | VCRI38A 13.50 7416 0.32 | 7450 0.18 | 7491 0.82 | 74125 0.58 | 74170 2.40 | TAAST0  2.30
cansallszes © 040§ IWPL 20100 | viRiiea 1230 7417 0.32 | 7451 0.18 | 7492 0.60 | 74126 0.58 | 74172 4.40 | TAA630S 3.50
- 7420 0.18 | 7453 0.18 | 7493 0.60 | 74128 0.63 | 74173 142 | TAA700 3.9
7422 0.20' | 7454 0.18 | 7494 082 | 74132 0.72 | 74174 1.60 | TBA480Q 1.84
Terms of business: CWO, Postage 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
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. E.&O.E
A t facilities avaiiable to approved p with order charge £10. Carriage and packing £1.50 on credit orders. Open t § " M day-Friday 9
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. penjtojceliersMoncay:tyidayi3a’m:;9 p.m..'
WW-
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WHY ILP? Years of experience in audio, unique
designs, world wide sales and outlets, reliable
delivery and friendly service........

BIPOLAR MODULES
Ideal for Hi Fi, Full load line protection integrat Heatsink, slew rate 15v/us

Distortion less than 0.01%
Type Output Load Price
waer Impedance

Type

PREAMPLIFIER MODULES

MOSFET MODULES

Ideal for Disco’s, public address and applications with complex loads (line
transformers etc.). Integral Heatsink slew rate 20v/ps distortion less than 0.01%

Type Output Load Price Type Output Load Price
Power Impedance Power Impedance
Watts(ms) Q Watts Q

MOS248.120........

All modules are supplied with in line connectors but require potentiometers,
switches etc. If used with our power amps they are powered from the
appropriate Power Supply.

Type Application Functions Price
HY6..... MonoPre Amp............... Full Hi Fi facilities.................. £7.95
HY66.... Stereo Pre-Amp... ... FullHiFifacifites ................. £14.95
HY73.... Guitar Pre-Amp ... .. Two Guitars plus Microphone . £15.95
HY78.... Stereo Pre-Amp As HY66 less tone controls..... £14.45

MOUNTING BOARDS: For ease of construction we recommend the B6 for

HY6 £0.95 B66 for HY66-78 £1.45.

POWER SUPPLY UNITS

Type For Use With Price
PSU212....10r2HY30. ... £11.95
PSU412....10r 2HYB0, 1 HY6060, 1 HY124£13.95
PSU422....1HY . £15.95
PSU432....

PSUS12....

PSUS22....

PSUS32....2M0S128

All the above are for

Post to: ILP Electronics Ltd., Dept. 6
Graham Bell House, Roper Close,
Canterbury, Kent. CT2 7EP

Tel: (0227) 54778 Telex: 965780

FOR FREE DATA PACK PLEASE WRITE TO OUR SALES DEPT.

ELECTR ALUE

L% SWITGHES

Out of a very wide ran?e of types, we show
some of the more popularly demanded ones.
The full range currently stocked will be found
in our latest free A-Z price & products list.
Please mention this journal when contacting
Electrovalue.

S0

MINIATURE TOGGLES, 7000 Series
250V/2A, 120 V/5A. Single, double,

PUSH BUTTON

Miniature

Single and Double Pole Changeover

three and four pole conflguranons Standard
inc. Centre Off/On and biased. Latching and momentary
SLIDERS

Miniature & Standard. SP and DP in
1,2 or 3 positions.

Many other types such as for timing
and other special applications.

CK WAVECHANGE with adjustable
stops. 1P/12 way, 2P/6W, 3P/4W,
4P/3W, 6P/2W.

SWITCHKITS
RA Shaft Assemblies up to 6 wafers.
DP Mains switch. Screens; Spacers.

= ofF

BRITAINS LEADING QUALITY COMPONENT

SUPPLIERS -SEND FOR FREE 40 PAGE A-Z LIST
ATTRACTIVE DISCOUNTS-FREE POSTAGE-GOOB SERVICE & DELIVERY

28 St. Jude’s Road
Englefield Green
Egham, Surrey
TW20 OHB

ELECTROVALUE LTD

Tel: {0784) 33603. Telex: 264475. North: 680 Burnage Lane,

Manchester (061-432 4945). EV Computing Shop, 700
Burnage Lane, Manchester (061-431 4866).

CIRCLE 47 FOR FURTHER DETAILS.
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into products.
Programme it witha VDU
and your forecasts become fact.

Software costs are significant in all industrial applications of
microprocessors. They cannot be amortised over the large quantities
associated with personal computers and electronic games. This C-MOS
embedded computer card aims at resolving this problem by including
FORTH high level language programming and developmental facilites. The
software can be written quickly and made to work correctly atiowest possible
expense. Using a high level programming language rather than assembler
gives a fast reaction time to market opportunities. Production products use
the same board as employed in the prototypes.

No microprocessor development system is needed since the card
contains a screen editor working with simple visual display units (VDUs). It
also has the compiler for the FORTH source code. Debugging is.inherent in
the FORTH language and once the code is working, this can be'outpiatto a
PROM programmer.

Use of C-MOS throughout has brought the power
consumption down to 16mA . making the TDS900 especially
suitable for portable and battery-driven applications,

Triangle Digital Services Limited

100a Wood Street, Walthamstow, London E17 3HX Tel: 01-520 0442
] [
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Full Colour Catalogue
Send for your free copy new.

Philips PM3207 15 MHz Oscilloscope £325
Compact, portable, lightweight oscilloscope designed
for field and workshop use. 15MHz bandwidth with
5mV sensitivity. TV and auto triggering from either
channe!, with adjustable level. Add and invert facilities
and X-Y mode. Large screen with internal graticule.

Philips PM3217 50MHz
Oscitloscope £870
High 2mV sensitivity, dual trace, B x 10cm display
with smali spot size, high light output and illuminated
graticule, auto trigger mode, TV triggering on line and
frame Full X-Y display facilities. Compretensive
second time base facility. Compact dimensions and
low weight..
Philips PM 3215 Single time base £695

Philips PM3219 Storage

Oscilloscope £2675

Provides comprehensive, cost effective storage
of single-shot transients and low frequency
events. Variable persistence and variable
storage. Auto erase between 1 and 10 seconds,
and read button facility. Auto store up to

1 minute, up to 24 hours in 'baby sit” mode.

2mV sensitivity at SOMHz

Philips PM3256 75MHz
Oscilloscope £1325
Tough, light-weight ruggedised unit, with
shouider strap, that can be used in harsh service
environments. Fast trigger circuits to over
100MHz. TTL triggering is standard. Trigger
view third channeland full X-Y display. Dual trace
with 2mV sensitivity and delayed time base.
Philips PM3254 Single time base £1218

FOR
Philips * Fluke
Hameg ° Ice
Test Equipment

Hameg HM103 10MHz Oscilloscope £167
This small oscilloscope has been designed”
specifically for field service personnel and
advanced electronic hobbyists. Single trace.
10MHz bandwidth with 2mV sensitivity. TV and auto
triggering with adjustable level. Internat graticule and
In-built component tester

Hameg HM203-4 20MHz Oscilloscope £264
Designed for general purpose apphications in
industry and education. Versatite triggering
performance to at least 40MHz.Dual trace X-Y
operation, TV triggering, add and invert mode and
component tester make the price/performance
ratio of this scope most attractive

Hameg HM204 20HMz Oscilloscope £365
High performance scope with peak value triggering
up to S0MHz. Versatile triggering facilities and
variable hold off control. Dual trace. delayed sweep
mode, Z modulation, X-Y operation. mnternal
illuminated graticule and component tester complete
the attractive specification.

Hameg HM605 60MHz Oscilloscope £515
QOutstanding performance with versatile
triggering to BOMHz. Sensitivity 1mV to 30MHz
and 2mV above. Bright display from 14kV CRT.
Switchable 1kHz/1MHz probe calibrator. Dual
trace. delayed sweep, X-Y operation, Z
modulation, internal illuminated

graticule and component
tester

Philips PM3267 100MHz
Oscilloscope £1250
Versatile and economic instrument designed for
advanced electronic environments. Separate
main and delayed time base controls with
comprehensive triggering facilities and trigger
view third channel. Dual trace, 2mV sensitivity,
full X-Y display, Z modulation and internal
illuminated graticule.

Hameg HM705 70MHz Oscilloscope £588
General purpose scope with multitude of operatiing modes
and trigger facilities. Extremely bright and welt defined
displays, with B x 10 cm. screen and internal iluminated
graticule. TV triggering, Z modulation, X-Y dispaly

facilities and sweep delay mode. Dual trace

!_I
l_l
Y

iy
T
iy
!l!ll

o o | 2 2 | 2O
== = | =
Electronic Brokers | ==

ADD 15% VAT TD ALL PRICES Carriage and Pack ing extra

i Electronic Brokers Ltd., 61/65 Kings Cross Road,
London WC1X 9LN. Tel:01-278 3461. Telex 298694
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U.K. RETURN OF POST MAIL ORDER
WORLDWIDE EXPORT SERVICE

BAKER LOUDSPEAKERS Post £2 each.
MODEL INCHES OHMS ~ WATTS  TYPE PRICE
Disco/Group 0 B-16 50 PA £18
Midrange 0 8 100 MD £25
Major 12 4-816 30 Hi-FI £16
Superb 12 816 30 HI-Fl £26
Woofer 12 8 80 HI-FI £25
Auditorium 15 816 60 Bass 37
Oisco/Group 12 4846 45 PA £18
Disco/Group n 4-8-16 75 PA £20
Disco/Group 1?2 816 100 PA £26
Disco/Group 15 816 100 PA £35

REPAIR service to most Baker foudspeakers.
SPEAKER COVERING. Samples S.A.E
CABINEY WADDING 18in wide 35p .
SPEAKER CABINET Designs manual £3.50

MOTOROLA  PIEZO
TWEETER, 3iin square
100 watts. No crossover required. 4-8-16 ohms,
71X3iin. Flared Horn 60 watts £10
HORN BOXES, complete 200 watt £30. 300
watt £35. Size 16X6X6in. Black vinyi covered
with handle and iin jack sockets Post £4.

ELECTRIC  HORN
£!

CROSSOVERS. TWO WAY 3000 c/s watt £3.

60W £3.50. 100W £

THREE-WAY 950 cps/3000 cps. 40 wattrating. £4.
60 watt £6. 100W

LOUDSPEAKER BARGAINS Please enquire, many
others in stock.

4 ohm, 5in, 7X4in, £2.50; 631n, 8X5in, £3; 8in, £3.50.
61in 20W, £7.50.

8 ohm, 2iin, 3in, £2; 5%3in, 6X4in, 7X4in, 5in, £2.50;
3in, 10W £4.8XSin, £3; 8|n £4.50; 10in, £5; 12in. £6;

15 ohm, 2iin, 34in, 5X3|n Gxdm £2.50.6!in 10W £5.
8in £4. 10in £7.

25 ohm, 3in. £2; 5X3in, 6X4in 7X4in. £2.50.

120 ohm, 3:in dia. £1.

EMI 13! X8inBass & Tweeter 4 or 8ohm 10 watt £8

FAMOUS LOUDSPEAKERS

MAKE MODEL SIZE  WATTS oms PRICE  POST
AUDAX WOOFER  Sin i3 £1050 i1
GOODMANS ~ HFAX  7ix4i 100 s £30 2
GOOOMANS KB 8in 0 8 £1350 £
WHARFEDALE ~ WOOFER  8in EI £9.50 &2
CELESTION  DISCO 10 50 &% @2 £2
GOODMANS ~ HPG  12n 120 /15 £30 2
GOODMANS ~ HPD  12n 120 815 £30 f2
GOOOMANS ~ HP fin 250 8 n i
GOODMANS ~ HPD 18 230 8 £84 [}

RCS STEREO PRE-AMP KIT. Inpuls s for
high, medium or low imp volume control
and PC Board. Can be ganged for

multv channelf3.

SINGLE PLAY DECKS. 240v ACPost £2.

Make Model  Cartridge Price

GARRARD 6200 Ceramic  £22

BSR P82 Ceramic  £26 7

8SR P232 Magnetic  £28

BSR P200  Magnetic £34

BSR12 DC p257 £24

TOCHANGERS 240 VOLT AC

BSR Budgel Ceramic £18

BSR Deluxe Ceramic £20
SR Deluxe Magnetic £26

GARRARD Deiuxe Ceramic £22

DECCA TEAK VENEERED PLINTH

Superior finish with space and panel for small
amplifier and most record decks.

Board cut for BSR or Garrard 181in X 14:in. X 4in. £5
Black/chrome facia trim.
Suitable tinted plastic cover £5 Post £1
TINTED PLASTIC COVERS for Decks, Music Centres,
etc. Post £1.

175 X 131 X 3iin. £5 181 X 123 X 3in £5
17: X8I x3iin. £3 14} X 123 X 24in. £5
181 % 15 X 4lin.  £5 16 X 13 X 4in £5
17 X 12§ X 3:n.  £5 145 X 131 X 24in. £5
223 X 13k X 3in. £S5 170 X 131 X 4din, £5
211 X 141 X 23in. £5 21 X 13§ X 44in. £5
231 X 14 % 3iin. £5

301 X 13% X 3iin. £5

THE "INSTANT” BULK TAPE
ERASER  £11.50 Post 95p
Hand-held. Compact unit
Suitable for cassettes and all
sizes of tape reels. AC mains.
Will also demagnetise smali
tools.

Tape Head Demagnetlser £5.

ALUMINIUM CHASSIS 24in. deepGX4 £1.75;12X3
£2.20; 14x3£2.50; 13X9 £2.80.

ALUMINIUM PANELS. 6X4 55p; 8X690p; 14X3
90p; 10X7 £1.15; 12X8 £1.30; 16X6 £.30; 14X9
£1.75; 12x12£1.80; 16X10£2.10;

ALUMINIUM BOXES. 4X4x 1} £1. 20;4%21X2 £1.20;
3%2X1£1.20: 6X4%2£1.90; 7X5X2!} £2.90; 8X6X3
£3;10X7X3£3.60; 12X5%X3 £3.60; 12X8X3 £4.30;
9X4X4£3; 6X4X3£2.20; 4X4X% 25 £1.60.
POTENTIOMETERS 5k/2meg LOG or LIN. L/S S0p.
DP 90p. Stereo L/S £1.10. DP £1.30.
Edge Pot 5K. SP 45p.

DISCO MIXER 240V, 4 channels, 2 magnetic, 2
ceramic/tape, 1 mono mic channel, twin v u. meters,
headphones monitor outlet, slider conrols, panel or
desk mounting, grained aluminium facia. Tape
output facility £49. Post £1.
DELUXE STEREQ DISCO MIXER/EQUALISER as
above but LE.D. V.U dispiays 5 band graphic
equahser, left/nght fader, switchable inputs for
phone/line, mike/line Recording Output. £118
Headphone Monitor, Mike Talkover Switch post £2
Asabove but 7 Band Graphic £128.

ELECTRONIC REVERSB UNIT inputs for MIC + LINE
All slide controls 9v Battery operated £32 Post £1.

* BAKER %
GROUP P.A.DISCO
EQUIPMENT

BAKER AMPLIFIERS BRITISH MADE
PA.150 Watt MICROPHONE VOCAL and
GROUP AMPLIFIER £129

4 channel mixing, 8 inputs, dual impedance, S0K-600
ohm. volume, treble. bass. Presence controls on
each channel. Master volume control, echo, send
return socket. Siave sockets. Post £3.

150Watt MIXER AMPLIFIER 4 Inputs £99
Discotheque, Vocat, Public Address. Speaker outlets
for 4, B or 16 ohms. Four inputs, 20 mv, 50K ohm.
Individual volume conrols "Four channel” mixing
Slave output 16" X 8 X 5i°. Wt — 14Ib: Master
volume control. 240V A.C. Post £2.

100 VoIt Line Model, 150 watt £114.
MONO SLAVE. 150 watt £80.

Baker Stereo Slave 150 + 150 watt 300 watt Mono
Heavy Duty Model £125. Post £4.

BAKER MOBILE PA AMPLIFIER. All transistor, 60
watt RMS, 12v DC & 240v AC, 4 inputs 50k Aux + 2
mics + 1 phono loudspeaker. Output

4-8-15 ohms + 100 volt line. £89 post £2

WATERPROOF HORNS 8 ohms, 25 watt 10in. £20. 30
watt 8X4lin. £23. 40 watt 12in. £29. 20 watts 12in.
plus 100 volt hine £38. Post £2

BAKER PORTABLE DISCO 150 watt. Twin console +
amplifier + mike and headphones + twin speakers
£360. Carr, £30. Console + decks + pre-amp £135
Carr. £6.

PA CABINET SPEAKERS. Complete. 8 ohm 60 watt
17X 15X9in. £27. Post £4. 4 or 8 or 16 ohm 75 watt
20X15X8in. £52. 30 watt 32X 15X 11in. £71. 150 watt
£80. Carr. £10 Black viny! covered.

MAINS TRANSFORMERS Post
250-0-250v 80mA, 6.3V 3.5A, 6.3V 1A £7.00 £2
350-0-350V 250mA, 6.3V 6A CT £12.00 £2

220V 25ma 6V lamp £3.00
220V 45ma 6V 2 Amp £4 00 £1
250V 60mA, 6V 2A £5.00 £1

Step-Down240V to 115V 150w £9. 250W £12. 500W
£14 p&s! £2Isolated 240v to 110v 660 watts £20
post

GENERAL PURPOSE LOW VOLTAGE

Tapped outputs available Price Post
2amp, 3,4, 5,689 10,12 15,18, 25 and 30V £6.00
1amp 6,8, 10,12, 16, 18, 20, 24, 30, 36, 40, 48,60  £6.00 2
2amp. 6,8 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £10.50 £2
5-8-10-16V. ; amp £2.50 £1 0-8-12v.5amp  £5.00 {1

I

6V. : amp £2.00 £1 15-0-15Y 1amp £4.00 £1
6-C-6V. 1 amp £350 £1 15-0-15v. 2 amp  £5.00 £1
9v. 400ma £150 £1 20V. 1 amp £4.00 01
9V, 3amp f4.00 £1 20-0-20V 1 amp £3.50 £1

9-0-9V. 50ma £150 €1
9-0-9v. 1 amp £fa50 1
10-0-10V. 2amp  £4.00 £1
10-30-40V. 2 amp  £5.50 £1

0-12-27v. 2 amp  £4.00 £1
20-40-60V. 1 amp £3.50 €2
25-0-25V 2 amp  £5.50 £1
24v. 5 amp Twice£12.00 £2

12V, 100ma £150 £1 30V. 14 amp £5.00 £1
12V. 750 ma £2.50 f1 30V. 5 amp and

12V. 3 amp £4.50 £1 17-0-17 22 £4.50 £2
12v. 5 amp £5.00 {1 12-0-12v lamp £350 £1

12-0-12v. 1amp  £3.50 £1
12-0-12V. 2amp  £4.50 f1
55-0-55 amp ¢ 17-0-17v1 amp£20£4

LOW VOLTAGE ELECTROLYTICS

500mF 12V 15p; 25V 20p; 63V 40p, 1200mF 76V 80P
1000mF 12V 20p: 25V 35p; 50 50p; 100V £1.20.
2000mF 30V 42p; 40V 60p; 100V £1.40;
1500mF 100V £1.20. 2200/63v £1.30

2500mF 50V 70p. 3000mF 50V 65p; 4700mF 40V £1.
CAPACITORS WIRE END High Voltage.

.001, .002, .003, .005, .01, .02, .03, .05 mfd 400V 10p.
JMF 400V 14p. 600V 15p. 1000V 25p

22MF 350V 12p. 600V 20p. 1000V 3op 1750V 60p.

35V. 2 amp f4.00 £1

. .47MF 150V 10p. 400V 25p. 630V 30p.

HIGH VOLTAGE ELECTROLYTICS

2/500V 45p 32+32+16/350V 90p B+16/450V  95p
16/450V 50p 220/400V £2 47/500V 50p
20/500V 75p 150+200/275V  S0p 32+32/350V  85p
32/350V 45p 32+432--32/450VE£150 32+32/500v  f£2
32/500V 95p 47/350V 75p 20+20/350V  75p
125/500V  £2 8+8/500V £1 50+50/300V  S0p

£8.50 post 50p MINI-MULTI TESTER.
Deluxe pocket size precision moving
coil  instrument Impedence +
Capacity 4000 0 p v Battery included
11instantranges measure: DCvolts 5,
25,250, 500. AC volts 10, 50. 500, 1000.
DC amps 0-250pa; 0-250ma.
Resistance 0 to 600K ohms.

De-Luxe Range Doubler Meter,
50,000 o.p.w. 7 X 5 X 2in. Resistance
0/20 meg in 5 ranges. Current 50pA to
10A Volts 025/1000v bC
10v/1000v AC £21 post £1

PANEL METERS 50ua, 500ua, 1ma, 5ma, 50ma,
100ma, 500ma, 1 amp, 2 amp. 5 amp, 25 voit, VU
59%53X34mm. Stereo VU 82X41%X25mm £5.00
RCS SOUND TO LIGHT CONTROLLER KIT £19
Printed circuit. Cabinet. 3 channels. 1.000 watts each.
Wili operate from Hi-Fi or Disco. Post £1
Ready Built Deluxe 4 Channel 4,000 watt with chaser
+ speed + programme controls £69. Post £2.

BATTERY ELIMINATOR Mains to 9 voit D.C. 400MA.
Stabilised, safety cutout, 5xX3.x2jin. £5. Post £1.

RADIO COMPONENT SPECIALISTS

Dept 1, 337, WHITEHORSE ROAD, CROYDON

Post65p M

SURREY, U.K. TEL: 01-684 1665
Callers Wel

Full Lists 32p. Same day despatch. Closed Wed.

E.M.S. POWER
SYSTEMS

~=

H
e

«

thl/lvg all your Power Problems by contacting

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 16 FOR FURTHER DETAILS.

...listed in the 1984 FFD Catalogue.

FUTURE FILM DEVELOPMENTS

P.O.Box 3DG, 114 Wardour Street,London W1A 3DG, England.
Telephone: 01-434 3344 & 01-4371892. Telex: 21624 ALOFFD G.
Cables: Allotrope-London W1.

CIRCLE 41 FOR FURTHER DETAILS.
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SAVE up fo 50%
ON SUPERLATIVE USED TEST EQUIPMENT
Calibrated to Original Specs

OSCILLOSCOPES

SIGNAL ANALYSERS

DISPLAYS

TEKTRONIX 7000 SERIES
7104 1GHz Oscilloscope Mainframe
10mV /div 350ps Risetime
(MLP.£21,135)£16,500
7313 opt 01 25MHz Bistable Storage
Oscilloscope Mainframe 4,9cm/us
Stored Writing Speed
(MLP.£4,9329£2,225
7603 100MHz Oscillascope Mainframe
(MLP£2,712)£1,950
7633 100MHz Storage Mainframe
(MLP.£7,794)£4,950
7704A 200MHz Oscilloscope Mainframe
(MLP.£4,278)£2,950
7834 400MHz Fast Multimode Storage
Oscilloscope Mainframe
2500cm/us Stored Writing Speed
(MLP£12,273)£9,850
7904 500MHz Oscilloscope Mainframe
(MLP 7904A £8,709)£6,950
7000 SERIES PLUG INS
7A11 Fet 250MHz Amp
(MLP £2,6691£1,600
7A19 600MHz S T Amplifer
(MLP£2,4227£1,600
7A26 200MHz D T Amplifier
(MLP£+917)£71,325
7B53A 0.05uS D Timebase
(MLP.£1,434)£985
7B80 10nS Timebase (MLP.£1:405)£960
7B85 10nS Delay Timebase
(MLP-£4:609)£925
7B92A 0.5nS D Timebase
(MLP-£3;327)£2,000
HEWLETT PACKARD
1715A-01 200 MHz Oscilloscope
(MLP£3568)£2,450
1740A 100MHz Oscilloscope
(MLP£2:0287£1,450
17 41 A 100MHz Storage Oscilloscope
(MLP-£4;878)£3,250
1744A 100MHz Storage Oscilloscope
(MLP £5,677)£3,000
PHILIPS

PM3232 10MHz True Dual Beam
Oscilloscope
PM3244 50MHz 4 Trace Oscilloscope
£1,500

£495

TEKTRONIX
212 Miniature 500KHz D T Battery
Oscilloscope (MLP.L£1;746)£850
434 opt 01 25MHz D T Storage
Oscilloscope (MLP£5,4597£2,350
464 DMM44-04-05 100MHz Storage
{(Unused) (MLP£5;916)£4,650
475 200MHz D T Oscilloscope
(MLP£4,404)£2,650
475A 250MHz D T Oscilloscope
(MLP£4,4537£3,300

HEWLETT PACKARD
1417 + 8552B + 8555A Spectrum
Analyser 10MHz-18GHz
(MLP £16,562)£12,750
3580A Spectrum Analyser
5Hz-50KHz
TEKTRONIX
7L5 opt 25 and L3-01 20Hz-5MHz
Spectrum Analyser with Tracking
Generatar (MLP£13.071)£7,800
TR502 Tracking Generator for
7L12,71L13,7L14 (MLP £6,332) £3,000
TR503 Tracking Generator for 492 or 496
(MLP£6,332)£4,250

£3,250

HEWLETT PACKARD

1332A High Resolution X-Y Display
9.6 x 11.9¢m Display Area option 216
(TTL Blanking and Analog Z Mod ) and
option 330 (covers Feet etc. to Medical
Standards) (MLP£2,196)£1,250

SIGNAL SOURCES

TEKTRONIX TM500 &
TM5000 SERIES

LOGIC ANALYSERS

FLUKE
3010A Programmabile PCB Logic Tester
(MLP £19+53) £8,000
HEWLETT PACKARD
16 11A Microprocessor Logic Analyser
£2,950
AB80 Personality Module for 8080
Microprocessors (for use
with 1611A)
TEKTRONIX
7002 opt 01 Microprocessor Analyser
Up to 52 Channels(MLP ££14%)£3,950
DAS 9103 opt 01 & 02 Logic Analyser
32 Channels at 25MHz or 8 Channels at
100MHz with 16 Channels Pattern
Generator (MLP£18,0+8)£7,500

£950

DC5009 Programmable counter/timer
identical to DC509 + GPIB
(MLP£2:614) £1,500
DD501 Digital Delay Delay to 99,999
events {(MLPL1I55)£775
FG501 Low Frequency Function Generator,
0.001Hz to 1MHz sine, square, triangle,
pulse and ramp £375
FG502 Function Generator 0.1Hz to
11MHz sine, square, triangle. Pulse and
ramp to 1. 1MHz (MLP.£273)£565
FG503 Function Generator 0.1Hz to 3MHz
sine, square and triangle
(MLF£528)£400
PG501 Pulse Generator SHz to 50MHz
20nsec to msec pulse period
(MLP£639)£300
PG505 Pulse Generator 10Hz to 100KHz
pulse width 5 nsec to 0.5 sec
(MLP.£864) £450
PG507 Dual Output Pulse Generator
S5Hzto 50MHz  (MLP£+536)£1,200
PG 508 Pulse Generator 5SHz to 50MHz
pulse width 10 nsec to msec
(MLP.£1,96%) £1,250
RG501 Ramp Generator 10us to
10s ramp duration 10V gate out,
TTL compatible £400
SC501 5MHz Single Channel Plug-in
Oscilloscope 10mV sensitivity, occupies
single TM500 series compartment
(MLP£1, 166)£500
SC502 15MHz Dual Channel Plug-in
Oscilloscope 1mV/div sensitivity,
20ns/div calibrated sweep Occupies
two TM500 series compartments
(MLP£Z,431)£900
SC504 80MHz Dual Channel Plug-in
Oscilloscope 5SmV /div sensitivity, Sns/div
calibrated sweep, true X-Y capability

(MLP £2;690)£995
S$G502 Low Distortion Signal Generator
5Hz-500KHz (MLPL£776)£525

SG 503 Signal Generator, 250KHz to
250MHz with 3 digit counter
(MLPL£3,916)£71,250
SG504 Signal Generator
245MHz-105MHz
(MLP £3,197)£1,250
SG505 Oscillator 10Hz to 100KHzsinewave
Ultra-low distortion — 0.0008% THD
(MLP £696) £400
TG501 opt 01 Time Mark Generator
(MLP£2:213)£1.450

TEKTRONIX TV TEST EQUIPMENT

R148/148 PAL Insertion Test Signal
Generator (MLP £6,266)£4,400

HEWLETT PACKARD

214A Pulse Generator to 1MHz Double
Pulse Mode 100V, 200 watts output

£950

612A UHF Signal Generator
450-1250MHz £1,100

618C SHF Signal Generator 3.8-7.6GHz
{NEW CONDITION)

(MLP £8,465) £4,000
8004A Pulse Generator 20MHz £450
8011A opt 001 Pulse Generator 20MHz

with Pulse Burst 16V output
(MLP-£3,679)£695
8013B Pulse Generator 50MHz with
variable Transition Time
(MLP£1,238) €750
8403 A Modulator with option 004 87328
Pin Modulator 1.8-4.5GHz

(MLP£+,902)£1,000
8620C Sweeper Mainframe

(MLP-£3,8676)£2,100
862408 Sweeper Plug In 2-8.4GHz

(MLP£6,152)£4,200
86260A Sweeper Plug In 12.4-18GHz

(MLP £4-195)£3,600
8640A AM/FM Signal Generator

0.5512MHz  (MLPSZ191)£2,750

8690B Sweeper Mainframe £2,000
8698B Sweeper Plug In
0.4-110MHz £1,000

8601A Sweeper 100KHz-110MHz £1,950
MARCONI
TF2015 AM/FM 10-520MHz
(MLP.£2:475) £1,450
TF2015/2 AM/FM 10-520MHz
(NEW CONDITION)
(MLP£24+75)£1,350
TF2120 Waveform Generator Sine, Square,
Triangular and Ramp o/p Waveforms
0.0008Hz-100KHz £850
TF2169 Pulse Modulator 10-520MHz for
use with TF2015, TF2016 and other
generators £200
TF2170B Synchronizer for TF20028 £500
TF217 1 Synchronizer for TF2015
(NEW CONDITION ) MLP£+:540) £975
TF2173 Synchronizer for TF2016 £600
6058 Signal Generator 7-12.5GHz  £850
TEKTRONIX
284 70pS Pulse Generator

(MLP £1,977)£950
GENERAL EQUIPMENT
AVO
Model 8 (various versions) £80-£85
BIRD
4311 Peak Power Meter (MLP £5401 £300
BRYANS SOUTHERN
29300 A4 Size
X-Y Ranges: 0.25mV to 10V/cm in

10 Ranges
Slew Speed: 70cm/second
Timebase: 0.1 to 50sec/cmin 9
Ranges

(MLP£},6371£1,000

26001 with 2 x 26116 Amplifiers
and 26201
Timebase.
A4 Size
X-Y Ranges: 50uV to 10V/cm in
17 Ranges
150cm/second
0.05 to 50sec/cmin 9
Ranges
(MLP£2,661)£1,400
26001 with 2 x 26116 Amplifers and
26202 Power Unit instead of Timebase
(MLP £2,443)£1,250

Slew Speed:
Timebase:

FLUKE
887AB AC/DC Differential Voltmeter
(MLP £3,044) £1,950
8921A DVM Wideband, autoranging
True RMS Readout in volts or dB.
Bandwidth 10Hz-20Mhz
(MLP £1,326)£695
893A AC/DC Differential Voltmeter £750
93 1B Differential Voltmeter.
TRUE RMS

HEWLETT PACKARD
427A Analogue AC/DC/Ohm Meter
(MLP£810)1£495
467 A Power Amplifer DC-TMHz £725
4815A RF Vector Impedance Meter
£3.850

£1,000

7040A X-Y Recorder 1V/Inch
(MLP £1,882)£850

HEWLETT PACKARD MICROWAVE
ACCESSORIES
P382A Attenuator 12.4-18.0GHz
(MLP £1106)£425
X382A Attenuator 8.2-12.4GHz
(MLP £3:100)£425
423B Crystal Detector 0.01-12.4GHz
(MLPL£2199£165
J752C Directional Coupler
5.85-8.2GHz
J910A Termination 5.3-8.2GHz
11692D Dual-Directional Coupler
2-18GHz (MLP £2.625)£1,500
11720A Pulse Modulator 2-18GHz
(MLP.£2,650) €£1,950

£600
£175

MARCONI
CT596 (6460/1) Wattmeter
10MHz-18GHz. 0.3uW-10mW.
Extended to 1W with 6534/4. 20db
attenuator £1,500
TF1313A LCR Bridge 0.1%
(MLP £ L470)£775
TF2333 MF Trans Test Set £850
2438 Counter/Timer DC-520MHz
(MLPL£IO8)£795
RACAL
Store 4DS FM Taperecorder
Store 7DS FM Taperecorder
9919 opt 04A Counter. 8 digit,
10Hz-1.1GHz (MLP £870)£525

£3,950
£6,150

TEKTRONIX
1503 TDR Cable Tester
(MLP £4,93+) £3,000
1503 Option 04 TDR Cable Tester with
Recorder (MLP £5,987)£3,500
2701 Attenuator 5002 0.79db in 1 db steps
(MLP L5907 £295
OF150 Fibre Optic TDR. CRT display
and built in recorder. Resolution to
0.1dB/Meter (MLP£L£315545)£12,000

ADD 15% VAT TO ALL PRICES
Carriage and Packing extra
Trading Conditions Available on request

Electronic Brokers Ltd.,61/65 Kings Cross Rd, London WG1X 9LN.01-278 3461.
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We know you demand - High Per@ﬁance,

-

Reliability, Efficiency, Technical Support...

@ Universal RGB TTL levels.
2nd Processor for the BBC Micro [Ebiatamiimimse

@ Enables standard FLEX format discs to run on BBC.

@ Supports high level language compilers.

® Cross blers and di blers for most micros.

@ Connects directly on to the tube.

@ Sits inside the BBC or plugs into an extension rack.

@ 64k dram on board.

@ Two 28 Pin Byte wide memory sockets.

@ Optional battery back up for CMOS devices.

@ 4 colour planes.

@ Unique zoom facility.
@ Internal light pen facility.

1%million dots per second.
@ Full address decoding.

Full Colour High Performance
Graphics Card

@ 64k of onboard graphics memory.

@ High resolution 512 x 256 pixels.

@ Simultaneous black & white and tolour display.
@ Easy software implementation.

@ Xand Y screen addressing by 12 Bit registers.
@ Hardware ASCII character generator.

@ Hardware vector generator capable of drawing

b

6809 or 6502

@ Choice of processor 6502 or 6809.
@ Dynamic memory management.
@ Battery backup CMOS RAM.

@ Real time clock.

@ Supports 64K RAM or PROM.

@ Easyto use.

® 201/0 lines.

@ 5 Byte wide memory sockets.

IEEE Card @ 12 Bit Analogue Card @ 6809 Controller @ Memory Carrier @ 8” Racking System

Cambridge
Microprocessor
Systems

44a Hobson Street
Cambridge CB1 INL
0223-324141

CIRCLE 5 FOR FURTHER DETAILS.

FUNGTION GENERATOR

* % 30V output capability

e ——" ot d e it —»q_m;
l?_::_: o : h T R | ‘t' z- z
o a1 '
z . O o @ C N ] b * Sine, Square, Triangle, TTL = Accuracy typically 1% of
> | - o 2 ~ | output range
T rveR 500 s X * Typically 0.02Hz - 700kHz  * Variable DC offset
4 * 7 switched ranges with +  External A.M. facility
coarse and fine frequency + External sweep facility
controls * Short circuit protection

all outputs

JUPITER 500 (inc. P & P and VAT) £128.80

NN LA

Designed and
P2l NN manufactured in Britain

BlackkStar

BLACK STAR LTD, (Dept. NW ) 9A Crown Street, St.lves,
Huntingdon, Cambs. PE17 4EB, England. Tel: (0480) 62440 Telex: 32339

Colour leaflet with specifications and prices available from:

CIRCLE 53 FOR FURTHER DETAILS.

VIDEO TERMINAL BOARD

* 80 characters X 24 lines *

Requires ASCIl encoded keyboard and monitor to
make fully configurable intelligent terminal. Uses 6802
micro and 6845 controller. Program and character
generator (7 X 9 matrix with descenders) in two 2716
EPROMs. Full scrolling at 9600 baud with 8 switch
selectable rates. RS232 interface.

Bare board with 2 EPROMS and program listing —
£48 plus VAT. Assembled and tested — £ 118 Send
for details or CWO to:

m AM E|ethonics 21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
A Wood Farm, Leiston, Suffolk IP16 4HT
Cscmomcs Tel: 0728831131 - Telephone 01445 2713/0749

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

R.HensonLtd.

CIRCLE 38 FOR FURTHER DETAILS.
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HF ANTENNAS

Y MODE; Full half wave
operation.

w BANDS; Up to 4 spot
frequencies.

w POWER; Receive to
800W {PEP).

% SWR; Better than 15:1
on channel.

THE SMC TRAPPED DIPOLE ANTENNA

has been developed to satisfy the needs of commerical and military users It is capable of
operation between 2 and 30 MHz on as many as four spot frequencies — each capable of
accommodating many channels. Excellent matching and efficiency with a single coaxial
feed is offered by the use of SMC H1Q traps and the incorporation of a ferrite balun in a
full half wave design. NB: Powar absorbing terminating resistors are not employed The
antenna may be deployed using one or two support masts, installation (incorporating SMC
light duty portable masts) can be easily effected by two people in half an hour

HF SSB TRANSCEIVER

TM180 “PIONEER” HF SSB
TRANSCEIVER. 1.8-18MHz, 6
channels 100 watts RF output
measuring only 95(H) x 240(wW)
x 310(D}mm and weighing 6kg.
May be operated as a base or
mobile transceiver, comple-
menting our trap dipole and
HW4 mobile aerials. Prices start
& at £700, making this unit not
e only very attractive but highly
¥*Y competitive.

SOUTH MIDLANDS COMMUNICATIONS LTD.

SM HQUSE

OSBORNE ROAD, TOTTON
SOUTHAMPTON S04 4DN

Telex: 477351 SMCOMM G
Tel: Totton {0703) 867333

CIRCLE 64 FOR FURTHER DETAILS.

selecting from a range of Todules for

microphone, music preamplification

and tone. chime generatars etc

Other features of Series 8(:00 include:

* Signal compression {a.2.¢.) as
standard on all preamylifiers.

* Squefch system on music preamps
for rape/disc noise reduction

* No signal switch “ciicks " by use of
a unique ‘fade upidowr systerm.

* Sophisticated zone swidching
arrangement with easyo-program
matrix.

* Mainframe systems ma_ be

cascaded to prou:de for avery

Whiteley's new Series 8000 range of
sound broadcast equipment gives
vou all the power you want at
extremely competitive prices, and
includes several sophisticated
facilities not normally offered as

standard large number of input sources.
You can choose from a range of high Lo UL * Priority — first come. first served
technology. high retiability amphfiers IO mixed source swilchasig
’ I

ranging from 20 watts to 500 walts.
he 20 watt amplifier is a compact,
low cost stand alone unit with many
desirable features (ncluding an
integral electret microphone. The
mainframe amplhifier range of 60, 120
and 250 watts allows vou to match
your specific requirements by

For performance. versauliy and
economy. the message is boud and
clear: Series 8000 from Wr ueley
Electronics, the British company with
over 50 years of sound experience.

e Send for detailed literature today.

Whiteley |
AUDIO SYSTEMS |

Over half a century of sound experience
Whileley Electromes Limited Viclona Street Munsheld Notts NGI85RW England Telephone (0623) 24762 Telex: 377426
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Electronic Brokers
for the

Our latest DEC stocks
available now for
fast delivery at LOW

LOW PRICES

PROCESSORS AND
MEMORY
PDP11/70, PDP11/44,
PDP11/34A, PDP11/45,

PDP11/40, PDP11/23, 3 s
PDP11/03, PDPBE, POPBA : s from £

DISK DRIVES AND 2s from £7, 750

. £4,250,
CONTROLLERS
RB0, RASD, RKO5, RKOS,
RKO7, RLO1, RLO2, RMO2,
RMO3, RMO5, RVI8O,
RPOB, RX01, RX02

VvDUS
L e B
VT101, V1102, V1103, LP200, LS120
VT110, VT125. VT180. OPTION MODULES

V1278 Too numeraus to list

TEKTRONIX
COLOUR GRAPHICS

Ex-Demonstration Stock
in Original Manufacturer’s Packaging

Colour Graphics Terminal
Model 4027A

Praviding full colour graphics and
alphanumerics. Plot 10 compatible.
8 displayable colours from pallette
of 64. Full screen crosshair cursor
34 x 80 dis lay (2720 characters).
120 user-defined patterns.

RS232 Interface with up to 9600
baud transmission.

Original List Price £9,500

Our Amazing Price| £1,995

Other Tektronix Graphlc Equipment in stock includes:
606 611« 4006-14010-1 ¢ 4015-1¢ 4052 ¢ 4114 « 4352

NEW CATALOGUE NOW OUT

Covering our large stocks of Systems, Peripherals, Modules,
Terminals and Graphics equipment.

All items reconditioned unless otherwise stated.
Add 15% to all Prices A copy of our trading conditions can be supplied on request

MAGNETIC TAPE
TE18, TS11, TU10, TUSB,TU77
PRINTERS
LA30, LA34, LA35, LA36,
LA180, LPO4, LPOS,

Electronic Brokers Ltd
61/65 Kings Cross Road, London WC1X SLN.
Tel: 01-278 34861. Telex 298694

= o 12 S 1D 2 T O
s el [ Rl | )
Electronic Brokers | == | | =




QUALITY COMPONENTS FROM CRICKLEWOOD! This list contains only a a -

fraction of our stock, which is constantly being updated. Prices quoted are for '

“one-offs” — quantity discounts by negotiation. Official orders from Schools, ELECTRONICS LTD
colleges, Goods Dept etc welcomed. WE SPECIALISE IN CREDIT CARD PHONE v V) v
ORDERS. A quick call will check stock position and current prices. Prices subject

to change. Add 60p p&p + 15% VAT to all orders. Catalogue 40p + A4 SAE ile H DO BROADL i
envelope. Al in-stock items despatched same day unless notified.

> J DU
PRICES SUBJECT I

0o 0 0
TO CHANGE | | D1~ D161/01-450 O /
RESISTORS ECTROLYTICS | 7470 56p] 7aL5124 1 35p| 4047 75p | 280aDART B39p | 2ng253  163pf BDI3E 39p { MPSLOT 69p o R5U 420 TDA2611A 2 50p o
Mainly 7472 49p] 7415126 59p (4048 54p | 280API0 3 45p | oNB254 177p | BD139 42p | MPSLSY 75p G5U 47p| TDA7000  345p
CARBON FiLM Matsushita | 7473 55p] 745126 59p 4049 asp | znazses 3490 | 25c1306  99p § BD140 42p | MPSa08 89p RIA Ysu 470 TL061 51p
5% HI STAB (Panasoric) & | 7474 55p| 74L5132 69p| 4050 49p [ ZN4a26EB 310p { 3n201 1.99p | BD239A &5p | MPSUOS 99p) DIA TL062 77p]  PRICES PER
LOW NOISE Sismens 7475 69p] 7415133 59p { 4051 75p | 2N427E8  599p | 40361 750 § BD239C 69p | MPSUOT 175 Rectangular | TL064 1.50p. METRE
100 YO AXIALS (Wires | 7476 43p| 7415136 59p | 4052 75p | ZN42BEB 4 55p § 40362 75p | BD240A 68p | MPSUSY 1.28p Stackable LEDs | TL071 47p] Solid connecting
10 Mi each end) 7480 69p| 7415138 75p 4053 75p 40363 399p | BD240C 79p fMPSUSE  1.22p THYRISTORS | RSR 19p | TLO72 62p wire
VAW E24 2p| uFd v 7481 1.39p| 7415139 75p | 4054 85p 40406 1.75p | BD241A 72p |MPSUS7 1950 488 12Amps | GSR 20p] TLO74 1.50p | MAINS,SPEAKER
12WE24 Il a7 63 spf 7482 99p| 7415145 1.50p | 4056 93p 40408 1.75p | BD241C 79p | TIP29A p|  Texas T0220 | Y5R 22p| 71081 47p(Twin 1 Amp  14p)
WE12 Sp|.a7 100 9pf7483 1.19p| 7415147 1.95p | 4068 4.49p 40410 1.99p | BD2424 75p | TIP29C 220 Suffix A - 100V TLO082 55p | Twin 2172 Amp
2NEN2 12p) a7 350 30p| 7484 1.32p] 7415148 1.65p | 4060 88p Positive 40411 399p | BO242C 79p | TIP30A 37 B - 200V Tiosa 120p 160
METALFILM 1 63  8p| 7485 144p| 7418151 1.08p| 4063 83p 100mA 40673 1.49p | BD2434 85p [ TIP30C aap C = 300V UAAI70  2.49p [3Core 2112 Amp
ULTRASTABLE |, 100 gp| 7486 72p| 7aL5153  1.09p{ 4066 a4p | 781054 29p | 40822 +'99p | BD243C agp | TP31A 3% D - 400V NICs  NREE 18p|
OAWEXTRA | 500  aop | 7489 225p) 7418154 3.49p{4067 2.78p | 781124 29p | AC126 93p | BD244A 88p [ TIP31C 47p M 600V ULN2003 75p |3 Core 13 Amp
LOWNOISE |55 35 ap | 7490 1390} 7415157 59p | 4088 31p | 78L154 29p | AC126 35p | BD22aC 1 15p | TIP32A a6p{ an UPC575C2  2.00p
10070 M |22 3 9pf 7490 19p| 7aLs158  a9p]aoss 31p | 78L224 29p | AC127 3op | BD2454  119p | TIP32C 490 Tic106a agp|AY15050 990 |UPCIISC  275p)  SCREENED
1% E24 spl22 100 11p]7492 69p] 7415160 69p | 2070 31p AC128 9 | BD245C 7 asp | TIP33A 69p| Tic1068 S1p|AY38910 399 |UPCITSEH 2750 [Single 14p]
LOWOHMIC  J55 350 30p | 7493 69p | 7415161 69p | 4071 31p [ 1ampT0202 | ACT4TK 39p | BO2a6A  139p | TIP33C 83p | Tic106c sap|AY38912 4950 |uPCT1B2  3.75p |Stereo 27p)
GLAZE 12W 33 2% top| 7494 1.19p] 7415162 89p 4072 31p | 78051 a5p | AC142K 39p | BD246C 1670 | TIP3aA 119p| 1ic106D 56p CA3048 2.15p lypc11Bs  1.95p [Mini Single 129§
omro82 |33 4g  11p) 7498 89p | 7aL5163 85p 4073 31p | 78127 15p | ACTs1 770 | BD2438  2:30p | TIP3AC 126pf iCiogm 72| CA3059 3290 | UPC2002  2.95p | Mini Stereo  15p
E24 1pd33 63 12p) 7496 1.090| 7415164  1.07p)4075 31p | 78157 asp | acis? 770 | BD22a9¢  257p | T1P35A 126p| ga CA3090AQ 3.70p | XR2206  3.95p |4 Core 4 screens
WIREWOUND | 47 16 8pf74%7 229 7415165  1.29p 4078 85p {78247 asp | AC153 77p | BD250A 2 48p | TIP35C 1390 Tic116A sop | CA3130E 87p | ZN409 2.25p 44p)
ON CERAMIC |47 2% 9p | 74100 1.69p] 74LS168  1.25p| 4077 31p AC153K 87p | 8D250C 2.75p | TiP36A 1420 1ic 1168 20 CA3130T  2.25p | ZNa14 1.00p |4 Core single
E12SERIES |47 a0 11p| 74104 plsAsk{7aiS168  139p|d078 31p Negative AC176 39p | BOS29 1 75p | TIP36C 1496 | Tich1sc 75p| CAB140E  54p|ZN1034  1.99p |screen
2103W02200 47 g3 12p|74105  plsAsk] 745170 2.09p {4081 31p|  100mATO92 | ACT76K 49p | BD530 1.95p | TiPa1A 520 riciien 78] CA3140T  140p 8 Core 61p)
w30t 20|47 j00  14p 78107 49017415173 1.10p 4085 59p | 79105 a9p | ac187 38p | BD535 agp | TPasc 58 | TicTiem  sap | HAI36EW  2.40p 12 Core 60p
410 7W 0.4712 10 25 gpf 74109 75p| 7415174 93p | 4086 69p | 79112 a9p | AC188 39p | BDS36 89p | TIP42A 620 124 HA1388  254p TRANS Heavy Duty
10 6K8 Bl a0 120] 74710 159p [ 745175 72p | 4089 1255 | 79015 a9p | Ac187K a9p | BOS3/ o7p | TIPazc 650§ T1c126A 74p]'CL7106  750p A Mike Guitar
810 1TW 11} 10 63 14| 74N6 163p| 7415181 1.09p 4093 65p AC188K 43p | BDS38 97p { TIPag 129% | 1ic1268 IS LEACAI RN FORMERS [N 25p
to 33K 370li0 100 1ep| 7418 99p| 745183 2.45p ) 4094 9p | 1AmpT0220 |BC107 16p | BDS39 1 08p | TIPSO 1520 icizsc 760 'CL7611 97p AERIAL
350 55p | 74119 1.59p ] 7415190  1.09p | 4095 89p | 79057 57p | 8BC107A 17p | BD539C 1 33p | TIP53 1.580 | Tvc126D 790 iCLBo38  2.99p Post 50() RG58A  25p)
POTS & 25 11p| 74120 89p| 7415191 75p [ 4096 89p | 79127 57p { BC1078 19p | BDS40 104p | TIP54 1650 | TIc126M 99p|'EM7955 1100k inclusive 7500 UHF 29|
PRESETS a0 1ap 74121 56p | 7415192 99p | 4098 39p | 79187 57p | BC108 16p | BOSAOC 1 39p | TIP1IO 79p ICM7556  1.49p prices 7502 VHE 28p1
63 16p {74122 69p| 7415193 109p | 4099 1.09p { 79247 570 | BC108A 170 | BOX66B 6 35p | TIP112 85p TRIACS LC7120,  3.200) cheaper  |30082Fiat  14p)
ROTARYPOTS |22 100 21p {74123 99p | 7415134 99p 40103 2.59p BC1088 18p | BDX678  635p | TIP115 8% |  texasaoov |LC7130  3.40p 1o callers RAINBOW
LOW NOISE |47 25 14p 74125 59p | 7415195 79p | 4502 59p BC108C 20p | BOYS4 228p | TIP117 1050 | 70220 case |LC7137 33504 Al240v Primary RIBBON
14" SPINDLES |47 40 17p 74126 59p[74L5196  1.10p | 4503 59 b 3C108 170 [ BDYSS 239 | TIP120 79p | vic206004A) s9p| L7347 150p{  spiitBobbin | Prices per foot
€3SerES |47 63 26p 74128 159p| 7415197 1.10p 4505 3.75p NS 3C1098 18p | BDYS6 199, | TIP122 850 | 1ic22506A1 799 | LF35! 59p 100mA 10way 25p,
K710 2M LIN a7 100 28p[74732 132p| 7415221 99p | 4507 45p ISTORS 3C108C 21p § BDYS7 591p | TIP327 99p | Tic226Di8A) 92p | LF3%3 1.050 1 6.0-6 1.50p |16 way 39p4
aap | 100 16 14p | 74136 49p| 7405240 1.39p | 4508 149p 8C140 38p | BDYSS 633p | TIP130 106p | 7102360(12A1 LF355 83p| 909 1.70p |20 way 48p|
KT 2MLOG [100 25 16p| 7414 1.05p| 7415241 1.39p 4510 69p | 52019 33p | BC141 a3p | BF19a 18p | TIP132 109p 1 o5p | LF356 91 12.012  1.85p)24 way 62p)
aapl100 20 22074142 2.3ap| 7415242 1.39p a5 6% { onz219A  36p | BC147 15p | BF195 18p | TIP135 1160 | 1ic2as006m) LF357 1.30p | 15.0.15 195530 way 750
lanavelidh 100 63 28p| 74143 279p) 7415243 1.39p{as12 690 | 2n2220 33p | 8C1a74 16p | BF196 18p | P37 1 19p 1 35p | LF338 462p | 1A as above 34 way 82p)
DP Mains Switch [ 100 100  30p § 74184 27901 7415244 1.99p 4514 1250 | oNz221A  33p|BC147B 17p | BF197 18p | P190 1210 1icon300208) LM3362  1.60p 37590 way 8]
agpf220 10 1ep | 74145 1.09p 7415245  1.99pfd515 125 | 5N2222 29y | BC147C 27p | BF198 18p | TIP1a2 122p 199 | LM348N 620 { 20.0 20v 64way  1.49p|
Asabove stereo |220 16 17p | 74147 169p| 7415247 1.15p 4516 89 | on22224  33p|BCI48 150 | BF199 18p | TiPtas 1210 | 1ic263D(254) LM349N  1.09p | 0.125A 3.75p
k. 220 25 22p| 74148 1.39p| 7415248 t.15pfas518 6% | yn2223  5.85p | BC148A 17p | BF200 19p | P14y 1 22p 2.25p | LM350K 489} 12012v RECHARGE
PRE-SE TS PIHER | 220 40 25p | 74150 1.89p] 74L5249  1.15pf4519 75p | 3N2223A 6 25p | BC148B 19p | BF244A 61p | TIP162 499p LM3795  5.50p | sova B3 BATTERIES
(DUSTPROOF) [220 63  30p| 74151 79p| 7415251 79p 14520 750 | 2n2368 33p | BC148C 25p | BF2448 55p | TIP2955 81p DIACS LM380NT4 12.012v
31000210 10M0 | 220 100 aop | 74153 79p{ 7415253 79p 14523 105 | onz36  3ap [BC1ag 160 | Br2a5a  63p | TIPI0SS 799 gRigo 290 plsask} 100V 11890 1o5 quality
MimVen  16p{470 16 22p| 74154 349p 7415267 79p|as22 89 | 7n2369a  35p | BC1498 18p | BF2458 66p | 11543 81p| 572 295 |LMIBONE plsask f0 < 6+6+9+9 | (ot inrow
MiniHoriz  16p{470 25  28p| 74195 79p| 7415258 79p | 4526 890 | 5Nz80an  35p | BC140C 260 | BF246 770 | VNIOKM  89p LM381AN  2.26p{ 1254 565p| 3
Standardvenn  |470 40 33p| 74156 49p) 7415259 3.59p | 4527 89 | 2n2905 3sp | BC1s7 39 | BF 246 790 | vNaear 1 i5p LM38IN 1.40p tEsehatienies
19p| 470 63 a3p| 74157 99p{74LS261  1.39p 4528 75 | 2N29054 3g, | BC157A a1p | BF2468 79p | VNB6AF 1 09p LM382N  1.22p Cha';eum“’,
Standard Horiz | 470 100  60p | 74159 1.95p| 74LS266 41plas29 89p | oN2006 35p | BC1578 a4p | BF247A 7904 ZTX10/ 12p LM383T  3.40p Ao
j9p{ 1000 16 30p | 74160 135p| 7418273 1 80pJ4532 89 | 2N2907 3sp | BC158A 37p | BF2478 795 | ZTx108 13p LM384N  1.40p HP2(1 2AH)
CERMET 20 1000 25 38p | 74161 69p| 7415275 1 79pfasas 3.95p | 5n20074 agp | BC1588 39p | BH254 66p | ZTX109 14p many inc LM3geN 1 20p[ L oooen 2.39]
TURN 1000 40 a6p | 74162 109p 7415279 69114536 2290 | oN2926 13p | BC159 a4 | BF255 68y | ZTx300 12p| speciais see our |LM388N  2.43p Ee paiaasy 1558
PRECISION | 1000 63  65p | 74163 109p| 7415280  1.95p}4538 83 | 5N3053 35p | BC159A 45p | BF256A 59p | ZT%301 160 CAT LM39INGO 2250 |, T o L ULn T '99;’
PRESETS 2000 16 app | 74164 99p| 7415283 95p 14543 99 | >N3054 65p | BC1598 a6p | BF256B 59p | ZTX302 17p| 40010500mw | -M391N80 165p00 0 T o 1.08p |HP11T1 280
va-trsemes |2200 26 63| 74185 1090 | 7aU5290  82p|4553 2190 | 5N3085 5p | BC159C a8y | BFZ56C 69p | 27X303 25p|  E2aSenes  |LM723CH  99p |07 0 T, 0 o0 T 229
50410 500K 95p{2200 40 70p | 74166 1.68p | 7415293 85p Jasss 58p | oN3055H  1.89p | 8C160 55p { BF257 39p | 27x304 18p ] 2 41047V TpfimMr2aCN a9 o0 1 pon v oman)
2200 63 134p| 74170 pisAsk| 7415295 125pas56 58 | on3a38 1 15p | BC16T 590 | BF258 a1p Jz7x310 39p LM725CH  3.a0p §7 0 70 bt 2950
a700 16 75074172 430p) 7415298 1.25p la560 1 79p [ 2N3a40 99y | 8BC167 19p | BF259 asp f2TX311 36p 13Wat LMrzsen 3asp b3 T 00 Chargers
4700 25 89p| 74173 1350 | 745299 2.20p |4566 1.99p | on3441 149p {BC169 19p | BFas7 a8p §2TX312 390 E24 Series LM741CH 96p 279 17 "SSD TYPEH 9
CERAMIC 100V 2375 99p| 7415323 2.60p 4569 199p [2N3142  159p | BC1698 22p | BFass 59p | 2TX313 apl330sv  rap|imzaicn  1gp Ut ‘2‘0" R B
DISC PLATE) RADIALS (PCB | 74176 1.05p| 7415324 1.50p | 4584 49p | on3638 620 BC169C 23p | Brass 65p |ZTx314 27p LM7a1CN1a gop | FEBOAIC 200 any HP type
12 MICRO MiNI | wires ane endt | 74177 1.05p| 7418325 1.50p | 4585 64p § 2N3702 16pBCI177 29p | BFR39  pls ask | ZTX320 37p LmzazeN  egp |0 LOE U aove 15590
TYPICALLY Matsushita only | 74178 1.25p| 74L8326  2.70p 2N3703 16plBCT177A 33p | BFR4D pls ask | ZTX330 39p BRID LM748CH  1.00p 1630 |TYPEM: .
L oFd vV 74180 1.25p 74L5327  2.70p IN3704 16p | BC1778 360 [ BFRAT  pis ask | 2TX341 31p Lm7aBCN  azpl S e
-l pakio 16 epf 74181 319p| 7415347 1.29p 2N3705 16p | 8CI178 29 | BFR79  pis ask | ZTx450 a1p LMI87Y  3.25p 2 21p }faster charge for
POLYCARB &% | 22 10 epl 74182 1.15p| 7415348 149 CPUs 2N3706 16p | BC178A 33p | BFRBG  pis ask { ZTX500 5p| (PWshownin |LMiET2 4ol oL o kv oaves
SIEMENS 75mm [22 16 7p| 74184 1.59p) 7418362 1250 45, 6.49p | 2N3707 160 | BC1/88 36p | BFR8T  pis ask | ZTX501 150 brackets)  [LM1877  Bosp 10T BIPILOL, o P
ANChaeEE | (2 10 70| 74185 1590 7418383 1.25p | (00 3900| 2n3708 16p|8C179 31p | BFRIO 2 26p | 27502 15| 1lpamptvpe [IM1836  7.aap [YOOUIOT ORI 5 50p!
250v 47 16 gpf 74190 175017415362 6.8% | con) 0 5.49p | 2N3709 31p | BC1798 39 | BFSET 99p [Z27xs03 18p [ woiitoor  zspfimisss  37ap | veroWileo TR
InFrosn8  7p) 100 10 9p 74191 1.48p § 7415365 69 | a00 2 75p| 2N3710 34p |BC179C 41p | BFS98 990 | ZTX504 190 | WO20200)  3dp|LM2907N  2.75p i 339p | HP7(Upto d at
Bn2woarnf  ap| 100 16 10p|74192 135p) 7415366 69p ) oo 2 agp| 2N3711 37p|BCI82 15p | BEX29 2ap fZTX510 28p | woai2001  38p|UM2007N8 260p | o FIOPL LS 5.85p,
56nF (o 150nF 20 10 11p}f74193 138017418367 69p) o0 995p| 2N3/73  209p |BCI82A 175 | 8FX30 a6p |27X531 295 [ WOB(B00) 50| LM2917N  20p | 2P0 5P Sz -
120 220 16 12pf 74194 99p| 7415368 74p) 8035 pls ask | 2N3B19 s5p | 8C1828 19p | BFYS3 53p | ZTX650 arp LM2917N8 2.40p £
100V 470 10 17p| 74195 12507415373 2200 gqg Dls ask| 2N3%02  688p | BC182L 15p | BSX19 29y |27x651 480 |  zampiype |LM3900 62p SOLDER
10OF to 1500F | 470 16 18p|741%6 1.57p 7415374 2.20p | gopon 18 00p | 2N3903 195 | BC182L A 17p | BSX20 33p f2TX652 49p | Square with hote |LM3911  145p
13p[ 1000 10 20p| 74197 1.07p| 7415378 1.20p| g0 0 ols osk | 2N3904 19p{BCIB2LE 19p | RSX21 agp |27x853 50p [ 0111000 a6p|LM3mIa 3250 ANTEX SOLD-
180nF 10 270nF | 1000 16 2ap | 74198 2.37p| 7415386 598 | 750acPu  3.59p] 283905 19p | BC183 14p | BUT02 2 32p, |27x750 a7p | 502(200) S0p{LM3915 3250 ERING IRONS
16p] 2200 10 3ap| 74221 107p| 7418390 110D ) 5000 (o g agp | 283906 19 | BC1834 160 | BUIOS 1.89p [2TX751 48p | So041a00) s5p]LM13600 1 15p FERRIC C250(15W) 5.20p
330nF to 390nF | 2200 16 44p 7415393 9P " EMORIES | 2N4030 8sp | BC1838 19p | BU108 2.a9p |2TX752 agp | S0BiBOOI  66p | MFI0 375p| CHLORIDE XS240({25W)
25p[3300 10 s0p 7415395 1.3sp) als ask | 2Na031 82p | BC183C 250 | BUT08 2.a9p |2TX753 50p NES3IN  1.36p | Quick dissolving 5.40p|
470nF 10 560nF | 3300 16 65p 74LS396 2990 5o95500 g 5oy | 2N4032 87p | BC183L 15p |BUIZ6 1550 6ampiype  |NESAIN  2.50p | Enoughto make iron Stand 1.75p
320|4700 10 65p [ 7aLs00 32p | 7445398 1.89p{0 o 1o 399p(2N4036 72p | BC183LA 16p | BU20a 249p Square with hole |NE54aN 1 95p lover 1 litre 1.69p Elements
680nF 38p | 4700 741501 24p| 7418399 150p| 5 0y pis ask | 2N4037 66p | BC183L8B 18p | BUZ0S 1.99p PWO01(100)  95p | NE555 22p| ETCHRESIST |(State iron) 2.05p
1uF (10mm)  40p 741502 29p | 7415445 1.25p] o500 395 | 2Naa00 19p |BC183IC  23p | BUZOB 216p PWO02(200)  99p{ NEE56 65p | TRANSFERS €250 Bits
POLYESTER 74503 24p | 74L5490  145p) oo e e 348y 2N4d01 33p | BC184 16n | BU208 193p PW041400) 1 30p | NESSB 1.89p |1 Thn lines No102 (Sml) 85p,
250V RADIAL 741504 79p | 7418540 1.70p) o0q, 2.50p | 2N4a02 37, | BC184B 19p | BU228 a45p PWO6600) 1 39)) | NESED 3.25p |2 Thick iines, No103 (Sm)) 85p)
1C280) 7400 48p | 7ai 505 29p | 7418541 1.44pl .o, 899 2Na902  2.25p | BCI184C 2ap { BU326S 263 |IN34A 52p NESE5 1.18p |3 Thin bends NO106 (Smi) 85p,
10nF, 18nF 7401 420 7a 508 a4p| 7418640 2.25p] 10 s ask| 2N4903 2380 | BC186 29p | BU406 1 asp IN82Y 70p| 25ampiype  |NESEE 1.49p |4 Thick bends X$240.X25 Bits
22nF, 33nF 7402 59 | 24(509 35p | 7418641 2.25p 4 1qg 465p| ZN4%04  2.46p | BC187 29p | BUS07 158p fiNg23 92p | Metalcladwith | NES67 1.37p |5 DL pads No50 (Smali) 85p
47nF, 68nF 7403 3% | 741810 49p 4164 a99p | 2N4%05 299p | BC212 160 { BUADB 1a9p JInNgI4 ap hoie NES70 4.07p [6 Transistor pads {No51 (Med)  85p
100nF 70 7404 78p ] 74811 zepmsns pls ask | 2N4%06 309p |BC212A 18p | BU40Y 165p FIN91E 6p | KO1100)  2.62p | NES71 3.99p |7 Dots & holes No52 [Lge)  B5p)
150n€, 200nF 10p | 7405 52p | 74812 asp 6810 195p | 2N4907  342p|BC2128 210 | BUs00 3 56p [ INAOC1 4p | k0202000 2.75p |NES534A  1.95p [80.1" edge SOLDER 125gms
330nf, 4700F 13p | 7406 140p | 741513 38p | 4000 28p | MISC LOGICIC's | 2N4908 3.58p | BC213 17p | BUYIBS  433p |iNaoo2 alisp | KOA(400)  3.25p [RC4194 3.95p } connectors 18swg 2.95p,
680nF 18p | 7407 1400 | 741514 750 |4001 28p | ADCOBUA pis ask | 2N4%08  315p | BC213A 18p | €a30 6 32p JIN4003 5p | KO6(600I  4.10p |RC4195  2.95p |9 Mixture 225wy 310p
TuF 22p | 7408 59p | 741520 a2p 4002 28p | ADCO816 pis as | 2N5089 43p | BC2138 19 | 4300 88p jiNa00a 57 ;p | BYWss RCa558 44p | Any sheet of
1.5uF 39p | 7409 59p | 7a1521 33p {4006 69p | ADCOB17 pls ask | 2N5190 750 | BC213C 2ap | u310 88p |iNacos 354400V 4.50p] SN76477  7.95p | above Y pLUGS &
2.24F 39p | 7470 S9p | 741522 33p | 4007 25p L INS1771  pis ask | 2N5181 79p | BC2131 15p | MyBO2 4 25p |IN4006 SN76003  3.45p| GRADE ONE T
FEEDTHROUGH | 741! 59p | 741527 38p {4008 89p | RO2513LC  7.50p | 2N5193 99p { BC213LA 16p | mug00 321p |tN4007 SN76013  3.45p GLASS PC8 SOCKETS
10F 500V 35p | 7412 30p| 741528 29p | 4009 55p § RO2513UC 7 50p | 2NB194 83 | BC213L8 19p | MJsOY 3 39p | 1N4009 SN76023  3.45p | SINGLE-SIDED —
HIGH VDLTAGE | 7413 350 | 741530 29p | 4010 29p | SAAS000  4.05p | ZN6245 asp | BC213LC 23p [ Mur000 2 76p ftNaraB E SN76033  3.45p | 178 + 240mm zD &0""59“0'5
Capacitors 7414 59p | 741532 86p|a011 28p | saas010  7.81p | 2N5248 sop | BC214 18p | MJ100T  326p |INGISO TA7204 1.99p 1.50p] 25 Way Sotder
please enquire | 7416 1290 | 741833 28pJa012 29p J SAASD1? 7 81p | 2N5247 63p | BC2148 22p § MJ1800 3 79p fINasas 22p many inc Ta7206 1.20p 420 - 195mm Maie 1.60p
many typesin | 7417 1.29p | 741537 29pfa013 49p § SAA5020  595p | ZN5248 65p { BC214C 27p | MJ2500 2.39p | IN5400 12p | specials see our | TA7222 1./5p 1.95p | Female 2.09p
stock 7420 49| 741538 69p 4015 65p | SAAS030  6.99p] 2N5249 67p | BC2141L 19p | MJ2501 2 63p |INsa0t 13 CAT TA7227  582p 420 + 245mm [0 WU )
7421 39 | 7aLs90 asp| 4016 a5p | SAAs040 1595p | 2N5266  325p | BC21aLB 21p | MU29s5 9sp |IN5402 1ap| LEDLAMPS  |ygasoo  2.97p 2.35p{ Male 1.60p
TANT BEADS | 7422 39 | 741542 81pJa017 69p | SAA5041 15 95p | 2N5401 57p | 8C214LC 26p | Musoo0  2.39p | insd0s 16p | R~ Red TBASOOQ 311p| DALOEICH |female 2.09p
11357 14p | 7423 39p | 741847 99p 4018 69p | saas0s0 8 95p | 25415 1.36p | BC300 59p | MJ3001 2 63p | INS406 18p |G Green veas10  295p| ResisTPen JCovers 1.00p
2238V 14p | 7425 39p1 741551 25pfa013 s5p | sAA5070 18.95p | 2N5416  173p | BC301 59p | Muas02  2.25p |INSa07 19p | ¥ Yellow TBAS100  3.05p |+ sparenib 1.29p SI:?E"G"‘”QS
3335V 1ap | 7426 590 | 741554 25p 4020 8op | 8726 11gp | 2N5a47 29p | BC302 s59p | MUE340 75p | IN5408 20p | Large diftused 1 | TBA520  2.57p PHOTO . Red, Grn,
47 35v 1ap | 7427 39p | 7aL855 25p 4021 79p | av28 1.19;, | 2NB44a8 31p | BC303 59p { MJE350  149p [BATO2 49 | R5D 10p| TBAS200  275p | SensTive e [Wiorver  15p
68 35V jap | 7428 43p| 741573 52p f4022 790 | 8795 99y | 2N5aas 27p | 8caz7 16p { MUE2955  199p [BATIS 290 | gsp 16p| 78A830  255p | 151 Class Epoxy Line Skts 150
1035V 14p | 7430 591 741574 68p§4023 e a9;, | 2N5450 63p | BC327A 190 | MJE2986T  95p | BATI3 5i0] vsp 15| TBAS300  276p | Glass for better [CPas Skt T 16p
22135V 1ap | 7432 59p | 741575 s6p[a024 99p | 810595 2.27p | 2N5e51 66p | 8C3278 23p | MUE3055  1.59p | BA138 36p TBAB40 2 72p results than | Dual Sk 30p
3335V 18p | 7433 35p | 741576 33p 4026 89p | 811596 2.27p | 2NBa57 39p | BC327C 25p | MUE3055T  69p | BA14Z 25| Small diffuses | TBA540Q  2.74p | spraying expose | Quad Skt 40p
4716V 18p | 7437 49p | 741578 a1pfa027 a5pfa1Lsa7  227p | 2N6458 39p | BCaa0 35p | MPSAGs 290 | BATSS 18p | RID 8] vBAss0  325p touv
4735V 20p | 7438 82p| 741583 89p 4028 53p | giLs9s 2.27p | 2N5459 31p | BCaa? 37p | MPSACE 33, | 8A 156 a1p | B30 13p| TBAS50Q  3.27p [Single sided
6 8125V 20, | 7440 45p | 7a1585 115p 84029 a9p | 6522 3.69p | 2N5460 83p | BCA6O 38p | MPSATO 59p | 8AI57 28p | Y30 13p| TBAS60C  287p[100 - 160
6.8 35V 21p| 7441 72p{ 741586 59p {4030 39p | 65224 5.55p | 285551 a1p | BCas1 42p | MPSAT2 a9p | BA1SS 34p Micro 0.1 TBA570  237p }100 « 220
10 16v 18p [ 7442 89p | 74590 s4pfaoz 1.60p | 6532 6.45p | 2N6121 911 | BCB47 190 | MPsa13 a9y |Batse 38p | aim 27p| TBASTOQ 2480203 - 1ia
10 35v 27p [ 7443 1.49p} 741592 650 | 3032 83p | s821 1.99p | 2N6122 93p | 8C850C 290 | MPsata  a3p | sAtsz a3 | Gim 290 TOAT002  339p]233 - 220 5 20p,
1510V 22p | 7744 1.49p | 741593 65p | 4034 1.99p | 6840 3.75p ] 2N6123 99p | BCS6OC 29p | MPSAZO a9p | BA201 23p | yvim 29p| TDA1003  4.35p fDouble sided
1516V 30p | 7445 159 741595 69pf 4035 79p | 6845 649p [ 2ZNB124 101p] BCY70 31p | MPSA42 48p § BA202 29p TDA1004 P.OA [100 x 160 2.20p
15 25V 32p {7446 1590 741596 155p 44036 2.69p | 6847 649p|2N6125  103p | BCY7 33p | MPSaa3 a8p | BAz16 27p Large clear TDA1G04A 5.45p|100 - 200 2.80p
2216.3V 26p | 7447 99p| 7418107 55p | 4038 1.19p | 8154 pls ask | 2N6126 109 | BCY72 25p | MPSALS 29p{ BA317 28p | RSC 12p| TDA1005 4.35p#203 - 114 2.20p
22116V 29p [ 7448 1.99p | 7315109 42p{ a0a0 72p] 8155 pls ask | ZN6129 99p | 8D124 299p | MPSABE 33p{BAzIE 3ip| G5C 17p] TDAI010A 225p|233 % 220 5.90p| TOGGLE (MIN)
3310V 30p | 7450 29p| 7418112 80p | 4041 72p) 8212 pls ask | 2N6130 108p] BD131 631 | MPSAES 62p { BAX13 21p] Y5C 17p| TDA1022  4.95p{ Developer tor SPST L]
47/3v 14p | 7481 2p] 7a(5113 85p | 4042 72p| 8218 pls ask | 286131 123p) BO132 63p § MPSAGE 65p { BB105 65p| Superbrgnt | TDA2002 3 25pfabove [donot  |spPDT &5p
4763V ap [ 7453 290 7aL5114 asp apaa 72p} 8224 pls ask | 2N6132 109p § BD135 38p | MPSATO 49p | BBI09G 69p| Mghefticiency | T0A2003 3 25pfuse Sodium DPDT 74p
4716V 39p | 7454 29| 7218122 75p § 4045 1.19p 8226 pls ask | 2N6133 115, BD136 38p | MPSAS2 a9p | BY126 12p| Large {100 umes | TDA2020  3.15p | Hydroxide) OPDT C.OFF  80p
100 3V 32p | 7480 48p) 7415123 1.19pf 4046 89p| ZB0ACTC  3.49p{ 2N6134 1.33p[ BDY37 39 | MPSA93 asp | By127 14p. brighter) TDA2030  2.85p500mI 2 95pf4POT 3.25p

CIRCLE 10 FOR FURTHER DETAILS.
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RADIOCODE CLOCK

ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT
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PROBLEMS

('NEW PHASE-MODULATION SYSTEMS

\Eaimenance periods.

Until recently, atomic time and date information was only available on v.I.f.
transmissions using amplitude modulation. The RCC 8000AM series of
equipment uses these transmissions to offer high noise immunity and high
accuracy, particularly at very long range.

The new RCC BOOOPM series of equipment uses, for the first time, phase
modulated tranmissions with massive radiated powers of up to 2 Mega-
Watts to offer long range, excellent noise immunity and no scheduled

(NEW PRODUCTS

The AM and PM series of Radiocode Clock equipment has been further
expanded to include seven new models (from top) 80008 — combined
clock, frequency standard and optional stopclock. Internal standby power
supply — with dual rate constant current charger. Time-event log — prints
hours, minutes, seconds, milliseconds and day of year, on receipt of a log
pulse. Speaking clock — time announcement or audio recording. Slave
controller — total control of single-standard master/slave systems ie one
pulse/sec. Dual standard slave controller — total contro!l of two different
and independent slave systems, ie. one pulse/sec and one pulse/half min.
Slave distribution amplifier — maximum flexibility for the largest
master/slave installations requiring dual standard operation, multiple cir-
cuits and complete master/slave backup.

("NEW OPTIONS

k. Keypad entry of alarm times

A continuously expanding range of fully integrated software and hardware
is available for both series of Radiocode Clock equipment. Standard op-
tions now include:

@ IRIG B precision serial o/p

@ RS232/V24 1mS resolution
@ General purpose parallel o/p
@ FSK record/replay system

@ Time code generators

@ Intelligent slave systems

@ Standard frequency outputs
@® Stopclock operation

@ Keypad entry of time/date increased accuracy

Radiocode Clocks Ltd*

Unit 19, Parkengue, Kernick Road Industrial Estate
Penryn, Falmouth, Cornwall. Tel: Falmouth (0326} 76007
(*A Circuit Services Associate Co.)

CIRCLE 51 FOR FURTHER DETAILS.

Eliminates the
> need for a *'third
hand’’ for those tricky
soldering jobs. At the squeeze of the
trigger, it feeds a controlled length of solder
to exactly the right spot for a perfect joint
every time.
Solder may be fed from standard reels mounted
on the bench, or the optional spool holder can
be loaded with solder and mounted on the gun
itself. Takes solder wire 0.8 to 2.3 mm dia
Two sizes 40w and 60w, 220/240V.
40 watt Model 583 tip dia4mm — £1984 \
60watt Model 585 tip dia 6mm — £20.29 ﬂ %
Spool Holder (fits either model) — € 3.13
Prices include P&P and 15% VAT. Send order with cheque/
PO. Ring for Access/Visa sales, or ask for order forms.

LITESOLD

LIGHT SOLDERING DEVELOPMENTS LTD Dept WW, Spencer Flace,
97-99 Gioucester Road, Croydon CRO 2DN. 01-689 0574

CIRCLE 72 FOR FURTHER DETAILS.
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@ Calibrated systems for J

nNoMbrex

MODEL 41

R.F. SIGNAL GENERATOR
Price£106.95

150 KHz — 220 MHz on fundamentals. +P-L:1s‘5‘(,)-‘;1-P

8 clear scales — Total length 130mm.

Spin-Wheel Slow Motion Drive 11 — 1 ratio.

Overall Accuracy — 2:%.

Modulation, Variable depth and frequency.

Internal Crystal Oscillator providing calibration checks throughout all
ranges.

Mechanical scale adjustment for accurate alignment against internal
1MHz crystal oscillator.

Powered by 9V Battery.

* % ko

) Export enquiries welcome
Send For Details Of The Nombrax Range Of Battery
Powered Test Instruments.

NOMBRAX LTD. CANNON ROAD HEATHFIELD INDUSTRIAL ESTATE
NEWTON ABBOT DEVON
TELEPHONE 0626 - 832862

CIRCLE 69 FOR FURTHER DETAILS.
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STEEL DISHED =
WASHER ——}
OUTER /5
INSULATION
The toroidal transformer is now accepted as the standard in industry,
overtaking the obsolete laminated type. Industry has been quick to
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY NEOPRENE
tield and, thanks to {.L.P., PRICE. WINDING WASHERS
Our large standard range is complemented by our SPECIAL DESIGN INSULATION
section which can offer a prototype service within14 DAYS together
with a short lead time on quantity orders which can be programmed PRIMARY
to your requirements with no price penalty. WINDING END CAPS
15VA 50 VA 120 VA 225 VA 500 VA
62 x 3dmm 0.35Kg 80 x 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 45mm 2.2Kg 140 x 60mm aKg .
Regulation 19% Regulation 13% Regulation 11% Regulation 7% Regulation 4% YVhY a Torou'd? .
SERIES SECONDARY RMS 2x010 6+6 416 4x010 6+6 10 00 6x012 12412 938 82016 25425 1000 Smal!er_ size & weight to meet
No Voits Current 2x011t 949 277 4x011 9+9 666 8x013 15415 750 8x017  30+30 833 modern ‘slimline’ requirements.
2x012  12+12 208 ax012 12412 500 6x014 18418 625 8x018  35+35 700 *  Low electrically induced
0x010  6+6 125 2x013 15415 166 4x013 15415 400 6:015 22422 511 8x026 40420 625 ) Y ipguce
0x011 949 083 2x014 18418 138 ax044 18418 333 6x016  25:25 450 8x025 45.45 555 noise demanded by compact
0:012 12412 0863 2x015 22422 113 4x015 22422 272 6x017 30430 375 8x033 5050 500 equipment,
0x013 15415 050 2x016 25+25 180 4x016 25+25 240 62018 35+35 32 8x042 55455 454 * High effici li
0x014 18418 042 2x017  30+30 083 4x017 30430 2.00 6x026  40-40 281 8x028 110 454 igh efficiency enabling
0x015 22422 034 2x028 110 045 4x018 35435 17 6x025  45+45 250 8x029 220 227 conservative rating whilst main-
0x016  25+25 030 2x029 220 022 4x028 10 109 6x033  50+50 225 82030 240 208 taining size ad
0x017  30-30 025 2x030 240 020 4x029 220 0.54 6x028 1o 204 ant gisizejacyantages;
(encased in ABS plastic) - 4x030 240 050 gxgzg 220 l\)gg ok 7gfn5mVA 5K Lower operating temperature.
x03
90 x 30 K 160 VA Regulation 4%
SORVES T P 110 x 40mm 1.8Kg 300 VA egulation Why ILP?
70 x 30mm 0.45Kg Regulation 12%
i o Regulation 8% 110 x 50mm 2.6Kg 9x017 30+30 10.41 *  Ex-stock deli f it
Regulation 18% 3010 6.6 664 . e o) Regulation 6% 9x018 35435 592 o C elivery tor sma
x
1x010 6+6 250 3x011 9+9 444 5x012 12412 566 72013 G010 s gxggg :g«:g ;g; suan(ltles. . .
1x011 949 166 3x012 12412 333 5x013 15415 533 7x018  18+18 333 9i033 o o Gold service available. 21 days
13012 12412 125 $015  EoHIS . 5x014 18418 4 a4 7x015  22+22 682 91042 55455 568 manufacture for urgent deliveries
X013 15415 100 3:0ta) NsgNs 2122 5x015 22472 363 7x016  25:25 600 9x028 15 568 . ] :
1x014 18418 083 g:g:g gz'gg :gé 5x016  25+25 320 7x017  30+30 500 92029 220 284 5 year no quibble guarantee.
1x015 22422 068 $x017 30+30 266 7x018 35435 428 » ot A
1x016 25425 060 X017 30430 133 2018 35435 228 Lonal s 528 9x030 240 260 Realistic delivery for volume
1x017 30430 050 3x028 10 072 5x026  40+40 200 7x025  45+45 333 orders.
3x029 220 036 5x028 110 145 7x033 50450 300 * No price penalty for call off
3x030 240 033 5x029 220 072 7x028 110 272 orders Y
5x030 240 0.66 7x029 220 136 J
7x030 240 125
MAIL ORDER FRICES A
VA Size Price P&P VAT Total [VA Size Price P&P VAT Total  Mail Order — Please make your crossed .
15 0 547 060 091 6.98(160 5  8.76 175 158 12.09 Eheques or postal orders payable to ILP Post to: ILP Electronics Ltd., Dept, 3
30 1 6.84 100 103 7.87(225 6 118 210 199 15.27 lectronics Ltd. Graham Beil House, Roper Clo
50 2 6.50 137 118 9.05(300 7 13.04 210 2.27 17.41 Trade — We will open your credit [ g -
80 3 703 175 132 100|500 8 1874 247 318 2433  immediately upon receipt of sour frm Canterbury, Kent. CT2 7EP
120 4 773 175 143 1097|625 9 2340 263 391 29.94 o ger ptotyour first Tel: (0227) 54778 Telex: 965780
Single primary : 2 secondaries : no screen : standard leads
For 110V primary insert "0 in place of “X'* in type number.
For 220V primary (Europe) insert "1 in ptace of " X' in type number.
For 240V primary {UK) insert 2" in place of X" in type number, s
IMPORTANT: Regulation - All voltages quoted ars FULL LOAD.
Plaase add regulation figure to secondary voitage to obtain off load voitage.
ELECTRONICS LTD..
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VALVES 0 oA Friceswavvany

A1065  1.40 EF91 1.60 | PL36 110 | Z900T  2.45| 6BW6  6.20 | 6X5GT  0.65 -
A2293 8380 EF92 2.90 | PL8 085 | 1A3 140 | 6BW7 180 [6Y6G 090
A2900 13.75] EF95 095 | PL82 0.70 | 1L4 0.80 | 6C4 0.70 | 624 0.70
AR8 0.75| EF96 0.60 | PL83 0.60 | 1R5 0.80 | 6C6 1.20 | 906 290 = = S VS Ss
ARP 0.70| EF183  0.80 | PLB4 0.95 { 152 0.45 | 6CH6 820 [11E2 1950
ATP4  060| EF184  0.80 | PL504  1.00 [ 1S5 0.45 | 6CL6 2.75 | 12A6 1,00
BJ/ZH 3.90| EF812 0.75 ;Lsog g;g 1T4 3.45 BCW4A 8.50 1%%(73 0.70 H. h = f - -
cv31 140| EFL200  1.85 | PL5O 85 | 1U4 80 | 6CX8  3.80 {1 0.85
S e OB BRI MR RIS on igh quality range of electronic kits for
22 28.50| EL32 1.10 { I 2X2A 2.50 | 6D6 095 |1 .95 H == =
DFS6  0.70| EL34 180 |PYBO 070 [ 3A4 0.70 | 6F6 1.60 | 12AX7  0.65 rl r Ied ee
DH76 075 ass* | Pv8lie00 0.85 | 342 340 6reGe 110 |128A5  0.90 se ousa_rn_ateu s’ quallf engln rs
DL92 0.60| €137 5.20 2 065 | 3828  12.00 | 6F7 280,/12886  1.25
Dvitier bes|Eids 630 |Pves  oeo woo |ac  assl i o0 and training schools and colleges:
DY802  0.70| EL84 0.80 | PY500A 2.0 | 3D6 0.50 | 6F12 150 [12E1 _ 18.95
E92C 2.80| EL86 0.95 | QQV03/103.20 | 3629 19.00 | 6F14 135 12056 058
180CC  8.25| EL90 1.00 7.50°* | 354 0.70 | 6F14 130 [12K7GT 0.7
EAe . 33|30 oSt | oovesma |G gE G g3 mxacr om NEW INTERFACE SYSTEM FOR SINCLAIR ZX81
ABC80 0.80 | EL95 0.80 21.50 | 5R4G 2.20 | 6F23 0.75 | 12Q7 0.60 d
EB91 060| ECB04 270 | QQV03-25A | 5UAG  1.40| 6F24 175 [125C7 065 and SPECTRUM COMPUTERS:
mew oSSR IR N a2IER pEimy e k2615 Motherboard for ZXe1
90| EI519  6.90 0.9 8 17.80 |12 i
oreo oab|chn  oa | asowsse |35 3 com ree I 61 ot erboardforZXB ................................. £25.69
8 .6 EI822 9.995 B S 524 0.7 6GHBA 1.95 [ 1257 .
res 03| clieoisei2a0 | Srol | 1d | ot 1o o ve i’ 0% ggég I\DAgtgerboaLd ordSpectrum ........................... SES.G?
. Em80 0.85 .. 6/30L 0.90 | 6JUB 5.85 3
ES ol leme | rmoo ek | Gy 0.90, 641 y5e 108 830 e A/Dénput 0ard ..o — £19.0
2 .85 | EY51 0.95 N 7 115 [ 6JaWA 2.00 .
Egggw g.ag EYB1 0.65 gegé\g a.:g 6AGS 0.60 6.150T 230 ;%%3 2.?3 K2610 0 onvenqr.. " £28.26
2 .6l Ey86/87 0.60 .7 6AHE 115 | 6JS 0.90 H
fecs s 85 | SR  ©70 |SAK  oek(on aas (W s3s : 611 Cptocogplermputboard ...... £20.66
60 [Ez80  0.70 AKS 60 | 6J6W  2.80 i
elcss  og0)| coo 0% [USch o7 |GAS  ue| fifbc 438 |xo i K:gr D?21r0n|03|nterface ........... ptrons s i MO £30.83
0.80 | GM4 5.90 AL 0.85 | 6JS6 4.85
ECCas 0801 GOMd4 530 | LCTR2 15 |cams’ 430 e 485 \oresr en 8 converter............. i 12 Al Ve IR
ECCBOs 090|Gz3z 105 |UCHS! 075 |eAMe 1501 6KDe 450 2624G 075
ECFB0  085|Gz33  4.20 95 | 6ANSA 2550 | 6L6M  2.80 [35W4  0.80
ECF82 086 | Gz3a 275 | UF4l 135 | 6AQ4  4.40 | 6L6GC  3.70 |B5A21.40,2.56* LA
ECF801 1.05|Gz37 395 |UF80 095 |6AQ5  1.00| 6L6GT  1.80 (807 160/2.40* |, NEW KITS NOW AVAILABLE
ECt3d 225 |KTee  14.50 Urse 095 |oAQsw 180 6lis 070 (813 o K2594 7610 C p ble i £11.41
20 | KT8g  23.00 i 6 195 | (D20 0.70 ! !
ECH81 0.70 | ML4 2.80 | UM80 0.90 | 6ATE 0.90 | 6LQ6 4.85 {8298 24.00[' €10 ros,s rogrammanle UM el s séswrm "
ECHBd  0.80 | MLs 280 [UMB4 070 [ 6AU6  0.90(6Q7G 130 [832A  8.30 K2598  Car Amplifier .......ocooooieiiiiiiiiiiiii, £15.41
ECL8O 070 | N78 990 |UYSB2 070 |6AVE 035 | 6SA7 180 [866A 5.05 i
ECL82  0.75 | 0A2 070 | UYS5 0185 | 6AX4GT 130 | 6SG7  1.50 |866E 9.80 K2600 2Ampdimmer ...........ccooioiiiiiiiiiiiiirne £5.32
ECL85  0.80 | OB2 0.80 | VR105/30 1.25 | 6AXSGT 1.30 | 65J7 150 [931A  19.80
ECLB6  0.90 | PcLe2  0.95 | VR150/30 1.35 6BA60 65K7 1.40 |954 1.20 K2601 SrobOSCOPE....oiveeviiviiiiiiie e £10.79
EA ilbels 0% 1NChw  A%0 |esee 0| GSNGer Ssd fme 120 K2602 4 channel running light with music modulator .. £20.55
150 | PC(86  0.75 70 |68 6SN7GT 160 {956 .
EF80 0.65 | pCLB6 0.75 | Z759 19.00 0.65/120* 65Q7 0.95 5763 4.83 c anne, nqnglghivg music modulator... ~
EF83 3.10 | PCLB0S/85 0.95 | Z749 0.75 | 6BG6G  1.60{ 6SR7  4.60 |6060 1.95 K2606 LED audio powermeter ............cccocoeieieinnens £12.48
EF85 0.60 | PD500/510 4.30 | Z80OU  3.45 | 6BJ6 130 | 6V6G  1.50 (6080 5.30
EF86 0.75 | PFL200 140 | Z801U 375 | 6BQ7A  0.85 [ 6v6Gt  1.30 |6146 6.80
o el o400 B0 wsas | aw sas|oxe v owss gab SEND FOR FREE ILLUSTRATED POSTER OF

VALVES AND TRANS'STORS FIELD TELEPHONES TYPE *J°.

Telephone enquiries for valves, transistors, etc: Tropical, in metal cases.
retail 749 3934, trade and export 743 0899. 10-line MAGNETOQ SWITCH-BOARD. Can

COMPLETE RANGE ANDLIST OF STOCKISTS
from address below:

FIELD TELEPHONE, CABLE TYPE D10 work with every type of magneto telephones.
NEW PYE EQUIPMENT HARNESS A" & B~ CONTROL UNITS "A" "R
“J1* *J2." Microphones No 5, 6. 7 connectors, vELLEMAN UK LTD
& SPARES frames, carrier sets, etc. L]

POSTAGE: £1-£3 45p; £3-£5 55p; £5-£10 60p;£10-£15 80p; £15-£20 100p

COLOMOR (ELECTRONICS LTD.}170 Goldhawk Rd, London W12
Tel. 01-743 0899 or 01-749 3334.0pen Monday to Friday 9 a.m.-5.30 p.m.

P.O.Box 30, St.Leonardson Sea,
East Sussex TN35 7NH
Tel: 0424 753246
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LGP Programming Systems from Stock
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EP8000 and EP4000 EPROM
Emulator/Programmers

P8000 Production
EPROM Programmer

Accessories for the EP8000
and EP4000 range

Software personality programming of
NMOS, HMOS, CMOS EPROMs,
both single & triple rail up to 16k x 8
bytes (EP8000).

[J Expandable to program PROMs with

BP5 Signetics PROM adaptor.

[J Emulation of all EPROMs up to 8k x 8

bytes with the EP8000 and up to 4k x 8
bytes with the EP4000.

[J No personality cards or characterisers

required.

[J Use as stand alone programmer, slave

programmer, or EPROM development
system.

[J Checks for misplaced, reversed inser-

tion and shorts on data lines (EP8000).

0 Memory mapped video O/P, in addi-

tion to LED display allows full use of
powerful editing facilities, including
block/Byte move, insert, delete,
match, highlight, shift, define,
displacement calculation.
Comprehensive 1/0 — RS232 serial
port, parallel port.

Ex-stock EP8000 — 8k x 8 RAM £695

+ £12 del + VAT EP4000 — 4k x 8
RAM £545 + £12 del + VAT.

Programs NMOS, HMOS, CMOS
EPROMs up to 16k x 8 bytes, both
single & triple rail.

No personality cards or characterisers
required.

Up to 8 EPROMs programmed
simultaneously.

Simple menu driven operation.

Reverse and misplaced insertion
checks. Constant power supply
monitoring and system checks.

Checksum, illegal bit test, blank
check, compare and self check cycles.

RS232 serial interface as standard.
Single key programming operation.

Ex-stock P8000 — £695 + £12 del +
VAT.

NEW

[J BP5 Bipolar PROM Programming
Module.

0 Allows the EP8000 and EP4000 to pro-
gram, copy, verify a range of 21
Signetics bipolar PROMs up to 2k x 8
bytes sizes Ex-stock — £228 + VAT.

[J SA27128 Adaptor. Allows EP8000 to
program 27128 EPROM Ex-stock —
f69 + VAT.

[J UV141 EPROM Eraser. Erases up to 14

devices simultaneously — safety in-
terlocked — electronic timer. Ex-stock
— £78 + VAT.

O Prinz Video Monitor. Green phosphor,
high resolution video monitor suitable
for EPB00C and EP4000 Ex-stock —
£99 + VAT.

[J Contact us now for a complete pro-
duct data pack.

Tel: Plymouth (0752) 332961
Telex: 42513

GP Industrial Electronics Ltd
Unit E, Huxley Close, Newnham Ind. Estate, Plymouth PL7 4JN
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~ We're os enthusiastic
about computers os you are.

If you use computers at work or athome, Practical Computing magazine is _
essential reading. Every month it takes a long hard look at the most important issues
in computing. It's informative, very useful and immensely readable.

It reviews both hardware and software, discusses the latest
innovations and helps you get the most out of all the popular computers.

It's always entertaining, never dull. And it's at your newsagent now. it s 2 e
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MICROCOMPUTING

5G84

microcomputer

Software loaded from eprom into ram at
switch-on is a machine-code programming
tool and a link for higher level programs and
the disc-operating system.

Resident software, i.e. software
present when SC84 is switched
on, is described this month. It
consists of a ‘kernel’ providing
links between the computer’s
hardware and software loaded
from outside (e.g. from disc),
and the resident machine-code
operating system. This operating
system — MCOS — uses the
kernel and is capable of working
at an even more basic level, pro-
viding a range of facilities for pro-
gram testing, development and
operation. Although this soft-
ware is stored in eprom, it is cor-
rect to call it resident software
since it is used in ram.

Within the eprom there are 14
bytes of machine code which are
never accessed by the user but
which copy the resident software
into ram and pass control to
MCOS upon reset. The first act of
MCOS is to remap system mem-
ory so that the eprom, whose
entire 64Kbyte content has been
copied into ram, is permanently
locked out of the map. A potential
disadvantage of this is that the
computer’s fundamental sof-
tware is now in volatile memory
and so may be corrupted — but
this is also a great advantage. Not
only can you modify the operating
system to suit your own require-
ments, but you can also keep
completely different operating
kernels on disc, or on different
discs, giving a great degree of
flexibility. Different kernel faci-
lities can be provided for different
applications programs.

MCOS and the kernel take just
under 2Kbyte, around 50% of
which is MCOS, 35% is the kernel
and 8% an area of ‘scratch-pad’
ram for interrupt-vector tables,
system variables, stacks, etc. As
mentioned in the first article
(May issue) SC84 starts up at

machine-code level and pro-
gresses upward, which is the
reverse of most microcomputers.
This allows the user far more con-
tact and familiarity with the
machine code. Most system soft-
ware, including all software for
SC84, was written using assem-
bly language (discussed later),
but the argument for knowing
some fundamental machine code
is similar to and as strong as the
need for basic numeracy, despite
the range of calculators available.

While MCOS is powerful on its
own, SC84’s primary use will
probably be as a disc-based com-
puter. As the computer is adv-
anced to the next level by say
initiating SciDOS from MCQOS, or
by loading and entering Pascal
from SciDOS, additional software
1s loaded into memory, each extra
layer passing information
through previously loaded ones
as each task is broken down into
simpler and simpler forms. It is
important that all of these layers
of software can communicate
with each other in a way that is
relatively anonymous so that
should one part be rewritten, the
others remain usable. For exam-
ple,suppose that the block of soft-
ware inside the kemmel which

— sets the cursor flashing

— waits for a key depression

— reads the keyboard
character
into a memory buffer

— stops the cursor flashing

— reads and clears the
keyboard buffer

— returns the keyboard-buffer
content

starts at address OFC14. When
the next layer, MCOS or SciDOS,
wants this function it could exe-
cute it with the assembly-lan-
guage instruction CALL 0FC14.
However if the kernel is rewritten

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

so that the subroutine starts a
byte earlier, all references to
0FC14 must be changed to
0FC13. Such a commonly used
routine would be called from
many different points so making
these changes would be unsatis-
factory. There are several possi-
ble solutions to this problem.

O The kernel could start with a
series of jump instructions to
each of the kernel functions. Pro-
viding the start of the kernel
doesn't alter, system software
can call these entry points to pass
control to the desired function.

O A call to just one location could
be made with one of the Z80
registers containing a parameter
to indicate which function 1is
required. The kernel then ana-
lyses the contents of the register
and passes control to the
requested section of the kernel.

O A call could be made with the
program location immediately
following the call instruction con-
taining the parameter of the
required function. This would be
processed as the above register
call, its advantage being that it
wouldn’t use up a Z80 register.

The first option has been chosen
for SC84; details of entry
addresses and their functions are
shown in Table 1. This option
gives the fastest response as the
function pointers do not need
decoding and, for the small num-
ber of functions required of the
kernel, it uses least memory. Sci-
DOS uses this method for com-
munication between its constitu-
ent parts, and a modified form of
the second option for interfacing
with applications software. This
modified form operates by the
applications program making a
call to memory address 00005
with the function number in the
780 C register. SciDOS will have

by J. H.
Adams, M.Sc.
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Table 1. Kernel functions.

Address Function Description
: name

OF800 ‘HRESET Completely reinitializes system and
returns to MCOS.

0F803 SRESET 'Reenters MCOS withoutresettingRSTs to
default values.

OF806 VDUA Sends the character in A (the accumula-
tor)tothe v.d.u. Can process all ascii
characters (020 to 07E) as well as certain
control characters, escape sequences
and reverse-video asciicharacters.

Waits for a character to appear in the key-
board buffer, clears the buffer and returns
thekeycodein A. Processes the paging
key.

PARIN Reads an 8-bit byte from the parallel input
portto A.

PAROUT Sendsthe contents of Atothe parallel
output port.

PRINT Sends the character in A to the serial out-
put port.

VDUON Switchesthe v.d.u. into the memory map
at 08000 to 09FFF.

VDUOFF  Switchesthe v.d.u. outof memory map.

KEY2 Tests keyboard buffer, returning 000 if
empty or clearing the bufferand returning
the key code if not.

KEY3 Similarto KEY2, but processes the paging
character and does not clear buffer.

KEY4 Tests the keyboard buffer, returning 000 if
empty or OFF if not. Does not clear the
buffer.

RESDSK Resets (to track 00) and selects the
specified disc unit.

RDDSK Reads from the specified disc unit, track
and sectorto memory.

WRDSK - Writes to the specified disc unit, trackand
sector from memory.

STEPR Sets the steppingrate for disc seek and
restore operations by supplying code 018
to 01Binthe Aregister. These four codes
correspond to steppingrates of 3,6, 10
and 15msrespectively when the interface
isinthe 8in mode, double these timesin
5.25in mode. The slowest speedisthe
system default.

PSCROL Setsthe number of screen lines to take
partin v.d.u. scroiling. Scrolling aiways
occurs from the bottom of the screen, but
thisfunction canbe used to keepa
number of lines at the top of the screen
stationary for applications such as mixed
graph plotting and data output, applic-
ations progam menus and/or instruc-
tions. The numberof scrolling lines is sup-
pliedin register A.

Creates a 10mstimedelay.
Sets standard v.d.u. mode (32 lines of 96
characters).

written a jump to its function-
identifying entry point at this
memory location. The benefit of
having a disc-system entry point
which is independent of the com-
puter system and the size of the
operating software explains the
phenominal success of CP/M and
the large amount of software for
use on CP/M compatible compu-
ters.

MCOS operation

Machine-code operating system
MCOS provides facilities for list-
ing the contents of memory, load-
ing and altering memory con-

tents, finding specified bytes,
comparing areas of memory, and
other functions necessary for
working directly in machine
code. When the computer is
switched on or the reset button
pressed, MCOS clears the top
v.d.u. line and prompts you for
input on this line with the READY
message and cursor. MCOS com-
mands are given in English,
which may seem odd to readers
who have used other computers
for machine-level operations.
Each command consists of a word
followed by a space and up to four
parameters, depending on the
function. Command syntax was

‘detailed last month using

Backus-Naur  notation, 1i.e.
expressions in between less and
greater-than signs <<>> indicate
what should be typed at that
point, and expressions in square
brackets are optional. As you
type in the parameters, MCOS
will space them out on the top
line. Note that the only space that
you type is the one after the com-
mand word. All functions execute
immediately and all but ALT and
LOAD return the system to
READY mode after execution.

At any time, unless MCOS is
corrupted, a ‘soft reset’ may be
brought about by pressing the
control and at-symbol keys
(CTRL @) to return to MCOS
command state. If MCOS has
been corrupted, the hardware
reset button must be used. From
the command-state only, to avoid
accidental use, two other com-
mands are also available. These
are CTRL S to initiate a single-
density SciDOS disc and CTRL D
for initiating double-density
discs.

CP/M'’s i/o specification is pri-
mitive — it was designed so that
features of a mechanical teleprin-
ter would meet it — and as a
result, many applications pack-
ages can be modified to make bet-
ter use of the computer’s display.
This makes the software package
incompatible with CP/M but can
greatly enhance the operation of
the program. This is one reason
why it is difficult to write a disc-
operating system which complies
with all so-called CP/M-compati-
ble software; the expression is
much abused. In practice, Sci-
DOS and MCOS offer v.d.u. faci-
lities way beyond the require-
ment of CP/M compatibility.

Some software packages such
as Wordstar provide a disassem-
bled listing of parts of the pro-
gram so that you can extensively
modify their i/o routines to, for
instance, directly use particular
types of memory-mapped v.d.u.
This type of modification is parti-
cularly applicable to SC84 and
results in a superb implementa-
tion of Wordstar. Other pro-
grams,  particularly  spread-
sheet, ‘calc’ and planning pro-
grams, can be modified for full-
screen editing by running a utility
program supplied with the pack-
age. This program, often called
Install, offers you options for
standard terminals (which your
computer is or matches) or the
option of supplying terminal-con-
trol sequences otherwise known
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0060
0020
0400
[T
QUG

CGUED
GOFO
DOF 1
00F L
GOF3
)
OUFS
OOF &
OOF7
[QF:]
OOFY
OOF &
OOF B
GOFC
QUFD
WOFE
QUFF
D0
a001
0002
0003
o004
[T
[UCe-Y
wIo7

FA71
FA73
FA7S
FA77
FA79
FA7B
FA7D
FA7F
FAS1
FAB3
FABS
FAB7
Fage
FABP
FASD
FABF
FAT1
FA93
FAYS
FR97

FECE
FECF
FED1
FED3
FEDS
FED7
FED?
FEDB
FEDC
FEDE

FEE?
FEE?
FEEE
FEED
FEEE
FEEF

FEF
FEF4
FEF8
FEFC

FFOp
£f.02
FFo8
FFOC
#7110
FF14
FF18
FFIC

FF20

FF40
FFaz
FFa3
FFas
FF46
FFA7
FF 48
FHak
FrAA

F8 06
FO 02
F1 a2
F8 o2
Fo Q2
F8 o1
FO @2
F8 o7
FO 11
FC 98
FD Ot
FE 01
F8 o3
Fo €O
F7 co
Fé& 01
F8 05
Fo Co
F8 oC
FO o1

FS

DR F1
ce 57
20 F&
DB FE
Ce 7F
28 FA
F1

D3 FF
ce

F400
20 2u
9400
00

o0

7F &0 468 33
21 07 2¢ 20
50 08 U8 08
14 00 00 00

FEAD (0QQ
000Q 0000
GO0 OO0
LoD 0000
G000 0o0a
0000 0000
Q000 0000
FES6 0000

(e )

(L d]
€000

00
0o

10 20 31 21

Fa35 0000

*INE
FFRAaME
VoLt
CRIH
CRTL

CONTRL
1DKR
GFIF
TFRE
1FRA
15RB
ISRA
IMRB
IMRA
PR
TARCR
TBDR
TADR
UER
RSKH
TSR
UDK
SCR
TODR
TCbR
RER
1ERE
IERA
DDR
TCDCR

i
STITAB:

PRINT:
PHRINTI:

PRINTD:

3
INITI:

CRIC:

S1IVEC:

WINDOW:
SCMAY:
SCNOw:
CURSIR:
KEYHUF ¢
LFUS:
STEP:
CUKDRV:
DRVTAE:

KHF ¢

LEOOQ:

EQu
EQu
EQU
EQU
EQU

EQU
EQU
ECU
EQU
EQU
EQy
EQU
EDU
EQU
[30.)
EQU
EQU
EQu
EQU
EQU
EQU
EQu
EOQU
EQU
EQu
EQuU
EQU
E0U
EQU
EQU

DEFE
DEFE
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFE
DEFB
DEFB
DEFE
DEFR
DEFB
DEFB
DEFB
DEFH®
DEFE
DEFE

PUSH
N
arT
JR
IN
EIT
JR
FOF
ouT
RET

. DEFHASE
OKG
. PHASF

DEFW
QEFH
DEFW
DEFH
DEFB
DEFE

DEF &

DEFH

DEFW

DEFW

us

DEFw
DEFE
DEFE
DEFW
DEFB
DEFH
DEFE
DEFE
DEFR

DEFW

List 1. Extracts from MCOS.

6 ;VDU chars per line

32 3VDU 1i1nes per frame
OALDH [ INE 8 FRAME ;set VDU start

HIGH vDU! AND O3FH ;jhigh byte ot VDU start
LOW VDLH ilow " | " "
CEOH ;eet basic port address for 1/0

CONTKL + O10H iM¥3801 direct ports
CONTRi + OL1H

CONTRL + 012K

CONTRL + O13H

CONTRL + 014H

CONTRL + O15H

CONTRL + O16H

CONTRL + O17H

CONTRL + (18H

CONTRL + 0194

CONTRL + O1AH

CONTRL + Q18H

CONTRL + OICH

EONTRL + C©IDH

CONTRL + OlEH

CONTRL + O1FH

Q ;M 3801 indirect ports
1

2

3

4

5

&

7

PVR, DDR iset LFIP bit 1 as O/P
IDR, D0O2H

GF TP, GOZH sand set it high (RX disabled)
PR, TEDR ;set baud rate (RX)

DR, 002H

FVR, TDDR ;js8t baud rate (TX)
1IDR,Q0O2H

PVR, TCDCR ;select prescale of 4 on both
IDR,O11H

UCR, 098H ;set 8 bit, 2 stop

RSR, OO 1H ienable RX

TSR, 001H jenable TX

PVR, AER

1DR, OCOH irising edge tor FDC 1nts
IMRA, OCOH iunmask FDC ints

IMKE, Q01H sunmask keyboard int

FVR, [ERA jenable FOC ints

DR, 0COH

PVR, TERR+Q08H ;jenabie keyboard int

IDR, 0O1H jand set S bt

AF ;jsave register and flags
A, (GFIP) iwalt for handshake ready
2,A

NI FRINTY

AL (TSR) iwait for UART ready

7,4

7. FRINTY

AF irestore register and flags
(UDR) A ;output hyte

WGIFIH

OFEETH

vbhul ;default VDU start

FRAME , FRAME sdefault scrolling window
VDUt sdefault cursor position
HOOH 5 dummy

HOOH ;oeftault line position
U1HH jdefault step rate (slowest)

O7FH,LINE, 0&BH. OI8H, 021H, VO7H, FRAME , FRAME

Q5OH, OBH, DUBH, GOBH, CRTH, CRTL, 000H, 000H

AF 678, O000H, DOOOH , BOUOH , GONOH , QUCOH, HONH , GOOOH

FIO0GH, O IOH, GOBUH , OO00H, ON00H, U3GOH, INTRO, G000H
20H ireserved for Expansion

GOLONH :VDU start address

UDOH jscroll limt

OOOH ;lines scrolied/scroll +#lag
GOONOH jcursor position

OOOH

O00H jline position (10-SFH)

0O0H ;disc stepper rate

QOUH jimage of CONTRL port
D10H, O20H, TL1H, 021H

010M sveyboard buffer

AFO2AR, ONOOOH, DO0OOH, (OGUOH

FF&2 A0ON HONG

FF&ab [Co VIR URCE] DEFW

FF&A QOO0 FALS
i
i

FF&E o0 ne 01 SDEN: DEFE

FF71 0080 DEFW BOUBNIH

FF73 000G 01 DDEN: DEFR

FF76 Fagu DEFW OF 800H
i

FF78 0000 DF7&F: DEFW QOOOUH
i

FF7a8 49 58 20 49 TF3EC: DEFB

FF7E 59 20 48 4C
FF82 20 44 4S5 20

UOOH, 00UH, GU T H

O, GEOH , 00 1 H

DOOOUH, OO000H, DOODOH, AF 274

isingle density bootstrap data

sdouble density bootstrap data

“1x [Y HL DE BHC AF Ht "DE BC'AF'SF AT S § §
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as escape sequences. These
sequences make it easier for non-
technical users to modify pro-
grams. They always begin with
the standard control character
ESC (CTRL [) and continue with
non-control characters which the
v.d.u. software interprets.
Dbase II is a good example of a
data-management program
which is greatly enhanced by use
of the escape sequences provided
on SC84.

A complete source list of
MCOS can be supplied on the Sci-
DOS system disc if requested.
The source code takes 32 pages
so it is not practical to publishit in
E&WW, but extracts are shown
in List 1 to illustrate how to adapt
the system for other printers,
how to modify display parame-
ters and what is stored in the
work area. For readers not famil-
iar with source listing and assem-
blers, the following notes will be
of use.

Assemblers

Conversion of a file of assembly-
language statements into code
which the microprocessor can
directly execute — or at least into
a form which is relatively easy to
modify for direct execution — is
done by a program called an
assembler. It is better to write all
but the simplest programs in
assembly language.

The assembler will allow you
to use alpha-numeric labels and
symbols to represent addresses
and values used in the program
rather than having to put in the
actual values; the assembler
works out these values during
assembly. As label values are not
implicit in the unassembled
assembly-language file, inserting
extra statements, and thus alter-
ing program locations of all the
following code, does not entail a
major sequence of alteration.
Using symbols to represent
values and declaring the values of
those symbols at the start of the
program makes it easier to alter
the symbol value. As an extra aid,
the assembler checks the list of
statements for syntax errors,
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MICROCOMPUTING

e.g. values or jump addresses out
of range, and reports them.
Details of assembly-language
statements are available in the
various Z80 manuals.
Assemblers produce object-
code files which are files of exe-
cutable or near-executable code.

They also produce listing files,
which are copies of the source file
appended with values of the pro-
gram counter (the address at
which the code will be) and the
actual code produced by the
assembler. List 11s extracts from
a listing file. In this listing along

Keyboard, v.d.u. and disc facilities

Pagingis operated by the key-code CTRL ]. Thedefault conditionis
paging on, i.e. VDUA will halt after receiving the number of line-
feed characters equal to the scrolling window size since the last
key-press occurred. During a paging pause, a full size flashing
cursor is displayed at the bottom left of the v.d.u. Any key pressed
will release the function and another screen of information will be
shown. The key code used to release the paging pause is
discarded.

KEY1 and KEY2 clear the keyboard buffer, KEY3 and KEY4 do
not. KEY1 and KEY3 process CTRL ] as a paging function toggle
and do not return the code. If an application program requires
CTRL ], KEY2 and KEY4 must be used.

VDUA passes ascii characters (020 to 07E) and reverse video
ascii characters (0A0 to OFF — i.e. the normal ascii character with
the eighth bit set) directlytothe v.d.u. alsorecognizes the following
control characters.

CTRLG (BEL) causesa‘beep’

CTRLH (BS) backspaces the cursor one place without
deleting.

CTRLJ (LF) movesthecursordown one line, scrollingthe
screenif necessary.

CTRLL (FF) asforLF.

CTRLM (CR) returnsthecursorto the leftmost position of

the current output line, clearing any charac-
ters tothe right of the original cursor position,
providing it was not already at the left margin.
DEL (hex.07F) backspaces the cursor one position, deleting
the character ontowhich the cursor moves.

VDUA alsorecognisesthefollowing ESCAPE sequences
(ESCAPE being the hex. character 01B, decimal 27 or CTRL [).

ESCF selectsreverse video display of subsequent
asciicodes.

ESCG selects normal video display of subsequent
ascii codes.

ESCH moves the cursor to the top left corner of the
v.d.u.

ESCJ erases fromcursor position to end of screen

ESCK erases from cursor positiontoend of line

ESCYlc sets the cursor position to line |, column c. |

and c¢ are single hex. characters equating to
the desired value plus 01F, i.e. the top left
corner of the v.d.u. is 020, 020 and the
bottom left corner (in mode 0) is 03F, 07F.

Datais passed to the disc function (RESDSK, RDDSK and WRDSK)
by setting the IX register to point to a five byte area of memory, the
significance of which is that

—the first byte is the drive code, 00 for drive A, 01 for B etc.
—the second byte is the track number required

—the third byte is the sector number required

—the third byte is the lower half of the memory address
—the fourth byte is the upper half of the memory address

The memory address referred to is the start of an area in memory
to/from which the data transfer is to take place.

These functions return an error code (00 for no error) in the A
register which is based upon the completion code returned by the
floppy disc controller. These codes are summarized below but for
fuller details of these codes, see the manufacturer’s data sheet.

Bit6 setifdiscis write-protected

Bit4 set if sector, track or side not found
Bit3 setif aread orwrite error occurs
Bit1 set if a verify of a write fails

with the lines of assembly lan-
guage are lines of ‘pseudo ops’,
i.e. statements which give
instructions to the assembler.
The EQU statement assigns a
value to a symbol. A byte may be
defined directly using DEFB and
DEFW allows definition of a 16-
bit word. A space of the left in the
program may be defined using

Not so often found is the
DEPHASE/ORG/PHASE sequ-
ence which allows code to be
assembled at one address and run
at another. This sequence means
drop back to the actual code poin-
ter (this will be pointing into the
MCOS eprom), set it to 007F9
and then continue with assembly,
dumping code into locations
starting at this address but
assembling it as though it was at
locations starting at OFEE7.

In List 1, the first section is
part of the symbol definition area
showing how definitions for the
v.d.u. and i/o facilities are built
up from simple values. For
instance, if a line width of 88
characters is chosen, the base of
the v.d.u. area would automati-
cally be reset from 09400 to
09500 and the start address
loaded into the c.r.t. controller
(HD6845SP) to 01500. Similarly,
mapping of all the i/o-board ports
is defined by the symbol
CONTRL. Symbols used for the
i/o ports allocated to the MK3801
are those given in the manufac-

turer’s data sheet.

Onreset the MK3801 is loaded
with a series of parameters which
define most of the system i/o
charactenstics. All of these par-
ameters are stored in a table
labelled STITAB which starts at
address FA71 in ram. Data in this
table consists of pairs of bytes,
the first of which is the address of
the STI port and the second data
to be written to it. Note that to
write to the indirect port requires
four bytes in the table. The first
two write the indirect port add-
ress into the pointer/vector regis-
ter (PVR) and the next two write
the value to the required register
by writing to the indirect register
(IDR) — a dummy name for the
selected indirect register.

To alter the printer rate from
9600 baud to your requirement,
alter the data byte at location
OFA7E. To calculate the value
you want, divide the required into
19200. To alter the serial format
from eight bit data with two stop
bits, change the UCR (uart con-
trol register) data byte at location
0FA83. The significance of bits in
the UCR is shown in Fig. 1.
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The ARCHER — a new Z80 based single board computer for
professional and OEM users. After a power failure, it carries on
where it left off. A watchdog timer circuit guards against sof-
tware crashes. use the ARCHER for all your control and inter-
face applications, and realize systems easily and economi-
cally.

FEATURES

* 4Mhz. Z80A

% 2 serial ports

% Counter-timer chip

* CMOS battery back-up

% Bus expansion connector

% On-board mains power supply

% 4 Paraliel ports with handshaking

% 4 Bytewide memory sockets — upto 64k
* Power-fail and watchdog timer circuits
% High quality double sided plated through PCB

Sherwood House, The Avenue,

Farnham Common,

The Archer-&ingle Board Computer

Telephone or circle product information number below for
full details and prices. Also available: Archer, cases, SDS
Debug Monitor and Basic.

Sherwood Data Systems Lid

Slough SL2 3JX. Tel. 02814-5067

CIRCLE 30 FOR FURTHER DETAILS.

MANUFACTURERS, DI-STRIBUTORS AND
BULKBUYERS

RAINBOW RIBBON CABLE 10/0.1mm

cores, colour coded, individually PVC insulated,
manufactured in Holland ‘Pope’ brand.

10 WAY £21.50 per 50 mtrs, £40 per 100 mtrs £185
per 500 mtrs, £350 per 1000 mtrs, £1650 per 5000
mtrs, £3135 per 10,000 mtrs.

20 WAY £39 per 50 mtrs, £75 per 100 mtrs, £347 per
500 mtrs, £642 per 1000 mtrs, £2970 per 5000 mtrs.
30 WAY £60 per 50 mtrs, £112 per 100 mtrs, £520 per
500 mtrs, £960 per 1000 mtrs, £4440 per 5000 mtrs.
INTER—BOARD JUMPER CABLE Indivicually
colour coded 1/0.45mm tinned copper cores 2.5mm
between cores with clear transparent PVC web.
Overall width 14mm

6 WAY £19.50 per 50 mtrs, £35 per 100mtrs, £171
per 500 mtrs, £316 per 1000 mtrs, £1460 per 5000
mtrs, £2700 per 10,000 mtrs, £6250 per 25,000 mitrs.

Pictures that wobble, won't lock or suffer from noise
bars? — machines that won't 1atch, lace or light

up? —our pages are full of guidance on VCR servicing
problems. TV too— chopper, colour and linearity
problems of every sort. Plus news and information on
technical developments. October's bumper issue
(extra pages) includes:

A LOOK AT MONITORS

Monitors and their specifications vary enormously,
which can cause a lot of confusion. An examination of
monitor capabilities for various applications.
PANORAMIC SPECTRUM DISPLAY

A simple method of interfacing a tuner and scope to
provide a panoramic display of the TV bands. Useful
when looking for signals, aligning tuners, etc.

ALUMINIUM FOIL CAPACITORS Manufactured by
Iskra 2.25mfd 385V. a.c. wkg axial type. Body length
40mm X 23mm £25 per 100 pcs, £115 per 500 pcs,
£212 per 1000 pcs £980 per 5000 pcs, £1800 per
10,000 pcs, £4165 per 25,000 pcs, sample 10 sent for

FREE VIDEO INFO CARD

First of two cards providing, in tabular form for easy
reference, data on audio/video VCR/TV links covering
the majority of VCRs that have been sold in the UK.

£3.00 + £1 p&p (£4.60 inc VAT).

Terms C.W.O. Please 5% to all orders for carriage
plus 15% VAT export enquiries welcome. We find it
impossible to advertise all we stock. Please tele-
phone, write or telex for further enquiries. Personal
callers always welcome.

SPRINGFIELD HOUSE

TYSSEN STREET, LONDON, E 8
TELEPHONE: 01-249 5217
TELEX: 3853906 EEC0.G

ELEEIRIIHIE El]IlIPMHlI Cn.

CIRCLE 63 FOR FURTHER DETAILS.

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

TISIoN

SEB\"BM'\HDE&BONSTBIICTWN-DE\I

25




Its 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.

It 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.

. d Aan7 009 BCY70 0.6 g\ll“ 140 TBA530 0.75 %Ng;;; gvlﬁ #::’;fssYzons ;8?8805 ::ﬁ LED
AAT1Y 0.09 BCY71 016 4)126 ¢.70 TBAS40 Q.75 N.. .90 . LED 3mm
Build Your Own PC aY32 ooe | 8CY72 038 | BU204 075 | Teasec 070 | 283773 100 | 25A73 030 | PCR200 135 | ReD  0o0s
A IR R Rl R ] e
; ACT1: 017 L] U 1 080 0.22
IBM/XT COmpa\:g?!l? mmhgéi"grd (b‘?f”;{k&ﬁ- e :ggggg Aizt o1 | Boze o | sudosa oda | TBAs0’ 078 | N @ oz | 2403 0% PCROE 115 YELLOW 010
with 1 y[es Of . PP p— . R AC128 015 1. 0.35 1.20 TBA920 0.80 . 0.76 25A473 037 .| LED 3mm
1 Y PCLBI 0
5-1/4DSDD A0 kcrves oy L sess ol i | i G| w an | G G| R ) OB | S 08 ) SR e
XT compatible units from b e+ o e i L. £1499.00 :g:;g: i TR | B ;g:ggg 080 | oN520¢ 030 | sy 17 peaz a8 LEnsmm o
- . X . . L .50 .|
Fullrange of PC compatible boards available. ACi76 018 | 807 o2 | Busoo e | ToAn7O 50 | aveios oav | SSheeo 523 | pciss uss
ACI?EK 020 | 80138 020 | BUS26 080 | TOAM12 0.60 | 2N6107 040 | 2tige ggg | PCLB6 o5y [ LEDSMM
Create yourown PCB ARTWORK gt SH| B am| i o | nbiniE | NG G ) G LG ) s 4 | o
AC180 017 | BO1ad 090 | 8Y113 o008 | TDA2020 1ap | IN128 O ' | PL36  osg | LEDSmm
A . ACO8K 023 | BOIS) 030 | Bytes 022 | Toazosp vap | W14 088 | ISCIUZY LS| Lo G5 | GREEN 010
smARTWORK lets you create and revise PCB artwork on your iBM. Requires 192K ACY1S 048 | BD1S7 038 | BYI76 0.5 | T0A2522 080 ?ngg m PL30s 190
RAM, colour/graphics adapter, Epson printer and Microsoft Mouse (optionat). RoYil 0 gg:gg o gmg Red }g:gggg gg‘; T 3";" 383 1307 100 | PY8I 070
X . i i Py 048
ONLY £995.00 ADI49 04 | 8DVZS o30 | Bvisa o3 | 7oadsa gro [ IN9002 0.0a | 2301020 02 ko o
061 022 [ BO177 030 | Bvie7  a3e | roazseo aro f [N 4003 004 L BAINGE
6801 Micro Control Systems Aplez 022 | BOv9 03z | Bvios 020 | oazses o | (NG Ok | ascaors tan i
. ! A Y 2 . 2521224 i
Analogue and power controi 1/0in a single board computer. 6801 Micro Control Sys- a5 w25 | 8701 033 | vaor ot | Toapsen oqe fIN4006 004 ) SROCH) 14 | Ztwens L 0
. stri . " AF126 025 | BO202 038 | BY223 @72 { TIP29 015 : 250234 037 18200v 019
tem designed for distributed control or standalone use: 6801 or 68701 MPU with 2K AF127 025 | BDI03 42 | 8vx10 015 | Tiezoa o022 | IN44E Go2 222‘335 oy | B2ves Range | sara00v 021
ROM, 128 RAM, timer, 8 12-bitanalogue/Ps, 8-bit analogue O/P, 8 AC or DC inputs or AF39 922 | 80206 842 weasc 025 | (NEO0 G | Mewre vso | Dwyiect | Iwescy 12
A 2239 022 | Bp222 o031 | CA276 040 | TIP3O 036 Ta72 13W Zeners 147800V 0.28
outputs. Typical Systems from £250.00 " IN5302 030 | TA7205 180 | g7x6t Range | 2A/100v 0.3
AL12 070 { BD225 031 | CA30B6 025 | TIP31A 024 UPCST5 9
ALT3 080 | BD232 031 | CA3089 150 | Tip32 024 'NVS‘OG" on 100 | rwaevei20 | oar200v 036
Mpe wm | e o | GARO REC| Tee ezt | Wi on SN0y 154
- 2 ) | - I 1.1 .24 TIP33 050 .
‘FREE delivery within UK ° All prices fully inclusive® oo o | 053 OB o | TR 08 e o - MEMORIES | noooy oo
P A 3 PalA 022 ¥ X .
Dealer enquiries welcome. 102 180 | Bos3s 038 | Mi2soo voo | mipaic o025 [ NS08 043 b gpin T gos | 200 200 | dwdnov 088
CONGUIN SOFTWARE A0 B SRS Gan | wiess o3 | Tieeat 43 e em | T i | ey 0%
N X X 1P4 2 pn 0. 3 X
14 GOODWOOD CLOSE, MORDEN, SURREY, SM4 5AW B oin | BDeks o | MO0 T | eo o | OUGE | leon 01z e 1 | Swanoy om0
No callers please Phone 0524 381423 BASS 006 | BOXG5 080 | MJUE29A 030 | Tipag gag | 780! Sopn o | A0S 160
. .| £ pin 0.16 4
BAl7 012 | BPBO 036 | MUEIOR 030 | Teno oar | 7812 035 [ 24pia ov | G880
B8101 013 | BF1B1 038 [ MJEIAD 025 | vipriz o4 | 7815 035 | oo 020 | Magg oo CTROLYD
BB103 016 | BF183 .20 | MJE3SO 080 | Tipi1s  gas | 7818 035 | 20pn 025 | (m3gy 100 ELECTROLYTIC
CIRCLE 70 FOR FURTHER DETAILS s e Bt A R oo wios on® | G o
b 24 05 0.20 TP 04 | 7005 pas
BC107 07 | BF19a 005 TPf21  D.46 tM723  0.32
A Ik AR T
X 90 004 | TIP125 047 | 79 qag -
BC1S 010 | BF19 006 | DA1 004 | TIP1Z6 056 | - 0Y802 045 3
’ » 8018 01 | 8200 06 | 0a200 097 | rieiar ose | occ D40 | pocr pag [ LM3s00 0.8
i » BC140 039 | BF2S7 018 | 0A202 007 | TIP2985 0.3 | 7BL05 028 | ECCBI 043 55 015 | TRIPLERS
LL ' Quick, neat andeasy! AL B R e g R
018 0.1 0.80 | TiP3055 0.34 . - L d
ICK, neat anda easy. 8C143 o1 | 86336 020 | 0C3% 100 | ticar Gxs | 748 ozs | ecrer  oa9 | 350 030
BCA7 005 | BF337 020 | 0C45 050 | TS90 a5 | 7424 035 ng&; gggl 9'3(55‘ 3
It's so easy and tidy with the Easibind binder to file your copies away. Each binder is designed R | A e 38;‘, e (A LMI0 190 | ecia  os | evxss
to hold six issues and is attractively bound and blocked with the WIRELESS WORLD logo. acish 005 | BFe2z 021 [ oo 1s0 | INZHE 820 | (Nairr g | ECLB 0T | BR0. 030
Price U.K. £4.30 including postage, packing and V.A.T. e Sae | Brse 0ie | GeErh 100 | awasos a1 | M3 470 e &Y om
Overseas orders add 35p per binder. Po9 020 | Onos 1oo | NZ0T o | LWZ 03 f grp” o | sveror
Nat. Giro No. 5157552 gos | prxed oz0 | oneer 100 | SNES OO | wwesec x| 182 R34S °%
' 3 .06 S .20 . )’ .
Please allow 3/4 weeks for fulfilment of order. B bl e 839 | mzooss s e jponic 190 lertea  ous |00 o am
Payment by ACCESS/BARCLAYCARD/VISA. Send coupon below detailing credit card no. and BCIBL 006 ) BEXBE 0 [ R20i0B 080 | oy gss oy | TOHGKE 670 e S o
signature. ) . 8C212L 006 | BFvst 0 | sasseo 110 | 2NN % BEe on | By
Why not place your order now? Send the completed coupon below with remittance payable to: Bzis) fhoe e o 5810 10 | N 3asz ans AL 0
ibi BC214  0.06 BYFS7 0:25 SN76Q13N  1.40
Easmmd, 42 “OXtOll Square, LOIIdOII N1 GNs BC214L 0.06 | BFY64 025 | SKI6023N 1.40 Please add 50p P&P and VAT at 15%. Govt. Colleges, etc.
g
<i N N N BN N | sy | A i | o orders accepted
- AT | EHUIGE || ST Quotations ?iven for Large Quantities
BC30t 018 | BSX21 018 | Sn76226 0.90 Please allow 7 days for delivery
Ol’del’ Form WI RELESS WORLD ‘ :gggg ::: gg;;g ::: SN76227 0.80 All brand-new Components. All valves are new and boxed
: 8 Ring for items not listed. We stock 3,000 items
lenclose P.O. ; BC327  0.06 | BZX6 018 | Toso0n 052 p
. AO Q:heque value ..o FOr s binders gggg; :.,g S}:SS sgg 1AGU560 0.42
@AFS TEQUINRH .....\ooooioeoe oottt ettt .0 - TG521-200 172 GRAN DA I A L I D
. BT116 0.80 TAG4443 0.76
BLOCK LETTERS PLEASE har 1% .
BCSS? 006 | BT 100 | TaGdsed O
I Name.... . BCY32 150 | BTI20 100 | TAASS0 o 9 & 12 THE BROADWAY, PRESTON ROAD
Btriy s | guiod fon | s ot WEMBLEY, MIDDLESEX, ENGLAND
Address .. 620 | BUIGE 100 | TBA3%% 0.60 Telephone: 01-904 2093 & 904 1115/6
................ 0 |00 e T L1 Telex: 932885 Sunmit

CIRCLE 74 FOR FURTHER DETAILS.

; BCY42
o — . o @ BEYSE
‘ Date .. a s Registration No. 735718 '

4 =l s - Bm B am

26 ELECTRONICS & WIRELESS WORLD OCTOBER 1984



The printer routine waits for
the RS232 line to indicate that the
printer is ready for a character,
waits for the STl u.a.r.t. to indic-
ate that it 1s ready to be loaded
and then writes the character into
the UDR (u.a.r.t. data register).
The routine is intentionally the
last in MCOS so that any spare
space in MCOS immediately fol-
lows it and is thus available for an
expanded routine to suit your
printer. A user printer routine
must begin at address OFECE
and not extend beyond OFEES,
giving 25 bytes in all. The routine
must wait for a ‘printer ready’
indication and then send the con-
tents of register A to the printer.
For readers using a parallel
printer, the parallel ports and the
now unused RS232 handshake
lines may be used for communi-
cation with the printer. Note that
your routine must not alter any of
the Z80 registers.

Once a working routine has
been established by experimen-
tation it should be stored in
eprom permanently or, if pro-
gramming facilities are not avail-
able, in a file called
PRINTER.COM. To create
PRINTER.COM, load at address
0100 (using the MCOS LOAD
command) the hexadecimal
series 21 0C01 11 CE FE 01 xx 00
ED B0 C9, followed by your rou-
tine, setting xx to the number of
bytes in your routine. Boot a disc
and save this program using SAVE
1 PRINTER.COM. This is one
case where it is quicker to write
directly in hexadecimal, the pro-
gram consisting of just five
instructions and some data.

LD HL,0010CH

LD DE,0FECEH
LD BC,000XXH
LDIR

RET

data...

;source address

;destination address
;set transfer count
;transfer BCtypes
;return to SciDOS

Data loaded into the c.r.t. con-
troller after every soft or hard
reset is stored at the 16 locations
beginning at OFFFOQ. The values
are, in order, horizontal total*,
horizontal displayed, horizontal-
sync. position™, sync. widths,
vertical total®, vertical adjust,
vertical displayed, vertical sync.
position®, control, vertical dots-
per-character, cursor top, cursor
bottom, start-address high and
low byte and cursor-address high
and low byte. The unit for hori-
zontal values is characters; for
vertical values it is character
rows. Values marked with an
asterisk represent the required
value —1sothehorizontal total is

bit 7 bit 0
1=+ l parity |1z even | dm.a
[0;7‘1 Why Wiy | STy | STp 1= enabled | 0= odd control

T

‘Enables output signals
Receiver Ready {bit 0}
and Transmitter Ready (bit 1)
on the generat ifo port

;Smrt/ stop bit control {format controt).
s Sk Start Stop  Formats
bits  bits
0 0 0 0 Sync.
0 1 1 1 Async.
™ 0 1 % Async.
1 1 1 2 Asyne.
#* +16 only

Word length control

Wiy W word
i Lo tength
0 0 8 bits
0 1 7 bits
1 0 6 bits
% 1 S bits

actually 128 (denary).

For the effect of altering some
of the values you should make ref-
erence to the manufacturer’s data
sheet. Altering horizontal-sync.
position acts as a horizontal shift
control. Altering the upper four
bits of sync. widths alters the
length of the vertical sync. pulse.
This will act as a vertical shift as
well as correcting for any tend-
ency for the top of the picture to
slant or cramp.

Following the c.r.t. controller
data table is a page used for inter-
rupts, system parameters and
system stack. Organisation of the
page 1s shown in Table 2.

General points

The BEL output is pin 19 of IC,.
When Control G is sent to the

v.d.u. a 100ms burst at approxi-
mately 1.2kHz is generated at
that pin. Many programs gener-
ate BEL to signal that something
requires your attention — usually
an error. In SC84, BEL is used to
indicate that the keyboard buffer
is full and characters being typed
are being ignored. In the various
versions of EDIT, BEL indicates
unrecognized commands. BEL 1s
also generated, of course, by typ-
ing Control G in MCOS or Sci-
DOS. A suitable sounder would
be one of the piezo or crystal
types generally available. If a low
impedance sounder is used
instead, the sounder must be
coupled to IC,, through a 10pF
capacitor.

Correct settings for S, , are
off-off-on-on.

OFF00-OFF1F

p66, July issue).
OFF20-0FF3F
OFF40-0FF4D

faulty.
OFF4E-OFF5D

processing.
OFF5E-OFF6D
reset.
OFF6E-OFF77
discs.
OFF78-0FF79

OFF7A-OFFAS
OFFAA-OFFFF

Table 2. Interrupt, system parameter and
stack organization.

Interrupt address vector generated by STi (see

Reserved for future interrupt vectors.

Holds system parameters. In particular the last
four hold defaultdrive allocations for drive codes
A:to D: respectively. Swapping the contents of
locations OFF4A and OFF4B swaps assignments
of drives A and B. This might be done if drive A was

Keyboard buffer. SCIDOS has a 16-key type-ahead
facility. Characters are stored here while awaiting

Eight addresses written into the RST jumps on
Two IX data blocks used during booting of system

Storeof the last LISTed address in MCOS. Used
during relists using the ALT command.

Heading for MCOS register-display routine.
Used for system stack operations and for storing
the string of bytes used in MCOS FIND.
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Fig. 1. UART control register
bits are in the byte at memory
location FA83. Being in ram,
these bits may easily be altered.

John's next project is a stand-
alone eprom programmer with
its own processor. It interfaces
with SC84 and any microcom-
puter with an RS232 interface.
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LETTERS

PAPAYATV

With regard to the article
“Television” reception with
papaya tree antenna in the July
1984 issue: you mightbe
interested to know that this is not
the first time that the use of trees
has been suggested for the
reception of radio signals. In
1905, Major George O. Squier of
the United States Signal Corps.
conducted a series of such
experiments between Alcatraz
Island, San Francisco Bay and
Fort Mason, a distance of about
one and a half miles. Later, the
Naval transmitter at Yerba Buena
island was used, the signals
being received at Fort Mason, a
distance of over three miles.

His various experiments are
reported in detail inthe
references 1 and 2 but, briefly,
his transmitter consisted of an
induction coil producing a 4in
spark together with a vertical
wire antenna, the frequency
being about 3.27 MHz. The
receiver was a carbon-granule
coherer used in conjunction with
a battery and a telephone. One
side of the receiving circuit was
connected to a nail hammered
into the tree trunk at some
suitable height, the other side
being connected to the tree at
earth level. The leads were all
carefully screened to ensure that
it was indeed the tree which was
acting as the receiving antenna,
not the connecting wires. He
found that as long as the upper
and lower connections were
greater than about three feet
apart, signals were received. As
the height from the ground of the
upper connection was increased
the signal strength also improved
up to the point where the
branches diverged, after which
no increase was found. It was
also discovered that an equally
effective upper contact could be
made by putting the nail into the
smaller twigs of the tree, or even
by simply pressing the wire
against leaves or flowers.

The initial experiments used
eucalyptus trees, but a more
extensive set of trials reported
success with willow, pine,
spruce, oak and others. Not
surprisingly, a dry, unhealthy
tree was found to be less effective
thana strong sappy specimen. In
the course of his measurements,
he also made some observations
on the naturally occurring
e.m.f.’s generated in trees, and
noted some interesting
correlations with the periods of
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sunrise and sunset.

Another experimenter, J.M.
Blake, reported success in
receiving signals at a distance of
80 miles using an elm tree as the
antenna®.

The comment of the Editor of
the ‘Electrician’ is of some
interest:

‘If, as the writer of the report
contends, every living tree acts
as an aerial absorbing Hertzian
waves in its path, a forest would
have great influence in impeding,
if not in staying altogether, the
transmission of signals over its
surface, more especially in an
untuned system, but on the other
hand we believe that the majority
of workers have found that the
action of vegetation has been to
improve conditions’.

V.J. Phillips
University College of Swansea
University of Wales

References

1. Electrical World and Engineer
V45, p90. Jan 14, 1905.

2. Electrician V54, pp836-9,
March 10, 1905.

3. Electrical World and
Engineer, V45, pp307-8,
February 11, 1905

4. Electrician V54, p822, March
10, 1905.

We were delighted to read of the
success in using papaya trees as
tvantennas, the results
confirming our own experiments
with indoor plants as a
replacement for set-tops.

There are however one or two
snags, notably the need to prune
daily for optimum reception
above 800 MHz, and the dangers
of working without safety
capacitors. Experiments with
rubber plants are looking
encouraging since these will, we
believe, meet the relevant
BS5373.

A NV Pedersen
Marketing Director
Communications Division
Antiference

Readers may be interested in my
own experiments using organic
antennas.

We have a 100ft oak which
produces considerable gain at 1.3
Ghz compared to a wet Players
No 6 — a pity it’s deciduous.
Nevertheless we have managed
to solve the beam-steering
problem by uprooting the tree
and immersingitina
million-gallon pool.

The rotation problem caused
us alot of headaches but, in this
no-expense spared project, we

finally (and inevitably)
succeeded by using a
much-modified fairground ‘big
wheel’. _

Winds above about 10 mile/h
force us to guy the whole system
rigid. However we are presently
obtaining quotes for a full
Dacron-covered radome which,
when installed, will allow the
beam to be moved even in 100
mile/h winds.

The easiest means of
matching the leaf/tree
configuration turned out to be
trimming the roots.

LJ. Dilworth
Capel St Mary
Suffolk

MARITIME
MOBILEAND
SOLAS

Surely it is time that something
was done about the British
Amateur Maritime Mobile
Licence. After many years of
paying between three and four
times the normal amateur licence
fee to hold both my normal
amateur licence and my maritime
mobile licence, the last straw
came from the Home Office in
October 1982 when [ was sailing
on SS Oriana as 1st Radio Officer.
A group of American radio
amateurs were given written
permission by the Home Office to
operate from SS Oriana, a British
ship, using their American
licences. Apparently permission
had originally been granted by
the Home Office for American
amateurs to operate with their
American Licences from MV
Island Princess, also a British
ship, in 1980. It may be possible
to imagine my annoyance at this
situation when I, as a British
radio amateur and a Radio Officer
employed by the company which
owns both of these ships, had to
go through all the procedure of
letters of permission, forms filled
in, DTTinspection arranged and
passed and an extra licence fee of
approximately three times the
normal fee paid, to obtain my
maritime mobile call.

Surely there can be no more
worthy reason for an amateur
Radio Station than when it is
used on board ship where it can
be used as a ‘Safety of Life At Sea’
back-up for the ship’s main radio
installation. In all of the ships I
have sailed in, which include two
of the world's largest passenger
vessels, each carrying more than

2,500 souls, all theradio
equipment is installed in one
radio office. Should this radio
office be put out of action by fire,
collision, flood etc., the vessel
would lose all of its long range
communication facilities, Apart
from the radio office there is the
bridge v.h.{. but its 40-50 mile
range would not be of much use in
the middle of the South Pacific.
Passenger vessels also have one
or two lifeboats fitted with radio
but usually it is impossible to
raise the masts and rig the aerial
when the boat is in the stowed
position.

An amateur radio station set
up away from the Radio Office
and with its own aerial could be
an invaluable back up on any
ship. As most modern amateur
transceivers will operate from
12V d.c. the station could also be
easily made independent of the
ships mains in an emergency. For
these reasons one would think
that amateur radio at sea would
be actively encouraged but in fact
quite the reverseis true. The
small handful of British /MM
licences in existence bears
witness to the tortuous path of
red tape and heavy expense that
has to be trodden by the
intending seagoing radio
amateur. Incidentally, whilel
was on Oriana, my annual /MM
licence fee was approximately
three times as much as the
normal ship’s radio station
licence fee even though the ship’s
station included some £100,000
worth of equipment and had six
R/Os to man it.

Surely a simple letter of
permission from the Master of
the vessel would suffice without
any extra licence or fee being
necessary. Most radio amateurs
with /MM licences are also the
ship’s Radio Officer; however,
when this is not the case,
perhaps there should be a ruling
that the amateur installation be
checked by the ship’s R/O to
ensure that no serious
interference to the ship’s normal
radio communications was
caused.

Maybe it would be easier if I
applied to the FCC for an
American amateur licence, which
would allow me to operate on
British ships.

Paul Barry

CRO MV Sea Princess
EXG3RJS

EX G3]S/MM

ELECTRONICS & WIRELESS WORLD OCTOBER 1984




COMBINATION
LOCK

Referring to the combination
lock with deterrent in May Circuit
Ideas, the techniques used in the
enclosed simplified circuit may
be of interest.

As shown, the 4532 priority
encoder generates a binary
output code and true and
inverted ‘and key pressed’ signals
when any key is pressed. The
4024 counter is incremented
each time the next key in the
0,1,2.. sequence is pressed and
released. The counter is reset if
anincorrect key is pressed, the
key 4585 comparator A=B
output is used to provide the
‘correct key pressed’ signal
which increments the counter.

For the original application, a
sequence length of four was
required, so that the output from
the third stage of the counter, Q,,
was used as the ‘sequence
complete’ output. However,
other sequence lengths may be
generated by decoding the
appropriate counter state.

The circuit may readily be
modified, and may be extended
to any length of sequence. As
shown, the maximum sequence
length is eight.

D. Protheroe,
Forest Hill
London

BEHIND THE
MICRO

Ronald G. Young’s letter (WW,
Letters, March 1984) prompts
me as both microcomputer owner
and technical writer to relate my
own experiences with my
system, and at the same time say
aword in defence of my
profession.

I don't really believe that the
literature is dehiberately written
to discourage experiment.
Firstly, it is often difficult to get
informed (sensible) answers to
enquiries in many shops,
particularly when the salesman
gets the feeling that you are not
reaching for your chequebook.
Secondly it is very probable that
the writers, due to the
non-availability of
hard/software, and under
pressure of time and/or cost
perhaps, have neither been able
to obtain reliable information nor
to try things out for themselves,
and therefore do not include

‘oo
I
1 o=
. T
All inputs v,
s T 100k pull- down r__r il
-
. T \ Eq Voo Any key pressed = Wrong
[]o ED —PT
I >t =
. GS ¥} pressed
I T s < 100k
6 ® Gy :
1ot Al ] 0‘_0 0 o
E S o R i pais
Bg—o <
)
)
; Y op
d Reset R ——V Ao A3
Keypad (optional) -] 10D A B3
Wrong key O— AN —gp-b—ReSET A2 w8
pressed 100k I 4700 Q By 4585
- ¢
T o B ™ et
Q : 73 - rrec
£ T ABj Veg? Okey
pressed
Correct key Qm—=ANAN — §l0tK I~
pressed 100k ke 00 K Sequence
g l complete ‘ Combination shown: 2,3,5,6
\'——!_/ ky l
~.50ms
doubtful information — if in and unexpected results. computer nor in the printer, but

doubt, leave it out. It is often
difficult to get preliminary
information on a product at all,
even when you are writing the
handbooks for the manufacturer
himself.

The compatibility question
raised by Mr Young does not stop
at asking ‘will I get a cloud of
smoke’: the answer to this is —
probably not. No, the
compatibility question is far more
subtle, and extends through the
hardware, and the firmware,
through the operating system and
often deep into the software. A
more appropriate question is —
will you get the expected or
desired result, when you connect
various units and run the
software?

Itook delivery of my
microcomputer system just over
one year ago, and am still trying
to solve certain totally
unexpected (in) compatibility
problems, one involving the
printer and the word processing
programs [ use (both programs
— I can’t blame the software, nor
the hardware, directly), the other
involving strange software
interactions with the multi-user
operating system. The printer
prints, the micro works fine, as
does the terminal, but... when
they are all connected together
and the software is loaded, |
occasionally get some very odd
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Before I ordered my system [
spent two years (!) studying
microcomputer literature, and
had very clear ideas of what |
wanted. I visited (pestered?)
many dealers to obtain
information, and rapidly gained
the impression that [ knew more
about micros than many of the
salesmen, who just seemed
interested in a quick sale, and
rapidly lost interest when [
presented them with my
requirement which did not
correspond with one of their
‘off-the-peg’ systems. I followed
the advice to choose my software
first, and then choose suitable
hardware to run it on. Even so, [
still have problems with
incompatibility, partly because [
was not able to try out the
complete system with the
software for a few months before
I bought it, partly because I didn't
become my own expert soon
enough, and partly because the
hardware did’'nt quite work as
expected.

Of course you CAN join
together gadgets from six
different manufacturers; that’s
what the interface outlets are for,
but even if they are fully
compatible in practice or on
paper, the results may still be
extremely unpredictable. (For
example, one of the problems
with my system lay neitherin the

in an ‘incompatible’ RS-232C
connecting cable between the
two!.)

I sympathize with Mr Young,
and others who are bewildered by
the relatively young art of
microcomputing. The lack of
standards in microcomputer
interfacing is lamentable, and
leaves the would-be purchaser in
a dilemma far worse than that of
building up his own
‘personalized’ high fidelity
system. At least here most items
are standardized, more or less. ..

My advice is to read as many
test reports as possible, and
compare different opinions,
particularly with software, but
also hardware. If possible, try
out things for yourself (difficult,
when the label say ‘Customers
are requested not to touch..’),
and don't rely on the
manufacturer’s statement that
the product is compatible. Some
‘gadgets’ are more compatible
than others.

F.J.Deall
Karlstad
Sweden
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LETTERS

TV CAMERAS

After reading Pat Hawker’s sad
news (June, 1984) about the way
we have lost our lead in the field
of automated tv cameras, |
cannot help wondering whether
our national broadcasting
organisation has done all it might
to help British manufacturers in
one way or another.

For many years now I have
been accompanying parties of
final-year degree students on
conducted tours of the Television
Centre at White City, but [ have
never seen a Marconi Mark VIII
in use there, or its even more
sophisticated successor. A
further surprise for me on my
most recent visit was in the News
studio, where the pre-automatic
British cameras have now been
replaced by German equipment.

I know that it is not the
function of the BBCto act as a
shop-window for British
manufacturers, and | know that
they claim to always buy the most
suitable apparatus for the job
regardless of its origin. Surely,
however, they have some
obligations in this respect by
virtue of their high international
profile, which makes a visit to
White City a ‘must’ for all visitors
from foreign broadcasting
organizations. What is so special
about the News studio that its
requirements could not have
been met by either of the two
home manufacturers? The great
publicity boost of having Fernseh
cameras on display at our most
prestigious television complex is
all the more regrettable when one
remembers the notorious
chauvinism and
penetration-difficulty of the
German broadcasting market.

I have not been to Washington
for many years. Maybe the
British Ambassador is now using
a Mercedes. (OrisitaDatsun?)
E.J.Stocks,

Senior Lecturer,
Polytechnic of North London

ROOTS OF
RELATIVITY

Four letters referring to Special
Relativity theory appeared in
the July issue of Wireless
World. Three of these admit or
imply that serious imperfections
exist in the theory, while the
fourth is neutral. Equally
interesting is the spectrum of
attitudes of the four
contributors.
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C.B.V. Francksen of
Farnborough provides an
excellently balanced and
informative review of the status
of Einstein’s second postulate
(that the velocity of light is the
same for all observers despite
their mutual relative motions),
and the logical difficulties that
the postulate failed to overcome
concerning media for
electromagnetic wave
propagation, that is, “aethers”.
He points out correctly that
“Einstein raised his 1905 paper
in an attempt to show that we
can have as many aethers as we
like”; this is the opposite of the
popular legend that Einstein
“abolished” the luminiferous
aether. (He just refused to
mention it). Not least of Mr
Francksen’s virtues is that he
advocates practical experimental
tests in five areas of
fundamental concern, which he
identifies. The sting of his letter
lies at its tail.

G.Blondeau of Ottawa
affirms that Special Relativity as
a theory is incomplete, and that
“since it is basically a correction
to classical electrodynamics” it
does not have a microbasis. He
than warms my heart further by
concentrating on physics rather
than mathematics or mythology,
and asks six questions in
physics to which the theory, if it
is a physical theory, ought to be
able to provide answers. Many
of us will no doubt be watching
in amused anticipation to see
whether any Relativist will try
to answer those questions, and

how credible his answers will be.

J.G.D.Pratt of Leatherhead
takes the soft line that we ought
not to expect much from our
fundamental theories anyway:
“their truth cannot be inferred
from other theories and facts”.
But he goes on to say (with Sir
Kar! Popper) that a fundamental
theory nust be refutable by
established facts. The idea is
that what distinguishes a
scientific theory from a faith or
dogma is that it can be
disproved.

Mr Pratt then goes on to say
that “It is not a valid objection
to a fundamental theory to say
that it embraces a concept
which clashes with your old
preconceived ideas, or that it
cannot be derived from
something else”. I'm sure every
scientist will agree with that.
Fortunately, many students of
physics won't accept that
Special Relativity can contain

gross logical inconsistencies
within itself and still be valid as
a theory in physics. If some
person says to me, “Black is
the opposite of white, while at
the same time black is the same
as white”, I will believe that
person to be mistaken; my own
ideas, whether preconceived or
otherwise, don't enter into that
argument. A group of
propositions (“theory”) may
carry the seeds of its own
disproof. If it does it should not
survive.

E.R.R.Holmberg of Barnes
finds my articles embarrassing;
I'm sorry about that, because I
have no wish to give anybody
offence. But I am,
unashamedly, trying to wake
people up and encourage them
to think with their heads. Any
conscientious Natural
Philosopher nowadays ought to
be embarrassed by the abysmal
situation that fundamental
physics has been allowed to get
into, partly through negligence
and partly through unprotested
intellectual dishonesty. “It is
true that there are serious
imperfections in both Relativity
and Quantum Mechanics”
admits Dr Holmberg, “and if Dr
Murray confined himself to
explaining tham to your readers
one could not object”. Perhaps
he would care to join me in
listing, for your readers, a few
more of the logical crimes that
these theories continue to
perpetrate so glaringly? My
surveys have not been
exhaustive!

I think Dr Holmberg
summarizes the difference in
our attitude most aptly when he
says, by way of
throwaway, “...but then
common sense has never been
of much help in theoretical
physics”. That is probably true
of the mathematically-dominated
physics which has grown up
since 1905, when the mystical
rot set in, but would Sir Isaac
Newton, Dr Holmberg’s hero
(and mine), have accepted it as
criticism of his approach? I hold
that the self-disciplines of
common sense and logic do
count, and that nobody has ever
proved the contrary; hence I
can manage without quarks,
tachyons, virtual photons, time
that runs backwards, black
holes, and multiple parallel
universes. Flights of fancy of
that kind, when they are trotted
out seriously in public as the
latest “discoveries” that our

theoretical physics has to offer,
are what embarrass me.

W A S Murray

Kippford

Galloway

ROOTS OF
RELATIVITY

NO, Dr Murray (May, 1984) is
wrong. AM’ is not equal to BM".
Dr Murray forgets that the
coordinates of distant events are
not directly observed but are
based on mathematical
reference. He also,
unfortunately, presents the
problem in a way which suggests
an a priori causal connection
between events A and B where
there is none. The only link
hetween them is the a posteriori
observation of the simultaneous
arrival of their signals at M and
M’ when both observators lie
precisely midway between the
milestones struck by the
lightning flashes. There is no
contradiction here.

If M registers the events at +X
and their signals reach him at
t=0then, according to the
Lorentz transformation, M’

places them at
[c-v X [c-v
Xa=—XJctv.ta=—cVctv

=XV c-v. tB
from where their signals reach
him simultaneously at t'=0.
Meanwhile milestone A is
moving away from M’ at speed v
and milestone B towards him at
the same speed, so that at t'=0
the positions of the milestones

0I><

are
) [ VX [C-V
Si=—XJetv — cVctv
2
=_X 1—%2
c+v VX Jc+v
Sp=X — cVev
—X/1-&
N.B.Taylor
Camberley
Surrey
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FORMULA ONE
Word and Formula Processor

FOR COMMERCIAL AND TECHNICAL TEXT
TYPESET WORK FROM YOUR TYPIST
FIRST FOR SIMPLICITY

The new Formula One system
makes it easy to create complex

g s AR L
M e ' to select and display different

! typestyles or arrange text in a

complex format. To obtain

M,mm m:!:t superscripts, subscripts, a different
typeface or enhancement no
commands are required to be
embedded in the text.

E\EN ON THE SCREEN

Formula One is a new and simple
approach to word and formula
oooooo stas ot T " Tany e ot e sins o1 rams processing made possible by the
" = T & | development of a very high
resolution full page display. It is
possible to prepare text in a
number of different typefaces
which can be in various point sizes
and styles coupled with a wide
Btatyag | | range of technical symbols.

.....

The display is an exact replica of
sovesr oata mopucrs . the printed output. This includes
i 2 i | true on-screen proportional or
v (Ohsanen 1/ | monopitched typeface representa-
. tion and spacing, part line shifts
and character enhancements. At
last it is possible for the word
processing operator to feel

L L R — confident that if the text is correct
I i

i -,J' - ,] I on the screen, it will be correct
‘ i ,1 “ f,H“I[’ | il "'l il il when printed.
’” | ':::':.': I ’I” ’lrl fn“ l | i J i Hy I I“Q subvart 4(

| '1' 1

:.r::w,f«/w il "’w il J:J T
! e T v ] i IO
L

rﬁq‘

il

(A il
L

i Formula One the most powerful
/ and flexible system available.
.h

i
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available with

LASER % advent

data products Itd

Merlin Way, Bowerhill, Melksham,
Wiltshire SN12 6TJ. Tel: (0225) 706289.
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MARCON! SIGNAL
* TGENERATORS X

TF2002A/S {iHustrated) 10kHz-
1 72MHz. AM/FM. £750
TF2002. As above but AM only.

£450
MARCONI TF1066B. AM/FM Generator. 10-
47OMHz 0.2uV-200mV output. FM Deviation up to
+100kH.
MARCONI TF995A/5. AM/FM Generator. Narrow
devistion model 995 covering 1.5-220MHz. £450.
TF20‘|5 10-520MHz. AM/FM. TF144H. AM 10kHz-
72MH:z £295.
MARCONI TF1084B/5. AM/FM Signal generator
covering in three ranges 68-108, 118-185 and 450-
470MHz. FM fixed deviations of 3.5 & 10kHz. AM
fixed 30%. €225

4 BECKMAN TURNS
@ - COUNTER DIA

Miniature type (22mm diam). Counting
up to 15 turp - "Helipots”. rand new with mounting
instructions. Only £2.50 each Inc. VAT & pp.
*CENTRIFUGAL BLOWERS* ‘TORIN' part no 244B. Extremely
powerful blowers with outlet dimensions of 6X7°. Actual cfm not
known butwould be suited to office/factory air extraction/ventilation
etc. Little used condition..£35+vat. Carr £4.

*VDU'S & MINIDISC DRIVES* From time totime we are able to
supplv visual display terminals and 5i° FDD's etc at vastly reduced
prices. Quantities are smali so please call us for current stock on
these. To give you some idea of our prices-VDU with keyboard £75
40-track FgD £85. Bargain 8° FDDs £80

OPTICAL ISOLATORS
SPERRY UNIVAC M4000 opto-isolator units providing 2KV of
insulation M and Te 25way ‘D’ connec-
tors (RS232C Interface) in and out. Measures 3x5x7°. Com-
plete with handbook £16.50 inc vat & pp.

Y STEPPER MOTORS +
Brand new stock of ‘ASTROSYN' Type 20PM-
-A055 stepper motors. 28V DC. 24 steps per rev.
15 oz-in torque @ 100PPS. Body length 2%,
diameter 2", shaft Va'' diam x 4Va” spirally
threaded. Weight 160z. Price each £11.50 {p&p
50p). Connections supplied. INC. VAT.

AR KRR AR AN AR
NEREEERRRRNRY

RALFE ELECTRONICS

TEL: 01-723 8753
gt

10 CHAPEL STREET, LONDON, NW1

*0SCILLOSCOPES'

HEWLETT—PACKARD 141A Storage Oscilloscope. All these units are sold
HEWLETT—PACKARD 1707A dual trace 75MHz £750 in full operational
TEKTRONIX 454A dual trace 150MHz sweep delaz £950  condition and
TEKTRONIX 453 dual trace 50 MHz sweep delay £600 calibrated to spec.
TELEQUIPMENT S61 — see display below All prices are
TELEQUIPMENT D67 dual trace 25MHz sweep delay £350 subject to
TELEQUIPMENT D75 dual trace 50 MHz sweep delay £450 additional
TELEQUIPMENT D63 c/w dual-trace & differential units £375 VAT & carriage
r (Securicor) + £10]

MEGAPHONES — ‘EAGL .’
BEAVER Model E57500 Automatic test equment ar
“MARCONI TF868 LCR Bridge
| MARCONI TF2604 Electronic Multi-Meter
{MARCON! TF893A Audio Power Meters £85,
MARCONI TF2502 RF Power Meters. DC-
1GHz. 10w fsd £350.
’MARCONl TF2701 In-Situ Universal Com-
| ponent Bndge £250. 3
| ROHDE & SCHWARZ ‘SDR’ AM Signal Generator 0.3-1GHz.
TEKTRONIX 2901 Time-mark Generator.
\ ROHDE & SCHWARZ Resonance Frequency Meter 470MHz-2.5GHz.
ROHDE & SCHWARZ Polyscop SWOB1.
BRUEL & KJAER Heterodyne Voltmeter 0.5-240MHz.
AIRMEC Display Oscilloscope 279, 4-trace, 14x10" CRT £195.
RIKADENKI 3-channel Chart Recorder, Model B-341.

4-Phase (8 wire}, 50 Steps/Rev steppers with (rem-
oveable) gearbox giving a 300.1 reduction Output
shaft 11X} diameter. 5/6V operation @ 100mA {ap-
prox). Motor size 2X1°diam. Gearbox size 2X2%"

A butk purchase of these quaiity
oscilloscopes enables us to offer
them for sale for just £100 +vat
ion as follows.

EVISION SERVICE KIT*

We have managed to obtain a stock of Labgear T.V. Service
equipment affording vast savings on new price. All items are
sold in full working condition and guaranteed.

LABGEAR COLOURMATCH TM6004PG. UHF TV Pattern
generators. Grey scale, variable level cross-hatch &
Jot patterns. £35. inc

LABGEAR COLOURMATCH CM6010RG Gated
Rainbow colour pattern generators. Cross-Hatch/dot &
gated rainbow (RGB} colour bar patterns.. £65 inc.
UNAOHM EO684 PAL Colour-bar & pattern gen. £275+
\K‘ORTING 82512 PAL/NTSC Colour &patterngen: £275+

Mail Ordercustomersplease add@2.50postage ea.item|

Sold compiete with driver board to run this motor and
connections If required 1o run seperately. Ex-equip-
ment, excelient condition ONLY £8. eachinc VAT, inc
circuit board, in¢ circuit of motor & suitable dnver. All
tis for just £8. (pp + 50p each please}

T “ TEKTRONIX *
% SWEEPERS & FILE MANAGER SYSTEM MODEL
TELONIC 2003 Systemn. 800-1500MHz £325 4907 Option 31 (Third disc drive).
TELONIC SM2000 with 500-900MHz plug-in €175 | 4051 Gragmc S stem compatible.
KNIGHT KG-687 3-220MHZ €150 GPIB (IEEE 488-1975) Compallble

Bandwidth DC-5MHz Sensitivity
5mvV/div. Sweep speeds from
500ms/div to fus. 8X10cm CRT.
External X & Z-mod inputs. £115
inc vat & inc handbook
Zerox.{Carriage £10)

PLEASE NOTE. All the pre-owned equipment shown has been carefully
tested in our workshop and reconditioned where necessary. it is sold in
firstclass operational condition and most items carry a three months’
| auaramee For our mail order customers we have a money-back scheme.
| Repairs and servicing to aII equipment at very reasonable rates. PLEASE
' ADD 15% VAT TO Al ?. S. EQUIPMENT WANTED. PLEASE WRITE OR

CIRCLE 46 FOR FURTHER DETAILS.

% COMPUTER PERIPHERALS »

1.6MB 8'' FLOPPY DISC DRIVES —
New Stock

After our recent sell-out of the DRE7100 FDDs,
we are pleased to offer another bargam package
as follows: BRAND NEW American ‘MFE Corp’
model M-700 DOUBLE-SIDED 87Disc Drives.
Massive storage capability up to 1.6MBytes. Full
IBM compatability. External power requirements
are +5V at 1.2A and +24V at 1.1A. Full spares/
back-up available U.K. (Eicomatic's). Current list
is over £315.

** NOW LOWEST PRICE EVER £160 — INCLUDING
MANUAL INC CARRIAGE & INC VAT ™"

DRE 4000 — SERIES DRIVES

Data Recording Equipment 5+5MB exchangeable disc drives
model 4000A. Brand new units for £275 — inicuding power unit
and full technical manual.

v DISK CARTRIDGES »
Surplus BASF 12-Sector RKO5 cartridges available
. small quantity only remaining at £15 each. Car-
nage each £1.50.

% SWITCHING POWER SUPPLIES +

The following DC power supplies are available now
from stock in limited quantities. All fully tested and

12V16A(110V.In)

. guaranteed.

5V @ 10 Amps.... . £18

5V @ 20 Amps .. 5V @ 40 Amps

5V @ 60 Amps ....... 19V @ 30 Amps.

+15V, - 12V & +5V@ 11A, 4A and 40A 5
ALL PRICES NOW INCLUDE VAT. CARRIAGE +£2 EACH

% CENTRIFUGAL BLOWERS +#

‘TORIN' Type U62B1. 230V Cap’ Start (supplied),
very powerful {200W. 3,000rpm} centrifugal fans
for large rack cooling or enclosure extraction appli-
cations. Overall dimensions 20x12 cms, outlet 6x4
cms, BRAND NEW. Surplus stock. £15 each inc.
VAT, pp £1.50. ALSO SEE LEFT HAND COLUMN

ROTRON INSTRUMENT

¥ COOLING FANS

x Supplied in fully tested excellent
x condition, as follows:

& 115V, 4%x4a%x11%'" €5. 230V same size
«
«
x
H

£5.50. 115V 3x3x1%’'" £4. 230V 3"’ size,
brand new £6. Also smail quantity 115V
4% size, brand new £6. Postage each +

L 8. 8.8 8 8 ¢ &

50p please. wwi10

PHONE.

COMPUTER APPRECIATION

16 Walton Street, Oxford OX1 2HQ -
Tel: Oxford (0865) 55163

IBMPERSONAL COMPUTER Mode! XT. With single floppy & 10MB Winchester. AS NEW . ..£2950.00
UNITRON Model 2200 microcomputer. APPLE Il/e & CP/M compatible machine with 6502 & Z80 processors,
64kbyte memory, detached keyboard with numeric pad & floppy disc interface. BRAND NEW &
BOXEDRY: . o micai dn xan ok dfie sl s Ao GaKn: . S - » Kl LG - . « - skl Fak e £350.00
SHARP Model PC3201 MICROCOMPUTER SYSTEM comprising, B085-based processor with 64bytes, moni-

tor,dual 51" disc drives, Model CE322P (Epsom) printer &operatingsystem. .. .................... £650.00
MICRO V Model Microstar | microcomputer system. 8085 based with 64 kbytes, dual double sided, double
density 8in disc drives, 3serialinterfaces & LEAR SIEGLERModel ADM3IVDU . .............. ... £550.00
ROCKWELL AIM 65/40 single board 6502 development system with display. keyboard, power supply & cas-

setteracorden . . Ll e e B o £525.00
FACITModei 4070 PAPER TAPE PUNCH.BRAND NEW ... ..
PERTEC Model PCC2000 COMPUTER/WORD PROCESSING S .Comprising. Sdkbvls 8085 based pro-

cessor with green 24 X 80 display, detached keyboard with numeric & function keypads, twin 8" double or
single density floppy disc drives (IBM compatibie), R$232 & Centronics interfaces, NEC Model 5500 Spinw-
riter (55cps daisy wheel printer). Software included in the price — CP/M, WORDSTAR, BASIC, DATASTAR
elc. BRANDNEW ... ... ...
DICOLL LSIN SYSTEM comprising. processor with 64bytes, BA11 backpl, & PSU (DEC fi dj,

DLV11J quad serial interface, dual PERTEC double density floppy disc drives. Contained in compact, attrac-

tive portable box. Software includes RT-11 & many interesting bits&pieces ...................... £750.00
OLYMPIA BOSS MICROCOMPUTER. Small Z80 based business system with 80 col. screen, 64kbyte mem-
ory, twin 51" floppy disc drives, HONEYWELL Model L32 120cps matrix printer . ... . £550.00

TRANSAM ‘TUSCAN’ $100 MICROCOMPUTER Z80 based machine with 64kbytes of static RAM, twin 5°
floppy disc drives, NEC green phosphor monitor, RS232 & 8 bit parallel interfaces, $100 software includes
L L s s 1 .£750.00
VISUAL Model 200 VDU 24 X 80. 9600 Baud etc. with slow scrolling. Externally accessible switches confi-
gure for VT52, ADM3A, ADD $520 or HAZELTINE 1500 compatibility. Currently listed at £850 ... .... £250.00
PHILIPS Modei P2121 daisy wheel printer (TEC "Starwriter’}. R$232 interface, DIABLO compatibility, 25cps
bidirectional printing. In good ex-demo CoONAition.. . .. ... ... . iuiueiuiiii it £250.00
CBM Modsl 8027 daisy wheel printer (Olympia 'Scripta’) for PET. 25cps, IEEE interface. BRAND
...£250.00
CBM Model 8024 high speed matrix printer {Tatly 1200) for PET.IEEE interf; .£250.00
MANNESMANN/TALLY Model MBOMC matrix printer. With mlcroprocessor control. 200cp idirectional
printing with U/L case, self test. Compact but heavy duty machine. BRAND NEW & BOXED. .. ...... £125.00
CENTRONICS Model 730-2 matrix printer ...£95.00
CENTRONICS Model 702 matrix printer. 132col. 165¢ps. bidirectional printing with seif test. In good ox-
demo condition ...£225.00
CENTRONICS Model 773matrix printer. Similar to above but 80 col. . . . ...£85.00
DEC boxes & power supplies. Various models available (BA11MF, SB11AA, BA11LX) all wnth 22 blt address-
ing or easily modified & with various optionat processors etc... PO.A.
ITT Mode! 3510 TELEFAX Facsimile transmitter/receiver. MIC controlled (8085) CC|'I'|' Group 2
machine for transmitting documents over an ordinary phone line. BRAND NEW & BOXED. ... . .. £350.00 0r

£600.00 per pair
IBM Golfball printer with Z80 controlled IEEE intarface for PET. 15cps & takes standard range of heads.
(Completewithhead) . ... .. ... .. . . .. i ..£120.00
TEKTRONIX Model T932A 35MH1 double beam portable oscilloscope. -
TEKTRONIX Model 4601 hard copy unitfor 400 series graphicsterminals ..................... ... ... £95.00
TEKTRONIX Model 611 graphics storage display. For use with any DAC computer output q
FACIT Model 4020 high speed paper tape reader. Parallel TTLinterface . ................ ...£225.00
Please note: » VAT & Carrisge extra on all items » Visitors by appointment, please. * Techmcal manuals are
available from us for many items stocked.

CIRCLE 67 FOR FURTHER DETAILS.

LOGICAL EE/EPROM
PROGRAMMERS & ERASERS

RS 232 serial interffaceeStand
alone/computer operationelndustrial
qualitye128K internal RAM upgradeable
to 256KeEmulation
Programs 8748/49/51/41/42/55

68705/01 — 38E70 — C-MOS
% COMPETITIVE PRICE %

SOLE U.K. SUPPLIER

4MHz Z80A CPU
4K EPROM — 2K supplied with MCV2.0
4K Battery backed RAM — 2K supplied
4 x Z80A P10's (64 1/0 lines)

280A CTC

Standard 100mm x 160mm Eurocard
Cost effective prices (£94.04-10 off)
includes all connectors, manual etc.

Designed to meet the power and flexibility of today’s stand — alone micro-controliers, the GNC CUB makes full use
of the powerful Z80 family IC's. Micro-controllers are available with up to 64K RAM, 8K EPRDM, RS232 etc.
Manuals include circuit diagrams and assembly language listings. No ULA's, PAL's or other funnies.

Wite, phone or circle to find out more about our powerful range of Z80A micro-controllers and multi — tasking

software.
HIGH ST‘ KlRMINGTON s HUMBERS|DE gﬁlgfg ilt & tested) £103.44 GNC ELECTRONICS
uilt & teste .
Bare board £2..00 Little Lodge, Hopton Road,
YIRON Tel: (0652) 688626 O ——— T T,
Progr g service a Please add £1.00 for P&P plus V.A.T. Tel; Diss (0379) 898313.

CIRCLE 39 FOR FURTHER DETAILS. CIRCLE 21 FOR FURTHER DETAILS.
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CIRCUIT IDEAS

8-digit hexadecimal display for Z80

Occupying only four
Z80-microprocessor output
ports, this eight-digit
hexadecimal display allows a
microcomputer to be operated
without a v.d.u. and requires

data when using machine code.
Links shown set the display’s
base address. A data byte written
into one of the four ports used is
stored and displayed as a pair of
hexadecimal digits. If only

high). The beauty of 74L.S670
four-by-four registers is that data
can be wrnitten in one side as four
eight-bit numbers and read at the
other side as eight four-bit
numbers.

only simple driving software. Itis  decimal digits are needed, a J.C.W.Newell
especially useful for displaying 741548 can be used in place of Oxford University
register contents, addressesand ~ the 9368 (but with pin three
- B K
1 1
Port base address 20 2
{00y as shown 4 I
SA o C 45
ot TS S | 7 € :
’ b e
10703—@«’_ SELECT = L;’ &,
: WR Ra (cummon
Wg Rg cathedes)
L wis30 Wy B0l _o<‘l
Ay " HLSE70
A o D E
| T 07 %‘0 T
| —»g h
. . 0,01 o T T
A2 & Segments
(T4LS0L x2} s 3
WR RA S 7Tx 470
Aro— Wg Rg J ;
e Wy RD
D HLS6T0
% 0y 0’ ’ RB4 j‘ P
e C
T [ 4 T 9368 Ry
B 0
B o, 0, A U
104 and the processor reset input pin is simple.
Mlcroprocessor remains high. .TOGGLE LDI%I:’ORT
. If a supply transient or EORE %00000001
fa iu re dete ctor interference causes the system to STAPORT
lose control, the i/o pin may stick RTS

1 originally designed this reset
and ‘watchdog’ timer for usein a
basic 6502/6532 design, butit
may be applied to any
microprocessor control system
. where processor failure must be
detected before damage to the
controlled load can occur. Built
from cheap components, it
provides a defined reset period at
‘power up and monitors processor
activity afterreset.
When poweris applied, C, is
- discharged so Tr, is offand Tr,
‘on. This pulls the 555 trigger
input low and starts the reset

timer. Timer output beinghigh -
charges C, through thediodeand

keeps it charged until the end of
reset, when G, starts to
discharge, and the processor is
released from the reset state. As
long as the processor operates
within software control the ifo
pin continues to change state,
keeping C, charged through C,,

in either the low or high state.
Now, C, discharges and the 555
issues another reset pulse. Ifthe

Output of the 555 may be used to
switch a clamp transistor on the
system output to provide an

DON'T WASTE GOOD IDEAS
We prefer circuit ideas with
neat drawings and
widely-spaced typescripts, but
we would rather have scribbles
on ‘the back of an envelope’
than let good ideas be wasted.
Submissions are judged on
originality or usefulness —
not excluding imaginative
modifications to existing
circuits so these points should
be brought to the fore,
preferably in the first
sentence. Minimum payment
of £30 is made for published
circuits, normally early in the
month following publication.

system does not respend to inhibit during reset.
reset, the circuit becomes P.D.Hutchings
astable and issues a string of Devizes
pulses. Software todrive theifo - Wiltshire
7|_Rese
cpuy,
{6502} "
ING148 2 I %820!( &

2 Uk i’IOk

o«

Tri
10k Tr2 T P wth
ZTX 7 ,?55
TOef: LSO,
p—P|
IN&1L8 470k 1 J-S
4 C < .
100k & 2 T {‘IM Y] 10n
ING1L8
T 3 L i
7
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CIRCUIT IDEAS

Audioa.g.c.
| J¢ Output of most automatic
g2k ne, 10k gain-contro] circuits using the
Output shunt configuration rises with
Zplz =53 input to a certain extent. With
this circuit, by applying positive
—~ | feedback, I have obtained a
— Fy < 1dB change in output over a
ot - 22— >20dB change in input. The
An ( { (™ system eventually runs out of
2k 7T X < < steam but it provided me with
S ShTk S over 26dB of a.g.c. range and the
2 1 l 1 =220k subsequent linear rise in output
t ) with input was also useful. Time
"~ ] N ) l constants should be tailored to
- suit your needs.
K.Wong
London
——
Oscilloscope as video monitor
Designed to display video from a
computer on an oscilloscope, this
simple interface produces a sharp
picture provided that all probes Computer Oscilloscope
are grounded on the interface and T D, e
all ﬁges areCwell' shielded. Diode VEYNC O 4 TL ~OCh1
D,, R, and C, change VSYNC 1 ING1L8 C 5
pulses to a vertical ramp for : D, 1;//: o , s maiy
driving channel one of the it o | Gl !
oscilloscope and D,, R, and C, do S o1 O
the same with horizontal sync. : RS RSy s P TOChZground
pulses for channel two. The IR 1220k < ;/ :
green signal of RGB output is 12y o—'r—\3 Y :
limited and buffered by the ] 510 ¢ R & ,‘
transistor and fed to the ; T b 0K 7 mod
?scilloscope Z modulation input. e s ) BC177 'r—*l"o ground
made and tested this circuit video O\ ,———1—/ At TOZmod
using a Casio FP1100 S I e":/ Ry <150 :
e 5 microcomputer and Hameg 412 / - 4
Artificial daylight oscilloscope. 2 : Rs S50 %
In this idea on page 51 of the July Vafa Ghaffarian e g
issue, the unmarked fet source Tehran w7
resistoris 1kQ and R, is 2W. Iran
I E—— —== = __==__.
I/0 port decoder for S100
e microcomputers
|SOUT:j>—l In S100/IEEE696 systems, i/o connected to the comparator B
L port decoding is usually done by - inputs set the code for the upper
] A, Ay G Bg N 74LS85 comparators or random six address bits; pull-up resistors
100 ) 4 L N—4 logic. This circuit minimizes areincluded in thei.c. When the
bus —— e Upper six components by using an AMD upper six address lines coincide
l Am ] address bits 29806 chip-select decoder, with the switch settings and a
C | 1., 29806 By — <! which is intended for Multibus SINP or SOUT signal is received,
1 5(1) L use but is suitable for many other  the lowest two address bits are
Aq S, = applications. decoded to select one of four
AvElL— To decode a block of active-low outputs (E ). An
% S— four contiguous i/o ports, ‘any-enable’ output (ﬁYE) is
t —— > Decoded outputs address-bus lines A, , are also available.
A connected to comparator A J. MacMillan
or— inputs, and lines A, , tothe - University of Leeds
select inputs. Switches '

34

 ELECTRONICS & WIRELESS WORLD OCTOBER 1984




CIRCUIT IDEAS

To selected
output )
Ve o
r |
l |119F'S]11072.23
6] 99 G
1%
4017
8 12
—J Ve 7 G Carry out
S REET (K CKEN &4
15 1 13
v
Input Qutput
Clock (T.)
input

Missing pulse

/

mpot [ L o T b

Digital missing-puls

A digitally timed missing-pulse
detector requiring one active
device is shown. While input is
high, the 4017 isreset. When
nput goes low, counting
commences until one of the
outputs goes high, inhibiting the
clock. The number of clock
pulses in the time-out period is
selected by connecting the
clock-enable line to the
appropriate output.

In the timing diagram N.T,
represents the time-out period,
where N is the count length and
T, the period of the input clock.
Since the input and the clock are
not synchronized, a one clock
period uncertainty exists in the
time-out period. This can be
reduced by increasing the count
length and clock frequency.

e detector

Further 4017 counters can be
cascaded to achieve this, using
the carry output as the clock
input to subsequent counters.
Alternatively a 4040 counter may
be used but external clock gating
is required.

The second variation uses a
4060 counter whose output is a
pulse recurring with a period
equal to the time-out period.
This device has gate outputs
suitable for a crystal oscillator
but since these are gated by the
reset line, the time-out period is
affected by the crystal start-up
time. The alternative CR
oscillator shown does not have
this limitation.

L.D.Thomas
Nuneaton
Warwickshire

Output 1 [—L
- -N.Te ——
T selected
v output
B o Y a
Foh |
Oy Q
16 12 1
Yoo
4040
8
Ves
RESET CK
11 10
— \
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Thermal stabilizer

Unlike some other circuits, this

stabilizer for high-power
transistor amplifiers has no

instability. To stabilize Tr, with
temperature, 1, must be held

constant. For this circuit,

>l
SO
Iy =(Vyer—Vpe)/Ry

Since both Vg, and Vg,
decrease as temperature

i L.,

remain constant. The

collector/base junction of Tr,
also provides some diode
compensation for Tr;.
Quiescent current through Tr,
is set by Ry and R, reduces
dissipation in Tr, with high
values of V. Transistors Tr, ,
are flat-pack types such as the
TIP32 and TIP32. By adjusting
the mica washer under TR, it is
possible to decrease I, as
temperature increases.
L.V.Gihbs
Lower Hutt
New Zealand




A Calculator for .
Quartz Crystal
Oscillator Design 2

para

RySIALS

A crystal has only got two legs so it must be simple. Just how
wrong can you be! Let's take Motional Capacitance for
example. The Motional Capacitance of the Nth order mode
can be calculated from the crystal admittance:

4bliwE,, c2 4iwE,4k,Sin §,, £Sin’ vy, b
W= R G ) N AL,k
Wy’ W " SNeyNe NTE

NYe

After a little interesting manipulation, this reduces to:

~2 . 2 F o 2= 2 2¢ —2
C, =16,k Sin’S,, £Sin ¥, b/N’ «"§, ¥, L. h
This fun equation can then be evaluated for C,. Similiar
procedures are required for the other components of the
equivalent circuit.

One can quite understand that, in the year of the ‘Quantum
Leap’, crystals are still considered to be mysterious objects.

CATHODEON

CRYSTALS

Cathodeon Crystals Ltd Linton Cambridge CB16JU England
Telephone (0223) 891501 Telex 81212
CIRCLE 80 FOR FURTHER DETAILS.

[

So we at Cathodeon Crystals have produced a unigue aid for
oscillator designers and other users of quartz crystals which
removes the mystery. You can now check the values of the
equivalent circuit and quickly calculate the effect of trimmer
capacitors, shunt (or series) inductors etc. For the first time
you have all the information you need in just one place.

The Quartz Crystal Parameter Calculator is accompanied by a
guick guide to Quartz Crystal theory. Everything you ever
wanted to know in just three pages.

Crystal Parameter Calculators

*Prices include VAT
3to5at£8.00 ea. post and packing

6 or more £7.50 ea. (UK only).

I enclose my Official Order/Cheque/P.O. for £

Please supply . . .
atacost” of 1to2at£8.70ea.

Name
Job Function
Address

Post Code



OSCAR-10 DECODER

Telemetry decoder
for Oscar-10

Connect this decoder to a home computer and
an amateur-band receiver and you can
monitor data and messages from Amsat’s
latest spacecraft. Suitable for any computer

with an RS232-compatible port.

Oscar-10 is the latest transpond-
ing satellite for radio amateurs. It
was launched by Ariane rocket on
16 June 1983. Its period is just
under 12 hours and its orbit very
elliptical (e=0.6); this makes it
appear quasi-stationary. Much of
the time its range exceeds
35 000km which means nearly a
hemisphere is  within its view,
and for many hours on end. The
satellite enables amateurs with
modest equipment to communic-
ate at some time or other with
stations almost anywhere on the
planet!.

Oscar-10 carries two linear
transponders, at u.h.f. and in
L-band. Mode U accepts 70cm
uplink signals and has a 2m
downlink; mode L is 23cm up and
70cm down.

Associated with each mode
are two alternative telemetry
transmissions: from a general
beacon (GB) or an engineering
beacon (EB). Of these the
145.810MHz general beacon is
used predominantly, and will be a
familiar sound to most users of
the two-metre amateur band.
The other frequencies are
145.987MHz (EB), 436.04MHz
(GB) and 436.02MHz (EB).

Transmissions are continu-
ous: on the hour and half-hour
UTC there is a five-minute morse
code bulletin, followed by 25
minutes of p.s.k. telemetry. At
the time of writing two spells of
50 baud r.t.t.y. are proposed,
five minutes each on the odd
quarters of the hour.

Telemetry from Oscar-10 is
transmitted in 512-byte blocks,
preceded by a four-byte syn-
chronisation code (hex 39 15 ED
30) and followed by a two-byte

cyclic redundancy check (c.r.c.c)
and then a run of about 200 padd-
ing bytes (hex 50). A byte com-
prises 8 bits and is transmitted
serially, most significant bit first,
at a rate of 400 bit/s. So a new
block is sent every 14.3s and
lasts for 10.3s. The interval
before the next block can be used
for computer processing of the
telemetry.

There are several different
kinds of block, but Q, Y and M
blocks are the most common.
Their first two characters are
always an Ascii identifier, for
example: M <(space>. Line
feed and carriage return are in
general not used.

M Blocks are plaintext mes-
sages, comprising eight lines of
64 Ascii characters. They are at
present used for routine commu-
nications between command
stations.

Y Blocks are entirely Ascii
telemetry (Fig. 2). The first line
contains the time (UTC) and
Amsat day number (0=January
1, 1984). Lines 2 and 3 are com-

by J. R. Miller,
B.Sc.

mand and control status informa-
tion. Lines 5-8 are 64 selected
telemetry values which may be
‘converted using the equations
published in the Oscar- 10 operat-
ing manual®. At the time of writ-
ing, minor format changes have
been proposed.

As an example, columns 3, 7,
11 and 15 represent tempera-
tures, which decode as T—(N-
127)/1.82. The first entries in
columns 3 and 7 are the mode U

7 HI. THIS IS AHSAT QSCAR 10

10340 0020 BOIOE

s 7 0 8 11 7289
2080 1520 1990 183 128
017 13811 29 36 140128

B8 127 141 197 179 170 129 (49
198 140 124 177 198 132 139 0

1 KT, THIS IS AMSAT OSCAR 10

B674D 20020 H019E

807 0 0 13 2289
40 1570 1990 185 {11
037 13199 10 3 140 130

b6 137 142 186 177 170179 %
198 140 126 10 220 153 139 @

10:53:03 2708
AT SN2 T 10T 47 1 5
6 0 13530 12912
118 150 139 11 238 178 148 1]
f1 142 1410 11 1I7 L3I0
11:08:30 2208

22 91 152 10 103 48 150 S
100 175 s 1100 13313
217 150 140 17 230 138 14R 11
AR LY R SR 5 A S
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Fig.1. Oscar-10 satellite.

Picture by courtesy of AMSAT.

Fig.2. So-called Y blocks from
Oscar-10 are entirely in Ascii
code. First line contains the
day number (2308 is 27 April
1984); then come two lines of
command and control status
information followed by 64
telemetry values.
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OSCAR-10 DECODER

| Data
Message @ D a D
®

O NS RD>

Filtered

D@CLK ] T 1 SR s O

¢ (LK ignal
@
Carrier
Clock L00H2
Change  No change
Message 0 1/‘ / 0 1 1 0
Data 0 / 1 / 1 0 1 1
o T

ak [ L L LI

Signal

DK

© ® © @ O

X

Phase | 0

180° 0° 180° 0

0° 180° 0°

180°

Fig.3. Spacecraft’s p.s.k.
telemetry modulator. Message
is first differentially encoded:
0 becomes 00 or 11 (that is, no
change in data), while 1 is
represented by a change (01 or
10). Data is then multiplied
(ex-or) with a 400Hz clock,
filtered and modulated on to
the carrier.

Fig.4. Telemetry power
spectral density. Vertical scale
is linear. Note the absence of
any line components, which
would waste power and which
would also make it impossible
" tolock on to the ‘carrier’

mitter temperatures, 16°C and
32°C respectively.

Q Blocks begin like Y blocks (ex-
cepting the letter Q) but lines 5 to
8 contain the full suite of 256 hex-
adecimal telemetry bytes.
The schedule of transmission
is generally 32 blocks; one M,
one Y and 30 Q. It repeats every
eight minutes of so. ‘

Modulation

The digital information stream at
400bit/s (called the message) is
first differentially encoded such
that a 1 is represented by a
change in the output data stream
(i.e. 01 or 10) while a Ois denoted
by no change (00 or 11). This
data is next exclusive-ored with a
400Hz clock, low-pass filtered to

transponder receiver and trans-

directly. | restrict its bandwidth (third order
—— —_— =
-800 -400 0 +400 +800
Carrier
FREQUENCY {Hz)
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Bessel, 560Hz) and then balance
modulated on to the transmitter
carrier (Fig. 3).

This modulation is called antipo-
dal phase-shift keying (p.s.k.).
Carrier phase is either 0° or 180°
according to the data. Because of
the low pass filtering there is also
some amplitude modulation at bit
or clock transitions.

The signal spectrum for ran-
dom data is shown in Fig. 4. Note
the absence (on average) of a car-
rnier or other line components;
these would waste transmitter
power.

In the following sections, note
the distinction between ‘mes-
sage’ and ‘data’. The data is the
stream which represents the
message. Let us use the following
notation:

M,—bit n of the original

message,

D,—bit n of the data, derived
from message

S, S(t)—transmitted signal

A(t)—signal amplitude

Clk—the 400 Hz data clock

Car—carrier

* —means exclusive Or (A*A
=0, 0%1=1, 1*0=1)

+A—means ‘either A or its
inverse’

It is useful to remember that if
we associate the numeric value
+1 with logic 1, and the value
—1 with logic 0, then the ex-or
operation is (sign excepted)
equivalent to multiplication.

Some features of this modula-
tion scheme that facilitate the
demodulation process are:

e the signal can be described as
S(t) = A(t) sin(wt)

e ignoring amplitude modula-
tion, the signal can also be
thought of as the ex-or of data,
clock and carrier: S=D, * Clk *
Car

® message stream is related to
data stream by M, =D, *D,_,
o differential message encoding
is used to enable a decoder to deal
with the unavoidable 180° phase
ambiguity in recovered carrier

e all data bits have a mid-bit
transition, but not always an
inter-bit transition.

Demodulation

Essentially this reverses the
modulation operations. The
receiver will be set to c.w. or
s.s.b. mode so that the carrier is
translated down to audio fre-
quency for input to the decoder.
(Fig. 5).

The signal carries neglible

information in its amplitude var-
iations, so it may first be limited.
This has a great advantage that all
subsequent processing can be
digital.

First a carrier and clock (de-
noted by CarR and CIkR) are
recovered from the signal (S) and
then ex-ored with the signal, giv-
ing a product (P):

P =S * [CarR * CIkR]

Provided the local carrier and
clock are (excepting possible
inversion) replicas of the origin-
als,

CarR = +Car and CIkR = +Clk, |

this product simplifies to:

P=(D, *Clk*Car]
*[+CarR*+CIkR] = +D,

which 1s the original data. If the
signal were noise free, the data
D, would be perfectly usable at
this point. Noise however perfo-
rates the bits and so mid-bit
sampling would lead to random
errors. Instead, D, is integrated
over the bit interval and the
resulting accumulation sampled
at its end, a process called integr-
ate-and-dump. The system as a
whole is a matched fiiter.*

Note that in order to clock the
data and time the integration
properly, a means must be pro-
vided of resolving the CIkR 180°
phase ambiguity. (The informa-
tion to do this is implicit in the
signal.)

The message M, is next found
from +D, by differential decod-
ing. The present data bit is ex-
ored with the previous data bit.
The possible inversion of D, is of
no consequence, for —D, *
—D,,and D, *D,_, are both the
same.

The message stream is now
available for processing, by either
hardware and/or software.

A truly optimum matched fil-
ter would take account of the sin-
usoidal nature of the signal and its
amplitude modulation. The hard-
ware required to do this involves
deconvolution and is not trivial.
The penalty for using a limiter
and binary processing is less than
2dB which in actual on-the-air
practice is-insignificant.

Decoder operation

The receiver should be set to
s.s.b. mode; the normal 2.4kHz
bandwidth is more than adequ-
ate, and can with advantage be
reduced to around 1kHz before
decoding loss becomes apparent.

ELECTRONICS & WIRELESS WORLD OCTOBER 1984
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Because of the decoder’s limiter,
unnecessarily wide bandwidths
reduce performance.

If the signal is tuned into the
middle of the receiver’s passband
then the carrier frequency will
typically be 1500Hz. The actual
frequency is not important, but
there is a lower limit caused by
the onset of aliasing, when the
lower sideband folds round OHz
and into itself. This sets in at a
carrier frequency of about
500Hz. The upper limit is set only
by the performance of the logic
family; if t.t.1. were used the car-
rier could well be at 455kHz, i.e.
at intermediate frequency.

Carrier recovery (Fig.6): a
phase locked loop cannot be used
to extract the carrier directly as
there is no carrier line component
in the spectrum of an A(t) sin(wt)
signal where A(t) = random data.

However if the signal is sub-
jected to a nonlinear process such
as self-multiplication, the + 1s eli-
minated, and line component at
2wt is generated. A simple digital
way of achieving this is to ex-or
the signal with itself delayed by a
quarter-cycle. Every zero-cross-
ing of the carrier creates one new
cycle of twice the carmer fre-
quency, which can be regenerated
with a phase locked loop (p.l.1.)
and followed by a divide-by-two
circuit. This division does how-
ever result in the 180° phase
uncertainty previous noted.

The carrier p.1.1. must accom-
modate receiver frequency insta-
bility, noise and changing doppler
shift (-250Hz/hour at 145MHz,
u.s.b. If the loop bandwidth is too
small the p.1.1. is difficult to tune
in initially, has only a small track-
ing range and is generally fussy. If
it is wide, with little noise, the
loop will hold lock over a wide
tuning range, but it will con-
stantly jump out of lock on noiser
signals. So a fixed loop bandwidth
will not suit every situation. A
few experiments will show what
is wanted in practice: the value
will lie between 10 and 100Hz.

Clock recovery: This is accom-
plished in exactly the same way as
carrier recovery, by multiplying
the data by itself delayed by a
quarter-bit. This generates an
800Hz proto-clock, which is
regenerated with a p.1.1. and then
divided by two. Since the clock
frequency is constant, the loop
bandwidth can be 1Hz, even with
cassette tape signals. As with the
carrier loop, the clock at this
stage also has a 180° phase ambi-

guity.

James Miller, who is 39, dis-
covered electronics at an early
age with a crystal set. Later he
obtainedaB.Sc.(Hons)inelec-
tronic engineering at the Uni-
vetsity of Birmingham and
then worked for Marconi and
Sperry Gyroscope. Eight years
ago he joined Cambridge Con-
sultants to work on design and
development in signal pro-
cessing, electronics, comput-
ing, optics, non-impact print-
ing and manufacturing tech-
nology.He left CCL recently to
take up freelance work as an
engineer and technical writer.
His interest in wireless conti-
nues through amateur radio
(G3RUH) and he combines a
passion for satellites with
cooking, eating, Wagner, the
city of Cambridge and other
fine things.

Clock ambiguity resolution
(Fig.7): as long as there are 0Ols
and 10s in the data, which means
that the inter-bit transitions will
be absent, a second proto-clock
of 400Hz can be generated by ex-
oring the data with itself delayed
by half a bit. Although somewhat
sparse (trace 3) this extra clock
has the virtues of correct phase,
and coherence with the ambi-
guous clock.

If these two are now ex-ored
together, the smoothed result is a
net high or low. This signal can
then be used to Invert (or not
invert) the ambiguous clock to the
correct sense.

proto-clock could be used to
excite a p.l.1. However, with the
signals encountered in practice,
the effective loop gain and band-
width are caused to vary con-
stantly, which makes the loop
rather fragile — though it does
work.

A particular feature of the
clock and carrier recovery circuits
is their aperiodic, digital design,
involving no tuned circuits. So
their operating frequency can be
modified simply by changing the
v.c.0. centre frequency.

Block sync detection: hex
39,15,ED,30 is the pseudo-ran-

Fig.5. Audio input to the
decoder comes from a
two-metre amateur band
receiver. The outputis
available in parallel or serial
form to suit the user’s

In fact the second 400Hz dom sequence generated by the | computer.
Limiter EXOR EXOR
roll D carrier +D@® CLK
Audio input J_ ®K® n ® D 5
T
+Carrier +(LKR
Carrier Clock Resolve (LK
exfract extract ambiguity
Integrate
&dump
- P BL
+D [ 0 a Difterential Byte Parallet
decoder buffer . data out
i
c <4
Serialiser 1200
(optional) \——0 pud data
CLK L00Hz
? ‘ Load
O Byh
Sync code Byte/ btock iRy
detector [ | counters O Block
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OSCAR-10 DECODER

=
* +12v
2
+6V 2
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Table A. connection details
J, —inputs J, — outputs
1 Audioin 16 +12V .
2 oV 15 TP1 1 +5Vin/oout 16 +12V Complete circuit diagram of
3 Car. lock 14 TP2 2 0V - 15 Led + the decoder. A ready-made
4 Tune to 13 TP3 3 Block 14 Led — printed circuit board for this
ok s, @ Tuning, VR s ooroma po piRecTistapail ableyiireet
6 Meter am;;. 1 Tuning: VR; 6— 11— from the author or tl-n‘ough
7 Tpa/Clk 10 Meter — 7 — 10 — Amsat-UK. For details see
8 oV 9 Meter + 8 0V 9 — the reference list.
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Continued on page 59
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$. qUDIO
€LECTRONICS

UK'S NO. 1 FOR TEST EQUIPMENT o
ELECTRONIC EQUIPMENT ¢ ACCESSORIES

Hand Held Modeis
[UK C/P 65p)

METRIXHAND/
BENCH
PORTABLES (ITT)
(Size 1B8 x 86 x 50mm
Rotary controls} e i
MX522 31, digit LED 21 ranges 10A AC/DC

2 Mag ohm Basic 0.5% £67.
MX 5623 digit LED 29 ranges 10A AC/0C 20
Mag ohm Basic D.2% Plus continuity tester  £95.00
M X563 True RMS 3% dlgil 30 ranges 10A AC/0C
20 Meg ohm. 20HZ to 30KH2 0.1%basic  £155.00
MX575 47, digit True RMSm 21 ranges 10A AC/OC.
up to 50KHZ 0.05% basic £175.00

HAND HELD MOOELS

Controls $=Slide R=Rotary PA=Push button

All feature AC/0C valts. OC amps (many with AC

amps) ohms etc. UK C/P 65p)
#KD25C 12 range 0.2A OC 2 Meg ohm(S]  £23.43
*K0305 14 range 10A 0C2 Meg ohm(S)  £24.30
x K D3IOC 26 range 1A AC/0C 20 Meg ohm{R) £29.13
*METEX 3000 30 range 104 AC/DC 20 Meg

ohm {R)

6010 28 range 10A AC/0C 20 Meg chmIPB) £30. 39
% K055C 28 range 10A AC/0C 20 Meg chm

(R 474
% K0615 18 range 10A DC 2 Meg chm plus Hle tesler

(Rl £34.74

7030 As 6010 bul 0.1% basic (PB] £38.69

«MC 5010 31 range 10A AC/DC Cont buzzer Z0M
£42 .56

ohm [R|
+« DM3350 Autorange plust conl. fester 18 range
10A AC/DC 2 Meg ohm (R) £43.44
*0M2350 Minl autorange plus cont. tester t9 range
1DA AC/DC (20A Max) 2 Meg ohm [PB)
4 3100 Pen type auta ranging AC/0C V 20 Meg
ohm » buzzer £39.00

MG 32 Series TV colour Pattern Gen.

B colours Video comp 0/P
MG321 PAL (UK) (UK C/P £1.00) £229.00
MC328 PAL B (UK C/P £1.00) £229.00

SECAM YERSIONS AVAILABLE
TG40 Portsble FM & VHF/ UHF TV Find sirength
meter Bl 1o BIV with carry case. 45-B82MHZ

(UK C/P £1.00) £189.00
LHC 909 Series Video head checkers

LHC 9098 Bela.

LHG 909V VHS [UK C/P B5p| £45.00 each
LCT 910A CRT tester/rejuvenalor.

(UK C/P £1.50) £175.00
DIGITAL THERMOMETERS

Pocket size LCO thermometers complete Py
with battery. Accepl any type K probe
(UK C/P 65p)

- TH301 LC0O-50°C 10 750+ C. 1°C resolution !

with thermocouple. £59.50

TH302 LC0-40 Cto 1100°C Ceni/Fahrenheil 0.1
and 1° resolution with thermocouple. £79.50
Range of various probes in stock. £17.50 to £25.00

JHENRY"

SHOP

ACCESSORIES AND OEM STOCKS
SOFTWARE * PERIPHERALS * MULTI-BOARDS

PICK A CARD
- ANY CARD

 BUILDA CUSTDM SYSTEM
FROM SCRATCH or expand
4 your GALAXY or NASCOM
~ Demonstrations lor catlers
GM811.CPU

£125.00
GM832 SvC £195.00
GM829 FDC/SASI £145.00
GM813 CPU/64K RAM £225.00
EVB14 1EEE 438 CONTROLLER £140.00
GMBO2 64K DYNAMIC RAM £125.00
GMB827 87 KEY KEYBOARD £85.00
MP826 STATIC RAM EIBS.N
GMB16 MULTI-1/0 £125.00

10 828A SUPEA PLUTO COLOUR GRAPHICS
PROCESSOR 192K RAM

GMB33 RAM-0ISK 512K !'ASOM
GMBBE CPU/INTEK 8088 POA
GMB62 256K RAM £325.00
GMB37 COLOUR GRAPHICS DISPLAY ~ £165.00

|UK C/P & export extra al cost|
FULL LEAFLETS/ OETAILS OF SUITABLE
giznummus AND PRICE LISTS - SEND LARGE

We can advise also with terminals and complele
Galaxy computers with monitors and Disks ready to use

SOFTWARE
MDIS (C} INTELLIGENT

DISASSEMBLER
For all CP/M based machines

£50.
IVG HI-RES [C) For Gemini and others (please
enguire). Provide Pseudo high resolution
graphics.
DISKPEN (CO Version 3. Low cost word processor

for Gemini and others [please enguire) £50.00
MAXIFILE OVERLAY £20.00
SPooLEROVERLAY £15.00

HENRY'S CP/M UTILITIES DISK (C)
41 Programs for the CP/M Systems programmer

57, format £15.00
8" format £17.35
ALLDISC

Variable disc format utility for Gemini and Nascom
CP/M's 1£150.00|
ALSO

BDOSZ ANO CCPZ £10.00 each

All above - Please state lormat required.

£15.00

COMPUTER

COMPUTER POWER
SUPPLY

Hiched mode. Stabilised. Self protecting S/C

NASCOM-2

VARIABLE
POWER
SUPPLIES
220/240V AC inpul
(UK C/P£1.00}
PPZM single meter. A/V switch. 0/30V
1amp £30.43
PP243 ) amp version £52.13

Available in both kit and built form. Featuring
Microsoll Basic. NAS-SYS monitor. full QWERTY
keyboard of the highest quality 4MHz Z80A
processor. full R$232 1/0 and paratlel 1/0. One of
the mosi flexible computer cards around, expansion
capahilities are impressive using the NASBUS and
compatible BO-BUS expansian cards_ Expansion
includes hi-res colour graphics tull CP/M disk
system and much more. Send SAE lor full leatlets.
NASGOM 2 kil £225.
NASCOM Zbuiht £265.87

protected. efc. 220/240V AC - 5V J.3A +12V 2.4A

40%cycle -5V D.5A -12V 0.5A. Suitable Apple
£50.00

replacemant (UK C/P £1.50]

230N Twin meter /30V 14 £97.00

*WITH CARRY CASE __ 3I30N Jamp version £175.00

EDUCATIONAL; ANALOGUE MULTIMETERS
M|XED UANT'TY y General range [“mirror scale)

& EXPORT DISCOUNTS

We would be pieased 10 quote. Contact Sales otfice at “406" offices.

AUDIO AND RF
GENERATORS

UK C/P £1.00)
AUOID -
LEAOER LAG27 5band sine/square 0/P 0/5V
RMS 0ist0.05% 20H2 to IMHZ £93.00
LEADER LAG120A 5hand 10HZ to IMHZ 10 0.3V
RMS into 600 ohm (L05°: dist sine/square £155.00
LEAOER LAG1255 band 10HZ to IMHZ 10 0.3V
RMS into 600 ohm sine/square/bursi signals 0.03%
dlst £330.00
TR10 AG202A 4 band 20HZ to 200KHZ 10V RMS
0/PD5%dist CROSC0/10V pp 0/P £89.00
TRI0 AGZDSS band t0HZ to TMHZ 0.1%dls1 0/ 7V
RMS 0/P £139.00

RF

TRID SG402 6 range 100KHZ to 30MHZ RF 0.1V
RMS Int/ext mod £72.00
LEADER LSG 176 band 100KHZ to 150MHZ (36 to
450MHZ to Harmonics] RF 0 1¥ RMS int/ext Mod AF
1KHZ 1 volt (IMHZ Xial oplional £3.00)  £115.00

{UK C/P 65p)

HCED15 15range pockel 10K/ Volt
1 meg ohm £7.
M 200 30 range 20K/ Volt 20 KHZ
special purchase £6.91
HM102BZ" 22 range ZUK/VoIl 10A
PC plus cont. Buzzer 10 Meq ohm 1.74
TMK500° 23 range bench. 30K/ Volt 124 l][:

plus cont. buzzer. 20 Meg ohm £20.83
NH56R" 22 range 10K /Volt 6 Meg ohm  £10.39
B30A" 26 range 30K/ Volt 10AC/0C 10 Meg

ohm £20.83
360TR" 23 range hench 100K/ Voit. large scale.

1DA AV/DC plus Hie tester. 10 Meg ohm  £34.74
AT2100° 31 range de luxe 100K/ Voit 10A AC,OC.
100 Meg ohm £29.13
AT1020° 18 range de luxe 20K/ Voltplus Hfe

tester. 5 Meg ohm £18.
YN3GOTR" 19 range 20K/ Vol plus Hle tester

1 Meg chm £12.13
KRT5001" Range doubler 35 range lotal IﬂK/VuII
10A 0OC 20 Meg ohm 7.35
ST303TR" 22 range 2GK/Voli plus Hfe lesler 12A
0C 1 Meg ohm £15.61
Metrix (ITT) Professional series in stock. ask for leallet.

ITT 2020 CABINET -

Prolessional computer case
with keyboard cutout. 1B” x
15.5 x 45 (front slopes|
Ideal lor single board
computers like the Nascom o7 Gemini Multiboard (3
cards. etc). Very heavy gauge |.25°] plasiic with
metai base. Atiractive silver grey linish

£19.95

COMPUTER FANS
UK C/P 50p each 85p pair
QUANTITY DISCOUNTS
AVAILABLE

(UK C/P £178)
TOROIDAL
TRANSFORMERS

100 wati isolations 230/ 240v
AC plus 8-0-BV 4A15-0-15V
0.645A 30V 0.16A size
approx. 4’  diax 1,
[UK C/P 75p)

£6.91

'STC NOVATEL

PROBEKITS

In wallets with adaptors. etc. BN C littings lor
scopes/counters/generators. etc,

Xl £8.90 X100 £8.26 X100 £16.00
X1/X10 Switchable £10.00 0emodulator £16.00
(UK C/P free with other itams 65p per 1 to J kits)

COMPONENTS °©
ACCESSORIES °TOOLS

Large range in stock semiconductors. relays. tools.
Plus millions of capacitors. resisiors. presets. conirols,
plugs/sockets. eic. etc. For bulk export users.

Tel: 01-723 1008 with enguiries.

PRESTEL
TERMINAL

FEATURES
7' diag. green screen 240V
AC mains operaled
delachable key pad. robust
case 14 x 12 x 7'
cassette recorder dala stored lacilily. video oulput

for other monltors, security lock, etc
£130.39

UK C/P £2.50

&

4%," 220/230¥ AC Brand new £6.52 each
3%, 1137115V AC Brand new £7.61 each
49, 220/240V AC Ex-units £4.78 each
4%, 110/115V AC Ex-units £4.35¢each
I THERMAL

\ \ PRINTER

Complete with full handhook
(UKC/PE£1.00)

SUITABLE FOR: TANDY e BBC © ORIC ® NASCOM
® GEMIN| » ACORN  ORAGON etc.

(tnterface units with feads £13.00 - stale model)
[Your enquiries invited).

£43.43

CHERRY KEY PADS /2
[UK C/P 40p either model]

16 button key pads non-

encoded 17
HEXADECIMAL encoded Iﬁ

keypad jrequires IC's]  £6.52

AC CLAMPMETER
0/300A. 0/60GV AC D/1 ohm. Total
9 ranges with carry case and leads
ST300. [UK C/P 65p) £26.04

HIGH VOLTAGE METER

Direct meter reading ‘“
£28.00 '

TRANSISTOR
TESTER

Direct reading PNP/NPN and diodes.
Hfe. leakage, etc. General purpase TC1

{UK C/P 65p) £23.43 €

42

LHMBOA 0/40KV.

UK C/P £1.00)
DIGITAL J
CAPACITANCE / \/
METERS /

DM6013 Direct read LCO B range 0.1pf
10 200mId. 3' digit 0.5% basic

1UK C/P 65p) £52.13

ELECTRONIC
INSULATION TESTER

smvm 100 Meg ohm with carry case.

lea
Yesoilixceesn  £58. 137

LOGIC PROB Esﬁgj
TTL DTl etc —
£21.00
£52.00

LP2 1Y, MHZ
OP7030MHZ £25.00, OP71 50MHZ
UK Post, etc. 65p)

ASC11
KEYBOARD

698 D5 Compact, 64 key
- 5 lunction keys. Hall
eflect keyboard with
reprogrammable (2716) ASCIt output d ecoder
EPRDM. Sieel key frame for good rigidity. Negative
goingstrobe Requires +5 volt +12 volt supplm
{UX C/P £1.00)

COMPACT 58 KEY ASCII
KEYBOARD

Contactiess capacitive high reliability keys. Full 128
ASCII codes.Steel key frame lor positive rigidity

1mS$ sirobe. single <5 volt supply. Repeat key. control
and caps. tock. £28.26 {UK C/P £1.00)

MODEM CARDS
COUPLER

Brand new, tested. answer and originate 300 BAUD
uncased acoustic modern card by famous
manufacturer. RS232 input/output. Power supply
«/-12V at 180mA. Requires 2 magnetic earpieces. 2
switches. 2 LEDs and connectors to complete.
Circuits and connection data supplied.

Card only. £26.04
Card and remainder of small components  £29.09
Telephone Direcl Line coupler type LTU 11 MK11
Suitable for direct coupling PRESTEL adaplors and
the above acoustic modems. Integral Line select'and
autodial relays requiring TTL inputs. Circuits and
connection data supplied. LTU |1 Coupler £13.00
1200 BAUD receive 75 BAUD send direct coupled
magem for PRESTEL. Requires «5V supply with TTL
inputs for dala. line select and autodial. LTU 11
direct coupler required. See above. Connection data
supplied. PRESTEL modem card. £13.00

ALWAYS KEYBOARD
AND POWER SUPPLY
BARGAINS FORCALLERS

STOCKISTS FOR Printers, Paper. Thermal. Daisy
Wheels. Disk Orives Boxed. Chassis alse Winchester.
Monitors. Micras. BBC. Eieciron. Nascom, also Cables.
plugs blank discs & tapes. sottware. hooks. elc.

CIRCLE 6 FOR FURTHER DETAILS.
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ALL STOCKS

ON DISPLAY AUDIO ELECTRONICS

SCOPES

(UK C/P £5.00 + VAT or Securicor £13.00 « VAT)

HITACHI

2 year warranty ALL MOOELS SmV (1mV using x §
magnifice} Supplied complete with 2 probes.

¥212 0ual 20MHZ 6" tube. CHI D/P. TV SYNCH | KHZ
calibrator. Slim style. Size 310w x 130h x 370d. mm

£299.00

V222 As V212 Plus OC offset and alf. magnity functions. Aiso

ext voits measurement fusing 0Vm] £375 m
B

¥422 Oual 40MHZ with facilities or

¥222 plus signal deiay Iine. £580-m

Y203F Duat 20MH2. 5% tube. CHI 0/P TV SYNCH. Delay
sweep. OVm 0/P voits IKHZ caiibrator Size 275w x 190hx

400d mm £375.w

VISIT OR PHONE ' en Rv 's
OPEN 6 DAYS f <
A WEEK

N LA
LCD COUNTERS =
(UK C/P & INS 650) 21
THANDAR battery portable 8 digit LCO counters. Size 255 x
150 x 50mm. Complete with batteries.
Optional: Carry case £5.85 AC adaptor £6.95

TFOA0 10HZ to 40MHZ. 1HZ Res.

48mV unxlllvll);m £l 20.00
TF200 10K2 to 200MHZ. 1ppm res. 10mV

sensitivity. many fsaturss. A&B inputs, eic. £l 65.00
TP600 600MHK2 prescaler {Powsrad by computer| £45 00
TP 1000 1000MHKZ (IGH2) Prescaler £65 m
with power gupply

PFM200 Pocket 20HZ to 200MHZ LEOD counter 0.VHZ res. 10mV. sengitlvity £69 50

V353F Dual 35MH2 version of V203F with delay iine
£580.00
V650F Qual GOMHZ with delay line £850.00
V1050F Quad 100MHZ - loads ol features £1200.00
V209 Dual 20MHZ battery/mains £595.00
V509 Dual SOMHZ battery/mains. delay. etc. £1170.00
¥134 Storage scope dual I0MHZ £950.00
V6015 Digital storage 2ch 1Kw/CH' £1295.00
V098 PAL TV Wavelorm monitor £880.00
vO88 PAL TV Vector scope £1230.00

N 2
GENERATORS <]

Function and Pulse (UK C/P 65p) "Za AN

THANDAR bench maing portable. Stze 255 x 150 x 50mm
Opttons: Carry case  £5.95

TG101 0.02HZ to 200KHZ lunction. sine. square, triangle.
Variabis OC oftsel. TTL 0/P Ext. sweep mode. Variable 600
ohm O/P 10V pp £105.00
TG102 0.2HZ to 2MHZ tunction. Sine, square. triangie. Variabie OC offset. l

TTL 0/P. Ext. sweep mode variabie 600 chm 0/P. 10V PP £ 55-00
TG 105 SHZ to SMHZ puise. TTL and Sync 0/P
Variable 50 ohm 0/P. Free run. gated or trig. modes. £l 05.00

TG501 0.005HZ 1o SMHZ function.
TG502 Sweep/function versionoi ahove

TGS503 AS TG501 plus pulse generator £495 m

CROTECH

3030 15MHZ portabie Smv/div 95mm dispiay. Built in
component tester. Trig to 20MHZ £l 69 00
3035 15MHZ smy/div 130mm (5°) display. Built in

component tester. Trig to 20MHZ £l 89 w

3132 Dual 20MHZ. trig to 40MHZ. 2mV/div 130mm (5)
display. algebraical add/sub Aeg OC 0/P's + SViand|2 12V. Built-

in component comparator £283 w
.
HAMEG 2 year warranty

HM 103 I0MHZ ZmV portable. Trig to 30MHZ 60 x 70mm
display. | KHZ calibrator. Built in component lester. Size 212w

x 114h x 280d mm £158.w

HM 203 /5 Oual 20MHZ.2ZmV trig to 4OMHZ 1KHZ cal. B0 x
100mm display Built in component tester. Siim design 285w x

145h x 380d mm £264.w

HM204-2 Oual Z0MHZ \mV. Trig to SOMHZ sweep delay. 80 x
100mm dispiay. Z mod input. Size 258w x 145h x

380d mm £365.m

HMB05 Oual 60MHZ 1mV. Sweap delay. 2 mod. [ KHZ cal.. etc..
etc. Builtin component tester. Size as HM204 80 x 100mm

Y £515.00

LCD & LED MULTIMETERS S "¢ *

THANDAR BENCH PORTABLES Size 255 x

ll§'ax 50mm Option: Carry case £5.95
355 37 digit LED. 29 ranges. 0.25% basic.
I(X]mvres. 10A AC/0C. 20M chm £85-w

[ Optional: AC adapter £6.95]
TM356 3 digit LCO 29 ranges as TM355.
3000 hour battery lile (supplied| £95 00

TM351 315 digit LCO. 29 ranges. 0.1% basic.
Ranges as ahove. 2000 hour batlery life. £l l 5 00

AN

LED COUNTERS iuccrrssy Pl

METEDR mains or battery portable 8 digit LEO counters. Size
219 x 240 x 98mm. SmV sensitivity 0.1HZ resolution

100SHZ 10 100MHZ £95.00
600 SHZ 10 600MHZ A&B inputs £l 2' 00

1000 SHZ to 1000MHZ [1GHZ) A&B Inputs £l 6500
Options: GNICAOS £10.60  RFpickup Aerial £2.75

FUNCTION GENERATOR =

(UK C/P 65) PAIS
JUPITER 500 Function generator 0.1HZ ta S00KHZ or befter.
Sine. square. triangle 0/P to + 30 vaits. TTL 0/P. OC offset »

15V variable. Ext AM and sweep facilities
220/240V AC operated. £110.00

LABORATORY SCOPE

6083310 10MHZ. 5SmV. Single trace 79mm CRT various

facilittes. ldeal educational
£147.00

THANDAR =
2 yoar warranty '/A ‘
SC110A 10MHZ battery portable slim scope ——

32 x 26mm display. Many features.
MUKXC/F':ngl.o'o")" ny et £165.00 .”“ﬂu

Carry case £5.95 AC adaptor £6.95 NICADS £11.00

ORDER BY POST OR PHONE

] ’-‘?Zpl

SUPPLIERS OF ELECTRONICS FOR EVERY PURPOSE
301 edgware Road. London, W2

THURLBY EQUIPMENT Ei=

T =g | LABORATORY Rz
A e ] POWER oo
SUPPLIES
% DIGIT LCD UK C/P £2.50)
MULTIMETERS Twin LED read out
28 10mV Res. 10A AC/0C 32 Meg ohm Fi (Valts/amps] 0.1% accuracy
mear::l"]eemev::1 Iunsl‘inn. (UK C/P fl.we]n — PL3100/30V. 0/1A £118.00
1503 0.1% basic £159.00 PL3200/30V. 0/2A £145.00
1503HA 0.03% basic £175.00 PL1540/15V. 0/4A £145.00
1504 0.08° basic. True RMS £185.00 PL310 QUADMODE OUAL {QMD)
Options: Carry case £18.00 2x30v0/1A0r 0/30V 2A0r 0/60V0/1A nrﬂln
19054 5, digit intelligent mutlimeter 29 ranges ;Eg\lzg’&:dn 249.00
AbiL ;
tlu’:giigﬁusl.f;l’:vmm O comuu“"ggzs,oo AsPL310 but rwice current £315.00
AL GAPACITANGE
EIGHT CHANNEL oIECCAPACIIANG
SCOPEMULTIPLEXER | MEosR -
’lETs 0M358 Exgands any CM200 Bench portable. >
titems ?Jllablu scope to sight channais 6 ranges cover 1 Pf fo
end Sar digital or analogue signais. 2500mid. 4% digit LCO.
latesy Calalygye) 35MHZBW  £169.00 0.2% basic £89.00

L e i e s ——————
Please add 15% VAT {UK only) ALL PRICES
Export allow adequate CIF EXCLUDE VAT

Test Equipment, Audio, Communications 01-724 3564

7 Unloilwﬂmslanlcrednl
Available through Lombard Tricity Finance

404 edgware Road. London. W2
Computers 01-402 6822 = Equipment 01-724 0323 « Components 01-723 1008
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by John Wilson

A) After the strike. Damage can
be seen above and to the right
of the clock and on the roof
corner.

#

Lightning
conductor

S

Mains
wiring §
/

5
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Lightning strike

When does a lightning conductor fa11 and what
happens when it does?

To arrive at the scene soon after a
massive lightning strike is
undoubtedly the best time to
arrive. I don’t of course refer to
such base considerations as per-
sonal safety but rather the oppor-
tunity to study a rare pheno-
menon. As with much in the
world of engineering, a modest
amount of ‘hands on’ experience
is worth a mountain of theory and
therefore worth reporting. The
events I describe took place in
early May when I was called in to
have a look at the damage to a
range of audio, video and musical
equipment at a local parish

church (location undisclosed for
security reasons). The following
description contains no new
insights into the behaviour of
electrical discharges but will, I
hope, offer a few practical tips to
others who (like myself) always
assume that accidents happen to
others.

Background

The church in question is a
favourite haunt of tv producers, a
possible explanation for the sense
of déja-vu that the heading pic-

ture may provoke. It was built in
1830 and sticks about 30m above
the top of a low ridge of hills. Such
a structure, being an obvious tar-
get for lightning strikes, was well
protected by a modern lightning
conductor. This was profession-
ally maintained and had only
recently been tested for earth
resistance — about 8 ohms and
well within the limits considered
acceptable by the industry. Yet a
single stroke of lightning stripped
off the conductor, vaporizing it in
several places and setting the
church tower on fire. Several
square metres of roofing lead

ELECTRONICS & WIRELESS WORLD OCTOBER 1984
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LIGHTNING

wereripped of as if by a giant hand
and a 20 cm by 20 cm timber
beam split in two. Total faith in
the protective value of lightning
conductors may be comforting,
but it’s clearly not the whole
story!

Electrical damage

When [ examined the electrical
and electronic systems through-
out the church complex (various
halls and committee rooms), it
soon became obvious that con-
siderable amounts of energy had
been diverted indoors. Mains
cables were shorted, fused or
simply missing! Telephone wires
as far as 50m from the point of
strike had their insulation ripped
off and were melted in several
places.

Closer examination showed
that the lightning had jumped
from a point about half-way down
the lightning conductor to a sec-
tion of mains wiring about 2m
away inside the church tower.
The diagram shows the set-up
and suggests a probable explana-
tion. Mains earths are nearly
always (or should be!) better than
the ground stakes of lightning
conductors and will therefore
offer a preferential path for the
discharge. The fact that such wir-
ing is quite separate from the
lightning conductor appears to be
irrelevant unless the two are phy-
sically separated by more than
about 3m. Distances smaller than
this merely represent low imped-
ance discharge paths for megavolt
pulses. (A good rule of thumb in
the trade suggests that mains wir-
ing should be kept clear of light-
ning conductors by at least a foot
for every ohm of the latter’s earth
resistance. )

A quick study of the mains wir-
ing around the church buildings
showed a type of damage which is
instantly distinguishable from
that caused by conventional elec-
trical overloads. The cable in the
tower (2.5mm T & E) was parted
in several places and stripped of
its insulation in others. All these
places were at 90 degree bends
where presumably the electric
field was greatest and where the
prime mode of failure would have
been insulation breakdown to the
air around. Another interesting
feature was the tendency, else-
where in the building, for
M.I.C.C. cables to develop inter-
nal shorts, either at the ends or at
random points along the way.
This may simply be the result of
the cable failing at its weakest
points, but it may also be explic-

resulting from a high-energy
pulse being sent along an unterm-
inated transmission line. I simply
don’t know.

Electronic equipment

With one solitary exception (the
failure of a BF907 mosfet in a
radio microphone receiver), all
the damage of electronic equip-
ment could be explained in terms
of voltage surges transmitted
through the mains. About half a
dozen pieces of audio, video and
musical equipment suffered
widespread destruction of semi-
conductors and power supply
components, this including over a
thousand transistors and diodes
in a solid-state pipe-organ action
mechanism. There was, how-
ever, a common factor linking this
motley collection of electrical
equipment: each was plugged in
or otherwise directly connected

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

£ Ty
to the mains wiring. No
actually switched on at the time of
the storm and virtually every fuse
was left intact. Here again, it
seems, the voltage was doing the
damage.

Further evidence that damag-
ing spikes had come through the
mains wiring was provided by a
number of otherwise similar elec-
tronic units which at the time
were physically disconnected.
These included two commercial
cassette decks which were sitting
in boxes right at the base of the

. tower. Although surrounded by a

graveyard of wrecked equipment
and externally scorched by
molten cables, neither of these
decks developed any fault at all.
When a storm is expected it
therefore seems, on the basis of
this experience, good advice to
unplug everything of value and to
remove the mains lead at least a
couple of metres from the nearest

permanent wiring. The same |

must obviously be true of antennas

WWW-americanradiohistorv.com

B) Closer view of the damage
shown in the heading picture.

Lightning strikes Hotel:
Woman Hurt

Woman guest hurt when Penz-
ance hotel struck by lightning.
Top floor window of hotel blown in
and masonry damaged. Woman
treated at hospital and laterdis-
charged.

45



LIGHTNING

C) Internal twin-and-earth
cable parted and stripped.

D) Some of the blown
semiconductors.

and other metal work in buildings.

Components in details

In view of the varied nature of the
equipment, few general princi-
ples emerge. I was surprised,
however, at the number of com-
ponents that failed in a short-cir-
cuit mode. These included about
200 transistors with complete
c.b.e. shorts and about a dozen
dead-short Zener diodes. Four
different 3-terminal regulators
also . failed with input/output

shorts. Not surprisingly, there-
fore, shunt stabilized sub-circuits
survived better than circuits pow-
ered by 78XX and 79XX devices.
One mains-connected unit to
emerge completely unscathed
was a 12-channel audio mixer fit-
ted with a 10-watt crowbar zener
(to protect against power unit fai-
lure or misconnection!)

Summary

Although this brief investigation
was hardly very scientific, a few
useful guidelines do emerge:

® Don't assume that anything
can protect against a direct
lightning strike.

@ Sensible physical separation of
lightning conductors from
mains wiring (and plumbing)
will minimize damage.

@ Direct and induced voltage
strikes can bypass fuses and
antenna leads when a storm is
imminent. Remove the plug at
least 2 metres from the socket.

@ Shunt protection of d.c. rails
does seem to give equipment a
greater degree of protection
from mainsborne insults.

Ty Vaporized ink
bubble
Ink droplet
\ Ink from
Paper bladder
AL
46

Resistive heaters propel inkjet

This disposable printer head uses
thick-film resistors as heating
elements to force ink through 12
microscopic nozzles onto plain
paper. When current is passed
through one of the 12 resistors,
surrounding ink rapidly vaporizes
and the resulting ‘explosion’ for-

ces liquid ink through the nozzle
and onto the paper to form a dot.
Ink is replenished by capillary
action.

Developed at Hewlett Pack-
ard’s Califonia laboratories, the
plug-in head — costing under £6
— can print around 500 pages

before it needsreplacing. It can
produce 2400 dot-rows each sec-
ond but the printer designed to
use it, the HP2225, runs well
within this rate, producing up to
150 chars/s in an 11-by- 12 matrix
at a noise level of around 50dB
and at a cost of £400.
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102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 0TB
. .
TEL: 021-474 6000 TELEX 311033 CHARCOM-G Atn: CROSAL
VALVES — National, Varian, Mullard, RCA, ITT . ..
A26 2850 EF80 13 NL5441 2150 2C39A 48.00 6BAG 160 6J6A 300 A2ECA 400 5763 4.50 720 INATH 3950
708.00 EF85 165 NL5550 90.00 2033WA 3940 6BASA 275 6J85 4.00 75C1 280 5796 .50 200 (EIM) 4900
AH211A 85.00 EF8s 175 NL55538 375.00 2021 280 6BE6 190 6JBEA 3.65 83A1 1200 5814 3.00 723 6.75
AH221 48.00 EF89 230 NL5750(NIXIE} 2380 %2 150 6BHE 200 6JC6A 4.20 20C1 350 58224 300.00 7234 7250
AH238 35.00 EF31 295 NLBB44A 250 2042 9550 6BJS 185 6JE6C 495 90C6 12,00 5847 1200 1247 320
AR2511 90.00 EFS2 220 NT2 250 2J55 225.00 68KAC 415 6JGEA 385 0CY 1420 5866A 112.00 12620 .00
AH2532 3150 EF3 160 PCLBOS 185 2K25 114.00 6BLS 68,50 6JHE 3% 15082 6.50 5867A 120,00 7289 39.00
AJ2258 7.50 EFS4 1.80 PL50S 550 34002 82.00 6BLIGTA 380 6JKB 220 150C2 310 5868 170.00 7308 750
BD512A 3150 EF95 390 PL519 575 35002 79.50 6BL8 145 6JM86 395 150C3 495 5869 40 32 604.00
BK66 90.00 EF183 200 aavo2-6 1950 3828 15.00 6BM6 3.9 6JS6C 395 150C4 450 5870t 20.00 7360 900
BK448 11000 EF134 200 Q0v03-10 550 38524 300 6BM8 150 6K6GT 05 A2 170.00 5870ST 2000 TABBAL 80.00
BK482 485.00 EFL200 295 VE3-12 450 3BW2 3.00 | 6BN8 245 6K8 485 290A 115000 5876A 2760 7521 1330
BK484 144.00 EK90 1.90 QY365 5250 3623 2375 6805 1.60 6K11 255 3504 250 5879 ¥ 75274 140.00
BKABS 375.00 EL34 350 ay312s 49.00 3045 450 6BRSA 295 6KDB 5.90 g 250 5886 14.90 7 350
BK 525.00 EL® 230 QY4-250 59.00 3CX100A5 39.00 | 6BX6 13 6KD8 2.00 5721 2950 5804A 41.25 7543 200
BK7703 250.00 EL38 495 R1169 8000 3CX1000A7 49500 5876 250 6KES 390 754 35.00 5848 45.00 7551 550
BLTIS 320.00 EL8I 10.95 RG3-1250 35.00 CXIS00A7 398.00 | 6CA 185 6KG6 6.00 615 1850 5920 8.50 7558 8.00
BTS 51.50 EL83 6.00 RG3-250A 15.50 4654 52.50 6CA4 165 £KM8 350 ne 29.90 5963 180 7581A 18.25
BTSB 5150 ELBA 160 RG4-1250 48.00 41254 57.00 6CA7 350 6KN8 550 404 66.80 5965 2.20 7586 1150
BT17 152.00 EL86 195 RG4-3000 90.00 42504 76.00 6CB6A 190 8.00 760P 10350 5991 2000 7587 19.00
BT17A Taz00 EL91 910 RM126 1360.00 4-400A 80.00 6CF6 1.90 6L6GC 350 4200 6005 1.90 7591A 5.00
BT19 36.00 EL360 79 RR3-250 15.00 44008 7330 6067 2.25 66 METAL 1500 807 2.90 68011 20.90 T123NE 2865
BT69 295,00 EL500 2.80 RR3-1250 3450 4-400C 6600 6CHB 995 6LF6 435 810 50.00 6012 9.90 7735A %.00
B35 129.90 EL503 39.00 12,00 4832 3450 6CJ3 230 6LN8 200 8114 14.90 6014 2000 7815ALGE  48.00
BT125 7250 EL505 600 SA075 195.00 4C35A 85.00 6CJ6 10.95 6L06 4% 8124 19.90 6021 370 T815R AL 48.00
BT127 9.00 EL519 6.75 S4076 2500 ACX2508 6CK6 6.00 6M11 480 813 (NAT) 2850 6058 10.50 7868 20
oK 2000 EL803 995 S4092 195.00 (EIM/AMP)  49.00 5CLE 330 6MJ6 350 813 (RCA) 6500 6063 370 7903 115,00
caJ 2250 EL803S 995 S4t02 24000 ACX2508  (NAT) 6CM5 230 Q11 255 8298 17.20 6065 15 7905 1350
C3JA 2880 EL821 995 S4113 20.00 3950 B6CN6 495 65A7 3.00 B1A 6150 6073 550 7964 1350
caL 30.00 EMB4 200 SC1/400 5.00 4ACX350A (EIM} 70.00 6C06 220 6SLIGT 195 843 10.00 6080 9.20 8008 18.80
C16J 120,00 EN32 16.25 SK410 2850 ACX350A  (AMP) B5CW4 650 6SN7GTB 285 845 48.30 6083 7200 8020 3500
CK1907 17.70 EN9Y 280 SK600 4650 68.00 6CWS 195 6SR7 380 8578 708.00 5084 13.10 8032 8.20
CKSB8TWA 410 EN92 330 SK600A 4950 4CX350F 72.00 6CY5 380 6U4 150 8664 15.50 6085 860 8056 15.00
DLS16 18.00 1.85 SK506 750 ACXIS00A  440.00 6CY7 300 6USA 2,00 868 24.00 6094 420,00 8068 13.00
D04 3150 E241 245 SK650 3200 4CX15008  370.00 6025 315 V4 195 872A 19.00 6101 2.20 8072 69.20
DR2010 480 E280 195 SP41 380 4CX 100000 DA 230 6VEGT 195 822 1250 6130 450 8117 165.00
DR2100 7.50 E281 165 SSA-13 12,00 785.00 60C8 245 6X4 200 827 17.80 6146A 750 8121 90.00
DR2110 900 E2%0 200 T160L 2050 402 57.00 60C8 150 6X5GT 185 14.70 61468 750 8122 90.00
DX453 4200 FG17 2450 T2888HDG  569.00 4032 64.75 60J8 0] 6 300 9314 1850 6155 43.00 8163 82.00
DX453A 4750 FG105 95.00 TB25300 11200 4PRBOC 250,00 60K6 3% 6Y9 295 9318 25.00 6156 59.00 8164 29000
DX555 9.00 6XUt 15.00 TY5-500 2500 AX150A 4250 6075 230 1 950 934 18.80 61598 1250 8233 44.00
Y51 185 6XU4 3750 uus .00 5-500A 2500 6DWAB 230 7€ 10.85 35 35.80 6201 6.50 8218 33.00
Es5L 44.00 6XUS 120.00 VLSB31 1450 5AR4 350 6ES5 0 8CG7 2,00 10510 110.00 6227 1295 8298A 750
EBOCC 14.00 GZ34 350 VRS 545 SAS4A 250 6EAD 245 8FQ7 2.0 10528 144.00 6267 175 8321 (EIM) 7000
EBOF 13:10 KT66 6.90 VR150 49 5B254M 4.00 6EHS 165 9SP4 88.00 25 285 6293 14.00 21 (AMP)  68.00
E8OL 1295 K177 875 XC12 130 522 128.00 6EH? 200 12AT6 178 2.85 6360A 5.50 8416 15.70
EBICC 30 K188 15.95 XG61-2500 5150 SCX1500A  535.00 §EJ7 200 12AT7 180 4530 250.00 6426 1690.00 8417 555
E88CC 390 KU1z 280,00 X62-500 36.00 5022 7600 BEL4A 415 12AU6 2.00 4833y 215.00 6442 18.00 U2 20.00
EB9F 9.25 L5047 890 00 XG2-6400 152.00 5A4 6.00 6ESB 210 12AU7A 160 4848 25.00 6484 42,00 80.00
E90CC 850 M8223 5.50 XG5-506 2450 SRAGYA/B 375 8 2.85 12AV6 2.00 48750 21500 6528 48.00 8541 300
£920C 6.50 M8224 595 XQ1275 237.00 SRAWGE 17.90 150 12807 150 5517 1450 6550A 725 8552 8.20
E130L 2350 MD1901 1000 XQ1276 29.00 5SRS 6.00 6FG6 2,00 12AX7TWA 480 7250 6688 8.50 8553 280.00
E180F 8.50 ML7B15 96,00 XR1-1600A  29.50 5U4GB 2.50 6FH8 16.50 12B4A 290 54 95.00 6639 925 8608 2750
E188CC 750 M 2000 XR1-3200 1250 5UP1 4000 6FQ7 225 12BA6 200 5551A 110.00 6633 9000 8643 66.70
E5070 2750 ML8741 215.00 XR1-6400 900 SVAGA 2.75 BFSS 2.25 12BA7 300 5552 144.00 6779 19.50 8754 17.35
EB9Y 19% MU723% 66.00 Y6028 69.40 5Z4GT 1.90 6685 280 12BE6 1.90 5557 2450 6856 52.50 B794 2330.00
EBCI1 1.30 NL604 4450 2803 19.50 6AHE 350 6GES 290 12BM7A 25 5559 51.50 6857 66.80 8844 B0
EBFBY 1.50 NLBOAL 50,00 Zr1011 2950 6AJ8 250 8GF5 2.10 12BY7A 240 5581 16.85 6858 9.2 8874 165.00
EC90 185 NLBOGL 66.50 ZD100551 1350 6AKS5 390 6GH8A 1.80 12826 3.0 5582 24.00 6859 103.50 806AL 55.00
ECC32 250 NLBBAL 130.50 ZM1000 18.15 SAKEW 290 6GJ5A 3.00 120K 150 5583 2085 68838 8.20 10.50
ECCA0 295 NLET6 16200 ZM1001 1815 6AKE 195 66J7 1.85 120W7 425 5632 25 6922 390 8950 950
ECCT0 370 NLTI4 28.80 ZM1020 1565 SALS 195 6GKE 195 12€1 25.00 5636 700 6939 19.50 9001 6.00
ECC81 160 NL740 5250 0A2 310 BALSW 180 66WS 170 12F08 1200 5642 8 6973 370 %7TM 31.00
ECC82 160 NL740P 66.80 DAZWA 550 6AMS .10 66XB 3.00 126N7A 400 5644 1760 6975 66.00 9BAUA 42000
ECCE3 1.60 NL760 99.20 0A3 545 6AMS 2% 66Y6 300 12K767 180 5651 285 014 4450 40.00
ECCR5 220 NL760L 10350 082 395 6ANBA 270 6HE 300 1251767 395 5654 2.90 7015 50.00 16411 118,00
ECC88 1.70 N 1735 0B2WA 595 6A05A 195 6HAS 305 13E1 155.00 5665 120.00 07 66.50
ECC91 3.00 N 12.70 083 250 SAQSW 1.90 6HB6 305 20PET 25.00 5670 275 7018 18.50
ECCIB9 210 NL1022A .00 0c3 250 6A08 220 6HES 400 20PE13A 21.00 5684 28.80 7022 66.80
ECF80 145 NL1036 150.00 003 495 6ARS 285 6HF5 385 20PET4 25.00 S684NE 3950 7023 103.50
ECF86 2.50 NL1052A 144,00 1B24A 100.00, 6ASS 550 6HGS5 1% 20PE1S 22000 330 025 250
ECF801 185 NL10520 144,00 1B35A 6AS1G 720 6HG8 250 20PE19 %00 5718 620 7027 4.60
ECHa! 250 L 48500 1B63A 62.00 SAUSGT 450 6HSE 3% 20PE20 2150 5726 180 7034 4250
ECLB2 150 NL1082S 244.00 18638 58.00 BAUBA 180 6HZ6 275 21026 340 5727 200 70% 250
ECLB3 250 NL2923 525.00 1P21 10450 6AVE 130 6J5 315 30KD6 5.00 4749 250 n% 175.00
L85 1.70 NL5440 19.20 1P28 C.00 BAWSA 265 6J5GT 29 40KGE 5.50 5750 190 T189A 240
FAQ 8.50 NL5440A 3.9 2AS154 2110 6AZ8 380 6J6 220 40KG6A 575 5751 330 719 o
R. F. POWER TRANSISTORS — Many other types available on request souoz 750
6.00
2N3375 9.20 25C644 0.25 25C1178  18.00 25C1967  15.00 BER91 2.00 MRF245  30.00 MRF648  33.00 PT9847 16.00 SD1212-7 4.0
2N3553 2.00 25C684 0.28 2SC1209D 064 25C1968  17.50 BER96 2.00 MRF247  30.10 MRF750 6.50 SD1005 8.20 SD1214 8.70
2N3632 10.00 25C703  36.00 2SC1213A 040 2SC1968A 22.00 BFY90 1.50 MRF260 5. MRFB46  46.00 SD1006 2.10 SD1216  11.00
2N3733 13.20 25C710 0.45 25C1213C 040 25C1968  3.05 BLW29 10.00 MRF264  11.00 MRF301 275 SD1012-3  10.00 SD1219  18.00
2N3866 0.85 25C710D  0.28 25C1239 250 25C1970 1.50 BLWEOC  15.00 MRF309  42.00 MRF304 2.95 SD1012-4 10,50 SD12194  18.00
2N3926 11.26 25C715D  0.40 25C1241 1500 25C1971 4.00 BLW6OCF  15.00 MRF316  55.00 MRF311 250 SD1013  10.00 SD1220-% 950
2N3927 11.82 25C716E 040 25C1251  10.00 25C1972  11.00 BLWB4C3  65.00 MRF317  73.00 MRF5175  22.50 SD1014-6 10.50 SD1222-5 11.00
2N4416 0.75 25C717P 038 25C1260  1.11 25€1978 750 BLW78 61.80 MRF321  35.00 MRF5176  30.00 SD1015  17.50 $D1222-STUD
2N4427 0.75 25C730 4.10 25€1303  5.00 25€2001 045 BLW8O 10.25 MRF323 3500 MRF5177  43.00 SD1018-6  13.00 11.00
2N5090  13.90 25C7131 3.95 25C1306  1.00 25€2026  0.75 BLWS) 14.90 MRF326  63.00 RFB0O4  2.00 SD1019  24.70 SD1224-2  13.00
2N5108 2.00 25C732 0.25 25C1307 1.50 25C2053  0.80 BLW30 13.00 MRF327  70.00 PT3134A 150 SD1019-5  24.70 SD1229-F1 10.95
2N5160 4.80 25C741 250 25C1311 0.40 25€2087  36.00 BLWS8  110.00 MRF329  58.06 PT3134B 275 $D1020 1.50 $D1229-STUD
2N5190 1,50 25821 6.60 25C1311E 0.32 25C2099  15.00 BLX39 13.75 MRF412 18,51 PT3134C  12.00 SD1074  16.10 10.95
2N5589 6.00 25€288 0.30 25C1314  25.00 25C2100  24.00 BLX65 2.45 MRF421  36.85 PT3124D  12.50 sD1076  18.50 SD1244-6 1275
2N5590 8.50 25C298 0.25 25C1318 040 25C2103  18.00 BLX67C 9.50 MRF422  42.00 PT3134E  30.00 SD1077 1.60 SD1256 6.95
2N5591 8.90 25C890 8.50 25C13688  1.00 25C2105  15.00 BLX67CF  9.50 MRF426  23.00 PTIIE1IA 175 SD1078  26.50 SD1262  15.00
2N5643  13.00 25C891 18.00 25C1383B 050 25C2116  1.60 BLX68C3  10.00 MRF427A  21.00 PT31618 1.75 SD1080 1.55 SD1270 375
2N5913 250 SC900 0.18 25C1424 1.35 25C2118 9.0 BLX68CF  10.50 MRF428  57.00 PT3161C 850 SD1080-6  7.50 SD1272 1095
2N5945 8.95 2SC900F  0.19 25C1509  6.00 25€2221 5.50 BLX69A 2000 MRF428A  75.00 PT3161D  14.00 SD1080-7  7.50 SD1272-2 10.95
2N5946 15.63 25C908 4.50 25C1546 045 252233 090 BLX34A  36.00 MRF433  16.21 PT3161F  30.00 SD1088  26.00 sD1278  13.75
2N6080 6.00 25C911A  18.00 25C1568  0.45 25C2237  16.00 BLXS8  132.00 MRF449A  14.95 PT3503 6.95 sD1089  28.50 SD1278-1  13.75
2N6081 8.75 25C945 0.2 25Ci583  5.00 25C2281  i3.00 BLY87C 750 MRF450  11.90 PT4261A  16.00 S$D1098  40.10 SD1285 1275
2N6082 9.00 25C945R 0.2 25C1622 033 25C2283  9.00 BLYBSC  11.00 MRF453  14.00 PT42618  24.00 SD1115-2  7.50 $D1300 1.25
2N6083  12.00 25C952 0.60 25C1623 030 25C2287  11.00 BLYBSCF  11.00 MRF453A  14.00 PT4261C  60.00 sD11157  2.10 SD1303 250
2N6084 13.20 25C982 0.30 25C1688  16.68 25C2289 1250 BLY8SC  13.00 Fas4  21.00 PT4316C  12.00 SD1127 2.50 SD1316 2.10
2N6034 8.00 SC 250 25C1674  0.25 25C2290 2750 Y90 45.00 MRF454A  24.00 PT4316D  18.00 SD1131 3.25 SD1317 8.00
2N6095 8.50 25€998 3.90 25C1675 020 25C2347 030 BLYSICF  11.00 MRF455  16.00 PT4316E  25.00 $D1133 9.50 SD1405  21.00
2N6255 3.45 25€1001 9.90 25C1678 125 25C2369  2.00 BLY34 45.00 MRF455A  21.00 PT4316F  30.00 SD1133-1  10.00 1407 27.50
25C382 0.65 25C1011  15.00 25C1729  18.00 2SC2370A 18.00 MRF208  12.00 MRF458 19,95 PTS661C  14.00 SD11341 250 SD1407MP 55.00
25C458 0.22 25C1070 1.15 25C1730  0.25 SC2379  15.00 MRF212  12.00 MRF466  24.50 PT8751 24.00 SD1134-2  10.00 SD1410  21.06
25C4588  0.36 25C1096L  0.90 25C1740Q  0.20 25€2395  15.00 MRF221  12.05 MRF472 4.40 PT8820 15.00 SD1134-8 10 SD1410-1  21.00
25C458C  0.22 25C1096M  0.90 25C1765 7.5 25C2407  1.00 MRF229 350 MRF476 2.00 PY8831 2.75 SD1134-STUD SD1410-3  21.00
25C4860 0.25 2S5C1117  £1.50 25C1815Y  0.28 25C2420  18.00 MRF231 1236 MRF475 2.25 PT8837 10.00 7.60 sD1412  36.00
25C460B  0.25 25C1120 1250 25C1906 033 25C2494  16.00 MRF232 1350 MRF477 1250 PT8338 15.00 sD1135  10.25 SD1412-3  24.00
25C4618  0.25 25C1121  24.00 25C1907 030 25C2509  6.00 MRF233  14.30 MRF492 2750 PTB8548 18.00 | . SD11353 12.00 S$D1413  18.00
25C535 0.38 25C1122 18.00 25C1945 350 25C2531 1.30 MRF234  16.00 MRF4S7  18.50 PT8861A  15.00 SD1136  12.50 SD1414  36.00
25C535A  0.38 25C11628 090 25C1946 1875 25C2538  1.10 MRF237 3.10 MRF515 3.90 PTB864A  30.00 SD1143 9.45 SD1416  33.00
25C5358  0.38 25C1165  6.95 25C1946A 16.50 25C2539  15.00 MRF238 1260 MRF517 3.50 PT8874 18.00 SD1143-1  10.00 SD1418  30.00
25C535C  0.35 25C1169  4.85 25C1947  9.88 25C2540  24.95 MRF239  20.00 MRF620  18.00 PT9795 12.50 SD1144-1  2.50: SD1421 36.00
2SC540  24.95 2SC1176  14.00 25C1955 7.0 25C2545E  0.29 MRF240  24.50 MRF644  27.50 PT9797 14.00 SD1158 7.95 SD1428  24.00
25C608 0.75 25C1177  17.25 25C1966  11.00 BER90 1.50 MRF243  35.00 MRF646  28.00 PT9841 16.00 SD1201 7.35 SD1429  15.98
TERMS: C.O0.W. POSTAGE/PACKING: Add £1 to order under £50 value. VAT: All prices are excluding VAT, please add 15% to order and postage. GUARANTEE: Ali goods are of
current production and sold with manufacturer’s warranty. ENQUIRIES: Are welcomed for other types/brands of valves. Please send SAE
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SARELS
8000 SERIES
SETTHE
STANDARD

B Protects against ingress of dust and liquids [P55
(BS5490 1977, IEC 529 1976).

B 1.5 and 1.75mm steel bodies and 2mm steel doors.

B Smaller sizes fitted with advanced polyurethane
gaskets. Larger sizes (600 x 600 and above) fitted
with neoprene gaskets.

M Wide range of chassis systems including plates DIN
rail, telequick and gland plates.

B Standard finish is textured beige polyester powder
paint.

B Glazed doors—wide choice from stock.

Series of cabinets and accessories set the standard.
Name

I Company

I Position N -~ I

Address

Telephone
EWW 10/84 I

|Sarel Limited.

B Cosgrove Way. Luton, Beds.
Telephone: Luton 20121

k%o;‘..é é.,/

DC-ACI rt
et S POWER UNITS §
sine wave or square

Xv(a:ygé):gwér units NOW AVAILABLE l l

Frequency WITH 3 VARIABLE
changers OUTPUTS
Emergency

standby

systems

No-break

systems

Crystal

controlled

units

Battery

Chargers

Input 200-250V. 50Hz or 100-120V
60Hz to order.

Output 1:0-30V. 25A. D.C.
Output 2:0-70V. 10A. A.C.
Output 3:0-250V4A. A.C.

ALL CONTINUOUSLY VARIABLE JCATION

Other units are also available DE I]' MEN]
with outputs of: DRODU
0-60V 12A
0-120V 6A JES
0—-240V 3A ND FOR % RTHER [

oR—-1-17Y

CIRCLE 12FORFURTHER DETAILS.

M ETEB
|

PROBLEMS?
=1 3 —w
\ \JV - ///J‘ \l

o N\

1 \ g
i

137 Standard Range;in a_variéty of sizes and stylings avaiiable

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 itee (SRR

Telex: 892301

¥ |RADFORD|

Audio Measuring Instruments,

Audio Amplifiers, Loudspeakers and

Loudspeaker Components for the
professional and enthusiast

RADFORD AUDIO LTD.

10 BEACH ROAD
WESTON-S-MARE, AVON BS23 1AU

TEL. 0934 416033
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We have the answer whether you need:

0.1" or 0.156" edge connectors

® Two part Euro connectors

e Miniature ‘D’ connectors

® Ribbon cable connectors (including
headers and sockets)

Plus many more

The NEW Delta connector to IEEE 488
specification is now available for either rib-
bon or round cable connection in both 24
and 36 ways. Metal covers are also availa-
ble.

MAKE THE RIGHT CONNECTIONS !

For further information on these products
and local availability, plus a copy of the
‘Hobby Herald', containing the full product
range, telephone Chandlers Ford (04215)
62829 or write to :

BICC-VERO ELECTRONICS LIMITED

Retail Dept.,
Industrial Estate,
Chandlers Ford,

Hampshire SO5 3ZR.

CIRCLE 8 FOR FURTHER DETAILS.

Keow Deose
lonitacke CLEW

BY USING A

DIACROM
SPATULA

Manufactured in France
British Patents applied for

No other cleaner has all these advantages:—
1. Only 100% pure. natural diamond grains are utdised

2. Blades are treated with hard chrome to reinforce the setting of the diamond grains. to
obviate loosening or breakaway during use. This process also prevents clogging of the
diamonded surface by residues resulting from use

W

. All diamonded blades are rectified 1o ensure an absolutety smooth surface by eliminating
diamond grains which may rise above the surface This eliminates all excessive
scratching during use

4. All diamond grains are rnigidly calibrated to ensure @ perfectly uniform grain size of either
200. 300 or 400

§. The chrome gives a very weak co-efficient of frictien and the rnigidity of the nylon handle is
calculated to permit proper utilisation and yet piiant enough to avoid undue pressures on
highly delicate relays

Grain size 200 thickness 55/100 mm.. both faces diamonded For quick cleaning of industrial
relays and switching equipment. etc

Grain size 300 thickness 55/100mm. both faces diamonded. For smaller equipments. like
telephane relays. computer relays, etc.

Grain size 400, thickness 25/100 mm . one face diamonded. For sensitive relays and tiny
contacts. Two close contacts facing each other can be individually cleaned. because only one
face of the spatula is abrasive

Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD
81 Piccadilly, London W1V OHL. Phone: 01-629 9556

As supplied to the M.O.D., U.K.AE.A., C.E.G.B. British Rail and other Pubiic Authorities;
also major industrial and ic users thr the United Kingdom.
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HOME CONTROL

CENTRE

This kit enables you to control up 10 16
different appliances by means of coded
puises in the mains wiring which may be
decoded by special receivers anywhere in
the house. The transmitter may be con
trolled manually or by the computer inter
face enabling your favourite micro to
make your coffee in the morning, switch
lights anywhere in the house, or your
electric blanket in your bedroom. Just
think of the possibilities — and no wiring’
This kit comprises a transmitter with pre
drilled box and two receivers
XK112 £42.00
Additional Receivers

£10.00

XK111
o &
SN —

ELECTRONIC LOCK KIT

With hundreds of uses indoors, garages,
car anti-theft devices, electronic equip-
ment, etc. Only the correct easily
changed four-digit code will open 1t! Re
quires a 5-15vV DC supply. Output
750mA. Fits into standard electrical wall
box

Complete kit texcept front panel)

XK101 £11.50
Electric Lock Mechanism for use with
existing door locks and the above kit
(Requires relay ) 12V AC/DC coil

BT STYLE PHONE
CONNECTORS

Line Jack Units
o Master Unit (first
line unit) has belt
capacitor and
surge arrester.
Ftush or surface mounting. Screw con
nectors
Master (flush)
Master (surface)
Master {mini surface)
Secondary (flush)
Secondary {surface)
Secondary {mini surf)
Dual outlet adaptor
4-way line cord
minals
4-way line cord

(960 110) £3.00
(960 112) £3.00
(960 113} £3.00
(960 114} £2.65
(960 116) £2.65
1960 117) £3.00
{960 118) £4.20
with plug to spade ter-

(960 120} £2.00
(960 130} £0.20 per m

MICROPROCESSOR
TIMER KIT

Designed to con
trol 4 outputs

independently

switching on and

off at preset times

over a 7-day

cycle. LED dis

play of time and day, easily programmed
via 20-way keyboard. Ideal for central
heating control tincluding different
switching times for weekends) Battery
back-up circuit. Includes box

18 time settings.

11-13 Boston'Road
London W7 3SJ

ORDERS
01-567 8910

01:579 2842 TECHNICAL AFTER 3pm

CIRCLE 25 FOR FURTHER DETAILS.

{701 150} £14.95
CT6000K £39.00
TOP QUALITY ... TOP SERVICE N
1 - y Ki r K
Nor FREE ;uALB-QJTQM 5R,CEms i) . §includes PCB. connectors and
ange ail 41 very i wi T one relay. Will accept up to 4
';:ufv;;m‘:; _5;5‘0 Barci ardt teleph ..' }.g" weicons Ar‘: retays. 3A/240V c/o contacts £3.90
& [6 00 eisewnere ]
g DR gp BT Goas 2§ 701 115 Additional Relays £1.65
ALL PRICES EXCLUDE VAT
lcs CLOCK oy &Ng:;lb:‘61
YOWER CIRCULAR RD

UXBRIDGE ROAD

ENQUIRIES
01-579 9794

Qd NOLSO8
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ENERGY TRANSFER

by Ivor Catt*

*Watford College

Fig.10. Old (1) and new (b)

models forlossless line.

Fundamentals of
energy transfer

Ivor Catt continues his discussion of basic
weaknesses in e.m. theory, proposing a new

model.

Maxwell’s difficulty with the
anomaly disappears, and his
fudge factor, displacement cur-
rent, traversing the capacitor
from top to bottom and creating
magnetic field in the horizontal,
forward, direction, becomes an
embarrassment because by gen-
erating forward magnetic flux
(which is why Maxwell invented
it,) it contravenes the require-
ments of a TEM wave, that all
magnetic field should be trans-
verse. Once it is realised that a
capacitor is 2 transmission line?,
we have to conclude that the tra-
ditional reatment of the capaci-
tor (i.e. displacement current,
generating forward magnetic
flux) is incompatible with the tra-
ditional treatment of the trans-
mission line (i.e. the TEM wave).
We are forced to removed the con-
cept of displacement current from
our theory to prevent it from
undermining the important con-
cept of the TEM wave.

Repeated LC model for
transmission line.

It is traditional to offer the LC
model (Fig.10) as a good way of
understanding the operation of a
transmission line, with inductors
either in the top line or in both
lines. This is a disastrous model
for a number of reasons: the
series L induces the student to
think that a lossless transmission
line has a high frequency cut-off,
which is untrue; it outlaws the
possibility of signalling in both
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directions at the same time, and
is largely to blame for the general
tendency to only half-use the
capacity of long, expensive
lengths of coax. or twisted pair
cables; my erstwhile co-author
Malcolm Dividson has pointed
out that since a capacitor is a
transmission line, the model is
absurd — modelling something
in terms of itself.

My erstwhile co-author Dr
D.S. Walton has proposed a new
model (Figl0), for the lossy
transmission line, where losses R
and G remain as discrete resistors
perodically along the length, but
each section is a delay unit with a
certain characteristic impedance
(i.e. resistance). According to
this model, a signal passes alter-
nately through resistive loss seg-
ments R—G, and delay seg-
ments. There are no reactive
components. Dispersion  will
arise from repeated partial two-
way reflections at each R—G ele-
ment, and will of course be more
apparent for ‘high frequencies’.

Displacement current

[ have argued that free space had
at least one innate characteristic
— inpedance. In this section,
written by F. David Tombe of Bel-
fast College of Technology,
another argument is presented
for space having at least one
innate characteristic, which he
suggests is ‘polarization’, or
paired poles.

Maxwell’s displacement cur-
rent is introduced in modern text-
books using the following argu-
ment.

Ampere’s circuital law can be
written:

curlB=4—nJ
c

(D

mwmg=%mQ(m
Since the div of a curl is always

3

Zzero, we arrive at

div]=0

But the equation of continuity
states that
op

divl = —pt 4

This dilemma results in the con-
clusion that equation (1) only
holds for static situations and that
a modification is required for time
varying B fields. The additional
modification term must be such
that
div (the additional term)
op
= = 5t 5
so as to always cancel out with div
I. The result is that the ‘displace-
ment current’ i1s added on and the
equation now looks like this;

18E
e (6)

But this extra term must surely
contradict the original derivation
of equation (1), since taking the
curl (spatial differentiation) has
no relevance to the time depend-
ent aspect of B.

The ‘displacement current’
can in fact be justified another
way simply by viewing it is a
polarisation current component
implicit in the original J term. If
we define the vector D, having
direction of current, such that

curl B = l i —

_ 3D
! Bt @
Then
G i 8
div | 5t (div D) (8
From the equation of continuity
_9_ 3
5t 5 (divD) (9)

therefore, integrating, we get

—e + constant

= divD (10

Now
div E = 4wp(Gauss’s Law) (11)
Combining (10) and (11) we see
that

E

D= —ﬁ-'F D, (12)
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Hence using (1) and (7),

_0D2 13E

T e T
_4m; _ 193E

curl B = C I C 6t(l4)

Such a derivation implies that
electromagnetic waves cannot
possibly exist in the absence of a
medium in which polarisation is
linked to displacement current.
The minus sign means that the
displacement current is in the
opposite direction to the oppos-
ing electric field caused by the lin-
ear ether stress of polarisation.
This is identical in principle to
Lenz’s Law for torsional aether
stress which occurs in Faraday’s
Law.

TEM wave

The conventional wisdont on
electromagnetism contains two
mutually contradictory versions
of the Transverse Electromag-
netic Wave. The first, the Rolling
Wave, is the view of 90% of acad-
emics. Opposed to this view, the
second, correct version, called
the Heaviside Signal, attracts the
remaining 10% of academics. It is
remarkable that the contradiction
has never been noticed?.

Rolling Wave. Kip?® describes
the Rolling Wave;
“...0ur demonstration
involves the use of the first two
Maxwell equations to show
that such a postulated time
and space variation of E gives
rise to a similar time and space
variation of H (but at right
angles to E) and that this H
variation cuts back to cause
the postulated variation in E.
Thus, once such a wave is
initiated, it is self-propagat-
ing.”
The two relevant Maxwell Equ-
ations are
OE 0B oH oD
B
Heaviside Signal. Opposed to
the Rolling Wave is what we shall
call the Heaviside Signal. The
most highly developed form of
this view is that at any point in
space, an electromagnetic signal
always contains one kind of
energy only. The energy density
is equal to the product of D and B
at that point. The rate of flow of
energy, which travels at the speed
of light ©, through unit area is
equal to the product of E and H at
that point. E, H and © are always
mutually perpendicular. E/H =
Ju and©=1//p . Thereisno
interaction between E and H,
which are co-existent, co-sub-

stantial, co-eternal®.

Beyond Theory H

For the last century, the lost
debate in electromagnetic theory
as between Theary N (Fig.1),
that current and charge in/on
wires cause fields, and Theory H
(Fig.2) that the electromagnetic
field travelling down between two
conductors is the cause and elec-
tric current and charge in the
wires are effect of that cause. I
call the debate ‘lost’ because
some 70 years ago the wrong the-
ory, Theory N, won the debate
and suppressed all evidence of
the existence of the (energy cur-
rent) alternative, Theory H. (The
recent assertion of Prof. Ziman
FRS, that “The aim of science is to
achive consensus’ gives the seal
of approval to this suppression.)

Fundamentatl to all three theo-
ries, N, H and C, is the principle
of conservation of energy. The
measure of energy flow is the
electromagnetic field E X H (i.e.
the Poynting Vector). In the case
of Theory N, the current and
charge in the wires cause the
field, which field transports the
energy. A theory which is energy
based must retain the energy car-
rier, E X H. It must also retain the
cause of the energy carrier, i and

In the case of Theory H, the

energy carrier E X H s the cause,
and i and , being secondary
effects of that cause, are not
essential to the transport of
energy. Heaviside failed to notice
that in Theory H, i and were
outside the path of the theory
from (a) prime mover E X Hto (b)
effect, the flow of energy. He
never questioned the need for i
and in his revoluntionary The-
ory H.
Although the Catt Anomaly
was discovered after Theory C, it
shows us that majer problems
arise when electric charge tries to
play its part properly in the pas-
sage of TEM wave guided
between two conductors. The
way out of the dilemma is to
excise i and from Theory H,
leaving us with a non-dualistic
theory, Theory C.

Theory C

In 1873 Maxwell wrote?

“Since ...the theory of
direct action at a distance is
mathematically identical with
that of action by means of a
medium, the actual pheno-
mena may be explained by the
one theory as well as by the
other, provided suitable hypo-
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Theory N's
direction of flow
{electric current)
I

Theory N

direction of flow
{ energy current }

Theory C

theses be introduced when
any difficulty occurs.”
This statement led Hertz to say,

“Maxwell’s Theory is Maxwell’s |

set of equations.”

If we allow ourselves Max-
well’'s extraordinary licence, we
find that Theory C is also Max-
well’s Theory. Even though in
Theory C, charge and current
have been excised from the the-
ory of a TEM wave propagating
down between two conductors,
Maxwell’s Equations still serve us
by making us able to manufacture
instruments, i and , since they
have been found to be useful con-
structs in the past, although now
they lack physical reality (in the
say way as acceleration lacks phy-
sical reality, being merely a
mathematical manipulation of
physically real distance and phy-
sically real time).

Numerous well known (but
very confusing) theoretical bodies
of knowledge are transformed by
the change of view caused by The-
ory C. Inthe case of atransistor or
thermionic valve, the problem is
no longer one of how the charge
(electrons) travels from emitter
(cathode) to collector (anode).
Now, all movement is in a differ-
ent direction. Energy current,
guided by the two conductors,
(Fig.11), enters sideways into the
critical interface between emitter
(cathode) and base (grid), gradu-
ally accumulating as it vacillates
to and fro along the junction.
After a time, the density of the
energy reaches a critical value
(0.7V) and this causes other
energy current, travelling tow-
ards the transistor (valve) guided
between the emitter wire and the
collector wire, to see a shot cir-
cuit (instead of the earlier open
circuit) by when it reaches the far
side of the component. Whereas
before, the incident energy cur-
rent arriving between emitter and
collector wires reflected without
inversion, it is now inverted
before it reflects back towards the
+5V supply. Electric charge is
not involved — it would collide
with the Catt Anomaly.

Fig.11. Theory C turns e.m.
through 90°.

The lower ‘Fig.8’ of the first
part of this article should have
been labelled Fig.9 and
captioned ‘Today’s view of
Maxwell’s problem’.
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Multi-standard & = —au

Some additional notes and a
software auto-dialler

T hope later on to provide an auto-
dialler board to pair with the
modem; but in the meantime
here is an impulse auto-dialler in
software for the BBC Microcom-
puter. Users of other computers
will no doubt be able to adapt it if
they wish to.

The program drives the three
relays in the modem via the com-
puter’s user port. A fourth line in
the user port enables the compu-
ter to monitor the carrier-detect
pins of the modem i.c. and so
recognise that a call has been set
up successfully.

A small hardware addition is
required (Fig.1): nevertheless,
this part must be one of Wireless
World’s cheaper constructional
projects. The transistoris needed
to allow the computer to close the
line-seize delay (RL,) and the
inverters are to give the correct
sense of operation. The user port
is bi-directional; and when the
computer is first switched on, the
port’s eight lines are configured as

inputs. Without the inverters, all
three relays would become ener-
gised straight away and would
remain so until the program was
running.

To dial a telephone number,
the sequence of operations is as
follows. First the line-seize relay
must close. Then, when dialling
tone 1is received from the
exchange, the first digit must be
sent. The DON relay closes, and
after an interval of 7ms the IMP
relay opens to create the first of a
series of impulses. These
impulses are transmitted at a rate
of ten per second, with a 2:1
mark-space ratio. That is, the
IMP relay opens for 66ms and
then closes (between impulses)
for 33ms. When the final impulse
in the group has been sent, there
is a pause of a few milliseconds
before the DON relay opens
again. An interval of 80ms sepa-
rates successive digits.

In the program [ have used a
machine code routine to drive ther

user port, with the aim of adher-
ing to these timings as closely as
possible: every telephone user
will know, however, that in prac-
tice fairly wide tolerances seem to
be allowable. For an interval
timer, I have used timer 2 in the
user v.i.a. This is clocked by the
system at a rate of 1MHz,
whereas the only timers accessi-
ble from Basic count at 100Hz.
Timer 2 may be pre-set with
any 16-bit number and can there-
fore give delays of up to 65ms. To
pulse the IMP relay it seemed

20 19
& @ Ribbon
cebis — Mounted in E%Owwv
o o -
modem box pin & - OV
. W 1¢y;, pin 13
{ carrier detect }
9, ° * i +5V
L 100n
o= S %All wok L
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) 4 » 1, pin 1({IMP}
1 PBy > o?
i ™ l 3 x Y, 4049 .
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t‘ — i
1
R R | PBg >c £ |
| S 22 (Ifh plnl‘lh)
! ine seize
° o [ b JVN10LM
2 1 ,‘
To |
user port \v3 W, p—
connector 150
on-BBC micro W
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by Richard
Lambley

Fig.1. Interfacing the modem
to the BBC Micro’s user port.
The fet is a low-cost plastic-
encapsulated type, but any
switching transistor with
enough gain could be used
instead.
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easiest to set the timer to 33ms
and to call it twice to obtain the
66ms interval.

Some well-heeled readers may
by now have second processors
for their BBC computers, and to
achieve compatibility with these |
have addressed the user port not
directly but with the FX/osbyte
calls recommended by Acom.
Page &FE can be written to with
A%=151 and read with A%=150.

When a carrier has been

received from the remote compu- -

ter, the program hands control of
the line-seize relay over to the
modem and lastly calls the user's
communications software.

The user can insert his own
choice of numbers in the data
statements at the end.Dashes,
spaces and so on can be included
in the telephone numbers if
required: the dialler routine will
ignore them.

Modem notes

Finally, one or two points left over
from last month’s article. The
receiver section of the Am7910 is
very sensitive, in fact much more
so than it needs to be for ordinary
purposes. Under some circum-
stances it may show a tendency to

detect a carrier when no carrier '

exists. If this happens, try reduc-
ing the signal input at pin 5 by
increasing the ratio to R, to Rg;.
The input resistance at this pin is
about 50kQ.

One of the reasons why some
of the 1200/75 baud systems I
listed may not be compatible with
Prestel terminal software is that

ally the Ascii underline character,
number 95. If one of these sys-
tems fails to recognise your carri-
age returns (this applies to part of
the Open University system illus-
trated here), it may be worth try-
ing a control-M instead.

Also in the software depart-
ment, Computer Concepts now
have an updated version of their
Termi terminal emulator package
for the BBC Micro. This incorpo-
rates many of the features of the
rather more expensive Communi-
cator rom. The other BBC rom I
mentioned, Pace’s Commstar,
has also been improved: the pre-
vious restriction on file-length
can now be overcome by spooling
direct to, or from, disc.

I should perhaps remind the
reader that connecting non-
approved equipment to the public
network is frowned on by the Brit-
ish telecommunications authorit-

ies. The modem described in
these articles, being a design for
home construction, is not
approvable.

Addresses

Computer Concepts, Gaddesden
Place, Hemel Hempstead, Hert-
fordshire HP2 6EX; 0442 —
63933.

Pace Software Supplies Ltd, 92
New Cross Street, Bradford BD5
8BS; 0274-729306.
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Distel

CBBS Southwest
Microweb
Mailbox-80
Maptel

A
8
C
D
€
F
G
H
1
J
K

City b.b

Blandford board
Estelle (300 baud>

o-dial ler

Prestel Enterprise
Prestel Derwent etc.
Prestel Keats etc

OLD
6 B0014

061 456 4157
O=1 AR 794
79 4435

606 4194

Fig.2. Lunchtime at the Open
University. In part, this 1200/
75 baud system follows the
Viewdata standard.

Ly ) Daked Gasmon & Paraley
Lo e £ 08
fpanish Omeletie(itop>

Dosp Friod Cod in batter

v lomon(98p), e

Pushiroos omelette i
Chewne & colory

v

the Viewdata carriage-return
a5 OB
character indicated as ‘#’ is actu-
.
[} A
+ o
> + o
o 1] L]
- - 0
ey o -
o [} ]
- . N >
L +
| o +
3] L] w 3
o] - + 0
- “ a
he]
he ) hel x 0
1o | n e
Qe ] B~
—~ % . E 4
Pl 4 7~ i
Q a
- o]
. a
L v a o —
L + Q0 + >
o™~ D200 > oMol |
EQD>rOoO~0A0 NN ~
L I BT AT of o3 B
%X 0TEQ ®* %D Q
- -0
>x I Uxxrxaaown >
oo oOoAanN>ZEZ+- wa
dddrm -J':?—([UCDKHZE
t
[eNeNoNoNeNoNoNeNoNoNoNoNoNoNel
ONDOCO=NMasDOMNDDO
NMANNOODOODODODODOOD OO
et v et v et e v e v e e e e e

1710 REM ++++++++++++++++++++++++++4+4+++

o5}
N
- +
® +
' 4 +
I +
8] +
Il + ~
hd + ™
[ + -
+ »
r4 + N
w + =]
X = + c
=0 + ]
~e~z 2 QO + E
w0 - + =4
~ =2 % O + 0 “
BTN AE - + - [
Bl 3 - + ~0 c
D *-Z# + o =]
~ % U~ + = =N
Z~@EI- + [ + a
Wmewok+D + cn NOoUuw
4 11} + - I~
X V==& + - c ]
~O~Y0O0 » + w [T
W@z = ~ + Jox* E
H awv o + C N = (=]
Dewm—~®w®wAQ D+ U~0 N o T
OHE-+FZFO+EDN =3 W
xNan IXE+ZONTCCEd
A~wLulLOWOL WL Jweo
Lexk-~=~NZarLifco el
wo ZWwuw o
aLw Wwrax ex
[eNeNeNoNeNoNeNoNoRoNololoNoNoNel
NMITNDINDPOSNMLTUIION
cor0rrCrOrO00000000
S A A S NNNNNNNN

NEXT

2080

- - -
® o |
x + b < N
s T = 3 0 3
N ON c | C
N oM [ D]
N ~ E > E
= < @ [ U v
] 0 x ~ - X N
~ N + I L5) 1 >
- N N O onNw
=N B~ X N > x
b - < (=] N>
Juw @w N >ux A
cx x - (o] U x r4
[Tl =} ra ] xXxZZ J
€ - (S8 0 Z W
~ N w = - WXL ™
@ W g - I+ |
v M ~ a [ [
C - o NN A
go ® ~ E MM N
cl x ™~ =0onA >
aN -“In ~ WNNNUO
[T + 0> (3) 0 >>>x
- N N=@ . N oeod
VOM =R ZU mENX XX
HSd = Nl =~C =< > =
ON+FWNEXxd ZUWoblbuw Z
d 2O AMALLA~D0 Xrr 3
== ww anN w
=<0 @ ¥ -~ @
ZWuw W -
Ja xx o
Ww o~
x -nﬁ
[eleNeNoNeNoNel CO0CQOQ0O O
CO~NMSIN: BIYNDOPO ~ N
Q ™ ot et o o= NN
N'NNNNNNB%NNNNNNN

menu’Z—1

UNTILkey%<>-1 OR J%=
UNTILkey%Z>

2230
2240

*

(300 baud) ,027% 443511

o]

2270 DATAPrestel Keats etc.,0933 318033

2280 DATADistel , 679 1888
2370 REM alter line 220 if necessary.

2380 DATAZ2Z2,222

2360 REM ## Add further data here;
2390 =keyZ

2330 DATABlandford board,0258 S4494

2290 DATACBBS Southwest ,0626 890014
2340 DATAEstelle

2250 DATAPrestel Enterprise,&86 0311
2260 DATAPrestel Derwent etc.,618
2300 DATAMicroweb,061 456 4157

2310 DATAMailbox-80,051 428 8294
2320 DATAMaptel ,0702 552941

2350 DATACity b.b. ,60&6 4194
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REQUIREMENT: AMPLIFICATION
SOLUTION: CRIMSON!

More than ever, Engineers, Enthusiasts, & Professionals require a reliable source of quality amplification, crimson continue to meet this
demand with a comprehensive range to suit virtually every application and support this with friendly advice and back-up. Our prices have
remained stable for 18 months and with two regional distributors and our own mail order system, there has never been a better time to

choose the best.

5 ko % 1
Y (ot = il .

Power amplifiers bipolar type. Incorporating full electronic protection,
integral heatsink bracket, high slew/low distortion circuitry (<0.01% THD TYPICAL)

TYPE MAX O/P SUPPLY {DC} PRICE
CE608 60W/8R +/—35V £21.50
CE1004 100W/4R +/—35V £25.00
CE1008 120W/8R +/—45V £28.00
CE1704 200W/4R +/—45V £35.50
CE1708 180W/8R +/—60V £35.50
CE3004 320W/4R +/—60V £49.50
CE308 30W/8R +/—25V £15.90

Power amplifiers Mosfet type. Ideal for heavy duty use —i.e. disco’s or
driving line transformers, itegral heatsink bracket, {<0.02% THD.TYPICAL}
FES08 S0W/8R +/—45V £30.00

FE1704 170W/4R +/—45V £39.00
Pre-amplifiers stereo modules withR.1LA.A. eq. M.M. & line input, needs
vol and bal pots and input switching. Can be used with MC2 module to
allow use of low O/P MC cartridges.

CPR1X STEREO +/—12V/20mA  £33.90

MC2 STEREO +i—12v £23.00
NEW SUPER CPR

CPR2 STEREO +/-12V/20  £47.95

Full details of our plete rangei
power supplies, active cr s etc. a

luding heatsins, toroidal
ilable on S.A.E.

Still the reference kit amplifier! for less than £250 you can own an esoteric
pre-power combination with the added pleasure of building it yourself.
Write for our full brochure and review reprints.

CK1010 Stereo pre-amplifier £92.00
CK1040 Stereo E/A 40+40 WPC £121.00
CK1080 Stereo P/A 80+80 WPC £134.00
CK1100 Stereo P/A 100+100 WPC £151.00
MC2K M/C kit for CK1010 £25.00
PS.K. Pre-amp power supply £20.00

A new range of 19" rack mounting power amplifiers are undergoing field
trials for launch later this year. Please contact us if you have a particular
requirement for this type of amplifier as the final design will depend on your
needs!

TO ORDER

Send cash with order or quote Acces/Mastercharge card no. All prices
include VAT, P&P.

DISTRIBUTORS
London: Bradley Marshall Ltd.,
325 Edgware Road.
North: Wilmslow Audio,

35/39 Church Street Wilmslow.

No problem, but as postage varies so much please write for a proforma
mnvoice.

CRIMSO!

ELEKTRIK STOKE

PHOENIX WORKS, 500 KING STREET, LONGTON, STOKE ON TRENT, STAFFS.

PHONE 0782 330 520

ettt o SN J L7
whd W el

signalling equipment on the market.
IQD Codepad: the best in
portable tone diallers, available in
three models.

IQD Micropad: a microphone
with not only the standard

" Three new names from IQD-
 the leaders in DTMF equipment.

ARIARAMAFR O AALE

IVIIMINVIT W JDhik\Mkis

IQD offers the most advanced DTMF  functions, but many additional
features including an illuminated
keyboard version.

IQD Selcall: a superior DTMF / ,'}‘
signalling unit with an extensive ( /
program facility giving you selective
access to 99 sub-stations.

Telephone (0460) 74433 for
further information.

North Street
Crewkerne
Somerset TA18 7ar
England
~ Facsimile (0460) 72578
=7 Litd Telex 46283

-

CIRCLE 19 FOR FURTHER DETAILS.

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

WWW-americanradiohistorvy com

55



QOut of this world for value!

Nofi our extra-terrestrial
friend, but a versatile
bench power supply -

~ the ET30/2

v &Ij will provide you with:

10 30 volts d.c. at 1 amp or
0 15 volfs d.c. at 2 amps or
at 2 amps or 0 to 60 volts
r0to 15 volts d.c. at.4 amps. .

' ©)| Fomell

FARNELL INSTRUMENTS LIMITED - WETHERBY - WEST YORKSHIRE LS22 4DH
|- TELEX 557294 FARIST G | REGIONAL OFFICE TELEPHONE (05827) 66123/4 - TELEX 826307

CIRCLE 26 FOR FURTHER DETAILS.

PEAK PROGRAMME METER
P P M 5 DRIVE CIRCUIT:
20-PIN DUAL IN-LINE
# Vcc 8.5V-35Vat3mA

& MITSUBISHI
MGF-1400 GaAs FETs

MGF-1402

® Only signal level and meter tolerance
MGF-1412 FROM STOCK

presets required

@ Applications Note and full specifica-

Aspen Electronics Limited a "' tions on request
UK representative for Mitsubishi Electric i ® +9dB IBA flasher with Mother Board 3
2/3 Kildare Close, Eastcote, Ruislip SURREY ELECTRONICS LTD.
Middlesex HA4 9UR The Forge, Lucks Green

Cranleigh, Surrey, GU6 7BG
Tel: 0483 275997

Tel: 01-868 1188 Tlx: 8812727

CIRCLE 28 FOR FURTHER DETAILS.

AATRUDENEN ELECTRONIC « WORLD-WIDE
A vital service for EXPRESS SER\”CE

. . @ ELECTRON TUBES - KLYSTRONS — MAGNETRONS — TW.T s
continuous operation  ® LEADING BRITISH, AMERICAN & EUROPEAN BRANDS.
@ MANUFACTURE OF SOLID STATE DIRECT REPLACEMENTS

H FOROBSOLETEVALVES, TUBES & POWER TRANSISTORS.
and malntenance @ WORLD-WIDE EXPRESS SERVICE FOR AMERICAN ELECTRICAL

. & ELECTRONIC SPARES FOR CIVIL & MILITARY AIRCRAFT
of your electronic @ TEST & CERTIFICATION TO GOVERNMENT STANOARDS.

installations B.S.L.EXPRESS SERVICE LTD.

Handrail House, Maygrove Rd, London NW6 2EG, England.
Tel: 01-328 2111 Telex: 298655 (BSLLDN). Cables: Sarozal London.
A company of the BRITISH SAROZAL GROUP.

CIRCLE 15 FOR FURTHER DETAILS.
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COMMUNICATIONS COMMENTARY

Digital links

A two-day National URSI
colloquium, organized by the
British National Committee for
Radio Science at Leeds
University on July 5-6 attracted
some 75 delegates. This was a
follow-up to the one-day meeting
last year in London under the
auspices of the Royal Society and
designed to bring together those
working in both the pure and
applied radio sciences, either in
conjunction with the URSI
commissions or the CCIR study
groups.

This year, the emphasis
seemed rather more on the work
of such establishments as the
Rutherford Appleton Laboratory
and by academic staff and
research students at British
universities. Some 45 short
presentations also explored the
organization and funding of
British research; there seemed
much less emphasis that in 1983
on industrial research other than
a paper relating to microwave
propagation by British Telecom
Research, and a survey of
‘Monolithic Microwave Circuits’
by Dr M.J. Howes (Leeds
University).

Of special interest were
several papers on current
projects aimed at providing more
information on wideband
propagation of high-speed digital
signals. It has already become
clear that 140 Mbit/s
transmission on terrestrial
microwave links is subject to
significantly more multipath
outages that anticipated a few
years ago when, for example,
British Telecom made the
decision to aim for early
digitalization of its main
inter-city trunk routes.

A significant number of
outages are being recorded on
experimental 140 Mbit/s digital
links due to anomalous
propagation, in particular
multipath echoes and selective
fading due to tropospheric
propagation. The number and
duration of outages vary from
year toyear and cannot be
accurately predicted: unlike
analogue systems there is no
‘graceful’ degradation of signals.
Deep fades can cause complete
loss of synchronization. British
Telecom appear to be regretting
their commitment to
reduced-bandwidth q.p.s.k.
digital modulation. In bad
selective-fading conditions,
two-channel diversity does not

overcome the multipath
problems. On an experimental
link in one day on June 1983 there
were 450 seconds of outage in
three hours to ducting: diversity
did not help.

Interaction between the direct
ray, ground reflections and the
tropo signal has been shown in
Australia to be one of the
mechanisms causing deep
fading: the combination of direct
and tropo signal results in what
has been termed defocussing of
the main signal, with the result
that an antiphase terrain
reflection can result in very deep
fades. Multipath also results in
time-dispersal of the signal,
giving rise to intersymbol
distortion.

While the practical effects of
broadband digital systems have
to be seen in perspective. British
Telecom have already been
obliged to redesign microwave
aerials to minimize sidelobes and
improve cross-polarization
performance. Clearly the rush to
digits is not proving easy.

Mobile fading

Mulitpath and ground-reflected
signals have long been accepted
as a problem for mobile radio
communications (particularly for
s.s.b.)and v.h.f./f.m.
broadcasting.

A recent article by T. Bossert
of the German Institut flir
Rundfunktechnik, Munich (EBU
Review — Technical, June 1984,
pp.11-116) examines in detail the
effects of multipath propagation
in built-up areas on car radio
reception and outlines a novel
form of stereo receiver designed
to give optimum protection
against multipath disturbances.

This receiver abandons
conventional techniques for
protection against ignition
interference, as these can cause
problems under conditions of
selective fading. Improvements,
however, involve the inclusion of
a system based on a parallel a.m.
demodulator which automatically
and immediately reduces channel
separation during deep fades,
driving the decoder into a mono
mode when the received signal is
low. In effect, the de-emphasis
circuits are made adaptive, so
that the technique can also be
used to provide effective
suppression of ignition pulses by
briefly restoring the de-emphasis
to its maximum value during

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

pulses. In order that spurious
pulses should not affect the
phase of the stereo pilot tone,
phased-locked loop decoders are
used. Time dispersal of the
pulses is minimized by providing
sufficient bandwidth to cope with
the saturation state.

Such a design, it is suggested,
would cope with the frequent
signal drops of 20 to 30dB below
average level, causing a sudden
increase in noise even when the
signal remains above the f.m.
threshold, caused by selective
fading due to the interaction of
direct and reflected signals.

Digital h.f.

A $6.5-million order for over
1000 h.f. communications
receivers placed by the Canadian
Department of National Defence
with Rockwell-Collins looks

set to initiate an era of digital
signal processing in the inter-
mediate-frequency stages of
high-grade receivers.

Collins are claiming their
HF-2050 receiver as the first
production model to adopt
digitized i.f., althoughit is clear
that digital designs have been
developed elsewhere. At Racalex
82, for example, a number of
presentations were made on the
application of advanced digital
signal processing in receiver,
direction-finding and spectrum
analysis for radio surveillance,
and an experimental digital
spectrum analyser was shown.

Collins have not disclosed full
details of the HF-2050 but it uses
either four of five micro-
processors to performi.f.
filtering and frequency
conversion, digitizing a3 MHz
signal at 12 million samples per
second; after processing, a
digital-to-analogue converter
with a sampling rate of 16,000
per second provides the a.f.
output. The front end of the
receiver, other than the
frequency synthesizer, remains
analogue.

Advantages claimed for digital
processing and the elimination of
the usual crystal selectivity filters
include a 40 per cent reduction in
the component count, 30 per
cent reduction in board area and
enclosure dimensions, a
specified mean time between
failures of 5000 hours (more than
double that of acomparable
conventional receiver) and easier
manufacture due to the use of

more component suitable for
automatic insertion.

Key features in any
high-performance receiver are
the shape factor, dynamic range
and time delay (‘ringing’)
distortion of the crystal or
mechanical filters. Collins claim
the digital filtering results in a
major reduction in time delay
distortion and variable
bandwidths under software
control.

Recent years have seen a
marked revival of interest in h.f.
communications for defence
purposes owing to what is now
accepted as the greater
vulnerability, despite the more
consistent signal propagation, of
satellite communications. The
USA Army have recently placed
several development contracts
for digitized transceivers.

| Amateur
Radio

Laboratory tests

In recent years, with most
equipment now factory-built,
there has been increasing
interest in evolving satisfactory
methods of evaluating and
specifying the performance of
equipment based on laboratory
measurement. This is
particularly difficult for
equipment used in the amateur
service since the actual
conditions under which it may be
used can vary enormously. The
flexibility of designs, made
suitable for several very different
modes, has also inevitably
introduced compromises that can
be less than ideal for the user
who may require low-cost
equipment for only one mode,
but under extremely competitive
conditions. It can be argued, for
example, that transceivers
designed fors.s.b. are seldom
ideal for still-popular
narrow-band c.w. (morse)
operation.

Amateurs have also been
encouraged to seek the widest
possible dynamic range and
strong-signal handling
capabilities to counter the signal
emanating from h.f. broadcast
stations, yet at the same time
have come to expect the use of
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digital frequency synthesizers
with their relatively poor
spectrum purity. The case for
using digital p.1.1./v.c.o.
synthesizers on h.f. is not a
strong one in view of the

phase noise of low-cost designs.

There is a tendency to design
equipment that shows up well in
laboratory tests, whether or not
this is reflected in on-air
performance. For example, with
measurements conventionally
made at 14 MHz, the value at
lower frequencies of pre-mixer
selectively, formerly provided by
up to three mechanically tracked
tuned circuits plus oscillator
circuit using a four-gang variable
capacitor, passes unnoted.
Measurements made using two
signals space 20 kHz or more
apart conceal the considerable
reduction in narrow-band
dynamic range with signals about
2 to 5 kHz off-tune, rising from
the fact that non-linearity of any
stage up to and including the
product detector can degrade
performance. Envelope
demodulation in unbalanced
product detectors adds to the
problem.

For several years Robert
Sherwood, WBOJGP of
Sherwood Engineering Inc. of
Denver, Colorado had been
emphasizing that thekey to
improved receiver performance
lies in more attention being given
to the gain distribution and the
use, if necessary, of narrow-band
selective filters in more than one
stage of the receiver.

Professional models often use
an initial ‘roofing filter’ but this
tends to have a bandwidth of 12
kHz fori.s.b. operation, with a
range of more selective filters
later in thei.f. chain. Robert
Sherwood has shown that the
c.w. operator, by fitting a 600 Hz
filter as a roofing filter in a Drake
R4C receiver can obtain 2 kHz
dynamic range measurements
(85dB) equal to those at 20kHz,
spacing. With some current
designs the difference can be
over 25dB, Often itis virtually
impossible to make narrow-band
measurements due to the effect
of synthesized oscillators.

Dynamic range is particularly
important on 7 MHz due to the
continued operation in the
‘exclusive’ amateur band of
Chinese (7010, 7020, 7025,
7085 kHz) and Albanian (7065,
7080, 7090 kHz) broadcast
stations. [ARU Region 1 societies
have been urged to press for the
closure of these transmissions.
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Under a footnote to the 1979
Radio Regulations, China
reserved the right to continue to
use non-broadcast frequencies
until the establishment and
implementation of the h.f.
broadcasting plan (due to be
agreed at the 1986 WARC).
Albania is not amember of the
ITU.

Legalities

The coming into force of Part VI
of the Telecommunications Act
on July 16 gives the DTI new
powers to combat spectrum
abuse, including seizure of
equipment without having to wait
for a Court order, even where no
criminal charges are brought.
However the important sections
relating to the ‘marking’ and
‘restriction’ of specific types of
apparatus still, in early August,
await the necessary Orders from
the Secretary of State defining
the ‘restricted’ apparatus. It
seems likely that the first

Order will relate to
amplitude-modulated CB
transceivers.

An interesting section that
has perhaps not received the
attention it deserves is Section
78. This inserts a new section
12A into the 1949 Wireless
Telegraphy Act empowering the
Secretary of State to make
regulations imposing
requirements ‘on wireless
telegraphy and related apparatus
with respect to their ability to
resist interference by rejecting
unwanted signals’. Sale of
non-complying equipment is
made an offence.

In view of the large amount of
domestic electronic appliances
that is unduly susceptible to local
r.f. fields due to ineffective
shielding or filtering, there would
seem to be wide scope for new
regulations. However, for
example, itis difficult to imagine
the DTI banning the sale of many
current types of v.c.r. machines,
the new ‘electronic’ telephones,
microprocessor-controlled petrol
pumps, etc. etc. Forinstance,
does the ‘related apparatus’
definition legally include such
products? One wonders if anyone
has thought through the
implications of this Section
which could have far-reaching
consequences for amateurs faced
with e.m.c. problems.

Then again, despite rumours
to the contrary, there appears to

be no intention of attempting to
ban the use by listeners of h.{.
transceivers, even where these
are installed and ready for
immediate use at any time.

A letter from DTI is answer to
an enquiry from a listener
confirms that the test is ‘the use
to which the apparatus is actually
put’ there being no reference in
law to the purpose for which the
apparatus is designed or its
capabilities. The DTTis not
concerned that a transceiver may
contain facilities for transmitting
or for receiving transmissions
other than those authorized, so
long asitis used only in
accordance with the terms of
Regulation 3 of the Wireless
Telegraphy Regulations 1970.
DTl add: ‘Indeed if this were not
the case it would be illegal to use
most ordinary transistor radios
without a licence simply because
they are capable of picking up
transmissions — such as the
emergency services — which are
not covered by the exemption
regulations.’

This all suggests that it will be
difficult for the DT1 to restrict
‘illegal’ transmitting equipment
by Order if it can also serve a
‘legal’ purpose.

Packetradio

Several British amateurs are now
experimenting with ‘packet’
high-speed data systems on 144
MHz. A ‘packet switching
satellite’ is also under
development in the USA for a
possible Space Shuttle launching
in 1986.

Packet systems provide
high-speed data with automatic
repetition of errors, as with
AMTOR , but with the
advantage that each ‘packet’ of
information is self-contained,
including callsigns, so that no
two stations require the exclusive
use of a channel. Thus, despite
the greater bandwidth required
for the much higher data rate,
many packet stations can share a
signal channel.

At present UK licences
restrict the use of high-speed
data to v.h.f. and above but the
system has been investigated on
h.f. in North America. Ifa
concession is granted by DTT it
would surely be helpful if a
precedent could be established in
restricting packet operation to
specified segments of the h.f.
bands. One notes that with

growing popularity of electronic
(computer-based) and
high-speed electronic morse,
non-manual telegraphy is at
times already occupying almost
half of the 14 MHz c.w. band.
The use of amateur radio to
exchange computer software has
attracted unfavourable comment
from firms who believe that
software copyright may be
infringed. In some cases it seems
as though home-computer
enthusiasts are infiltrating
amateur radio rather than
vice-versa!

Inbrief

Watson Peat, CBE, former
president of the Scottish National
Farmers Union and broadcaster,
has become ‘national governor
for Scotland’ of the BBC. Helists
his hobbies as ‘amateur radio and
flying’. In alter egohe is
GM3AVA and his photograph
appeared in a 1982 Wireless
World article on ‘Clandestine
Radio’ as a young Special
Communications wartime
operator. Poacher turned
gamekeeper?... The FCC have
rejected an ARRL petition to
keep cable television operators
from using amateur-band
frequencies but have reminded
the cable industry that it has an
obligation to prevent and remedy
leakage problems affecting radio
services... Tom Laidler, VK5TL
has related the unfortunate story
of the owner of a Yaesu FT7
solid-state transceiver who
temporarily replaced a fuse with a
piece of wire. Repairs cost 165
Australian dollars, including
replacement of two power
amplifiers transistors, the driver
transistor, audioi.c. device,
etc... American amateurs living
within 75 miles of the Canadian
border have been banned from
using 420 to 430 MHz, allocated
in Canada to commercial mobile
operation... Space Shuttle
‘amateur radio’ astronauts now
include Ron Parise, WA4SIR a
NASA scientists due to make his
first flight in 1986. Astronaut
Anthony England, WORE, due
in space next Aprilis to be guest
speaker at the Welsh Amateur
Radio Convention, Blackwood,
Gwent on September 30... A
considerable number of RAE
courses and a few Morse classes
due to start in September in local
education centres, etc.

PAT HAWKER, G3VA
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OSCAR-10 DECODER

first stage of a five stage shift
register having its middle and last
outputs ex-nored and fed back to
its input, starting off at all Os.
Using such a feedback shift
register, 100% sync detection can
be effected by comparing the
message stream bit serially with
the output of the first stage. if
there is a disagreement, the shift
register is reset to zero; other-
wise it is clocked on. If the full
sequence is successfully checked
the register will reach its last
state, which can be detected with
a five-bit and gate and used to set
a start-of-block flag. The flag
then inhibits the shift register.

Byte counting: the block flag
releases a byte/block counter.
Every eighth count signals that a
byte is available, and when the
counter matures at 8 X 512 =
4096, the block flag is cleared and
sync code testing resumes.

QOutputs: parallel data output is
buffered to t.t.1. level, and con-
sists of an eight-bit byte, posi-
tive-going mid-bit strobe, and the
block flag. These are brought out
to a 20-way p.c.b. connector.
Pin-out is compatible with the
BBC microcomputer user port,
which will also provide a 5V sup-
ply for the output buffers.

The optional serialiser gives
an RS232-type output at 5 volts,
1200 baud, with one start, eight
data and many stop bits (50 char-
acters per second). This could be
used to drive a printer direct, but
the hexadecimal, non-Ascii data
with Q blocks will cause unpre-
dictable results — weird charac-
ters and reams of waste paper!
using a v.d.u. or the serial port of
a computer is tidier.

Circuit notes

The complete circuit diagram is
shown in Fig. 9. A printed circuit
board is available®® all other parts
may be obtained from RS Compo-
nents.

A half V,, bias is incorporated
to ‘float’ the op-amps. The 12V
supply is not especially critical.

There is no channel filter built
into the design because the
receiver will provide one. The
simple limiter IC,, will be effec-
tive on a few millivolts of signal.
The meter circuit (IC,,) is primar-
ily intended to aid tuning; but
with an external switch S! it can
be used to monitor other signals,
in particular the state of lock of
the two p.l.L.s.

The main p.1.1. IC; runs at 16

times the carner frequency. This
drives a four-bit shift register IC;
to give a quarter-cycle delay. The
v.c.0. IC, is followed by a divide
by 16 counter IC, and some logic
to generate the local Q:2f signal
and the recovered carner CarR
which translates the signal to
baseband in IC,,. The loop band-
width is 10Hz; component values
for other bandwidths are shownin
the table.

Extraction of the 400 Hz clock
is similar to the carrier loop; the
v.c.0. IC, runs at 6400Hz and has
a 1Hz loop bandwidth. Note the
additional quarter-bit delay IC,,
which provides the overall half-bit
delay needed for the CIkR ambi-
guity resolution performed by
IE,. and Ry,/C,. The clock
extraction circuits were originally
devised for a Uosat data demodu-
lator® and the infegrate-and-
dumpIC,, IC,, and IC,,, is taken
from that source too.

The block sync code detector
consists of the feedback shift
register code generator IC,,, IC,;.
and a final state (00001) tester
ICy... The shift register is
released when the block bistable
IC,y, is clear. Incoming data (bit
D,) 1s tested against the code gen-
erator in ex-or gate IC;,. A high
state indicates a disagreement,
and a CIk pulse resets the shift
register.

If the shift register reaches its last

state, a Clk pulse at and gate IC,,

sets the block bistable ICg,

which also lights a led. The shift

register 1s reset and inhibited,
while the bit/byte counter IC,, is

released.

Input S=D®CLK® Carrier +D@UK
LV L& oY =
& ®
@ @ 2 +Carrier
cycle +
V;El);y —{* PLL <2 (recovered)
Carrier Carrier
phase normal | phase inverted
Signal | | L1 M1 [ D 1, pin2.3
|
Delayed - in 1
Yocycle | | | O R0 (O
smsn LML UL @ i en
Recovered [
carrier (say) L L LI L_| ®Ig pin
Base band ’ | ®igen3
signal

Every eighth count generates
a positive, mid-bit byte strobe
from the shaper circuit IC,,.. This
pulse signals external equipment
to read the byte in buffer IC,; via
buffers IC,, and IC,,.

The optional serialiser works
as follows. The rest condition has
the start bistable IC,,, perma-
nently clocking out ‘stop’ which is
cascading through from the shift
register DS input, IC,; pin 11.
When the decoder has a byte
ready, byte strobe sets the con-
trol bistable IC,,, pin 1 to ‘load’.
This prepares the start bistable
IC,,, to go to ‘start’ and the shift
register I1C,; to load with bits D-
D, from the decoder buffer. This

Delayed

EXORED

3D@FLK !CLKRj @
®
€) £
T‘ pon o LK
@
Y bit @
delay 15ecI
pata| 0 | T ] v | o |0 | o

1o
+D® (LK | 1 l | Q) o

ICq

| l_l u l_.l L-J@pinZ
L I 10

1C10
wrsa—] L LI LT LT LT 1® %
Input to i T 1® IC1p
smoother ’ pin 3

Fig.6. Carrier recovery and
conversion to baseband. Clock
recovery is identical: simply
add 4 to the i.c.numbers.

Fig.7. Resolving clock
ambiguity: input to the
smoother results in a net low
on the capacitor, so ex-or
inverts CIkR to the correct
phase, CIk. If Clk had been
correctly phased in the first
place, then the capacitor
would hold high and ex-or
would not invert.
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OSCAR-10 DECODER

®

+D® (LK - ® ]\ ©)
. {D - f O N D @ (4 —=—tessage
©) ® D(n) * Din-1) Min)
+[LKR
Reset Differentiat
C @
Clock decoder
recovery 0
CLK M
Ambiguity
resolve
@K [ ] 1 ] . @ I pin2
*CLKR{say) g I ) A e A i 1O g [ @ 1t pint
Product +D | f l ® 1, pin3
Integrate J\‘/‘/‘\‘/\/‘ ® IC; ping
Din) I 1 J ® 1ty pint
D{n-1) | 1 [ ® 1¢, pin13
Message M{n) | 1 | 1 @ 105 pin &
{c.f.Fig.3)
o v o[y o

Fig.8. Message recovery: with
noise present, the product +D
will be perforated and the
triangles in trace 4 will
become ragged. The
differential decoder compares
present data with the previous
bit: if they are the same, the
message bit is 1, if different 0.
Thus the polarity of data is
unimportant.

REFERENCES

1. Davidoff, M.R. The Satellite Experimen-
ter's Handbook, American Radio Relay
League, 1984. (from Amsat-UK or the
Radio Society of Great Britain.)

2. Amsat-UK, London E12 5EQ, England.
Oscar-10 Operating Manual, £3; The
Satellite Experimentor's Handbook £9.90
(members £8.50); Oscar-10 telemetry test
data tape, £6 (members £5); telemetry
decoding software for the BBC microcom-
puter, on cassette £6 (members £5);
p.c.b. £15. Prices include packing and UK
postage; overseas postage costs extra. A
stamped addressed envelope should
accompany all enquiries. Amsat-UK
depends on donations.

3. Millef J.R. Data Decoder for Uosat,
Wireless World, May 1983.

4.Viterbi, A. Principles of Coherent Com-
munication, McGraw-Hill 1966.

5. A good quality double sided, legended,
plated-through, printed circuit board is
available for £15 including packing and UK
postage, from the author at 3 Benny's
Coton, Cambridge, CB3 7PS, England, (or
from Amsat-UK).
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happens on the next high-going
edge of 1200Hz clock, which also
clears the load condition. Subse-
quent 1200Hz clock pulses shift
the data out of the senaliser.

Outputs have the following
conventions: the parallel data
output byte is 1 high, 0 low. D is
the least-significant bit. ‘Block’ is
high true. Byte strobe is a high
going 20 microsecond pulse, and
begins mid-bit.

The seral 1200 baud data for-
mat is Start and Data 0 high, Stop
and Data 1 low, eight data bits,
l.s.b. sent first. The 1200 baud
square-wave clock goes low mid-
bit. Note that not all data is Ascii,
in particular the last 256 bytes of
Q blocks.

400 bit/s serial data and Clk
may be selected as the serial out-
put by changing link D and link C.
Square wave Clk goes low mid-
bit. The data is not in start/stop
telegraphy format.

Setting up

An audio generator, oscilloscope
and multimeter will be needed. A
telemetry data test tape will be
invaluable: this can be recorded
off-air or obtained via Amsat-
UKZ. The satellite itself can be

used for live testing, but is not
always available when you want
it. The signal is also noisy, which
may confuse matters.

Receiver: the first job is to decide
what camer frequency will be
used. Trigger the scope at 200Hz
(or 50Hz if available), tune the
receiver to Oscar-10’s beacon and
display the audio. Amplitude
modulation should be discemni-
ble. Experiment with tuning and
bandwidth until the signal looks
healthy with the mid-bit cross-
over clear and sharp. Now trigger
the scope with the signal, estaim-
ate and note the carrer fre-
quency, say f. Any frequency
exceeding 800Hz will be satisfac-
tory.

Carrier Loop: the objective is to
set the loop mid-frequency to the
measured carrier frequency (f)
and achieve a total frequency
swing (f.,) at the output of the
divide-by-16 (TP1) of f, =
800Hz. This is slightly compli-
cated by the fact that a 4: 1 spread
in oscillation frequency between
different samples of a 4046 v.c.o.
1s quite typical.

Start with the v.c.0. swing,
nominally given by f_ =

SW

1/(R,XC,y). Apply V,, and then

0V to pin 9 of the p.L.I. chip IC;,
measure high and low frequencies
at TP, and subtract. If the differ-
ence f;, is within 25% of 800Hz,

then all is well. Otherwise,
change C,, pro rata for the correct
swing.

Calculate and note the desired
v.c.0. upper frequency, f=f+f,/2.
Again, connect V4 to pin 9 of the
4046. With the main tuning pot-
entiometer VR, at mid-position,
adjust trimmer VR, to give fre-
quency f,. If this cannot be
achieved, then change C,, and R,
(in inverse proportion to each
other, so as to preserve f;) and
start again.

Now inject f, at the audio
input. Check that the loop locks
on this signal. The lock meter
should indicate to one side.
Slightly vary the input frequency
and the main tuning control VR,
and observe the tuning meter
centre-zero response. The loop
should stay in lock over a range of
+f,/2.

Clock loop: in the same way
as for the carrier loop, check that
the available frequency swing at
TP, is about 100Hz in total. if
necessary, change C,, to achieve
this. Then adjust VR, so that the
mid-frequency is 400Hz.

Temporarily ground IC,, pin 1.
Inject 400Hz at the audio input.
The loop should lock up cor-
rectly; this will show on the lock
meter. Next inject 200Hz, which
simulates data 010101... (mes-
sage 11111....). Verify that the
loop locks again. Examine the
ambiguity signal at IC,;, pin 12.
This should be either high or low
and should not dither about V,,/2.
Now examine the Clk signal at
IC,q. pin 10. The low-going edges
should coincide with the trans-
itions of the input signal.

Disturb loop lock a number of
times by removing the 200H:z
input signal for a few seconds.
Each time this is done the ambi-
guity signal will assume a random
state, but Clk should always
resolveitselfto the correct phase.

V44/2 supply. Remove the tem- .
porary ground from IC,, pin 1.
Apply receiver random noise to
the system input. Connect an
analogue meter (on volts d.c.)
across pins 1 and 2 of the bistable
IC,,,. Adjust the half-supply con-
trol VR, for zero reading.

Decoding. The system is now
adjusted and may be checked out
live or with a test tape.

To be continued
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Hey Prestel. A newdimension

for the BBC Micro.

Add the new Prestel Adaptor to a also enables you to access Prestel infor-
BBC Micro and you can download all mation on any TV or monitor. And store
programs available on the Prestel service. the data so that it can be displayed or

Which considering Prestel is fast manipulated how and when yourequire it.
becoming a major software source. is a Whats more, the Prestel Adaptor
very attractive proposition indeed. turns your BBC Micro into a terminal

You can, for example, connect it to that can link with other dial-up cemputers

the growing Micronet 800 database. This with 1200/75 baud interface.

So you can, for
example, have access to
the British Telecom Gold

electronic mail and
telex service.
In fact, the enor-
mous potential ol
our Prestel Adaptor,
" e e ' coupled with a
surprmngly modest
gives you an extensive choice of educa- price Of £99 + VAT, maKe it a most

tional and business programs. Other‘closed exciting not to mentron economical way

areas’ for private company t,(ygft more from your

communications are also R Micro.

available. R —— The BBC Prestel
And that’s in add- Adaptor is currently

only available via mail
order.

You can order it
on your credit card by
ringing 01-200 0200 at
any time, or 0933-79300
during office hours.

Alternatlvely, send
off the coupon below.

Vo o o T T T T T

Technical Specilications To: BBC Microcomputers, ¢/o Vector Marketing,

For use with any BBC Micro ‘B’ with 1.2 MOS I Denington Estate, Wellingborough, Northants NN8 2RL.

or later issue. Pleasesendme_ BBC Prestel Adaptor at £113.85

Prestel Language ROM supplied. I each, inc. VAT and delivery. | enclose PO/cheque payable to

Dealer will install ROM together with MOS updateaf I Readers A/C, Acorn Computers Ltd, or charge my credit card.

required in the BBC Micro. I Card Number
|
|

ition to games that range
from simple to sophisti-
cated. Plus electronic
shopping and banking
facilities, and an ex-
tremely useful personal
‘mailbox’ service.

But that’s only the
beginning. The Adaptor

Amex/1Yiners/Visa/Access (Delete)

Interfaces to any BT connection mdched to 1200/75 Name

baud dial up system (eg. Prestel, Micronet, Telecom Gold). Address

A BT socket outlet of the latest type will be required. Postcode

Connection via RS423 serial port. Signature WW10

Height 70mm. Width 210mm. Depth 350mm. Registered No. 140 3810 VAT No. 215 400220

Colour: BBC Computer Cream., -

Power in 240, 50HZ, 15w. The BBC Microcomputer System.

Operating Temperature 10°-35°C. ) o , .
Designed. produced and distributed by Acorn Computers Limited.

Prestel and the Prestel symbol are trademarks of British Telecommunications PLC. * CIRCLE 62 FOR FURTHER DETAILS.



HMG605 =COMPARE ...

| - @ ®

| Q@
L 3156

4

S EPAE CET D 60MN: Oucibuavopy MM E08 -

i e oz U
R RS SR T
P @1 %ech Q.nnaw.- 0O
Lo

5!

Jar

|
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IDEALLY SUITABLE FOR
COMPUTER SYSTEMS APPLICATIONS

60 MHz Bandwidth

5mV-20V Sensitivity at 60MHz
1mV Sensitivity at 30MHz
Timebase Range 5ns—2,5s/cm
Reliable Triggering to 80MHz
Normal and Peak Value Triggering
Alternate Triggering

Variable Sweep Delay

14kV Rectangular CRT
Y-Output

1kHz/1MHz Calibrator

Built In Component Tester

2 Years Warranty

£5715

Prices U.K. list ex. VAT

NN NN NN SNIN

- NEW
PRODUCT
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Sowter
Transformers

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

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOUNAMEIT! WE MAKEIT!
OUR RANGE INCLUDES

Microphone transformers {all types), Microphone Splitter/Combiner transfor-
mers. Input and Output transformers, Direct Injection transformers for Guitars,
Multi-Secondary-output transformers, Bridging transformers, Line transformers,
Line transformers to G.P.0. Isolating Test gpeciﬁcalion, Tapped impedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers (all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimental transformers, Ultra low frequency transformers,
Ultra linear and other transformers for Transistor and Valve Amplifiers up to 500
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line transformers {from a few watts up to 1,000 watts), 100 voitline
transformers to speakers, Speaker matching transformers (all powers), Column
Loudspeaker transformers up to 300 watts or more.

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

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-Ft ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc.
Send for our questionnaire which, when completed, enables us to post quota-
tions by return.

E. A. Sowter Ltd.

Manufacturers and Designers
E. A. SOWTER LTD. (Established 1941) : Reg. No. England 303990
The Boat Yerd, Cullingham Road, Ipswich IP1 2EG, Suffolk
P.O. Box 38, Ipawich, IP1 2EL, England
Phone: 047352794 and 0473 219390
olox 987703G Sowter

CIRCLE 14 FOR FURTHER DETAILS.

For a more permanent
installation the new 1C-M80

is hard to beat now with loudhailer facility and waterproof mic.

The M-80 has ‘Dual-Watch' enabling you to monitor
channel 16 plus one, while speaking on another. As convers-
ation ends 16 automatically returns, a strong safety factor

Any private channels are available and storable in any
of the 10 memory positions or replacing 37A on the call
button. The M-80 has 3 scanning modes: memory, all
channel and weather (USA only). The 10 channel memory
has a 5 year duration. This VHF radio-lelephone is water
resistant, and has 25 watts transmit output. Optional extras
include a telephone style handset HS2 and a waterproof
hailer speaker SP15.

Thanet Electronics Ltd

Suppliers of Communication Equipment to the Ministry of Defence.
143 Reculver Road, Herne Bay, Kent,
Tel(02273) 63859/63850EA1coM]

CIRCLE 40 FOR FURTHER DETAILS.
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D.C. SUPPLIES

D.C. Supplies from
A.C. Sources

Linear supplies — the transformer

Late last century the great battle
between Edison’s d.c. distribu-
tion system and Tesla’s proposal
to use a.c. was decisively won by
the proponents of the a.c. sys-
tem. The surprise (to the writer,
at least) was how widespread d.c.
mains supplies were in Britain,
even after the second World War.
I can remember during one of my
first jobs as a youth, running
around with a rather grumpy old
van driver visiting numerous East
London dwellings, collecting old
d.c. radios and radiograms, ‘for
conversion to the new a.c. mains
being installed...!

The one device that ensured
success for the a.c. system was,
of course, the static transformer.
This device, with up to 98% effi-
ciency of conversion (on large
sizes) enabled voltage level
changes to be carried out with
such ease that all argument from
the opposition fell on deaf ears.
Only the frequency and final vol-
tage of the supply and decisions
about number of phases were left
to argument: as is well known we
ended up with 230 volts r.m.s. at
50Hz for the normal single phase
supply — and the Americans
with 115 volts at 60Hz. From
here on, our tiny transformers
come into their own.

Small power transformer 1.f.

Many authors on this subject
have stated that after a user has
ordered atransformertoyield the
required voltage output at the
appropriate VA rating, a heavy
item turns up — much too big, or
else one that gets far too hot and
might affect the circuitry nearby.
Many designers simply state that
“I glance at a similar design, note
the transformer size, then ask for
one to be made about the same
size”.

This a very hit-and-miss
approach and one’s feeling is that
there must be a slightly better
way of arriving at the volt-ampére

rating and turns-per-volt require-
ment on the copper side, together
with an appropriate area and
weight of iron. (There ought tq
be, since we possess experience
going back to 1831!)

Nevertheless,  transformer
design does seem to be as much
an art as science — with those
‘rules of thumb’ thrown in. The
commercial field seems to have a
number of small firms network-
ing in the production of various
‘lines’ — with a slick business in
‘lams’ and ‘bobbins’ going on
between them...

The fashions have changed
too. It was not long ago that pri-

mary and various secondary
windings were piled one on top of
the other, with paper inter-leav-
ing between layers and electros-
tatic screening between wind-
ings. Much more common now is
the sectional bobbin of moulded
plastic with random windings in
side by side sections. Modern
wires are much more tough, with
polyurethane® enamels on them.
This may account for the more
direct winding. Also, electros-
tatic screens have decreased in
use, on the grounds no doubt,
that interwinding capacity is now

by K.L. Smith,
P.h.D.*

*e.g. ‘Covar’

*University of Kent at Canterbury

Fig.1. Typical small transformers found in domestic and laboratory electronic
equipment. From left to right; (a) a 50VA toroidal transformer from ILP Electronics; (b)
a similar device with the same rating produced by Cotswold Electronics; (c¢) E and 1
laminations and the part-wound core available from RS Components for your own
secondary design, winding and assembly — also rated at 50VA; (d) an assembled
transformer on what would appear to be the same lamination size as (c¢), kindly
supplied for test by Clairtronic; (c) the author’s ‘home made’ 60VA step-down
transformer, the design of which is discussed in this article. Later, some experimental
temperature rise curves are given for these transformers with their rated throughput
load applied. Also shown is a typical rolled-strip (‘clock spring’) silicon steel core for the

toridals.
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D.C. SUPPLIES
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Fig.2. The advantages of using
grain oriented 3 silicon cold
rolled steel (goss) with the flux
in the direction of the grain, is

| well brought out in (a) which
shows the small magnetizing
force required to reach the
high flux density (~1.6 tesla)
before saturation sets in. (b)
illustrates the lower watt-loss
per pound weight of core
because of hysteresis and eddy
current dissipation. For

Flux across the grom

comparison, the performance
of ‘ordinary’ lamination
material, 4% silicon hot-rolled
steel, is shown to be inferior
on both counts. The
performance of goss with the
direction of the flux across the
grain is worse than either — a
difficulty with laminated cores
where some steel must be in
the non-preferred direction,
see (c).
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much less. Recently, many prob-
lems of winding toroidal transfor-
mers appear to have been over-
come and glowing claims are
made for their performance.

Designing smail transformers

An essential point is to get all the
magnetic flux produced by the
primary to link with the secon-
dary. Todothis, alow-reluctance
magnetic circuit common to all
the windings is necessary. The
high permeability core making up
this magnetic path means that
only a relatively small magnetiz-
ing current [ is required to pro-
duce a magnetizing force H amps
per metre, sufficient to generate
a near-saturation flux density B
teslas, according to B = pH,
where p henries per metre is the
permeability. of course, it is well
known that p for iron is anything
but constant, so there are prob-
lems. For instance, the initial
permeability p, is different to the
amplitude permeability p,. For
power transformers, the value of
u, is the appropriate one. The
variable p means that the magne-
tizing current ceases to be sinu-
soidal, even though the voltage
across the winding remains so.
usually this distortion can be neg-
lected. Of some interest is that
although the current distortion
means harmonic generation, if
only a sinusoidal voltage is pres-
ent there cannot be any power in
the harmonics, as there are no
corresponding in-phase voltages
to multiply by I, is relatively
small for large transformers, but
can be as much as 30% of the load
current in small examples, uptoa
few tens of VA rating.
The start of transformer design
rests squarely on Faraday’s law:
E = 4.44dNf
for a sine wave supply, see
Appendix.
E 1s the induced voltage, & 1s the
maximum allowed magnetic flux
in webers, N is the coil turns and f
is the requency in Hz. Therefore
for a constantd, a higher fre-
quency means less turns for a
given E. That is one reason why
high-frequency switching sup-
plies and inverters have such
small wound components for a
relatively large VA. B is the flux
density, /A

core
Iron core and turns-per-volt. B

depends on the iron chosen for
the core. Hot-rolled iron lamin-

ations might reach 1.3 teslas. 4%
silicon steel with aligned grain
can be taken up to 1.6 tesla before
saturation sets in. But lamin-
ations stamped out of this mate-
rial might have up to 40% aligned
in the wrong direction (see Figure
2) and 1.3 tesla might be all that
can be reached again.

I remember using the rule,
‘one square inch of core needs 8
turns per volt — together with T?
= /VA/5.38’ This expression is
that given by Langford-Smith!
and relates the (square) limb sec-
tion of side length T (inch),
required for the VA rating. You
might ask at this point, ‘What
about the ferrite materials now
available?” Unfortunately they
have a low saturation flux density,
about 300 milliteslas and only
start to come into their own at
high frequencies. At low frequen-
cies, modern steels allow a per-
formance a little better than the
above expression predicts.

From Faraday's law at 50Hz
and a flux density of 1.3 teslas we
have:

E=444X13XTXSX
50 X N X 0.9 X 10

or N=  3.47X10°
E TXSX0.9%X10°
_ 3.86x10°
= T T%gs turns per volt.

In this equation, T is the tongue
width, S the stack height, in mil-
limetres. For a limb cross section
645 mm?, N/E = 6.0 turns per
volt, which is rather less than the
8 turns per volt required on the
old 1sq. in cores with a maximum
B of 10 000 gauss (= 1 tesla).
The ‘0.9’ originates in the ‘stack-
ing factor’ or reduction in iron
area because of the insulating
layer on the lamination.

Volt-ampere rating. Exceeding
the B for the iron will result in a
peaky distorted current wave and
highI, (r.m.s.), with subsequent
large heating loss. The ‘copper
loss’ varies with load current as
expected, but the iron losses
remain constant for a given B.
This is because the flux remains
constant in the core, on or off
load. If a load current is drawn
from the secondary, a flux is
immediately set up in the core by
the secondary ampere-turns, but
an opposite current (with equal
ampere-turns) appears in the pri-
mary to cancel it. The greater the
secondary current, the more the
primary current: so & remains
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constant. Arguments are often
made for equalizing the iron and
copper losses at full load, but this
condition may not be optimum for
core-saturation-limited  opera-
tion. Small mains transformers
are often designed for copper-to-
iron loss ratios of about 2or 3 : 1.

Maximum current in the
winds is set by the allowable cop-
per loss heating effect (and as we
have just seen, the smaller con-
tribution from the hyteresis loss
in the core). Small transformers
lose heat more readily that large
devices (that is, the surface-area-
to volume ratio is favourable in
the small ones). For transformers
up to about 100VA, a current
density of 3.1 amps per square
millimetre is satisfactory in the
copper. For larger designs (to
~700VA) a density of 2.3 Amm?
is assumed. For a few kVA, 1.6
Amm? is a common figure,
unless special cooling, such as oil
filling or forced air cooling, is
used. The Appendix includes a
justification of these values.

In all cores, there is an avail-
able ‘window area’ to take the
windings (including the central
hole in a toroid). The fraction of
this space actually filled with cop-
per is called the filling factor, Fy,
which can be surprisingly small
and is even worse in toroids
where the winding shuttle has to
link the window right up to the
last turn.

Typical E and I laminations
still used for open-frame transfor-
mers are based on ‘no-waste’
dimensions, where the 1. are
punched out of the window in a
pair of Es. If we use general
dimensions for the moment, as
defined in Fig. 3, then the win-
dow area is L X H mm?. The
thickness of the bobbin and insu-
lation takes up about 0.8 of these
dimensions, so the available win-
dow area is 0.64LH. A strict
application of BS800 regarding
‘creepage’ would reduce the avail-
able window area even further in
small transformers. Under this
standard, 8 mm (4 mm each end)
must be left between the mains
voltage windings and ‘user acces-
sible’ windings and/or ‘dead
metal’ (core). Even the less strin-
gent IEC380, 435 or VDE 0730
specifications (3 mm creepage
clearance) would make a large
reduction in area — especially in
very small (high-frequency)
transformers.

If the earlier neat layers with
paper interleaving method of
winding is used, then the situa-
tion shown in Fig. 4(a) applies.

Each turn takes up a cross sec-
tional area of D(d’+p). The linear
winding length per tum D is
usually taken as 1.11 times the
overall diameter d’. Paper thick-
ness is about a third of the wire
diameter, therefore p = 0.33d’
and the copper diameter ranges
between 0.9 and 0.935 times the
overall diameter, according to the
gauge and relative thickness of
enamel. Therefore, the area
taken up per turn is

dof d ,0.33d
LI X 55X <0.9Jr 0.9 >

= 1.82d*

The area of copper available to
carry current is wd?/4, so the
ratio of copper area to winding
area is:

nd?

4 X 18oqt 0432

But the window area is already
down to 0.64LH, which means
that the total copper area is 0.64
X 0.432 X LH = 0.276LH. You
can see this is much less than
half.

Random “winding improves
this by about 1.25 times. Without
interleaving paper, the wire tends
to lay according to Fig. 4(b) and
the area taken up per turn is about
d"2c0s30°. The ratio of areas now
becomes

n(0.9)°
4c0s30° = 0.735.

The improvement will hardly be
more than 80% of this in practice,
therefore a factor of 0.735 X 0.8
= 0.59 can be taken as ‘near the
mark’. 0.64 of this is 0.38, which
is some improvement on 0.276.

For efficient operation, half
the copper is arranged to be taken
up by the primary and half by the
secondary winding, because the
VA handled under load is nearly
equal in each winding. Thus the
area of copper to apportion to the
primary becomes 0.19LH. The
0.19 could be termed the half
winding filling factor, Fy;.

If you think about it, we now
have the volts per turn from Fara-
day’s law and the total current in
one ‘filled turn’ of primary copper,
so that the VA handling capacity is
now known from:

VA = ampere-turn X volts
per turn

= 1,Fy,LH X 4.44B
TSf X 0.9 X 10°
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Entry in Faraday’s nao:t;es, dated 29 August,
1831. d

1. Expts. on the production of Electricity from Mag-

netism etc. etc.

2. Have had an iron ring made (soft iron), iron round
and 7/, inches thick and ring 6 inches in external
diameter. Wound many coils of copper wire round
one half, the coils being separated by twine and
calico — there were three lengths of wire each
about 24 feetlong and they could be connected as
one length or used as separate lengths. By trial
with a trough each was insulated from the other.
Will call this side of thering A.On the other side,but
separated by an interval, was wound wire in two
pieces together amounting to about 60 feet in
lendth, the directionbeing as with the former coils;

this side call B.

3. Charged a battery of 10 pr. (pairs of) plates 4
inches square. Made the coil on B side one coil and
connected its extremities by a copper wire pass-
ingto adistance and justover amagneticneedle (3
feet from iron ring). Then connected the ends of
one of the pieces of A side with battery; immedi-
ately a sensible effect on needle. It oscillated and
settled atlastin original position. Onbreaking con-
nection of side A with battery again a disturbance

of the needle.

4. Made all the wires on side A one coil and sent cur-
rent from battery through the whole,Effectonnee-
dle much stronger than before.

VA is therefore proportional to the
current density attained in the
copper, the filling factor, the win-
dow area, maximum flux density
in the core, the cross section of
the central limb and the frequency
of the a.c. supply. In particular,
VA is proportional to the product
of the iron and copper areas. As
an example, the ‘no-waste’ lamin-
ations working at 1.3 teslas and
50 Hz withI, = 3.1 Amm? the VA
is:

VA =4.44 X 1.3 X 50 X 3.1 X
0.19X0.9 X 10 X LHTS

= 1.53 X 10% X LHTS

‘No-waste’ laminations have
dimensions as shown in Fig. 5
related as, L = 1.5T, H = 0.5T
and for a square section core,
S =T, so that

LHT = 0.75T"
o VA
1.07 X 10,

Fig.3. Typical ‘core’-type
lamination shape for small
transformers. The ‘T” and ‘U’
form has virtually
disappeared.

Stack =S
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S v/

(a)

60°

Fig.4. The ‘lay’ of winding
turns shown in (a) takes up
most space. The increased
toughness of modern wire
enamels indicates that
‘random lay’ or the method
more resembling (b) might be
seen in contemporary
transformer design.

Fig.5. Nearly all available
laminations of the kind shown
in Fig.3 have relative
dimension as shown here. The
‘Is’ are punched out of the
window spaces in a par of ‘Es’,
hence the term ‘no-waste’ or
‘scrapless’ describes them.

Fig.6. The temperature rise of
transformers means that
designers have to keep a close
eye on the insulation
materials, as well as the
effects inside enclosures — on
other circuit components, etc.
The author carried out the
measurements shown here,
and certainly found that the
toroids dissipated less heat
than the open frame
transformers.
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where T is the limbwidth in mm*

Size and weight. 50 and 60 Hz
mains transformers are bulky
items. Because of this interest
arises in the way linear size and
weight vary with VA rating.

If A is a cross sectional area of
either copper or iron, then the lin-
ear dimensions vary as A'. As
shown above, VA varies as A?,
which means VA rating varies as
the linear dimensions to the 4th
power. More relevant (usually) is
the weight, as this sets the cost
and whether we can lift the equip-
ment!

Weight varies as the cube of the
linear dimensions:

weight o (A¥)3
VAo A
VA o (weight)®

*Converting this result to inches, T? =
JVA/6.9, which is somewhat ‘better’ than
Langford-Smith’s result. This means that
1sq.in core area using modern ‘no-waste’
iron can handle nearly 50VA, which is a
value suitable for small laboratory power
supplies. The two commercial laminated
transformers in Fig. 1 both use exactly this
core stack and they are rated, ‘Max load
50VA by the makers.

Thus if VA is doubled, the weight
must be increased by a factor 2t
= 1.68, in other words, by 68%
— other parameters remaining
constant.

What limits performance?

The hint so far is that magnetic
saturation limits the power
throughput of a transformer,
given the core cross section. This
is only true over a certain range of
frequencies, including the mains
frequency we have discussed.

Energy lost as heat in cycling
round the hysteresis loop of the
core material is proportional to
the area of the loop. Core material
for a.c. use should therefore,
have thin loops. This effect pre-
dicts that the power dissipated in
a core should increase with the
frequency.

Some time ago, Steinmetz
derived an empirical relation
between core loss, frequency f
and the peak flux density in the
core, B. He found:

Core loss (watts) o B
where n lies between about 1.9
and 2.9 according to the material.

Now for a given sine of square-
wave voltage drive and core:

BN o

[ —

where the peak value of the flux
density is that for maximum
allowable temperature rise.
These relationships indicate that
for a fixed core loss Bo 1/f! so that
as the frequency is lowered, both
B and N will have to be increased
to maintain core losses constant.
At relatively high frequency the
core losses will be limited by the
maximum allowable value of B,
and we are in the core loss limited
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region. Looking at the division of
losses between core and windings
gives designers a degree of free-
dom regarding choice of greatest
efficiency, or least volume for a
given throughput of power — and
SO on.

As the frequency is lowered, B
goes upon the B-H curve towards
the saturation level, B_. If the
core is driven into saturation, the
primary current will rise rapidly
at the peaks. At frequencies lower
than B, the transformer is
designed such that it is saturation
Iimited. This means that the
number of turns N has to go up
inversely with f to keep B_,, con-
stant, and the winding loss will
increase. The total power loss
will still set the temperature rise
and is the limiting factor in the
design.

At the very lowest frequen-
cies, the leakage inductance and
high resistance of the large num-
ber of turns required for the vol-
tage, mean that temperature rise
is no longer the major issue. The
regulation requirements take
over and the transformer design
is then said to be regulation
limited.

Practical example

It is always salutory to carry out
construction of something to see
if the design theory works.

Some nondescript ‘T and ‘U’
stampings that had been ‘put
away in case they might be useful’
were pressed into service. They
must have gone back to the
1930s, considering the old choke
they had come from. The material
for the stampings was probably
Stalloy. A fairly low maximum
flux density was decided upon for
this poor old iron.

The design proceeds as fol-
lows:

T = 24mm
S = 39mm
L = 28mm
H = 22mm

with a stacking factory 0f 0.9. The
geometry was far from ‘no-
waste’. B was taken as 1.0 tesla
and current density was assumed
to be 3.1 Amm? in the copper at
full load.

Volt-ampere rating. Inserting
the values into the VA equation
gives:

VA=4.44 X 1.0 X50X 3.1X
0.17 X 0.9 X 10°LHTS

= 61VA
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Turns per volt. On putting the
values into the formula:

N
o= 1
4.44X1.0X50X0.9X10° TS

= 5.3 turns per volt

Therefore 5.3 X 230 = 1219
turns are required on the 230 voit
primary. The ampere-turns to
yield 61VAis 1/5.3 X NIp orNI =
323 ampere-turns. This shows
that the current at full load in the
primary winding is given by:

323 _
1219 — 265 mA

Assuming that the magnetizing
current is ~ 30% of this, thenI, =
80mA as I flows at all times and
is in quadrature with the load cur-
rent, the total current at full load
is yT,.2+1.2=275mA.

30 s.w.g. copper wire has a cur-
rent-carrying capacity of 242 mA,
at the density assumed here. This
is a little on the low side but was
nevertheless chosen, (i.e. wason
hand...)

Does it fit? The area available for
the copper of the primary is
0.17LH, in other words,
105mm?. Enamelled 30 s.w.g.
wire has a copper diameter of
0.315 mm and the cross sectional
area of 1219 turns is 95 mm?,
within the 105 mm? area avail-
able. From the earlier ideas about
winding factors, the overall wind-
ing area required is about 1.11 X
0.35 X 0.35 X 0.8 X 1219 =
132.6 mm?. Again, well within
the geometry available.

For a ‘lab supply’ range I chose
two 15 volt secondaries. Each can
carry 2A for the projected VA. 20
s.w.g. is just right for this. The
number of turns for 15 volts
works out at 5.3 X 15 = 80. The
160 turns of 20 s.w.g. has a cop-
per area of 105 mm?. The overall
winding area required is calcu-
lated as before — 1.11 X 0.98 X
0.98 X 0.8 X 160 = 136.5 mm?

These figures shown that
about half of the copper — and
the corresponding winding area
— is taken up by the primary, the
other half by the secondary, as
required. The inside bobbin
dimensions are about 0.7H and
0.8L, so that the geometrical area
available i1s 0.7 X 0.8 LH = 345
mm?. Half this is 172 mm?, which
indicates a comfortable margin in
the window. With some satisfac-

tion, the windings were built upto
these predicted values.

The magnetizing current was
measured as 89 mA, and the tem-
perature rise on load is shown as
curve (b) in Fig. 6.

Toroidally-wound transformers

These go back to Faraday’s orig-
inal shape — although he did not
use a.c. drive, and therefore paid
no attention to eddy current prob-
lems in a solid core. They do have
advantages over the open-frame
designs, mainly because grain-
oriented steel can be used in its
‘preferred’ direction all the way
round the magnetic circuit. The
air gap where flux has to cross

core members still exists (the
core is a spiral...) but is now dis-
tributed and has hardly an effect
on the reluctance. The magnetiz-
ing current is small and the flux
density large (~1.6T), so a
smaller device for the same VA
should be possible. The multi-
winding advantage of laminated
transformers, has now switched
to multi-winding of the cores.
The individual laminating in the
one has become individual wind-
ing of the other. It is this mastery
of toroid coil winding that has
made them economically viable
recently. To see the coil shuttle
going through the closed toroidal
core and the turns rapidly advanc-
ing round the circumference, is a
fascinating sight.

Appendix

Voltage induced by changing magnetic flux

Alook at Faraday’s Law, e =~ ngﬁ/ dt shows us that an applied voltage e is
equal to the rate at which the magnetic flux changes (d$/dt), through a

coil of N turns.

%

If you glance at Fig. A1, this relatjonship is shown for sinusoidal var-
iations. The flux has a peak value & and changes at a frequency f Hz as

¢ = Ppsin wt
"he rate of change of this is

da% i w[i)cos wt

Soeis

e= N<i>Cos wt

Therefore the peak val e of the voltage is V=w®N. If the coil has a fer-
romagnetic core, it is the peak flux density B that must not be exceeded,
either for core loss considerations or magnetic saturation limits. There-
forep=BA, which sets the core cross sectional area we need for a

required peak flux.

You can easily write down the r.m.§. value of the alternating voltage

across the coil

V- %Ngif ~ 4.44BNAS

This important transformer designer’s formula always crops up in con-
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Fig.7. Faraday’s ‘ring’
(toroidal) transformer — 1831.
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A2

sidering sine wave operation — such as the design of mains transfor-
mers. But a good deal of modem circuitry will be found to use anything
but sine waves. For a square wave supply, the voltage is flat topped. This
means d¢/dt is constant. In other words, the changing flux ramps up and
down, as I have tried to showin Fig. A2. The slope of the ramp is 4 $/T
or, saying the same thing, 4 $f,

V = U — 4NBAf
...for a square wave balanced about zero volts.

If you drive the winding with a unidirectional pulse train, the core will
be magnetised in one direction only. Now, as Fig. A3 shows, the flux
rises to its peak ¢ in atime T/2, so that d$/dt = 2 & /T = 2> and the
voltage becomes:

V = 2NBAf

This time the voltage is the (unidirecticnal) peak value across the coil.
Ther.m.s. value V, is now less than V (it is in face V/‘/ 2), so the voltage
levels are now much less. Or, saying it another way, to get the same
levels and for the same throughput of power, a much bigger transformer
is required.

a ” A3

i Magnetising
__pcurrent
‘Load’
lcurrenf
!
i
4 Decrease in magnetising
| current,
|

A little though shows that the last example is just a simple case of a
more general one-sided, or biased-core operation. Figure A4 illustrates
a situation where in general the flux never reaches zero. The Limiting
case is the one just described, where the flux in the core does make it to
zero for an instant. This (Fig. A3) situation is redrawn on Fig. A4.

The usual procedure is to take the ratio of the mean values of flux and call

it, say, 1. The peak flux reached in the limiting case is therefore 2nd,

while that in the general case is (1+n). This means that the total change
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in flux in time T/2 is ¢ 2n/147 so that the rate of change of flux is

dé _

dt l+n T ¥

and V = NBAf

is a peak value, on the relevant haif cycle. To get this situation, you
would have to steer the currents and voltages appropriately by diodes.
Also, the assumption that V is constant while the current flowing in the
‘output’ is linearly falling means that a further complication is required —
namely, a smoothing capacitor to hold up V at the constant level
assumed. It looks more and more as if these last two examples are highly
contrived and that we are getting rather remote from the simple ideas of
transformer operation. Nevertheless, they form a central discussion in
how two common switching mode power supply circuits works. These
are the ‘forward converter and ‘flyback converter circuits.

Current density in the copper

The resistance of the windings is inversely proportional to the cross sec-
tional area of the wire, (s.w.g. is the measure of this...) and directly pro-
portional to the length. The constant of proportionality is called the
resistivity of copper, p..

We can use this factor to derive an expression for the resistance of a
winding. For instance, a primary coil would have a resistance R, given

p.mN |

()~
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where N, is the primary turns, 1, is the mean turn length, A, is the win-
dow arca, F, ,1s the filling factor for the primary and m i t_he fractional
increase in resistance of the copper with temperature rise.

In a similar way the secondary winding resistance is:

p.mNZ

;rn[ wi2

with the appropriate subscript.

In a properly designed transformer, the primary ampere-turns equals
the secondary ampere-turns and the copper is shared between them
such that the losses in them are equal.

p.mN2E]

o

The equality above means that the current density, I, in each winding is
the same and is given by:

% N LN,
ld 5y wf? S it w 2

P,=LR, +ER =2pmEA F_.l,

N2
uxp) =i Rv 2 T

Finally as a substitution F§ = {F_|

P, = pmEAF,l,

If the value of P, is such that Pyor = Ppe + P, =P¢ =P,
Then:
S 3p, mlaAwalw

=AP,

where A, is the cooling surface and P, is the specific rate of heat transfer
of the surface. This is often taken as 500 uW mm, (see Fig. A5).

Finally 1, =/ Tﬁ\é’ﬁ_

pcmdln W

Ab

=Y

Smalf transformers
~50VA, 150VA

pwW mm 2]

=

=Y

RATE OF HEAT TRANSFER
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TEMPERATURE DIFFERENCE(°C)
(AMBIENT TEMPERATURE 25°C)

A representative range of m at a few temperatures is given in Table
Al. Armed with a list of known values for the qualtities in the expression
for I, an estimate for the current density can be found. As an example,
we can take the dimensions of a ‘no-waste’ lamination pile, as shown in
Fig 5. of the text. The estimated value of A, is found on the assumption
that the vertical sides of the transformer are much more effective in con-
vective removal of heat than the horizontal surfaces. Doing the calcula-
tion:

A, 5% + 1517 + 32 = 232

Alsol, = 6t, A, = it%, p. = 1.7 X 10°Qmm, F, = 0.3, m ~ 1.2

T / 4X2X23t*X500X10® _16.7
i 3X1.7X10°X1.2X3t2X0.3%x6t ./t

It looks as though t (the tongue width) acts as a kind of ‘characteristic
length’ for this purpose. If t* = 645.16mm (1 sq. in.) then the value of I
works out at 3.31 amps per square millimetre, which is quite close to the
‘rule of thumb’ value already assumed. Going to a core four times this
area (VA about 700) the density works out at 2.34 Amm 2. For a few kVA
(5000 VA), the estimate is 1.8 Amm™?.
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The new components catalogue from
MS Components is even bigger than
its predecessors and the company
looks set to rival the other two-initial
component distributor. MS have a
retail counter and are willing to sell to
private buyers without 2 minimum
order charge. The catalogue now
includes, bench power supplies, a
wide range of power supply units,
increased ranges of instruments,
more tools, a wider range of
integrated circuits, toroidal
transformers. EWW250

Sub-minature electron devices for
hybridi.csis the title of a catalogue
from NEC Electronics (UK) Ltd
which contains information on their
Mini-mold devices, Power Mini-Mold
devices, mini flat 1.cs (c.mos
devices) and solid tantalum chip
capacitors. The catalogue includes
dimensions for all products and
details of the tape packaging method:

for automatic insertion machinery.
NEC Electronics (UK) .td, 116
Stevenston Street, New Stevenston,
Motherwell, ML14LT. EWW251

Tracker ball controllers are explained
and detailed in a technical brochure
(F3051) from Marconi. Twelve pages
describe applications and circuit
operation, supported by functional
layout and quadrature-phase
diagrams. Marcont Electronic
Devices Ltd., Power Division,
Carholm Road, Lincoin LN1 1SG.
EWW 252

Allmanner of plugs and ccnnectors
for use in computers and
communications are detailed in the
Amp Connectors for the Data System
Industry catelogue. It covers all the
major connection types including
ribbon cable, mass terminated,
Eurocard, coaxial, D-type. edge, disc
drive as well asI.c. sockets and
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programmabte switches. Ampliversal
claim that the grouping together of
these products makes ordering and
selection easy, with fast delivery on
all stock items. Ampliversal, Amp of
Great Britain Ltd, Terminal House,
Stanmore, Middlesex HA7 4RS.
EWW 253

A new edition of the booklet issued by
the British Amateur Television Club
to its new members has been
published. It reflects the increase of
the use of video in amateur tv circles
and offers introductions to many of
the techniques used in amateur tv,
including transmitting and receiving
and slow-scan tv. It includes a
glossary of those terms that will be
new to a first-time user. All this is
packed into a dozen pages! Details
from The membership Secretary,
B.A.T.C. Grenehurst, Pinewood
Road, High Wycombe, Bucks HP12
4DD EWW254

A cross reference list to identify and
corelate their power mosfets against
those of other manufacturers has
beenissued by Ferranti. The list is
intended as a guide to the selection of
adirect or near-equivalent device
from the Ferranti range. The
alternatives referred to are functional
sustitutes which meet or are close to
the crtical ratings BV, Ry, and
Ipien - In many cases better devices
are available. Ferranti Electronics
Ltd, Discrete Components marketing
department, Fields New Road.
Chadderton, Otdham, Lancs OL9
8NP. EWW255
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LM383T 2.9 SN76115N 1256 | TBA231 125 | TDA1035 250 UPC2002H 1.5 Cv1450 35,00 M14-100KA 5500 T937 65.00
w515 I3 N NTZs | TBases 150 | TDA1037 195 | €85 e Cv1526 19.00 M14-100LC 45.00 948N 65.00
M515150 2.95 SN76226DN 295 | TBA396 075 | TDAI170 1.95 556 0.42 Cv2185 15.00 MIZISTIGVR 17580, ToagH 65.00
M51521L 150 SN76227N1.05 | TBAAON 255 | TDA1190 215 | 723 0.50 cv2191 18.00 M179151GR 175.00 Va1 59.00
Migr2a 200 N INTe: | TBAdsoq 125 | TDA12700 3.95 | 741 o135 cv2133 15,00 M19-100GY 55.00 VA150LC 55.00
Mohom foo) 1l o el iZRS LR A |22 B e 80 | misi0iGh 850 | Varraon 5,00
mc1szs 0.95 EN78850N :?g Toats 330 | Tomsoo 29 Ja05 3:3: Cysaz0] gg:gg T pa Vazea] 65.00
13270 0. 766 TBA5200 1. i . : X 65.00
MO o | Shovegs | Teago 1do | b 1% | 7w Ges | penoow g0 | MW 8500 | VE00iGR 59.00
C1349P 1.20 TBA530Q 1.10 | TDA2523 2.95 - - e X i
2 Sikoish 7% §i 10 1 KDAZ D10-210GH 45.00 M23-111LD 55.00 V6001GH 65.00
SEMICONDUCTORS ' B2 1% | mes o2 | mer g | boneee B2 Hide 22 fsg 48
X 4 k d V6007DP31 59.
AAVIZ 025 | RC/A 008 | BD225 048 | orneo 023 | TR o4 D10-230GH 35.00 M23-112GW 8500 | VE007GW §5:00
AC126  0.45 BC174A 009 | BC232 035 | oot ooc | TIP30C 043 D10-230GM 35.00 M23-112KA 55.00 VE00BGW 59.00
AC127 020 BCi77 o015 | eo233 o35 | BEREL 028 | qogie g D10-283GY/90 55.00 M23-112LD 55.00 V6008W 65.00
AC128 028 BCi78 015 | BD23a 035 | SERSS 930 | o3 0l D13-27GH 49,50 M23-112W 55.00 V6034WA 5900
ACiZeK  0.32 BCia2 010 | BDX% 045 | Grpoy g5 | T8 075 D13 30GH 49.50 M22-120GM 59.00 V6048CLA 59.00
1 ! BC182LB 0.10 m i D13-33GM 43.00 -120GR 59.00 V6048F i
AC141K  0.34 BC183 010 | BD238 040 Shlazl o Tipdes D78 D13-47GH/26 55.00 M24-120LC 59.00 V6048, 25,00
ACMZK  0.30 BC183L 009 | BD2a1 o040 | BEAI 028 | o gg D13-47GH/34 55.00 M24-120WAR 59.00 VB052GH 65.00
aCi76° 022 BC184lB 008 | BD242 o050 | DENS2Z 088 | ool g D13-47GH 55.00 M24-121GH 56.00 V6052GR 65.00
i ) BBTAR M IR Bmoom REOGR ) Bdte  BR ) BERE B8 @8R 28
ACIIK 028 BC2088 013 | BD410 055 | BEX8sS 032 | TIRIZ0 - 0.60 L o M28- %0 At e
¥ X y BEX86 030 TIP125 0.65 D13-51GM/26 85.00 28-11LA 49.00 VE064CLA 55.00
ACIBS 025 BCzia 003 | 8Da3 088 | GG 030 | Thias e D15-480GH/01 55.00 M8 12GH 55.00 V6089GH 55.00
037 BC2i2L 008 | BDAZ7 0. Sexes 023 | qpien 25 13:471GH/26 52.00 M2g 1L 55.00 V807031 49.00
AD1éz 078 8C2ala 008 | 8Ou38  os0 | Ve 0% | Thats amo D13 s500H 65.00 28.1 4900 V7016A 65.00
A o8z BCais” 008 | 8os20 0 | BNVE) 0% | Thaoss ase 13-600GM 59.00 M2813LG 48.00 V7030 59.00
aD1gy  0.70 BCoi3L 003 | DSl 085 | gVel o7y | TS 020 D13-E10GH 59,00 M2813GR 4900 V7031GH 59,00
AD1 I BCo1a 009 | BDSW 075 | Bivap 175 | TVIse 150 D13 €100M 59,00 M28- 1WA 49.00 V7031/67A 59,00
AD162  0.39 sczlac oos | 8D i BLvas 7% | Jnomo- ase 13-611GH 59.00 8-131 55.00 V7035A 49,00
ADIE1/2 0.90 BCalaL 009 | BTz 125 | GRIG  odS | Naoie 028 DIz E11GM 59.00 M281326M 55.00 V7037GH 45.00
AFe 198 BC23° 005 | moam Yo | BB o oss | 2N2005 040 D1 P06H0s 25,00 M3 100GH 5500 vaooean §5.00
AFi21 060 | BC230 01z | BDYs?  1es | DRCAa3 oss | ZUS00 040 D14-121GHO9 65.00 M31-101GH 5500 | VB010A 65.00
HEOGE | BB aE G mReewn RE R MRS 28 | B 28 ) i
AF126  0.32 BC258 025 | BFi27 o024 | BIN6 120 | 2N3702 0.2 D14-172GH// i M31- 200 b3 3oiog
i i i fre 32 N3m0s oaz 1712GH/54 59.00 M3 163w 55.00 4EP1 30,00
A o4 | 8 03 | Ghes o3 | Bmao  ves  aNae enz | BUART 3500 | Mo11840H 6500 | e 3%
AF1S0 0,60 8C300 030 | Brie0 o027 | BU0S 122 | 288078 0.2 D14173GH 5500 M31-184P31 65.00 SBHPY 3.0
F17g 195 BC301 030 | BRie7 o024 | SUl98 183 SETR 043 D14-173GM 53.00 M31-185GH/VR 69.00 SBHP1FF 30.00
AF239 042 BC303 026 | BF73 022 | buve 125 | N335 956 D4-173GR 55.00 M31-186W 69.00 5BHP31 30,00
AUI7 350 gCre 009 | BRI 038 BUIZS 12| Natin 378 Dia-181GH/62 65.00 M31-190GH 55.00 5CP1 10.00
AUe 325 i i Buie 180 | a7 1 12.181GH/98 65.00 M31-190GR 55.00 6EP7/S 39.00
450 BC328 010 | BFI79 034 Bu2a 155 | JNaa2r 150 D14-181GJ 55.00 M31-190LA 55.00 138P1 13,50
fom i B OLE mD G2 mm N e Be,  BE | B B |
8Ci08  0.10 BC347A 0.13 | Brig2 028 | BU208A 152 1 2040254 D.42 D-181W 5500 M31-191GR 900 | 3p0ham %0
: L i Buz0eA 192 | N33  o.48 r 00 o 59,00 324/1085 69.00
sCiosa 011 Cael 035 | eriss  ozs | BUIR0 188 | ONckes  0so D14-182GH 59,00 M31-191GV 55.00 88D 15.00
F G Em iR BW SR mm i MR R ) Bigme BB @A 2R B
BC1088 012 BC547 010 | mFisa 0Nl | BUSGO 225 | 284715 0.60 D14-200GA/50 85.00 M31-195GH 2. for 15.00
BC105C 01z | BC548 010 | BF195 011 BUS26 190 | 250435  0.80 D14-200GM 75.00 M31-210GH 59,00 02y 7o
BC114 01 BC549A 0.08 | BFI9% 011 8usoxs 228 2ocase I D14-210GH 75.00 M31-220W 2500 1 3%
oo Gy KB MBS OG1) mi 8 ANm R | Bisdle BB e 88 | & 8
i X : MJE340 0.40 | 2SC1172Y 2.20 i 0.00 d 65.00 9442E1 80.00
8ciie 02 ] BCss7s 008 | grige 014 | MEMD 040 | P8GRV 4% D14-320GH 85.00 M31-271GW 65.00 95447GM 75.00
B oox | B MBS ) uem g mnn 3 ) Mude  ES HAF 0 BE BN AR
BC1a0 031 BD115 030 | Braes oo | MPSAS2 030 | 29€1307 150 D14-340KA 500 M36-141LA o0 | 7w T
BC141 025 8DI16 080 | BE2se/C 028 | MRE2d 348 | 230104 050 D16-100GH 65.00 M36-141LG 7500 | WIREWOUND RESISTORS
BCiaz 021 BD12P 089 | B2 oz | NREN 7 | 2sCiens 128 D16 100GH/6S 69.00 M36-141W 75.00
! I 58 028 i ; D16-100GH/67 65.00 M36-170LG 75.00 :
BC147 0109 BDI32 042 | Bezss  ozs | MRFASE 2380 | 2501308 148 D16 100GHE7A 75.00 M38-100GR waoe | yWan Sl v
8C1478 0,09 BD133 040 | Br271 026 | MRFAZS 280 | Z3GI08 200 D16-100GH/79 69.00 M38-101GH es.o0 | 1 Watt Ra7-22K  0.20
BC148A 0,09 80135 030 | BF273 013 2L | o : D16-100GH/79A 75.00 M38-103GR 65.00 11 Watt 1R5-15K  0.25'
BC1as 009 80136 030 | Brazs o3 | QLW 250 g B2 D16-100GHg7 65.00 M38-113GH 6500 | 17 wWati i
EE e 85 i am i3 o om0 BT B8 Ban BB '
BC158  0.09 E 139 032 | BF3ss 037 | QG4 075 | 2282029 P D21-10GH 65.00 M38-121GR 65.00 VALVE AND CRT BASES
8C15 009 | BODWM0 030 | BF32 o3 | 0G4S D85 | og<no) g D21-10GJ 69.00 M38-121GHR 65.00 | BSD 5.50 | B13B 0.50
8C160 028 8D144 110 | BF363 038 45 i D21-10LD 59.00 M38-121LA 6500 | B7G 015 | BUA 300 |
BCi61 028 BDIS3 085 | BF371 020 | OC71 085 | 2502096 250 D M38121W ;
BC1708  0.15 30180 150 | Brabe o049 | OC81  oso | 25C2166 135 0873 2500 M35 12261 tovo] JIEZSIEKiID] o28) IR 095
BCe i oo el e B R20088 170 | 25C2314 0.80 DT PR e 85.00 | B8G 070 | NUVISTOR 295 |
BC171A 010 BDia 07 | Bras o3z | R0 170 | 25C2371 036 DH7.11 95.00 M38-130LA 6500 | B8H o0} [loCTAT™ g3e}|
81718 010 BDIB2 070 | BF4sB 0.3 R e |awam . 1ss DH7.91 45.00 M38-141LA 65.00 | B9A 0.25 | SK610  35.00
sc7z - 01 BD201 083 | Braso 03 | P2 0fe | S 0% DP75 35.00 M38-142GR 65.00 | BSASKT 0.40 | UXS 175
i 8D202  0.65 | BF467  0.88 48 | 3kes  oss DP7.6 35.00 M38-142LA 65.00 | B9G 0.75 | UX7 175 |
BC172C  0.10 BD203  0.78 | BFSS5 023 | RCA16334 0.90 - DP7.11 45.00 M38-340P31 65.00 ) .
8C1738  0.10 BD204 070 | BF597 025 . RCA16335 0.80 | 108 020y CANS __ 030
DIODES BYae o4 T INZWE 235 LINE QUTPUT TRANSFORMERS EHTMULTIPLIERS VARICAP TUNERS PUSHBUTTON UNITS
-800 0. 04
—_— BY210.800 0.33 IN40O3 0. DECCA 100 7.95 | ITTCVC20 6.35 ELC1043/05 MULLARD 8.65
AT 008 | pvars 090 | INaoes  o9% |DECCA 1700 MONO 9.95 | ITTCVE30 6.35 ELC1043/0BMULLARD 865 | DEGGAITT CKC206WAY.  7.95
| i ITT CVCS 7 WAY 1019
BA15 013 B8Y298-400 0.22 INA0OS 0.05 | DECCA1730 8.95 | PHILIPS G8 550 6.96 usn 8.25 | opjI|PS G8 (550) 6 WAY 14.49
Rt foue BY299.8000.22 | IN4007  0.06 |DECCA2230 8.25 | RANK & us22 8.25 i
7 | Byxio 020 X 8.95 | THORN 3000/3500 757 | = =
BAIsd 006 | BYXI610R 020 Ay, Nog2 GRUNDIGISGO 15.45 | THORN 8500 520 POTENTIOMETERS 20MM QUICK BLOW FUSES |
3 BYX38-600R 0.60 INS401 012 4 - 22.6011-601113.45 | THORN 9000 .00 TANDAR
BAI57 030 | BYX55-6000.30 | IN5402 044 | TTCVC20 820 | UNIVERSAL TRIPLER 545 | AN VoA POTe 0TS 032 | 1ooma goeach |
BAXIS 004 | BYX7.600 110 | INSa03 012 (Ve 8.25 SANDARD 7% J 200MA = SAMP Speach
BAX16  0.08 BZY95C30 0.35 | INS406 013 | PHILIPSG8 8.50 H e T K
BB105B 030 | CS48 450 | IN5s407 016 | PHILPS GO 8.99 REPLACEMENT ﬁi‘ﬁ%ﬁ??éu”?lf pots  ovs | 20MM ANTISURGE FUSES
DT oa | Shias  a4n | modos  odg | LULESET 1339 | ELECTROLYTIC CAPACITORS | cONVERGENCEPRESETS 030 [T = — o~~~
g d T4 0.04 85— 100MA — 800MA 15p each
BY127 01 | 0AS0 005 | (7923 o1 | RBMT20A 12.40 | DECCA 30(400-400/350V) 2.85 | SLioene Log o oa8 | A samp 12 oach
gugg m: 0A 0.06 TT2002 010 ?QFEDF%ESKGEENs% 115 DEggAso/momooxasoV) 299 | T —
- 0A35  0.06 A 1115 | DECCA 1700
BY176  1.20 0A202 040 |moii _| THORN 1590 950 | {200-200-400-350V) 38§ b0 _ SPARES&AIDS =~ =~ |
BY179 063 | n2ipR 295 |ZENER DIODES| THORN 8000 9.20 | GEC 2110 (600/300V) 2.25 FOAM CLEANSER 0.79 | PUSHPULL MAINS SWITCH
BT182 055 | IN338 295 |———— 2 UUROTHORN 9000 9.95 | ITT CVC20(200/400V) 180 FREEZE IT 082 | (DECCA. GFC, RANK, THORN
BYI8d 035 | INa3c 295 | BZX61Series 0.05 | THORN 9800 22140 | PHILIPS G8 (600/300V) 225 SOLDA MOP 064 | ETC 102
BY199 040 | IN23ER 82v88 Series 010 | THORN MAIN TRANSFORMER PHILIPS G9 {2200/63V) 119 SWITCH CLEANER 079 | PYEIF GAIN MODULE 6.99 |
3000/3500 970 | PHILIPS G11 {470/250V) 235 WDA40 125 | ANODE CAP(27kV) 069
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PHONE
0474 813225

3LINES MEQPHAM GREEN, MEOPHAM, KENT DAIZOQY PMCOMP

SELECTRON HOUSE, WROTHAM ROAD

P. M. COMPONENTS LTD

TELEX
966371

A SELECTION FROMOUR |
STOCK OF BRANDED VALVES |
|
A1714  18.50 | EBCB1 150 | ELS19  6.95
A834  7.50 | EBCS0  0.90 EL802 365 |
A1998 1150 | EBC91  0.90 ELB21  8.50
A2087 150 | EBF33 250 ELB22 1295 |
A2134 1495 | EBFB0  0.86 EM1 9.00
A2293 650 | EBFB3  0.85 EM4 9.00
A 1720 | Ebss 070 | Ewar o7
A279 . -
Aoz W0 | terss 095 | EMss  tes |
A3042 24.00 | EBLI 250 EM8S 3.95
Aum e | fo 2% | HMm 2 |
AC/HL/DD 4.00 | EC5: - -
AC;T;L“DD‘,OO EC70 175 | EN32  13.50
ACT22 59.75 | EC80 9.50 EN91 1.10
AHZ221  39.00 EC81 7.95 EN92 4.50
AH238  39.00 | ECBE 1.00 | ESU872 26.00
AL60 6.00 | ECB8 1.00 EY51 0.80
AN1 14.00 | EC90 110 | EV81 1.50
ARP12 070 | ECH 550 | EV83 1.50 |
ARP34 125 | EC92 125 | EY84 5.95
ARP35 200 | EC93 150 | EYB6/87 0.50
ATP4 250 | EC95 7.00 | EYB8 055 |
AX50 550 | ECY7 110 | EYSt 5.50
EC8010 12.00 | EY500A 150
AZN 450 | Eccaz 350 EYB02  0.70
AZN 250 | ECC33 350 EZ235 0.75 l
BL63 2.00 | ECC35 350 | E240 2.75
BS450 67.00 | ECC81 115 | EZ41 275
BS810 §5.00 | ECC82 055 | EZ80 075 |
BSB14  §5.00 | ECCB2 Philips E281 0.75
CIK 19.00 1.50 EZ90 150 |
C3JA 2100 | ECCB3 085 | F6064  2.95
C1108  54.95 | ECCB83 Brimar/ FW4/800 2.95 |
C112G  70.00 | Mullard 135 | GSS5/1K  9.00
C1134  32.00 | ECC83 Philips G180/2M 9.00 |
C1148A 115.00 195 | G240/20 9.00
C1149/1 130.00 | ECC84  0.50 | G400/1K 14.00 |
C1150/1 135.00 | ECC85  0.80 | GC10B 17.50
C1534  32.00 | ECCB6 275 | GC10D 17.50
CCA 260 | ECC88  0.85 | GC10/4B 17.50
ccaL 0.90 | ECC91 200 | GC10/4E 17.50
cL33 2.00 | ECC180 0.72 | GC12/48 17.50
CVNosPrices | ECC189 0.78 | GDBSW  6.00
On request ECC801S 350 GDT120M 5.00
D63 1.20 | ECC803S 3.50 | GE10 9.00
DA41 2250 | ECCB04 0.80 | GN4 6.00
DA42  17.50 | ECC807 250 | GN10  15.00
DAS0 o 4.50 | ECC2000 1200 | GR10G  4.00
DA100 125.00 | ECFB0 0.8 | GS10C 18.50
DAF91 070 | ECFB2  0.85 | GSI1OH 12,00
DAF36  0.65 | ECF86 170 | GS12D 12.00
DC70 175 | ECF200 185 | GIIC  14.00
DC30 120 | ECF202 1.85 | GT1CS/$13.00
DCX4-1000 ECF801 0.85 | GTE175M 8.00
ECF804  6.00 | GTR150W 1.00
DCX4-5000 ECFB05 250 | GU20 3500
25.0 ECF806 1026 | GUSO  17.50
DET16  28.50 ECH3 250 GXU1 13.50
DET18 28.50 | ECH4 300 | GXU3 2400
DET23 35.00 | ECH36 215 | GXUS50SS
DET24 39.00 { ECH42  1.00 14.50
DET25 2200 | ECHB1  0.85 | Gvsor 120 |
DET29 ECH83  0.78 | GYs02  1.00
DF$1 0.70 | ECHB4 0.69 GZ30 1.00
DF92 0.60 | ECH2000 150 | Gzai 1.00
DF96 0.65 | ECL8O 0.60 GZ32 1.00
DF97 1.00 | ECL82 085 | GZ33 4.50
DH63 1.20 | ECL83 250 Gz34 2.15
DH77 090 | ECLB4 0.74 GZz37 4.50
DH79 056 | ECL85 063 HAA91  1.00
DH149  2.00 Cles 080 HABC80 0.90
DK91 0.90 | ECLBO5  0.69 HBCI0  0.75
DK92 120 | EF7A 2,00 HBC9Y  0.80
DK96 250 EF3% 1.10 HF93 0.75
OL35 2,50 | EFa1 3.50 HF94 150
DL63 1.00 | EF42 3.50 HK90 1.05
DL70 2.50 | EFs0 250 HL2K 3.50
DL73 2.50 | EF55 4.95 HL23DD  4.00
DLY1 150 | EF71 150 a1 3.50
DL92 0.95 | EF72 120 HL42DD  2.50
DLI3 110 | EF73 1.00 90 070
DL94 250 | EF80 0.55 2 1.50
DL96 250 | EF83 3.50 HL133/0D 3.50
DLS10 1350 | EF8S 0.50 HR2 4.00
DLS16  10.00 | EF86 125 HY90 1.00
OM70 195 | EF86 Special HVR2 3.00
DM160  2.75 | quality 250 JP9-7A  60.00
DY51 150 | EF89 0.85 | k3g1a  95.00
DYB6/87 0.65 | EF91 1.50 K3118 85.00
DYB02 072 { EF92 215 KR6/3  45.00
EBOCC  9.95 | EF93 0.95 KT8C 7.00
EBOCF  1.00 | EF94 0.95 KT33C  3.60
ESOF 13.50 | EF95 1.00 KT36 2.00.
EBOL 1.50 | EF97 0.90 KT44 4.00
EB1CC 315 1 EF98 0.90 KT45 4.00
EBIL 12,00 | EF183 0865 | yg) 400
E82CC  3.50 | EF184  0.65 KT63 2.00
EB3CC 3.50 EF730 1.80 KT66 OSRAM
osm | m o 05
E86C 950 | E - SA 6.90
Esacy 799 EFgggs “;gg KTR GEC 1098
ES0CC 795 | EFB0S 1ao | KT77GoldLion
EQOF 79t | EF812 0.5 | | . Side
E9TH 450 | EFL200 150 | \iyaq 5 900
Es2cC 395 | EM0 0.2 | \ragGoiation
o ew| o2
E130L  19.95 d
Ewocc 'eso | D3 490 | KTl 390
Eig2CcC  9.00 Mullerd | KTW62 250
E180F  6.50 | EL34 Mullar 63  2.00
EIB6F  8.50 395 | 1763 250
E188CC  7.50 | EL34Philips L63 1.50
€17 15.00 3.50 | 10272k 6.95
E280F  19.50 | EL36 150 | y120/2K 12.00
E283CC 10.00 | EL37 9.00 LB7-20 95.00
E288CC 13.50 | EL38 475 B 6.95
EBIOF  18.50 | EL4! 3.50 M502A  60.00
E88C Siemans ELa2 2.00 85.00
Special 595 | EL8! 6.95 MS537A  60.00
E1148 100 | EL82 0.58 M5143  155.00
E1524 695 | Lo Q1% | Mmeorg 600
EASO 100 | CL85 450 4 msos2 750
EA76 195 | Er36 085 | Meosz 325
Enrs 198 | Ewe0 150 | mMg0o91 750
EABCBO 070 | Elos oo | MBose 300
EACST 250 [ E(153 1215 | Mooss oo
EAF42 120 | Es3E 350 matoo  Iiso
EAFB01 350 | EiigP 350 | Mmgi3g 7.0
EB34 150 | EL360 675 | MB137 550
EB41 395 | E(500 140 | msier  a%0
EBl,  980| ELS04 140 | mMgis 580
BCai 196 | FEL509 525 | Mgig3 550

M8190 4.50
M8195 8.50
M8196 5.50
M8204 5.50
MB223 4.50
M8224 200
M8225 3.50
ME1401 29.50
ME1402 29.50
ME1501 14.00
MH4 3.50
MHLDE  4.00
ML4 4.50
MS4B 5.50
MU14 1.50
MZI-100 125.00
N37 1250
N78 9.85
0A2 0.85
OAZWA 150
QA3 250
oB2 0.85
OB2WA 125
0C2 2.50
0C3 1.50
0oD3 1.70
OM4a 1.00
OMSB 3.00
OMé 1.75
ORP43 250
ORP50 3.95
P61 2.50
P41 250
PABCB0  0.50
PC86 0.75
PC88 0.75
PC92 3.50
PC97 1.10
PC800 1.10
PC900 1.26
PCCB4 0.40
PCC85 0.54
PCC88 0.70
PCCB9 0.70
PCC183  0.70
PCC805  0.70
PCCB06  0.80
PCE82 0.80
PCF80 0.65
PCF82 0.60
PCFB4 0.85
PCF86 1.20
PCFB7 040
PCF200  1.80
PCF201 1.80
PCFB0O  0.40
PCF801 135
PCF802  0.60
PCF805  1.25
PCFB06  1.00
PCF808  1.25
PCH200 1.50
PCL82 0.85
PCLB3 2.50
PCL8S 0.80
PCL86 0.85
PCL200  1.60
PCL8OC  0.80
PCLBO5  0.90
PD5Q0 3.50
PD510 3.65
PE1-100 69.00
EN25 00
PEN4ODD 2.50
PEN45 3.00
PEN45DD 3.00
PEN46 2.00
PFL200  0.95
PL21 2.50
PL36 0.95
PL38 1.50
PL81 0.72
PLB1A 0.72
PL82 0.60
PLB3 0.52
84 0.78
PL88 1.00
PLSS 175
PL302 1.00
PL345 12.50
PL50C 110
PL504 115
PL508 1.75
PLS0Y 4.85
PLS19 4.95
PLBO2 5.95
PLB02T 350
PL820 2.95
PLE557  29.50
PY32 0.60
PY33 0.50
PY81 0.70
PY8B2 0.70
PYB3 0.70
PY88 .
PYS00A  1.95
PYBQO 0.79
PY81 0.79

Q113-1108A
47.50

QB3-300 30.50
QEQ3-10  3.50
QE08-200
145.00
Qra0 65.00
QrP2s 1.00
QQE03-12 6.50
QQE03-20

27.00
QQv02-6 16.50
QQvos-10

18.
QQvo3-208

32.
QQV06-40A

19.

QQvo7-50
QQz03-20
42.
QQZ06-40A
45.25
Qs72/20 1.50
QS$75/40 3.00
Qs$92/10  5.00
Qs95/10  4.85
Qs8108/45 4.00

QS$150/15 6.95
Q8150/30 1.5
Q8150/45 7.00
Qs1200 3.95

Qs1202  3.95
Q81203 4.5
Q81205 3.95
Qs1206  1.05
Qs1207  0.90
Q$1208  0.90
Qs1209  2.00
Qs1210 150
Qs1211 1.50
asin2 - 3.20
Qs1213  5.00
Qs1215 210
Qs1218  5.00
Qus? 9.50
Qvos-12 4.9
Qvo0s-26 175
50

QVOE-20 29.

QVv0g-100
145.00

Qv2-250045.00

QY3-125 49.50
Qva4-250 65.00

QY4-400 71.95
R10 4.00
R16 12.00
R17 1.50
R18 2.50
R19 2.50
R20 1.2

R1163  55.00
RG1-125 4.95

RG1-240A14.50

RG3-Z50A 3.50

RG3-1250A
35.00

RK2K25 62.50
RG4-1000 10.00

RK-204 12.00
RL16 1.50
RPL16  12.00
RPY13 2.50
RPY43 2.50
RPYB2 H
RR3-250 15.00
RR3-1250 33.50
613 .
RS685  54.95
RS688  52.15
S6F17 5.95
S6F33 2895
S11E12  38.00
$30/72K 1

2.00
$104/1K 10.00
$109/1K 15.00

S$130 5.95
$130P 5.95
.§C1/800 5.00

SC1/1190 6.00
S$C1/1200 5.00

SC1/1300 6.00
§C1/2000 9.00
SD600CM

45.00
SP2 1.50
SP41 5.00
SP42 3.00
SP4B 4.95
§S501  35.00
ST 1.50
STV280/40

n

.95
STV28C/80
19.95

SU42 4.95
TB2.5/3000
85.00

TB2-300 45.00
TB3/2000 3 gg

Q51206 395.00
TBL-2-300

275.00
TD1-100A
2!
TDO3-1CF
28.00

TD3-12 4.00
TDD4 5.50
TP25 1.50
TSPa 7.00
N 150
TT15 34.95
T2t 29.00
TT22 29.00
TT00 57.00
TTR-31MR g
Q 65.00
TY2-1254 60.00
TY4-400 70.00
TY7.6000A

365.00
TYB--600W

36!
TYS2/250

75.0¢
u18-20 2.75
19 19

v24 2,00
U2s 0.90
26 0.90
U3z 9.00
ua1 6.95
Uso 2.00
us2 3.00
U191 0.70
U192 1.00
U183 0.65
251 1.00
ugot 75
UABCBO 0.65
UAF42 00
(UBF80 0.60
UBCa1 295
uBcsY 1.50
UBFB9 0.60
UBL21 175
Uc92 1.20
UCCs4 0.70
uccss 0.60
UCF80 1.00
UCH21 1.20
UCHa1 1.20
UCH42 135
UCHB81 0.65

uCLs2 175
UF85 1.20
UF41 115
UF42 115
UF80 0.80
UF89 2.50
ULaa 3.50
uLs4 0.85
uus 3.50
o7 8.00
uus 9.00
Uyas 3.50

UY8ss 0.70

V235A/1K
250.00

V238A/1K

295.00
V240C/2K

V241C/1K
195,
V2464A/2K
315.00
V339 3.50
V453 12.00

VLS631  10.95
VP 4.50

VR105/30 1.50
VR150/30 115

2.50

V29 4.50
VU39 1.50
w21 4.50
w77 5.00
w729 1.00
w739 150

24 1.00
X66/X65 4.95
X76M 1.95
XC24 150
XC25 0.50
XFwa7 150
XFW50 1.5
XG2-6400
XG5-500 22.50
XL1-5V 1.50
XL628FT 7.50
XNP12 2.50
XP1002 29.00
XR1-1600A

48.50
XR1-3200A

79.50
XR1-6400A

99.50
Y503 25.00

Y85 6.95
Y602 12.00

YD1100  75.00
YJ1060 265.00
YL1020  29.00
YL1070 115.00
YL1071 109.00
YL1290 65.00

2717 1.20
Z302C  12.00
2359 9.00
75055 15.00
7520M  4.00
Z521M  8.00
Z700U0  3.00
2749 0.60
7759  19.85
2800V  3.00
Z803U 1895
ZA1000 12.50
ZA1001  1.50
ZA1002 150
ZC1040  8.00
ZM1005  8.00
ZM1020  8.95
ZM1021  8.00
ZM1023  7.95
ZM1041 14.00
ZM1082  9.00
ZM1084 10.00
ZM1177  9.00
ZM1202 55.00
ZM1263  4.00
ZM1612  3.00
1A3 4.50
1ACE 1.20
1B3GT 195
1822 10.00
1824 14195
1B35A 2950
1BC2A 250
1 2.50
1C5GT 250
105 250
1FD1 2.50
1G3GT 250
1K3GT  2.50
L4 0.60
16 150
LA 1
N2 4.50
INSGT 250
P28 25.00
152 0.55
185 0.70
1T4 0.70
1Us 1.00
1X28 140
122 8.95
287 1.50
2822 69.50
2c21 1.
2C39A 2350
2C39BA 39,50
240 37.00
2C40A  55.00
2Ca2 2950
2Cs1 0.75
2C53  32.00
2CY5 150
2021 0.95
2021w 2:50
2E26 7.95
2Ja2  93.00
2K25 2495

2K25 Raytheon
75.00

2K26 95.00
3A/107B 12.00
3A/108A 9.00
3A/109B 11.00
3A/110B 12.00
3A/141K 11.50
3A/147J  7.50
3A/167M 10.00

3A2 3.95
3A3A 3.85
3A4 110
3ALS 0.95
3AT2 3.3%
382 3.00
3B4 7.00
3B7 4.50
3824 10.00
3826 24.00
3828 12.00
3BZ6 1.50
3Ca 1.00
3C45 24.00
3CB6 1.50
3CN3A 2.50
3Cs6 0.95
3ICX3 2.50
3CcYs 1.50
3 4.50
3D21A  29.50
3D22 19.50
3E22 49.50
3EH7 1.95
3EJ7 195
3WaGT
4BSS1B 115.00
4-65A 59.00
4-250A 00
4B32 19.50
4BQ7A 1.75
4BZ6 195
4C27 25.00
4Cc28 25.00
4CBB 185
4CX250BLT.T.

37.50
4CX250B
EIMAC  49.00
4CX2508
surplus ex-
government

12.50
4CX250B
tested ex-
equipment

8.
4CX250BM
EIMAC  75.00
4CX250K
EIMAC  95.00
4CX350A 71.50
26 75.0

4GS7 2.25
4Gv7 2.25
4J52 75.00
4JC6A 2.9%

5A152M  9.00
5A163K  10.00
5A170K  6.25
65A-180M  9.00
5A-206K 10.00
SAMB 215
SANB 1.20
S5AR4 2.00
5AU4 1.50
588. 2.50
6B.110M 10.00

5B-256M  9.00
5B8-257M  9.00
5B-258M 14.50
5C22 69.00
SR4GB 280
S5R4GY 2.80
5T4 5.95
504G 1.95
504GB 2.50
5VaG 125
SY3GT 195
5Z4GT 0.85

6/30L2 070
5A/203K  9.00

6A7 4.95
6ABG 1.50
6AB8 0.66
6AC7 2.00
6AF4A 2.50
6AF9 415
6AGS 1.50
6AG7 195
B6AHE 1.50
6AU4 2.00
8AJ7 2.00
6AKS 1.00
6AKE 2.00
6ALS 0.60
6AM4 3.25
6AMS 6.00
6AME 1.50
B6ANS 2,65
6ANBA  2.65

| 6AQ5 150 | 6H3N 1.10
6AQ8  0.85 | 6H6 135
| 6ARS 3.95 | B6HBGT  1.95
6ASS 150 | 6HS6  4.95
| '6ASE 1.50 | gya 110
6AS7G 450 | ssawA  3.15
| eaTs 0.75 { 6J5 2.50
BAT8 175 6J6 0.65
| "6AL4 2.00 | 6JB6A  3.95
6AUE 0.95 BJEEC 4.95
| GQVG 0.75 | sJuB 250
6AWBA 250
6886 150 | £ 4ne
| eBAG 035 | ex76 o070
EBA7 450 | gy 395
| 6BABA 350 | gpp 5.50
eocsl i | BKMB 250
6806 100 | 6KT8 2.95
6BE6 072 | 6U1 250
6BFS 160 | 6L15 315
6BG6G  3.00 | 6L19 3.95
68H6 195 | 6L6GC  2.95
6BH8 150 | 6L6GC(GE)3.95
| &BJB 120 | 6L6GT 115
6BKa 400 | 6LD20 0.0
6BK7A  1.95 | 6LF6 4.50
6BM8 058 | 6LJS 2.50
6BN4 165 | 6106 4.95
6BN6 1.65 6N7 2.50
6BN7 450 | N7GT  2.50
6BN8 2.35 | 6P15 1.50
6805 0.75 | P25 4.00
6BQ7A 072 | gp2g 4.00
6BLIGTA 3.95 | cpg 2,00
6BL8 085 | gq7 120
6BRS  0.70 | 6q7GT 120
| 6BR7  4.95 | gasg Niis
6BR8 215 | coan o0
6BREA 215 | £33 R0
6887 850 | 65A7GT 1.0
6BS8 250 | 23c7 50
6BW4 150 | o257 50
6BW6 535 | 2257 iso
I gaw? 150 | essiGT 120
; 6SK7 _ 0.80
6BX6 048 | gSkGT 120
BBX7GT  3.50 | 6SU7GT  0.85
6826 250 | GoN7GT 095
6827 295 | 220707 0o
ocy Mo | ess7 19
Sca 285 | 8UaGT 175
d 6U8 0.85
6CBG oisol | STRAL  hico
oo 230 | sveGT  0lss
i 6X2N 1.00
6C18 250 | 24 N
SoAs 980 | exsGT 055
: 6X5GTY  1.00
6CBS 395 | ggal’y 199
6CB6 195 | Jag e
BCDEGA 450 | 7.0 oo
6CF6 150 | 7A0) T
6CcHe 695 | 780 Vies
6CL3 395 | 3¢ 2iso
6CL6 325 | 757 i
6CLBA 0 | T
6CM5  1.60 g
6CM7  2.95 ;% ?;gg
6CS6 0.75
6CWa 6.50 | 888 2.50
6CY5 1.00 | 8810 2.50

6DK6 115 | 10D2 1.25
6DQ5  3.35 | 00E7  2.50
6DQ6B 250 | 10F1 0.75

10LD11 100

SEAS 250 | wiDiz 065
i 11E2 16.50

6eMs 250 | 11E2 1800

6EM7 2.50 12A6

6EU7 195 | 124p6 150

=)
m
<
N}
~N
b
@
I
>
-
&

6EW6  1.50
SEWT 430 | VATwa 25
2,5 g H 32 12AU8 150
oF6G 200 | 12AU7 05
o7 ST | 12AV6 __ 0.80
d 12AX4GT 1,00
Su2 130 | 12ax7 068
o Y0 | 12AXTWa 250
e 292 | 12av7 388
o 215 | 12az7a 188
6F22 G0 | 1284 350
12BA6 150
6F23 060 | 42866 105
6F24 125 | 158594 g
Eh2e 123 | 1286 175
ohas e | 12Bv7a 2778
6F33  17.00 | 12826 4.95
SFCS 195 | 12cas  1ss
666G 50 | 12CX6 120
6GHBA 080 | 12D06B  3.50
6GKS 1.50 12DW4A 350
6GK6 135 | 12DW7 250
6GS7 215 | 12E1 17.95
6GV7 250 | 12E14 28,00
6GW6  2.50 | 12GN7  3.95
6H1 950 | 12HG7  4.50

!

12HG7A

4.50
12J7GT  0.70
12J7GT  3.50
12KS 1.00
12K7GT  0.60
12K8 110
12SA7GT 1.00
12SG7 475
12SH7  1.00
12SK7 1.00
128J7 0.60
12SN7GT 1.85
128Q7GT 1.50
13D3 3.20
1307 3.20
13DE7  2.50
130R7  2.95
13EM7  3.50
1487 1.00
17EW8  0.95
17028 2.75
18D3 1.60
19AUAGT 2.50
19G3 17.00
19H4 23.95
19H5  33.50
1906 9.00
20A2 1050
2001 0.70
20LF6 3.50
2001 0.95
20P1 0.55
20P3 0.60
20P4 1.95
20P5 115
21LUs 250
2481 39.50
25L6GT 175
25806  1.75
29C1 19.50
30C17 0.40
30C18 1.48
30F5 0.95
30FL1 1.00
30FL2 135
30FL12 0.95
30FL1I3 110
30FL14 1.2
30L1 0.45
30L15 0.60
30L17 0.60
30PAMR  1.00
30P12 1.00
30P18 0.60
30P19 1.00
30PL1 250
30PL13  0.60
30PL14 175
31JS6A  5.50
33A/158M

19.50

35A5 4.50
35L6GT  2.00
35Wa 0.70
3523 1.85
3BHE7  4.50
40KD6  5.50
a2 6.95
a7 6.00
50AS5 150
50C5 0.95
50CDEG 115
SOEHS 150
50JY6  2.95
52KU 2.00
53CG 15.00
61SPT  4.50
7581 2.50
75C1 2.50
83 8.50
84 3.00
85A1 6.50
85A2 1.50
90AV  10.00
90C1 2.70
90CG  13.50
91AG 9.00
92AG  19.50
92AV 1250
95A1 6.50
108C1 1.50
150B2 6.95
150C2 1.50
150C4 215
155UG  25.00
18587 1.50
274A  15.00
307 5.00
3284  15.00
A 17.50
425A5  8.00
anuy 2.00
§72B  35.00
705A 8.00
708A 8.00
715A 6.00
715C 45.00
725A  275.00
803 14.95
805 39.00
807 1.60
810 45.00
B11A 12.95
13 18.50
B13USA 45.00
MYV k2l

CALLERS WELCOME

% ENTRANCE ON A227

50 YDS SOUTH OF MEOPHAM GREEN

CAR PARKING AVAILABLE

Open Mon-Thurs 9am—5.30pm Fridays 9am-5.00pm
% 24 HOUR ANSWERPHONE SERVICE &

ACCESS AND BARCLAYCARD ORDERS WELCOME
* MANY OTHER ITEMS AVAILABLE &

UK ORDERS P&P 50p PLEASE ADD VAT AT 15%
EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST

CIRCLE 24 FOR FURTHER DETAILS.
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LOOK AHEAD!

WITH MONOLITH MAGNETIC TAPE HEADS
VIDEO HEAD REPLACEMENT KIT

} I30A & 136
Keithleys .
- DOES YOUR VCR GIVE WASHED OUT NOISY PICTURES IT'S

TS0A DIGIPAL MULTIMETER PROBABLY IN NEED OF A NEW HEAD — FAST FROM QUR EX-STOCK
DELIVERIES.
SAVE ££fs ON REPAIR CHARGES.
OUR UNIVERSAL REPLACEMENT VIDEO HEADS FIT ALL MODELS OF
VHS OR BETAMAX VCRs. FOLLOWING OUR REPLACEMENT GUIDE
AND WITH A PRACTICAL ABILITY, YOU CAN DO THE WHOLE JOB IN
YOUR OWN HOME WITH OUR HEAD REPLACEMENTKIT.

M
KIT CONTAINS - NEW VIDEO HEAD, 5 CLEANING TOOLS, HEAD
CLEANING FLUID, CAN OF AIR BLAST, INSPECTION MIRROR, ANTI-
STATIC CLOTH, VHS/BETAMAX MAINTENANCE MANUAL, CROSS
HEAD SCREWDRIVER, HANDLING GLOVES, MOTOR SPEED DISC,
SERVICE LABEL, HEAD REPLACEMENT GUIDE.
VHS KITS £6325, BETAMAX KIT £75.25. Prices include P&P and VAT
HOW TO ORDER: PLEASE STATE CLEARLY THE MAKE AND MODEL
OF YOUR RECORDER. THERE ARE TWO VERSIONS OF THE VHS
HEAD AND YOUR ORDER CAN BE PROCESSED FASTER IF YOU
CHECK THE SIZE OF THE CENTRE HOLE OF THE HEAD WHICH WILL
BE EITHER 5mm OR 15mm DIAMETER. i
CATALOGUE: For our full Catalogue of Replacement i
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p P&P.

THE MONOLITH ELECTRONICS CO. LTD.
5-7 Church Street, Crewkerne, Somerset TA18 7HR, England
Telephone: Crewkerne (0460) 74321
Telex: 46306 MONLTH G

CIRCLE 76 FOR FURTHER DETAILS.

WirelesSworld

EDITORIAL FEATURES
1984/5

pairof hands.

Ready and willing to give you the accuracy and flexibility
you'/e come to expect from al. handheld DMM's.

On the one hand, the new 130A has the design and
performance of our most popslar 130 model butwith
greaterbasic DVC accuracy—3.25% and the need to
calibrate only once every two years —all this at no increase
in price.

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

a kigh performance full autoranging 42 digit DMM
permitting precise measurernrents in 22 ranges of AC/DC
voitage, resistance AC/DC cuirent including 10A capability.

Ifyou could use an extra pair of hands, or would just like
to find out about our complete range of DMM's —phone
0734861287 orcontact a Keithley distributor now. Prices’
startat £69.00

Keithley Instruments Limited
1 Bouiton Road

K E I I H LEY Reading Berkshire RG2 ONL
Telex 847047

Berkshire (073£) 861287 Glasgow (02367) 28170
Essax (0279) 2952Z London (01)6390155
Gwent {0633) 28056€ Cleveland (0287) 32397
Eie (0002)98414% Hertfordshire (07073) 38623

ISSUE PUBLICATION
DATE DATE FEATURE

Dec.1984 Nov.21st Components

Buyers Guide

Jan.1985 Dec.19th  Single Board
Computers

Mar. 1985 Feb.16th |EEE Instruments
May. 1985 April. 19th Power Supplies
July. 1985 June.21st VDU's

Sept. 1985 Aug.16th Communication
Receivers

For more details regarding
advertising
Contact Bob Nibbs
01—661 3130

ELECTRONICS & WIRELESS WORLD OCTOBER 1984
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SURVEY

Digital multimeters

now

As a result of progressive circuit integration,
sales of digital multimeters are now well ahead
of their analogue counterparts

Newcomers to digital multime-
ters may be forgiven for showing
bewilderment at the surfeit of
these instruments now on the
market. From a choice of 16 or so
over a decade ago the market now
contains at least 50 different
brands world wide, and that
doesn't include single-function
digital meters that are now pro-
liferating — capacitance meters,
thermometers, decibel meters,
as well as voltmeters. (For this
survey, we've taken ‘multimeters’
to mean instruments that can
measure three or more different
quantities, excluding the compo-
nent ‘bridge type of instruments. )

Most of the activity has been
at the low-cost end of the market
— the 3% digit hand-held and the
portable bench-type instruments
— and has been largely due to
increasing circuit integration and,
from about 1977, the use of mic-
roprocessors. The recent econ-
omic climate has meant that cost
has become a more important fac-
tor in the choice of meter and
dmms, like other products where
circuit integration has made
inroads, have fallen in price
whereas analogue meters have at
least followed inflation.

The effect of integration can
be gauged from the simple digital
voltmeter circuit shown on this
page. The making of a low-cost
multimeter is little more than
adding signal conditioning circui-
try — an ideal candidate for
assembly in the Far East.

The result in the USA has been
that the market for digital mul-
timeters has risen to eight times
that for analogue meters, with the
hand-held share up to about 20%.
But in Europe, digital meters are
only just on the point of double
the analogue turnover, and this
large difference leads one instru-
ment marketer to identify the
low-cost end as “a tremendous
and virtually untapped market”.

Chip technology has sincealso

allowed development in 43digit
models as well as 33, though less
successfully feels Stuart Thomp-
son of Thom-EMI Instruments,
“probably because the accuracy
of field service jobs is already met
by 3idigits.”

Cost is a major factor in the
servicing business as each techni-
cian needs a meter, and the fre-
quent outside visits maan robust-
ness and portability are require-
ments in addition to a desire for
better accuracy than the analogue
meter offers. These factors are
leading buyers to look closely at
handhelds; last year a tv rental
company decided to go digital to
the tune of 2,500 meters —
claimed to be the largest order
ever placed by a tv rental com-
pany.

But the middle and top-end
markets havn't been standing
still, with competition as keen as
ever at offering value for money to
get a bigger share of the market
(reckoned to be worth £14 millon
in the UK last year). In the tradi-
tional area for benchtype dmms,
inr & d labs, meter prices are fall-
ing in real terms and performance
increasing, aided by the wides-
pread use of microprocessors.
John Nicholls, Thurlby’'s manag-
ing director, says that despite
heavy inflation it is possible to
buy a 43digit multimeter now for
much the same price as a 33digit
multimeter five years ago. “44di-
gits is establishing itself as the
standard for general purpose lab.
bench meters” he finds “with 33
digits confined primarily to lower
cost, mainly hand-held, pro-
ducts”.

As Mr Nicholls’ chart shows,
(reproduced on this page) there is
some overlap between the 35 and
43digit product areas, with some
33digit meters going up to £200
or more, whilst a few 43digit
meters, Thurlby’s 1503 included,
are available for as little as £150.
But there is still a big jump from

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

the 4idigit meters, and a still
larger jump to those with calculat-
ing ability. This gap restricts most
engineers wanting a mulitmeter
for general bench use to the 43di-
git area, but there is a wide range
of models available from under
£200 to over £450 depending on
resolution, accuracy and fea-
tures. “Although offering better
value for money than those of a
few years ago”, he points out,

Bench dmm price
performance distribution
reveals overlap in 34/4% digit
area. The large gap between
4% and 53 digit pricing may
mean that many engineers
will have to contend with a
4%, Thurlby’s 5% digit meter
falls in this price range,
though it hasn’t the accuracy
of most 53 digit meters.

Circuit integration has led to
a flood of low-cost 33 digit
multimeters from the Far
East based on this simple $3
voltmeter design from

“most of these products provide | Intersil.
0-0057
Thurlby %
0-01- sk-digit dmm Xy
2 X X Sk -digit
« 0-025 % bench dmms
[} X x X
& X
[+ 4 »
w0054 X X
o : lo"z-d;;géf
2 b
é 01 % { - x enc mms
3%-digit
0251 X bench dmms
%
100 200 300 400 500 600
PRICE (£)
+9V
; —n—
b R
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D
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SURVEY.

A solution to the problem is
the ‘implicit’ method which uses

R 3 - X oxyl le - feedback to perform the square
Vi_{jsquare 2 - e Vo —1@ k Y 7 z v V\/\Fﬂ>ﬂ-— % = root function indirectly, Fig.1(b).
v N - Simpler and cheaper, this has
R T 2 e L = VY greater dynamic range because
average signal levels vary with
fo) ol r.m.s. level and not as the
square. In the logarithmic
. _ approach, first used by Datron,
Vi ZlogV Anfucg block A is replaced by log/antilog
‘ ac. ac. circuitry, Fig. (c). A particular
log - virtue 'of this scheme lies in.its
-\ :1/\/i_2 balancing of temperature drifts
and lineanty down to 0.01% of full
© d) scale.
The table below indicates the
Fig.1. Because subsequent | little more in terms of capability ~ waveform  Mean Mean r.m.s. Form Crest Error
circuitry is subject to the | than their more expensive prede- modulusmeter value factor factor
square of the input signal | cessors.” )
magnitude (a), thus limiting In production testing, a major %','i‘aen e 0637 0707 0707 1M1 1.42 -
dynamic range, scheme (b) is | area for dmms, long-term accu-  gawteoth 05 055 0577 116 173 —38%
preferable, though the |racy and stability are of para- Puise, 50% 1 1.11 1 1 1 +11.1%
logarithmic approach of | mount importance Here, fast  Rectifiedsine o313 9353 o5 157 2 —29%
Datron, Solartron and others | automated and recordable mea- go chopped .
s . 6 ulse, 10% 0.18 0.199 03 1.66 3 —34%
has better linearity. |surements are required and the  pyge, 19 0.02 0022 01 5 10 —78%
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meter may be a vital link in a pro-
cess control chain. These ‘sys-
tems’ meters have a facility for
serial or parallel data bus opera-
tion, and additionally may need
calculating and limit-testing faci-
lities.

The most demanding applica-
tion as far as accuracy is con-
cerned is the calibration lab,
where stability, absolute accu-
racy and high resolution are of the
highest attainable so that stand-
ards can be confidently trans-
ferred and measurements related
to national standards.

Basic multimeter

In its simplest form a digital mul-
timeter consists of an input div-
ider, function converter (omitted
for dvms), analogue-to-digital
converter, clock & counter dis-
play and dnvers. The input div-
ider is a resistive ladder to reduce
the analogue input to a fixed vol-
tage range of 2V or 200mV with a
X 10 buffer. (The range is actually
1.999V, the 1 digit indicating
overrange inputs.) Range may be
manually selected by pushbutton
or rotary switch, or automati-
cally selected by an autorange
level-sensing circuit.

The circuit loading that occurs
when a measuring meter is added
in parallel is always a source of
error. The rule of thumb is that
multimeter impedance should be
a factor of ten times the source
impedance for each significant
digit to maintain the rated sensi-
tivity. For example, if you want to
measure across a 10kQ source
resistance with 3 digit accuracy

then input resistance should be at
least 10MQ.

Functions other than direct
voltage measurement require
converters. A current converter
usually consists of low-value
resistors in the input network
switched in as shunts at the a-d
converter input, and the voltage
developed across the shunt mea-
sured and displayed as current.
Resolution can be limited by low
values of shunt producing low
voltages. Usually the drop across
the shunt, the ‘voltage burden’
has a negligable effect on the cir-
cuit, but in low voltage high cur-
rent circuits it may be significant
and accuracy will suffer.

The a.c. converter may be
simply a transformer and rectifier
arrangement to give a direct vol-
tage equivalent to the average
alternating input. More com-
monly it will be an op-amp feed-
back diode rectifier, but which-
ever it is it will only give accurate
r.m.s. readings for sinusoids.
Because non-sinusoidal wave-
forms are so widespread, more
manufacturers are adding a ‘true
r.m.s.’ feature. This may use an
r.m.s.-to-d.c. converter that
squares the input voltage, aver-
ages with a low-pass filter and
then takes the square root. But
because the circuitry following
the squarer cannot handle a wide
(squared) dynamic range, it is
limited to a 10:1 input range,
though this is otherwise a compe-
tent method with a potential
error of less than +0.1% and good
bandwidth, Fig.1(a).

horrendous errors that could be
made by using a meter that sim-
ply senses mean values yet is
scaled to read r.m.s. The limita-
tion in dynamic range of r.m.s.-
sesing converter is usually speci-
fied by quoting a maximum crest
factor that the circuit will handle
and still give correct r.m.s. read-
ings. Fluke, for instance, specify
their true-r.m.s. meters only for
waveforms with a crest factor of
up to three, and for anything
significantly greater recommend
a thermal-converting type. The
other point to watch over mea-
suring high crest-factor wave-
forms is bandwidth because of
‘the appreciable amounts of har-
monic energy contained in
switching waveforms (and, of
course, noise as well).

Though thermal conversion is
perhaps the simplest way of gett-
ing an r.m.s. value and can be
reasonably accurate with dis-
torted waveforms (crest factors of
3:1 or more) it has its difficulties.
The method involves a pair of
heaters and thermocouples
arranged so that the applied vol-
tage heats one couple connected
to an amplifier. The d.c. output
drives another heater/couple
wired so that equal temperatures
indicate the d.c. output is equiva-
lent in heating effect to the
applied a.c., Fig (d). Unfortu-
nately the time constant limits
the 1.f. response and dynamic
range is restricted because of the
square-law problem and non-lin-
earity.
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Analogue—digital conversion

One of the most straightforward
methods of converting from ana-
logue to digital signals is the
binary ramp, using a comparator
to control clocking of counter,
Fig.2(a). The comparator’s out-
put stops the clock when the fed
back signal equals the input signal
and the accumulated count,
which is the digital equivalent of
the input, held in a register. The
comparator input has to be fed
from a digital-to-analogue con-
verter, so the whole thing is not
the simplest of converters. And it
requires the addition of input fil-
ters to prevent mains-related
interference affecting reading.

An idea that is simpler to con-
struct and which has the advan-
tage of rejecting mains-related
noise is the ramp intergrator, in
effect a very cost-effective
replacement for the d-to-a con-
verter in the binary ramp. Here,
Fig.2(b), the ramped output of an
integrator feeds a comparator
which stops a counter when its
two inputs are equal. The output
is V_t/RC after time t and is pro-
portional to the ratio of the input
to the reference. But its weak-
ness is that accuracy depends on
both the clock and the integrating
capacitor — the resistor is not so
much of a problem — (as well as
Vref) 3 X

First used by Solartron back in
1963, the intergrating technique
has since become the most
important technique for digital
voltmeters in its dual or triple-
ramp form. Patents on the tech-
nique held by Fairchild, Weston
and Solartron gave the Schlum-
berger group a powerful patent
pool to manage, but now are they
on the point of expiring. Perhaps
partly in an effort to avoid paying
patent royalties, manufacturers
turned their attention to variants
of the dual-slope technique to
increase its accuracy. To under-
stand how these helped it is
necessary to know the workings
of the basic dual-ramp idea.

In the integrator, a feedback
capacitor C is changed through
resistor R for a known time t,
Fig.2 (c), at which its voltage is

Vin t1
RC

Voge | V. di=

which simply means that the
accumulated charge is propor-
tional to the average value of the

d-fOﬁﬂ 3
converter |

Binary
counter

Cutput
{a)

1

Courter | i

|

Clock = Counter }
in o
| Control
logic
{b)
“Integrate’ SOHz* “Count”
phase  interference phase

Gl f0__ 1999 —t, t
i = =i H
logic counts \
Autozero Counter
drift cancel reset
(c)
input over a fixed period. The Though the integration is | Fig.2, depicting the chief

integrator input is switched to the
opposite-polarity reference vol-

tage after the counter has reached.

its predetermined count, repre-
senting t,, triggered by an over-
flow pulse. The capacitor dis-
charges until the comparator
senses it has reached zero,that so

1 K
0=V V. .dt
g RC/;X ref

and if t,=T, and t,—t,=T,, then

DV T VT,
RC RC
V= Vo (KT

which not only means that T, is
directly proportional to V,, — itis
the discharge time or count that is
displayed in dual-slope integrator
— but that it is independent of
R,C and clock values. The refer-
ence voltage, which does need to
be accurate, is chosen to give a
suitable basic range, typically two
volts (though only 1.999 is indi-
cated as the first digit is an over-
range feature).

The initial measuring period t,
is chosen to contain one period of
50 or 60Hz so that a superposed
mains interference will be aver-
aged out and rejected along with
its harmonics.
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independent of clock frequency
the effectiveness of series-mode
rejection depends on its accu-
racy. It is the counter timing that
fixes the integration period, and
for an error of At per mains cycle
the rejection will be 201og(At/t),
so that a 0.01% error limits rejec-
tion to 80dB.

This ability to reject mains-

frequency voltages together with
low errors of between 0.25 and
0.001%, good temperature stabil-
ity and low cost have made dual-
slope integration the most widely
used of techniques. It is the basis
of many a-to-d converter dvm
chips, including Intersil’s highly
successful three-dollar derivative
of the 7303 (see Table).
A shortcoming in the dual-slope
method is that errors at the inte-
grator input show up as error in
the digital word. Input errors can
be clearly reduced by introducing
a third phase of the cycle in which
the input is grounded and a capa-
citor charged with zero plus drift
errors. This charge is then
applied with opposite polarity
during integration, thus cancell-
ing the effect of errors.

When the dual-slope tech-
nique is applied to the design of
five or six-digit voltmeters other
errors begain to appear. Accord-
ing to Solartron these are due to

O dielectric storage in the
integrator capacitor which
gives ‘zero’ error and non-line-
arity even with the best
capacitors

O clock variations during up or
down slopes

contenders for
digital-to-analogue
conversion, continues on
pages 76,79 & 80.
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A decade of Intersil dvm chips

Device Digit Features )
8052/8053 33 Two chips, dual slope, no logic, p-mos

Year
1975

1976 8052/7101 3% Two chips, with logic, b.c.d. out, p-mos
1977 7103 33/4% Supersedes 7101, multiplexed b.c.d. out
8068 3%  Similar 8052, low noise for 10uV/count
1978 71C03 3%/4% C-mos version of 7103
7106 33 Single-chip denvative of 7303, l.c.d.
drive, auto zero, reference, $3
7107 3% Similar 7106 but l.e.d. dnve
8052/7104 — Two chips, 12, 14, 16bit versions for P
1979 7109 —  Single chip, 12bit, parallel output, $10
1980 7116 33 Similar 7106, withl.c.d. hold
7117 33 Similar 7107, with l.e.d. hold
1981 7126 33 Low power version of 7106, 100pA
1982 7135 4; Single chip, multiplexed b.c.d. out
7136 33 Similar 7126-+fast overrange recovery
7137 33 Similar 7136 but for |.e.d. display
1983 7129 43 Triplexedl.c.d., 10 pV/count, two-cycle
) conversion, 5zdigit res., cont. test
1984 7139 33 Single-chip autorange mulitmeter,
display up to 3999 to reduce range
7115 — 14bit post-package prom corrected,
successive approx. (40us), R/1.8R ladder
1985 ? —_ 16bit version of 7115 likely

Fig.2 continued — see text

O transistor delays varying with
time and temperature

O mismatching of integrator and
reference switches

O mismatching of high and low
references in multislope
converters

O difficulty in trading resolution
for speed

O input voltages not being
monitored during the down
slope.

These problems have led Solar-
tron to pursue other avenues —
first successive approximation
(1977) then later pulse width
conversion though some
schemes have been devised to
reduce the effect of such errors.
One compensation, used in Racal
Dana's 6000 series, builds a more
complete representation of the
integrating capacitor in a attempt
to accurately maintain the RC

product. It achieves this by plac-
ing the network Fig. 2(d) in the
non-inverting input of the inte-
grator, at C, in (c).

All of these higher-order
effects are worthless of course if
stability of the voltage reference
isn't maintained. This leads some
designers to place a zener refer-
ence diode within a controlled
oven, others to use a reference
bridge. Dana for instance to
achieve an error of as little as
3p.p.m., a temperature coeffi-
cient of 1p.p.m. per deg. C and
6p.p.m. over three months,
using this last-mentioned
arrangement. In the cheaper
instruments the i.c.s used didn’t
include zener references, and a
mercury use is sometimes used
instead. Later instruments, e.g.
Fluke’s 70 series, make use of an
off-chip band-gap device.

Multislope techniques

An interesting extension of the
dual-slope technique is the triple
or multislope conversion in which
there is an initial fast ‘ramp-down’
for a partial conversion followed
by a slow but accurate ramp-down
for the final answer. In the ‘triple-
slope’ method of Datron, a refer-
ence voltage is applied for a short
time after integration with the
same polarity as the signal,
Fig.2(e). This provides a finite
integrator charge even if the sig-
nal is zero. At the end of this lin-
ear period the opposite-polarity
reference voltage is applied and
the null detection biased by an
amount less than the linear
charge. The integrator discharges
until the biased null is reached,

Dielectric Null det.
storage Reset Integrator
1 .
= m—g
Min ¥
2Vrefj? - -2
esel
e Vref/16 [ P
(d) Bias
1stnull | 2nd null Control ¢ T
m logic l Polarity sense
(e) ;l-
. |
1 2 3 [
L ] with N | o< Vref y "
S error—; I ocVref oo 'Tef
\/ - \ ! X~ i ;7 100 /1000
ref i ! i 5
v, ld—Count —! ! l y
Vi e—Count — ocref
Vref 10
2 If) (g}
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when the main null detector acti-
vates the control circuitry and
switches the reference to V /16,
also removing the third slope
bias. The integration discharges
at 1/16 of its original rate with the
digital circuitry also counting at
1/16 of it previous rate, toward
the final null. (As the effect is of
delay in the 1/16-rate period are
reduced by 16 the bandwidth may
be reduced by the same amount,
giving four times lower noise.)
Normally, the integrator capaci-
tor imperfections limit the resolu-
tion to 10p.p.m., but with this
particular adaptation Datron have
produced instruments  with
1p.p.m. linearity and resolution,
with an effective null detector res-
olution of 3pV in 100ns.

A large proportion of the deve-
lopment cost of Thurlby’s 5+digit
1905 meter went into the design
of a high-linearity triple-slope
converter, in which a micropro-
cessor provides for ‘intelligent’
control of the converter as well as
de-integration time measure-
ment, and data manipulation. It
does this with a large number of
Cc-mos transmission gates
switched under microprocessor
control to provide a number of
refinements. An auto-zero phase
following each measurement
charges two capacitors with zero
offsets, then applied in opposing
polarity during integration to
remove the offset errors during
measurement. Shifting the zero-
crossing voltage allows a brief
increase in integration slope and
also the input level to be interro-
gated. Thurlby say the converter
is capable of a 63digit result, but
because of other limitations the
last digit is suppressed.

In the quad-slope integrator of
Analog Devices, drift and gain
temperature  coefficients are
reduced to 1p.p.m./deg.C at rea-
sonable conversion speeds,
though still slow for some applic-
ations (40Hz). A 13bit converter
AD7550 goes through two cycles
of dual-slope conversion, once
with zero input and once with sig-
nal input. Errors determined dur-
ing the first cycle are subtracted
digitally from the result of the sec-
ond cycle Fig.2(f).

One of the most refined of all
the multislope techniques is that
used in Hewlett Packard’s 3456
dmm. The run down period has
four slopes, the first steep and
with a finite overshoot, the next
with a tenth of the slope but of
opposite polarity and with over-
shoot, the third with the polarity
of the first but a hundredth of the
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AVO DIGIMINOR 2000

An ideal tool for maintenance
applications. An economically
priced instrument with

a special buzzer socket for
simple continuity testing
without reference to the
display.

AVOMETER 2001

Features a socket specifically
for current testing.
Comprehensive ranges, with
unit and mode displayed on
LCD. Ensures a vaiid current
measuring mode is selected —
any discrepancy is signalled
by an alarm.

THORN EMI Instruments Limited

AVO VEHICLE TEST 2002
Designed with co-operation
from a world leader in vehicle
manufacture and service.
Accessory kit allows
temperature and charging
current testing. Heavy duty
test leads and comprehensive
handbook available.

The AVO 2000 Series is the hand
held dmm range you'd design for
yourself, incorporating a combina-
tion of design features unmatched
by any manufacturer in the UK.

There are direct entry prod
facilities which, combined with the
weight and size of the instruments,
allow for true one-handed
operation. The 3'2 digit LCD is
located at the base of the instrument
to make the most of the available
light. And positive slide switches
are incorporated to give simple,
dustproof, range selection.

The lead set is fully shrouded at
both plug and socket end for
improved safety and there is a special
hook for PCB testing in the
standard set. Heavy duty test leads
are also available. The 2000 Series
incorporates a three position stand,
non slip safety pads and can be
supplied in either a Test and Carry’
case or a ‘Walk and Work” harness.

It takes Britain’s leading dmm
manufacturer to appreciate the
needs of the dmm user ...worldwide.
AVO 2000 Series is the result.
Contact us or your usual distributor
for further detailed information.
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slope, and the last of opposite
polarity and a thousandth of the
original slope. A clock starts at
the beginning of each slope and
stops when it crosses zero for that
slope, and the charge left on the
integrator capacitor at the end of
each slope represents what is left
to digitize. The four least signifi-
cant digits are then derived
sequentially from these stored
counts. The sensitivity of this
technique is largely determined
by the last zero-crossing for the
l.s.b., where the crossing is shal-
lowest and consequently most
precise.

But that’s not all. In one con-
ventional multislope variant a
sawtooth approach keeps the
integration capacitor charging at a
fast rate by switching in an oppo-
site-polarity reference to ramp
down at intervals during the inte-
gration phase. As the number of
switchings varies with input level
— a high level input produces a
steep slope and most switchings
— this makes it impossible to
accurately compensate for var-
iations in switching times. Not
only that but the average capaci-
tor voltage is kept high being most
sensitive to dielectric absorbtion.

What the HP method does is to
maintain a high charge rate with
the sawtooth idea, keeping the
average voltage on the integrating
capacitor lowerin both run up and
run down, as well as breaking up
the run into equal periods that do
not vary with input.

Actually, the first two most
significant digits are established
during the run-up when the
instrument’s charging rate is set
for 100,10 or 1 cycles of mains fre-
quency. For 0.1 cycle resolution
reduces from six to five 6% to 5%
digits with only the m.s.b. esta-
blished in run-up, and for 0.01
cycle and 4% digit resolution the
integrating period isn't used for
measuring. Two later HP models
also use this multislope tech-
nique, 3468 and 3478, but these
lower cost types do not include
selectable integration periods.

Yet another multislope tech-
nique is in Fluke’s latest 70 series
hand-held dmm. The instru-
ment, which Fluke call a ‘third
generation’ type, uses two c-mos
i.cs, one the a-d converter and
the other a microcomputer pro-
grammed to control the a-d c.,
switch function and range, format
the display and drive both ana-
logue ‘bar graph’ and digital dis-
play up to a count of 3200.
Because the usual dual-slope
reading rate of 23 per second isn't
fast enough for the bar display

and gives slow autoranging, and
because its usual range of 1999
counts leads to low resolution of
many common voltages for exam-
ple 28V, 2.2V cells, 240V, a fas-
ter reading rate was sought. A
series of ten short conversions
are made at 25/s each made up to
40ms and without auto-zeroing in
between. These ‘samples’ are
used to update the bar and for
autoranging, but a summation of
the ten is used for the full-resolu-
tion digital display.

A point of difference with con-
ventional dual-slope integrations
is the overshoot past the zero
baseline of the run down after the
first sample, so the second and
subsequent sample integrations
start from a non-zero baseline. A
correction is applied in those
cases where overshoots from
adjacent samplings are not the
same: twice the nominal over-
shoot interval is subtracted from
the value in the read register, and
the result multiplied by the indi-
cated polarity. Ideally this algo-
rithm results in a maximum error
of one count for any sample. A
summation of samples results in a
full resolution display (with the
jcount uncertainty of the a-d con-
version process, of course).

Pulse conversion method

With the progress that linear
large-scale integration was mak-
ing it was perhaps inevitable that
attention would turn to tech-
niques more complicated than
dual-slope integration, particu-
larly in view of its speed limita-
tion. The advantages of ‘quan-
tized feedback’ couldn’t be igno-
red any longer, according to
manufacturers. The first two-
chip sets available, one analogue
and one digital, were only suit-
able for 3% and 4% digit resolu-
tions, and for 5digit operation
Racal-Dana designed their own
digital 1.s.i. circuit which they
used in their 6802-controlled
15000 series of multimeters. The
conversion method intrinsically
provides auto-polarity selection,
auto zero and ratiometric opera-
tion, while high resolution per-
formance isn't required of either
the integrator or comparator,
only the voltage reference being
critical.

Dubbed a ‘second generation’
device, the first c-mos single-
chip quantized feedback conver-
ter was produced in 1977 by Sil-
iconix (LD130). It required only a
reference and three external cap-
acitors to complete a converter
and sold for $4 in quantity. Both
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its price and its relatively low
power consumption made it suit-
able for portable use. Quantized
feedback performs the ‘measure’
and ‘count’ phases at the same
time. As integration takes place,
digital control circuitry feeds
quantized charge back tothe inte-
grator capacitor in response to
the sampling of a comparator,
Fig.2 (i). The charge units are
produced by adding or subtract-
ing a reference at the integrator
input for periods that are counted
and accumulated, the integrator
output being kept near to the ref-
erence level. In effect, the con-
verter measures the charge
required to balance that on the
integrator capacitor; though it is
the time the reference takes to
achieve that which represents the
input.

Unresolved charge at the end
of the count period limits resolu-
tion to four digits, and to achieve
five digits, the cycle can be
extended to include an override
interval, Fig.2(j), as in Dana’s
5000 series of instruments. Dur-
ing this override the input buffer
is grounded so that the remaining
capacitor charge is integrated to
establish the final digit.

As convesion is done with the
input applied, drift in the clock
affects path signal and reference
charges equally, unlike the dual-
slope techniques. The measure
and count time can be expanded
without needing wider dynamic
range in the integrator. And die-
lectric absorption isn’t a prob-
lem.

The term multislope convers
ion appears to get used in two
ways, confusingly. Originaily, it

Fig.2 continued ~ see text
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Further details of
currently-available digital
multimeters will appear in next
month’s issue.
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applied to those varients of the
dual-slope method that broke the
ramp-down or discharge phase
into sections. By decreasing the
slope of the run-down, the aim
was to increase the accuracy with
which the charge on the integra-
tor capacitor could be deter-
mined, and so improve the tech-
niques resolution. The input sig-
nal is disconnected during this
phase. Examples are Figs.2 (e)
and (g). But it is also used for the
class of integrator where dis-
charges are made during the inte-
gration period, such as the saw-
tooth scheme which keeps the
capacitor charging rapidly; some

of the digitization takes place in
this period Fig2(h). H.P’s term
Multislope II helps to distinguish
1t.

But in another class by far the
most of the signal is determined
in the early part of cycle, as in
‘quantized feedback’. A similar
approach is made in Keithley’s
191 and 192 models, where the
‘charge balancing’ period (chosen
to minimize mains pick-up) con-
sists of a ramp-up followed by
partial constant current dis-
charge for 2ps, after which the
reference or balancing current is
switched off and the cycle
repeats, each time a pulse being
generated. The number of pulses
1s proportional to the integrator
output and to the input voltage.
With only 4,000 counts in this
period the resolution is restricted
so afinal phase which extracts the
remaining charge at reduced cur-
rent is timed using a fast clock to
allow resolution to 67 digits.

The technique is administered
by a microprocessor in Keithley’s
latest 53-digit model 197. While
the integrator output is below the
comparator switching level (5V)
a constant-frequency pulse train
switches the reference of balanc-
ing current with a duty cycle of
12%, Fig2(k). When the integra-
tor output reaches the 5V com-
parator level the duty cycle is
changed to 60% and causes ramp-
down, until below the threshold
level. The microprocessor counts
the time that the balancing cur-
rent is high. High-speed opera-
tion would be needed to get 53-
digit resolution — incompatible
with the low speed required for
mains-frequency rejection — so
again use is made of the charge
remaining at the end of the inte-
gration cycle. Using a second
comparator enabled by the mic-
roprocessor timer, the time
required to remove the remaining
charge is counted, weighted and
added to the main count.

Perhaps the oldest method for
a-d conversion is that of succes-
sive approximation, for it was
used in the first three-digit dvm
to be sold in Europe by Solartron
25 years ago. In the s.a. tech-
nique, which is still widely used
and is the basis of a number of
integrated a-d converters, an
output is held on a capacitor and
amplifier switched to areference,
the difference being converted to
binary which is successively com-
pared with the unknown input in
accurate steps, Fig.2 (I). With
error reduction methods, s.a.
can produde a good five digit or a

poor six-digit converter. Though
faster than multislope methods
there is no inherent averaging of
mains-frequency  interference
and filtering is essential. But to
be as effective as the integration
methods at rejecting 50 or 60Hz
components a combination of
both digital and analogue filtering
is necessary, as in the 43-digit
Fluke 8502A, which achieves
100dB of noise rejection at 50Hz.

Nevertheless, Solartron were
first to produce a five-digit dvmn
using s.a., though with the help
of a patented ‘digit carry’ tech-
nique. But in the search for grea-
ter resolution they went on to
develop what they call pulse
width conversion, first used in
the seven-digit 7075 meter
(1977). Now, all Solartron’s mul-
timeters use the technique on
account of its “superiority over all
other systems for precision mea-
surement. And we have used all
other systems’, says Umar Qur-
eshi, Marketing Manager for
dvms. It relies on a balanced
dynamic integration that is con-
tinuously measuring input vol-
tage and is related to previously
lined methods. An 1.f. rectangu-
lar wave Fig.2(A) wave drives the
integrator above and below two
detection levels to establish a
fixed frequency of operation and
reduce the capacitor storage
problem. When the integrator
output crosses the upper level a
positive reference is applied to
the feedback path and switched
off when the output goes below.
With zero input the feedback is a
balanced square wave with no
d.c. content Detector drift is
automatically compensated by
this ‘calibration balance’. The
width of this 1.f. waveform is
adjusted by the detectors to a net
positive or negative level to bal-
ance the input. The two detectors
gate up and down counters to
accumulate a value that repre-
sents the digitized input. Integra-
tion time is easily varied by gating
one or more balance cycles, pro-
viding a continuous integration
over any selected period.

With this ‘calibration balance’
and dynamic integration Solar-
tron achieve a non-linearity of
less than 0.5 parts per million,
with positive and negative read-
ing correlating perfectly. Scale
lengths can easily be varied from
three to eight digits to suit the
application. Fast input changes
are followed with p.w.c. and even
minor overloads are detected and
the circuit protected by fast auto-
range.
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INVERTERS
12/24V DC-240V AC
; MAINS ISOLATORS 50/25V or 25-0-25V 00W ... ... ... £58.27
Pri/Sec 120V x2 2Xx25V Tap Secs. 5,7, 8 2X15V Tap Sec. Volts 250W.. ... .. . £154.93
JPR ELECTRONICS VA Price  P&P 10, 13,1517, 20, %5, %0, 3,4,5.6,8,9,10,12, 15 500W... ... .. £239.50
*0  5g 160 33.40,20020r250-25V 18,20, 24, 30 or 15-0-15V 1000W. ... .. £350.00
60 9.49 180 SOV 25V  Price P&P 30V 15V Price P&P 2000W.. . ... .. £709.00
OEM LINEAR D.C. POWER SUPPLIES | |2 B2 21 | 6187, ¢ s aumeons
A 950 1897 254 2, 4 869 184 2A & 639 160 o TRANSFORMER1%
- . 3/ B4 20 I 6 1036 10 3IM 6 B0 185, pike-free stable mains
A RANGE OF HIGH QUALITY BRITISH MADE P.S.U.'s 50 2828 295 4 8 410 212 4R 8 967 130
& His 750 @28 a0 6% 12 180 220 58 10 M 200 R
VOLTAGE ADJUSTABLE +5% 000 5300 400 85 16 2452 270 6 12 1352 200 | £594.50
1500 8837 470 10 20 3023 300 8 16 1810 226 g
2000 &27 510 12 24 3648 320 10 20 2088 2.26 -£‘1:2 13
3000 11535 0A 2 #2225 my SIL 00
6000 20365 0A 60 3.00 . -
. 60/30V or 30-0-30V. - £1743.00
115 or 240V sec only. Pri 2120V, 230V Tap 20 WAU“:.;ZM_ 483 £2073.00
S0 sa0v %umné Secs 6,8, 10, 12. 16. 18. 105 115, 220, 230, 240V £3347.00
va hica PRP Beogeeraotv . ferserupordown - AVOs&MEGGERs
6 950 180 60V 30V Price PAP gy | aee ap 8MKS £126.00
100 11.08 200 05 1 470 150 150 6.48 1.60 8Mk6(latest)  £138.70
00 1568 225 | 2 795 150 3% 14 200 DA211LCO £68.40
20 1887 280 2, 4 92 10 g0 133 224 DAITIELCD £154.50
30 4 270 34 5 13N 200 ggpp . 2474 280 DA117Auto £157.00
s0 223 295 4 M 5 1515 220 50 17 320 MeggerGen £116.40
1000 52.98 400 5 ¢ 10 1936 220 050 4214 400 BattMegger £85.50
gggg 1%23; SbOAO g 12 286 265 3000 7164 480 DA20007° £72.80:
i % 3072 300, i : 9
5000 22875 oA 10 ool Keizs [g 5000“8233,‘3&05 0A P&P £2 VAT 15%
* DUAL INPUT 110/240 VAC 50/60Hz  * OVERLOAD PROTECTION wavornzoy 2 2% N2 30 aevionsvUsAsks  WW MODEM
* REVERSE VOLTAGE PROTECTION  * SHORT CIRCUIT PROTECTION 2x12V Secs. Pri. 240V MINIATURES VA Price P&P  TransformersT1T2
* OVERVOLTAGE PROTECTION ON ALL D.C. OUTPUTS 12V 24V Price P&P ) 2 1 150 £5.70ineVAT
. 03A 15 241 90 SecV Amp  PriP&P 80 935 160  METAL OXIDE +W
MODEL NO. VOLTAGE/CURRENT RATING. DIMENSIONS (mm) PRICE 75 319 10 303 28 31 90 10 1210 190 go pegcToRs £1/100
12A5...... 5v 96 X T77X45.. ... £4.75 2 1 a2 120 6x2  1Ax2 345120 B0 WMB 200 ) 9095 40 70 390 439
12D5...... By 229X 120 X 80.....£12.75 4 2 a; vk 909 1 259 90 N0 Z 228 ging 56D 1k, Tkl 1k,
12A12..... 12v 96 X77X45...... £4.75 6 3 769 160 9x2 - 337 241 .90 : &0 16, 1k8, 2k, 3k, 3K9, 15k,
12¢12 12v 143 X 124 X 65 8 A 4 898 160 89x2 5x2 336120 2000 6047 450 45" g "7 a9y g6k
19012 : = : 10 M 5 982 180 89x2 1Ax2 427 140 EDUCATIONALMETERS  g5' “00k 110k, 120k,
..... 2v 12 p 6 1089 190 15x2  2Ax2 241 90 Front finger screw 130k, 150k 200K. 220Kk,
12A15..... 15v 3 16 s 8 1297 212 12012 05 3an g  lerminals 270k, 300k. P&P 20p.
12B15..... 15v 124 X 102 X 45 20 10 1746 244 20X2  3x2 3.33 120  78x98mm Bnlﬁcs nécnﬂen#
12C15..... 15v 134 X 124 X 65. 0 15 2169 264 20.2 15x2 150 50 Q—IOA o, o 3
60 30 4445 OA 20120 — 98each 400V1A 32
12424 . 28y 96X 77 X45. ... S00VIA 5
12D24 24y 229 X 120 X 80 83 41 5120 450 1220 9 41313 0—30V+ 50 p&p =
""" - oty oy [S2 IAX2 SR 160 PLEASEADD IS VATTD e a0
/48V. Pri 2% 15,272 .5x2 483 1. ’
+ ALL PRICES ARE EXCLUSIVE OF VAT AND CARRIAGE. PLEASE PHONE BEFORE Secs XM 122 IAKY 130 160 e EoR PP s00vizsA  £3.40
ORDERING OR FOR INFORMATION ON BULK ORDER DISCOUNTS. T . Y
%AV price PSP' TDROIDALS BARN 11! ]
NEW FULL CATALOGUE AVAILABLE LATE SEPTEMBER 0.5A i 837 120 },
WRITE OR PHONE FOR YOUR COPY NOW 2 5 4 18 220  Woundtospec. I} Stratford Workshor
3 m 6 1779 240 30VAt05KVA ord Road Londa D
JPR ELECTRONICS UNIT M. KINGSWAY IND. ESTATE. LUTON LU1 1LP 5 p 10 3223 320 :
TEL. (0582) 410055 TELEX 925859 JPR 6 g 12 4036 350 EXPORT ENQUIRIES | | .
8 16 8403 375 WELCOMED 6
CIRCLE 68 FOR FURTHER DETAILS. CIRCLE 37 FOR FURTHER DETAILS.
CheCk d DAIWA psu A.E.S. DATA. WORD PRDCESSOR SYSTEM (consrsting | 99 TEK TIME MARK GEN 180. . £40
f f e of Processor, 2 x Shugart SABO1 Disk Drives, Qume | 102 BONTOONQ METER 260A 50KHZ-50MHZ £250
or peI’ ormanc Daisy Wheel Printes & VDU with Keyboard) With | 104 MARCON!Q METER TF329G SOKHZ-50MHZ £150
. info £500 106 MARCONI| UNIVERSAL BRIDGE TF13130.25%. £200

and price!

Four models to choose from: PS56M 9-15
volts at 5.6 amps, PS80M 3-15 volts at 8 amps,
PS120M 3-15 vols at 12 amps, PS$300 9-15
volts at 30A maximum, 22 amps ccntinuous.
PS50M £45.65, PS80M.£59.35, PS120M
£71.30, PS300 £144.35 plus VAT. Carriage on
the 5.6 & 8 amp models £2.00. on the 12 & 22
amp units £6.00.
Accurate metering of voltage & currentis
rovided, with electronic fold back cusrent
imiting to give fast, safe protection to both
power supply & external equipment.

LOWE
ELECTRONICS

Chesterfield Road, Matlock, Derbyshire
DE45LE. Telephone 0629 2817, 2430,
4057, 4995.

CIRCLE 27 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. Programmable. ..Only £199
new or £149 S/H + £15 P&P

Videcom Apollo VDUs: Stylish 15° Green Z80 controlled
VDU with printer port and lots of very advanced
features. ................ Only £399new or £249S/HEL15P&P

Centronics 306 Line printers: Professional fast (120 cps),
superb gtéaFl’ity 80 column printer. Paralleli/f. ... ONLY £99+

£15.00

Computhink Act 800 Computer system. Dual floppies (2.4Mb) and lots of
business software NLY £1200
Diabio 630 Daisywheel printer. OEMi/f. .. NEWE£599+£15P&P
Diablo Hitype 2 Daisywheel, Tractor unit,. .. S/HE399+£15P&P
Calcomp 565 Drum Plotter, 10thou steps. .. ONLY £450+£10P&P

BECKENHAM PERIPHERALS LTD
SAE for LIST;

01-466 5582 iti
34Rodway Road, Bromley and enquiries :
Kent BR1 3JL

CIRCLE 57 FORFURTHER DETAILS.

Callers welcome

by appointment

SHUGART DISK DRIVES. Cabinet containing 2 x 801
Disk Drives with PSU & FORMATOR Un-used ... £250
DIGBLOHITYPE 11 Daisy Wheel Printer 1355WP . £250
GETERMINET PRINTER with Keyboard. Upper & Lower
Case.. ... . . oo 8100
DATA DYNAMIC 390 (Teietype ASR33) — Printer,

Keyboard, Punch & Reader in Sound Proof
enclosure) . S ... 150
AZTEC 20in MONITOR Black & White. Composite
Video. eI .
Htem No
OSCILLOSCOPES

2 TEK 454 Dual Trace 150 MHZ Delay Sweep £700
3 PHILIPS PM3240 Dual Trace SO0MHKZ Oeiay Sweep £500
4 HAMEG 705 Dual Trace 7OMH2 Delay Sweep Un-used. . £450
6 TELEQUIPMENT D83 Dua! Trace SGMHZ Delay Sweep . €400
7 TEK454 Duai Trace 50 MH2 Delay Sweep .. £325

10 SOLARTRON CD1740 Dual Trace 50 MHZ Dual T8 Delay
Sweep . £300

14 TEK 5854 Dual Trace 85MHZ Qual TB Delay Sweep £200
15 COSSORCDU150 Dual Trace 35NH2Z Delay T8 £200
17 SELABS SM111 Dual Trace 20MH2 £200
23 SOLARTRON CD1400 Dual Beam t5MH2 £100
27 TELEQUIPMENT $32A Single Trace I0MHZ £70
STORAGE OSCILLOSCOPES
35 TELEQUIPMENT DM64 Dual Trace 10MHZ £350
36 TEK564 Dual Trace 10MHZ Delay Sweep £278

37 TEK Spectrum Anatyser SOHZ-1MHZ. 547 Mainframe with
1L Plug-in Unit £700
40 TELEQUIPMENT CT71 CURVE TRACER £400

42 H.P SHF Si6G GEN 6208 7-11GHZ £350
4B H.P. UHFSIGGEN 6124 450- 1230 MHZ £200
50 MARCONIAM/FMSig Gen TF2008 10KH-510MHZ .. £1,250
52 MARCDNI AM/FMSig Gen TF1066B/6 10-47TOMHZ . £325
59 MARCONIAM/FM Sig Gen TF9954/2 1.5-220MHZ £250

62 MARCONI VHF Sig Gen TF1064B/5M 68-108: 118-185,

450-470MHZ 110
63 MARCONI QUTPUT TEST SET TF1065 for use with TF1064 &
TF995range Sig Gens 175
66 ADVANCEAM Sig Gen E2 100KHZ-100MH2 £40

72 TEK Constant Amptitude Sig Gen 1908 350KHZ/50MHZ. £100
74 MARCONI WIDE RANGE 0SC TE1370A 10HZ-10MHZ (Square

wave 1o 100KHZ) £95
78 ADVANCE Sig.Gen J3B 10HZ-100KHZ Sine/Sq £175
80 WAYNE KERR AF Sig Gen 5121 10HZ-120KHZ. £49

87 H.P.Pulse Gen 214A 10H2-1MHZ £250
89 EH PULSE GEN 139L 1KHZ-20MHZ Singie/QoublePulse £200
95 ADVANCE PULSE GENPG50020 0.1KHZ; 20mV-50V Output

Single/Double Putse £75

108 MARCONI INSITU UNIVERSAL BRIDGE TF2701. Battery
Operated 2 £300
109 WAYNEKERR Autobalance Component Brigge 8421 . . £250
114 WAYNE KERR COMPONENT BRIDGE 8521 {(CT375) L
100uH-500kH; C 1pF-5F; R1 milliohm-1000Mohm. . ... £35
117 WAYNE KERR VHF ADMITTANCE BRIDGE BB01 with Source

§161 & Detectar R161 £400
119 MARCONIAM/FM Mod Meter TF23005 2-100MHZ ... . £375
123 AIRMEC MOD METER AM/FM type 210 3-300MH2 .. 195

124 MARCONI RF MILLIVOLTMETER TF2603 50KH2-1500MHZ;
1mv—3VFSD. . 2 £375
125 MARCONI ELECTRONIC VOLTMETER
TF260420H2-1500MHZ AC/DC/Ohms AC300mV-300V FSD:
DC200mV-1KVFSD £175
144 AVOMULTIMETER Model 7 P&PE7 £20
146 AVOMULTIMETER Model8P&PE7 £45
152 MULTIMETERU4324. 33 $witched ranges 20K Ohm per volt
Comple with [eads & battery. Brand New. One year guarantee
P&PE4. . ol
160 FARNELL STAB PSU TSV30/5 0-30V 5A Current limiting
Metered £65
161 FARNELL STAB PSU TSV30/2 0-30V 2A. Current hmiting
metered £50
163 ROBAND VARECQ PSU type 33-2 0-33V 2A_ Current limiting
metered {in current production) 1
169 KINGSHILL STAB PSU Mode! 500 0-60v 0.5A. Current
limiting. Metered P&PE7 . £40
180 BRANOENBURGH PHOTOMULTIPLIER PSU 475R 10-2100V

SmA Metered £200
190 VOLTEX PSU Model 82-635 +/-5V;+12v;+24V High current
Un-used " . 815
191 AC/DC ELECTRONICS PSU MODULE 251 5V 2A;+/-12V 0.4A
Un-used PP E£3 . 15
206 B&KLEVEL RECORDER 2305 £400
209 B&KMEASURING AMPLIFIER 2606 2HZ-200KHZ £600

210 B&X BAND PASS FILTER SET Octave & 3rd Octave Weighing
Networks ABCO £550
211B&KOIGITAL EVENTRECORDER 7502 £1,500

225 DAWE OCTAVE BAND SOUNO LEVEL METER type 6419c €150
281H.P. LOGIC STATICANALYSER 1602A £450
286 AVOVALUECHARACTERISTICMETERYCM 163 €275

293MARCONI AF POWER METER TFR93A
297 MARCON( DIFFERENTIAL DCVOLTMETER TF2606 0-1100vE228
3J00R&SPOLYSKOPSWOB1 BN 4244/2/50 £350

THIS IS A VERY SMALL SAMPLE OF STOCK. SAE or Telephone
tor LISTS
Please check availabitity betore ordering. Cacriage all units
£10. VAT 10 be added to Total of Goods & Carniage

STEWART OF READING
=55 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: 0734 68041

Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive

CIRCLE 66 FOR FURTHER DETAILS.
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OFFICIAL DEALER

BBC Model B + Econet ...
BBC Model B + DFS ...

01-208 1177 TecanomaticL 01-208 1177

BBC Micro Computer System

DISC DRIVES

These drives, fitted with high guaility slim line Japanese mechanisms are supplied in
attractive cases with BBC matching colour and come complete with data and power
leads, manual and formatting disc. The 40/80T switching is supplied as standard on
TEAC 80T drives. Single drives are supplied with or without power supply. Alf dual drives

ACORN COMPUTER SYSTEMS: BBC FIRMWARE: are supplied with integral switch mode power supply. TEAC & MITSUBISHI drives are
BBC Model B Special offer ........... £320(a) 1.2 Operating System Rom .......... £7.50 (d) compatible for both single and double density operation. These drives can also be used
... £389(a) BASICIIROM ... 2

... £409 (@) VIEW Word Processor Rom ....... £48.00 (c)
BBC Model B+ DFS + Econet ...... £450 (a) WordWise Word Processor Rom ... 1x 100K TSS5A (40T) TEAC. .

£22.50 (d) with any other micro with a Shuggart A400 interface.

€120 (b) CS55A TEC with PSU r.£135(a)
€160 (b) CS55E TEC with PSU ... £175(a)

£34.00 (d) 1% 200K TSS5E (40/80T) TEAC

FLOPPICLENE Kit (20 disposable

UPGRADEKITS SO0 : i

) 8CPL ROM/Disc .. £86.00 (C 1x 400K TS55F (40/80T) TEAC..........£198(b)  CSS55F MIT with PSU ... £215(a)
Ato BlUpgrade Kit ... e £75(€) Utility ROMS: © 2 x 100K TD55A (40T) TEAC with PSU.. £300 (a)  40/80T Switch Module ... .£30(c)
DFS Kit s ... £85(c) Disc.Doctor/Gremlin Debug ROM __.......... 2 x 200K TD55E (40/80T) TEAC with PSU£380(a) 3" Hitachi 100K Drive ... £120 ()
Econet Kit .. - ... £45(c) £26 ea (d) 2 x 400K TD55F (40/80T) TEAC with PSU£420(a) TD55M (80T) Mitsubishi ... £420 (a)
Speech Upgrade Kit ... ... £47 (c) " g20ea @
ACORN ADDON PRODUCTS: Printmaster (FXBO)/GraphicsROM ,,,,,,,,,,,,
Z80 2nd Processor ... ... £265 (a) T T £28 ea (d) . . R Dlscs & ACCESSORIES
6502 2nd Processor .. £175(b) ULTRACALC spreadsheet ROM £69 ea (c) The 3M discs with a life time warranty provide a reliable and error free performance at
Teletext Adaptor _£190(b) COMMUNICATION ROMS: economical prices. Floppiclene head cleaning kit is an ideal way to ensure optimum
IEEE Interface ... ...£282(b) Termi Emulator ... £28 (d) performancg ofiyourdiyes: 3" Maxell DS Disc £4.50 ea (d);
Prestel Adaptor .........coooooeere.e. £99 () Communicator ... .. . . £59(d) 3M DISCS in packs of 10 g .

RH Light pen . .......£39.50(c) Commstar ... £29 (d) 40T SSDD €16 (c); 40T DSDD €22 (c); discs) £14.50 (C);
For detailed specification on any of the BBC Firmware/Peripherals listed BOT S5D0 £24 (c); 80T DSDD £27 (c); Drive Cables: Singie £6.50 Dual £8.50(d);
here or information on our complete range please write to us. 10 Disc Library Case £1.95 (c); 30/40 Disc Lockable Case £14.50 (c);
30 Disc Case £6 (c); 70/80 Disc Lockable Case £20(c).

PRINTERS MONITORS

Our wide range of printers offer a choice of printer for every requirement at competitive prices. We have the full . . ; q 9
EPSON range which sets the industry standards for reliability, flexibility and versatility. The new KAGA TAXAN A choice of high guality RGB and Monochrome monitors is
range provides the NLQ printing fonts and other new exciting features. For those wanting the correspondence

available. The British made MICROVITEC Std/Med/Hi Res RGB
monitors which offer a consistent reliable performance are also

September. Send for details.

ATTENTION

All prices 1n this double page advertisment are
subiect to chanage without notice
ALL PRICES EXCLUDE VAT
Please add carriage 50p unless
indicated as follows:
(a) £8 (b) £2.50 (c) £1.50 (d) £1.00

TIME WARP Real Time Clock/Calendar
for the BBC.

A low cost unit with built in battery back up
opens up numerous applications like electronic
dairy, display of time & date, document dating,
precise timing and control in scientific
experiments. Simply plugs into the user port.
Send for full details. ...................... £29 + £2 p&p.

quality printing we have the BROTHER and JUKI printers. To support our range of printers we also carry a wide available in RGB/PALJAUDIO versions. The KAGA RGB ran
A A - g ge
range of printer interfaces, accessories and consumables. provides a similar performance in 12" screen format. Japanse
ACCESSORIES made SANYO and 'KAGA Hi Res green screen monitors provide
. . : . N . an ideal solution for high clarity 80 column text display. All
(Eai;ng(Ni goxgggg(faﬁfo (a); FX80 £325 E:OS(%;\J Serial Interface: 8143 £35 (b); 8148 with 2K buffer monitors are supplied with a lead suitable for BBC computer at
s : - no extra charge.
KAGA TAXAN: KP 810 £269 (a); EPSON Paper Roll Holder £17 (b); FX80 Tractor Attach MICR(;VICTECQM" RGB
KP910 £369 (a), £37 (b); RX/FX80 Dust Cover £4.50 (d). 1431 Std Res £195 (a); 1431AP std Res PAL/Audio £215 (a);
BROTHER: HR15 £350 (a); EP44 EPSON Ribbons: MX/RX/FX80 £6.50; MX/RX/FX100 £12.50 1451 Med Res £285 (a);, 1441 Hi Res £399 (a);
£199 (a): (d). 2031 20" Std Res £360 (a); Plinth for 14’ Monitors £8.50.
JUKI 6100 £359 (a). JUKI: Serial Interface £60 (a); Tractor Attach. €99 (a), Microvitec Monitors with TTULinear Inputs also available.
3 Cot Graphics Plotter/Work Stn Sheet Feeder £199 (a); Ribbon £2.50 (a). KAGA VISION ttt
£490 (a) BROTHER HR15: Sheet Feed £199; Ribbons - Carbonor Super Hi Res 12" RGB £358 (a);
3 Col Graphics Plotter only £270(a) Nylon £3; Multistrike £5.50 (d); 2000 Sheets Fanfold with greenlssctre%nfs: KKAGA 2326 21‘?22(%)(;]%NY0 DM8112CX £99 (a),
Grafpad Graphics Tablet .... £120 (b) extra fine perf. 9.5 - £13.50; 15" £17.50 (b). wivel Stand for Kaga Green £2z.: -
BBC Parallel Lead £8; Serial Lead £7 (d). BBC Leads: KAGA RGB £5 Microvitec £3.50, Monochrome £3.50 (d).
TORCH 280 PACK
The proven ZBO/CPM upgrade tor the BBC with Z80 CPU/64K PRlNTER SHARER & BU FFER MODEMS This IOS\AIO(!:O;';Yir!tIeI|i ent
RAMICN HOW 2 x (60X Gnc e PERCECT SIIe | T e shareutter rovises  simple way foupgrade | BUZZ BOX Ful spec pockel sied wih | eprom programmer gan
PERFECT software package — €200 (a); Torch UNICOM a multiple computer system by providing greater ulilisation Originate & Answer modes. BT Approved. program 2716, 2516, 2532,
Communications Package — £161 (). GRADUATE The card to of available resources. The buffer offers a storage of 64K. gglr:hrr/rh\ﬂsa_ 1: cf‘:NCEI'LE Eg/52(1b) 300/300 Baud 2732, and with an adaptor
n 0% I P e in: L " J .
convert your BBC into an IBM PC. To be avallable early Data from three computers can be loaded into the buffer TELEaODZ Fuﬁl & Half duplex operation: BT 2564 and 2764. Displays 512

which will continue accepting data until it is full. The buffer

will automatically switch from one computer to next as soon Approved: CCITT V23 std: 1200175 or 120011200 byte page on TV — has a

SMARTMOUTH The original speech
synthesis for the BBC: still the best. Attractively
packaged self contained speech synthesiser
with built in speaker and AUX socket. Allows
creation of any English word with ease and
economical memory usage. Simply plug into the
user port, simple software means no need for
ROMs. Supplied with software instructions and
demo/development programs. ..... £37 + £2 p&p.

EPROMER Il PROGRAMMER

Qur current version of the highly popular Eprom pro-
grammer is now being enhanced to provide more and
better facilities for easy programming by the user. The
software will malntain its superiority over all cufrrently
available similar programmers. The range of eproms
handled has been widened, to include the eproms with
lower programming voitage and eproms which can be
programmed using algorithm. Control of all operations
has been moved to the keyboard. The screen disptay has
been improved to give more information. The screen
editing facilities have also been modified to simplify the
data entry.

* The new Eprom Programmer will now program 2516,
2532, 2564, 2716, 2732, 2764, 27128 and 27128 + 5v
eproms, and all but the 27256 «n a single pass.

* The programmer will be supplied with integral power
supply. and interfaces with the BBC via the 1MHz bus. It
s fully butfered and complies with Acorn protocols.
There is no power drain from the computer.

Please telephone for further details

y Baud operation, Mains powered £65 (b} i
as that computer has dumped all its data. The computer MINOR MIRAGLES WS 2000 One package that rsoeu'tliiles aé‘gn gea Laslelg Ias”a?\
then is available fqr other uses. LED bargarph indicates provides almost all international communi- \ o >
memory usage. Simple push button control provides cation standards: CCITT V21/23, BELL emulator, cassette interface.
REPEAT, PAUSE and RESET functions. Integral power 103/113/108/202, (BT Appr. exp) 300/300. Softy 1l ... £169.00 (b)
supply. £245 (a). 600/600, 120075 & 75/1200 Baud. Mains Adaptor for 2764/2564. £25.00(c
powered £129 (b).
UV1T Eraser with built-in timer and mains P8000 EP8000
g‘di'l'f_ai‘r‘f; T ———. . = ianTE] P8000 provides reliable gang This CPU controlled Emulator
e)l(jposureatoetpel%aerrn?f‘ijl UC\’/ ?afsl. accidenta programming of up to 8 Programmer is a powerful tool
it can handle up to 5 eproms at a time with an EPROMS simultaneously with for both Eprom programming
average erasing time of about 20 mins. £59 + device sizes up to 16K x 8 and development work.
£2 p&p. bytes rail versions. Simple EP8000 can emulate and
Uz1 as above but without the timer. £47 + €2 menu driven operation ensure program all eproms up to 8K
pap. : easy eprom selection and x 8 bytes, can be used as
For Industrial Users, we offer UV140 & UV141 reliable programming in stand alone unit for editin
erasers with handling capacity of 14 eproms. ) 5 A > . g
UV141 has a built in timer. Bother offer full minimum programming times. and duplicating EPROMS, as
built in safety features UV 140 £61, UV141 £79, £695 + £6 carriage. a slave programmer or as an
p&p £2.50. eprom emulator £695 (a).
o e CONNECTORS A
ways Plug tacte  Conn 24 R'?g_op':nc'%fpm“zr;i":ejapin 36-way plug Centronics Paraltet (cg:veyIE!t_fe)
1 90p  85p  120p 1 end 145p 165p 240p 350p Solder£5.25 IDCE5.25 | 1.yay aap
gg };gp :ggp ;ggp 2 ends 210p 230p 345p 540p 36-way sockel Centronics Parallel 16-way 6Cp
34 2008 150'; 3203 24" Riboon Cable with Sockets Solder£5.50 IDCE£5.50 | 20-way 85¢
40 220p  190p  340p 20-pin 26-pin 34-pin 40-pin 24-way plug IEEE Solder £5 IDC£4.75 g:i-way 126p
50 235p 200p 390p 1 end 160p 200p 280p 300p 24-way socket IEEE Sotder £5 IDC£4.75 -way 16Cp
2 ends 290p 370p 480p 525p £C8 Mig Skt gg-way ;ggp
Ribbon Cable with D Conn o I ) Bty 2000
D CONNECTORS | 25wayMaiesosp Female 550p ny Pin 24 way Solder 600p
= No °'w§§s . 36 way ZOC 650p
15 r
MALE
Solder  B0p 105p 160p 250p RS 232 JUMPERS EURO CONNECTORS | EDGE CONNECTORS
e 15?795;;82 £t 24" Single qgst:: o £5.00 DIN 41612 01" 035K
1 en 3 . .
Solder 105p 160p 200p 335p 24" Single end Female £5.25 g X g% way il P'g_ 2309 2759 2 6-way (commodore) —_ 300p
Angled  165p 215p 290p 440p | 24" Female Female £10.00 x 32way Ang Pin275p 320p | 2 < 10way 150p -
Hoods 90p 85p 90p 100p | 24" Male Male £9.50 |3 X 32 way St Pin  260p 300p| 2x 12-way (vic 20) - 353p
1DC 25-way plug 385p. Socket 450p. | 24" Male Female £9.50 {3 x 32 way Ang Pin375p 400p g:;g-wav ) e ;go
IDC Skt A + B 275p LY P P
2 x 25-way 225p 220p
TEXTOOL ZIF DILHEADERS |iocskia+C — 350p 2X3ENey Spectum 2005 -
SOCKETS 24-pin £5.75 . older For 2 x 32 way please specity| 2% 36way 250p =
287 £8.00 sopnters | 14pn M 1000 | spacing (A 46 A+O, | 43 e =
DIL SWITCHES 24 pin 100p 150p TEST CLIPS HEdT ol [
4-way 90p 6-way 105p | 28 pin 200p — 14-pin 375p 16-pin 400p | 2 x 50-way(S100conn) 600p -
8-way 120p 10-wav_150p | 40 pin 200p 225p 40-pin £10.30
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1400
1403
7402
74034
/404
1405
1406
rao/
7408
140%
1410
74t
412
tary
114
1416
1417
1420
1421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7439
7440
7441
74424
74434
7444
7445
74464
74474
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7482
7483A
74844
7485
7486
7489
7490A
7491
7492A
7493A
7494
74954
7496
7497
74100
74107
74109
74110
74111
74118
74118
74119
74120
74121
74122
74123
74125
74126
74128
74132
74136
74141
74142
74143
74144
74145
74147
74148
74150
741514
74153
74154
74155
74156
74157
74159
74160
74161
74162
74163
74164
74165
74166
74167
74170
74172
74173
74174
74175
74176
74177
74178
74179
74180
74181
74182
74184
74185A
74190
74191t
74192
74193
74194
74195
74196
74197
74198
74199
74221
74251
74259
74265
74273
74276
74278

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1IED

74 SERIES

300p

140p
120p
130p
140p
100p
140p
140p
250p
250p
150p
150p
1950p
100p
225p
350p
370p

74279 150p
74283 120p
74285  350p
74290  140p
74293 140p
74298 225p
74351  225p
743654 100p
743664 100p
74367A 100p
743684 100p
74376 200p

74L500 35p
741501 35p
741802 35
741503 40p
741504 40p
741505  40p
741508 35p
741509 35p
74LS10  35p
74L811 3Sp
74LS12 s0p
741813 50p
741514 80p
741815 35p
74LS20  35p
74L821  35p
741522 35p
741526 35p
741827 35p
741528 35p
741830  35p
740832 100p
741533 3I5p
741537  3Sp
74,838  50p
741840  35p
741542  85p
741547 110p
740548 110p
74L851 35p
740854  35p
74LS55  35p
74LS73A 35p
74L874A SOp
74L575  55p
74LS76A 50p
74L583A T5p
74L885 100p
741,586 40p
741590 60p
74LS91  100p
741892 T0p
741593 60p
7415958 100p
741596 100p
74L5107 S0p
7415109 s0p
7415112 50p
7418113 50p
7413114 S50p
7415122 100p
7415123 190p
7415124/629
200p
7415125 8Op
7415126 80p
74L5132 70p
7408133 S0p
7418136 7Sp
74LS138 75p
7405139 75p
7418145 150p
74L5147 220p
74L5148 220p
74LS151  80p
7418153 80p
7405154 200p
7418155 80p
7415156 B0p
7415157 70p
7415158 80p
74LS160A 90p
74LSI61A 90p
74LS1624 90p
74LS163A 90p

74LS164 100p
74LS165A130p
74LS166A1980p
7415168 200p
7415169 200p
7418170 180p
74L5173A120p
7415174
7418175
7418181
7415183
74L819C
7405191
7415192
7415193 100p
74151944 90p
74LS195A 90p
74LA196 100p
74L5197 100p
7405221 120p
7415240 110p
7415241 110p
74L5242 100p
7415243 100p
7418244 1109
7415245 225p
74LS247 120p
7415248 120p
7415249 120p
74,5251 80p
7415253 80p
7405256 100p
74L8257A BOp
74LS258A 80p
7415259 140p
7415260 90p
7415261 120p
7405266 90p
7418273 150p
7415275 175p
74,8278 90p
74L5280 200p
7415283 100p
7418290 110p
7415292 S00p
74LS293 125¢
7415295 140p

7418297 900p
7405298 110p
7415299 250p
7408321 400p
7418323 360p
741.8324/624

350p
250p
150p
150p
220p

7405348
7408352
74108353
7415356
7418363
7415364 180p
74LS365A 60p
74L5366A 80p
7413367A800p
741 S36BA 80p
7418373 120p
74LS374 120p
7418375 100p
7405377 180p
7415378 150p
7418379 140p
7418390 90p
7408393 200p
74L.5395A140p
7415399 170p
7415445 180p
7405465 220p
7408466 150p
7415467 180p
7413490 170p
7415540 140p
7415541 140p
7415608 700p
741.56101900p
7415612 1900p
7415624 150p
7415626 350p
7405628 350p
74L5629 300p
74{8640 300p
7415640-1
300p
74LS641 250p
74086421
300p
7415643 250p
74186431
300p
7418644
7418645 350p
7415645-1
400p
120p
100p
190p
550p
650p
850p
550p

7415668
741L.5669
7418670
7418674
7415682
7415684
7415687

74822
74530
74532
74537
74538
74540
74851
74564
74574
74585
74586
745112
748113
745114
745124
745132
745133
745138
745139
745140
745151

745153
748157
748158
7451863
745169
748174
748175
745188
745189
745194
745195
745196
745200
745201

745225
745240
745241

745244
745251

745257
745258
745260
745261

745262
748283
745287
745288
745289
745299
748373

745374

745387

745472

745474

748475

748570
748571
748573

4001 36p
4002 30p
4006 90p
4007 38p
4008 90p

180p

350p °

4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4032
4033
4034

4041
4042

4511
4512

4514
4515
4516
4517
4518
4519
4520
4521
4522
4526
4527
4528
4529
4531
4532
4534
4536

4539
4541

LINEAR ICs

AQ7581 £15
ADCO808 1190p
AM79100C 730p
AN103Z ~ 200p
99p
50p
350p
400p
500p
100p
150p
70p
350p
06 350p
CA3080E  80p
08K 80p
CA3089E  250p
CA303GAQ 3.75
CA3130E 908
CA3130T 1%
CA314CE 8
Ca3raol 11
CA316CE 100p
CA3161E 150p
CA316ZE 450p
CA3189E 3 2
CA324CE 12
CA326CG 225 | LM3915
7002 POA | LM3916
0AC14C8-8200p | LM13600
ACOBCO  300p MS51513L
DACOBCE 200p | M51516L
DG308 300p | MB3712
HAT366  190p | MB3730
HA1388  280p | MC1310P
ICL7106  700p | MC1413
(CL7611 95p | MC14si
ICL785¢  400p | MC1495L
ICL766C  250p | MC149
ICLBO3E  300p | MC3340P
ICM72158  £24 C3
ICM7217 900p | MC3403
ICM7555  100p | MF1OCN
ICM7555  140p | MK5024
LC7120  300p | MKSQ398
LC7130  32%p | MLE20
LC7137  350p 1922
LF347 150p | MMS7160
LF351 60p MM6E221
LF353 100p ES31
LF355 100p | NE544
LF356F  100p | NES!
357 130p | NESS6
LF13331  350p | NES64
oC NES65
SN76485

VOLTAGE
REGULATORS
FIXED PLASTIC

400p

1A +ve

5v 7805

32 7806

8v 7808

12v 7812

15V 7815

18v 7818

24V 7824 7924 65p
5V 100mA T8LOS 78L0S 45p
6V 100mA 7L Gl

8v 10Q0mA 78L08 P

12V 100ma 78L12 79012 50p

Fixed Rgulators
LM309K

LM323K
7BHOSKC
78H12
78P05 1045V
Varlable Rsgulators
LM305AH
LM317T 10220
M317K T03
LM3a7T
LM350T TQA+VAR
LM396K 10A+VAR
LM723N
7BHGKC SA+VAR
78GUIC TA4+VAR
79HGGKC SA-VAR
79GUIC 1A-VAR
Switching Begulatore
ICL7660
$G3524

1494

g7a 130p  6N139
MCT26  100p  TIL11}
MCS2400 130p T2
MOC3020 150p TIL113
1LO74 180p  TIL116
6N137  400p
0125 FNO357
TIL209 Red £0p MAN72
T211Gr  12p | MAN74
TIL212 Ye! 15p MAN4640
MANBS 10
[k NSB5881
Tit220 Red 10p TI3T

TIL222 Gr 12p
TIL228 Yel 15p
Rectangular
LEDXRG.Y 30p

TiL321/3
TiL3:

74C925  850p

74C926  650p p——
74C928  650p

72168 €22 | oi704 140D
ZN1040 &TOp | OL707Red 140p

TecuyNoyaTic Lo

SHOPS AT: 17 BURNLEY ROAD. LONDON NW10
(Tel: 0] 208 1177 4 lines) Telex: 922800
305 EDGWARE EOAD. LONDON W2
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79Lt5 50p

20p
140p
140p
2000
120p

570p

COMPUTER COMPONENTS

1802CE  650p
26504  £12
6502 400p
65024  650p
6800  290p
6802  300p
6809  850p
6809E  £12
68809  £12
68BO9E  £16
6800018 fea 1
8035 €12
8039 €12

TMS4500 £14
TMS5220 €12
TMS9901 500p
TMS9902 500p
TMS9903 £25
TMS9911 €18
TMS9914 £14
Z80PIO  300p

Z80APIO 350p
280CTC 3009
ZBOACTC 350p
ZBODART 700p
ZBOADART
850p

Z80DMA 900p

ZBOADMA £10

ZBOASIO-0/1/2
/9 900p

MEMORIES

CRT
CONTROLLER

CRY5027 €18
CRT5037 €18
CRTE545 £9
EF9364 £8
EF9365 £
EF9366 £24
EF9367 £30
MC6845 650p
MCB8455P
750p
MC6847 850p
SFF96364 €8

TMS9918 €30
TS9927 €18
TMS9928 £20
TMS9929 £16

NTERFACE

75114 160p
75115 180p
75121 140p
75122 140p
75150F 120p
75154 140p
75159 220p
75161 350p
75162 400p
75365 1509
75451 72p
75452 729

74C922 ©650p
74C923 850p
BAUD RATE
GENERATORS

MC14411  £9
comMBl1e  £8
47028 1509

AY-3-1015P
300

AY-5-1013P

300p
COM8017 300p
IM6402  360p
TR1602 300

ZIF SKTS
TE X T(

TMS1601 €12 | 5016.150 800 iCa s ) g Y
1047000 350p | TMS9980 £12 2101 4000 [apsseCy 7750 | gras 1206 | g 696
TLO61CP 50p | TMS9995 €12 2102 250p ADS61J £20 aT9e 1208 [ =230
THosa  130p | WDss £14.50 | 21078 5000 |ap7sat €15 | arey 1200 DECTIUVNGGD
o7 sop | 280 2005 | 21114354000 | 4DC0R081190p | gros  120p | GnsUNF37SP
Tors  tlos 5333 “{ﬁé’ 2112435 300P | AM25510 350P | 811595 220p | amM:zUHF450p
10081 asp 2114:2L 5000 | appsi 52521 81.596 220p | Sound & Vision
Tlo8z s5p 2114-4L 400p 350p | g1LS97 220p | 12MM:  ©12-
TLOB3 75p 2147 450p AM?25152538 81L598 220p
Ttoss  100p] 4027-3  300p 3 88LS120 400 CRYSTALS
9% %% aners 600p | am26LS31 9602 300p | 32768 KMz
TLasoc 1208 o i 1600 | 9636A  160p 100p
UA2240 1208 i P | AM261532
4170 200p 4164-15 5009 600 | Koo Lol el o0t prooe
ULN2003A 130p 416420 450 9638 60p 200 KHz 400p
ULN20G4A 130p P 1 D7002  POA ZN425E8 350p Freq in MH2
ULN2068  350p 4416-20 800p | pACAO-CBI-V ZN426EB 350D | 100 325p
LN2802 250p 4532:20 250p €28 | Zwa27E 80O " o0
ULNZBO3 230p | 65224 550 | 4816AP3475p | pmg131  600p N P | 18432 P
ULN2804 250p | g532 650p ZN42BEB450p | 200 250p
UPCs? pl gocy 230y | 810178501 DPB304 250p | 7N429E 210p | 245760(L 210p
e 156m 085 | 6821 1605, 450p | DS3691 750p | zn4a7E 900p | 245760(5)275p
Upc1185H a5, 5514 €50p | 0SEB30 140p | 7N4SOCP300p | 25 2509
Rhsio " soop | 8821 2500 | 5516 €10 | psga31 150p 2662 250
XR3206 028 B1Z30 | eiers e50p | psssaz 1500 [ So7e  Ki=og
6840 475 | 6116LP-3800p | popoas 2250 CRIMENALLY
68840  600p | g264-15 £35 058835 2609 CONTROLLER 35795 lggp
6850 160p | 5514.45 650p L iCy . 400 150p
DS8836 150p 4194 200p
68850  250p | gg10  180p 5
D0S8838 225p 6843 £8 443 125p
68705P35 €26 | 745189 225 &
6852 250p DS8s80 1700 | g272 €20 [ ag08  250p
Cooa  meoh 745289 2250 (F13201 4500 | Fpi77y €20 | 39152 230
68854 €12 PROMS MC1488 100p | Fp179t €22 | 5000 175p
6875 750p NC1489 1000 | £D1793  £23 | 5068 250p
8154 950, MC3446 250p | fpi795 £28 600 150p
2| 745188 180 | mC3ass 450p | £pi7er £28 | e144  17Sp
B f1o|7as2sr 2 | uchazo 650p | wp2res £42 | 200 150p
745288 1P | MC3480 850p | wp27oT €42 | 7168  175p
8205 22%p | 7asusT 2250 | wcause 500p | wpres: €15 | 800 1739
022 1| 748473 4780 | mCaas7 300 | wparas €6 | seer  175p
ZNA23aE 8216 3000 | 745570 650p | mCa024 325p 1000  175p
8224 300p MC40aa 326p HRSLLLINA] 1050 2509
8226 300p MC14411 900p | oM 070  200p
YR 5226 300P [72516 +5v 350p | pmc 14412 750p 1100 3008
e e | 221835 5500 | Mig22 " 400p | Rrosu2sia 1200 150p
MCEBIBPEA00 | g2o1a  g18 | 2002 459P 1 yinzooi 130p | i 750p | 1400  175p
253230 700 | (UN2003A 700 4318 175
MM58174AN 8253C-5 €18 LC P 143 4
2564 7009 130 a4 £12 | 14756 250
8500 | §255AC.5 & DMB6 6. 475! e
MSM5832RS 2708 0P | uLNZOOAA MC66760 750p | 1500  200p
350p fore | 2716 +5v 3500 1300 | 5N745262AN 1600  200p
g% 2716:35 S50p | ((N2068 290p 10000 | 1800 2000
[l B257Cs €11 12732 450p | (2802 250p 18432 150p
ECODER 8259C:5  £11 | 373242 900 | (y N2803 2509 KEYBOARD 10968 1508
8271 €45 | 3732435 550p ENCODERs
ULN2804 200p 20000 450p
SAA5020 600p | 8275 €29 25 650
700, 278426 P | 75107 120p | AY523761150p |- 24000 300p
ARl Jetelllcas Lo 2e2y tou | 73108 1200 | ys3Ro07S0p | 4800 175B
128- 75109 120p 16 3001
SAA5050 900P | 8288D €11 | Tams27.16 700 4
87554 £24 P PX01000 €12
PIN 9 2 8oin 30p 22 pin 75p
2 g 22on 2 EEIITTTG aon 426 240n 750
LOW PROFILE 24pin 24p i
SOCKETS BY 28 pin 26p SOCKETS BY 16 pin 45p 28 pin 100p
™ 20 pin 30p n 18 pin 50p 40 pin 1309
20 pin 66p
TIP30A  35p | 2N2219A 30p | 25C1307 150p | BA S0V 80p
TiP30C  40p | 2N2222A 30p [2SC1957 90p | 6A100V 100
TIP31A 40p 2N2369A 30p [ 2SC1969 150p 6A400V 1209
AD161/2 45p £X30 45p | TIP31C  4Sp | 2N2484  30p | 25C2028 80p |10A400V 200p
8C107'8 18p | BFXB4/5 30p | TiP32a  45p | 2N2646  SOp | 25C2029 200p |25A400V €00p
BC109C 20p | BFX86 7 30p [ rip32c  40p | 2N2904/5 30p | 25C2078 160p EEE—y—
BC169C 18p | BFX88  30p | TiIP33A  70p | 2N2906A 30 |25C2335 200p [RSEHE
8C172  18p | BFX89  180p | 1P33C  80p | 2N2907A 30p | 2SC2612 200p
BC1778 30p | BFYsO 30p TiIP34A 90p 2N2926 12p | 3N128  200p apn 25p
BC179 30p | BFYS51 2 30p TiP34C 120p | 2N3053 38p | 3N140  200p 1apin azp
BC1823 16p | BFYS6  33p | Typzsa  120p | 2N3054 80P [3N141  200p | 6pin p
8C184 16p | BFYS0 90p | 1ip3sC  140p | 2N3055  55p | 3N201  200p | Bpn 40p
BC187 30p | BRY39 4a5p TIP36A 140p | 2N3442 140p | 3N204  200p 20pin 450
BC212 3 16p | BSX18/20 30p TPIEC  150p | 2N3553 240p | 40290 250p | 24pn 80p
18p | BU104  225p | Tipa1A  50p | 2N3584 250p | 403612  75p | 26pn 759
16p | BU'OS 180p T41C 55p | 2N3643/4 48p | 40595 120p a0 pin
16p | BUtO8 250p TIP4ZA 60p | 2N3702/3 16p | 40673 90p
16p | BUIO9  225p | Tipa2c  &Sp | 2N3704/5 16p | 40871/2 100p
16p | BUI26  150p TIP54 160p | 2N3706/7 16p DIODES
40p | BUIBOA 120p TIPSS 180p | 2N3708  16p 3A400V
36p | BU20S 200p | yipy2 75p | 2N3773 200p 6A400V
50p | BU208 2000 | Tip121  75p | 2N3819  40p 6A500V
20p | BU40S  145p Tp122 80p | 2N3823  30p BA4DOV
i6p | BUXBO 600p | Tip125  7sp | 2N3866  90p BAS0OV
16p | BUYESC 350p | Tipi2s  8Op | 2N3S0Z 700p 124400V
18p | £310 S0P | 1iP142  120p | 2N3904  18p 124500V
24p | MJa13  250p TIP147  120p | 2N3906 18p 16A400V
BCY70 30p | MJBOZ  400p TIP2955 90p | 2N4036  6S5p 16A500V
BCYT1 36p | MJ2501 225p TP3055  70p | 2N4037  85p 128000
BD!31 75p | MJ2955  90p TIS93 30p | 2Na123/4 27p TiIC206D
BD132 80p | MJ3001 225p [ yN1OKM SOp | 2N4125/6 27p | 1N4DO1/2 TIC226D
8D135/6 40p muSOﬁ 400p | yNGBAF  90p | 2N4401,3 25p :z:%gld TiC2460 110p
BD13 40p JE34 60p VNBBAF £1 N4427  90p
BD140  4op | MJE2955 150p | zrxi08  16p | 2NaB71  50p | !N4006/7 THYRISTORS
80189  60p | MJE3055120p | 7ix300 18p | 2NS087  27p | 'NS401/2 3400V 45p
80232  60p | MPFI02 40P | zyxas2 4Sp | 2NS0BY  27p | (NS403/4 BAGOOV  180p
80233 7Sp| MPF103/4 40p | 7TX500 20p | 2NS172  27p 'NS“O:/g 12400V 160p
BD235  85p | MPF10S  40p | zrxso2  20p | 2Ns181  90p | 1NS404/ 16A100V 180p
BD241  60p | MPSAO6  30p | zTxs04  22p | 2N5245 d0p 162400V
BD242  60p | MPSA12 50p | zTx552 55p | 2N5401  60p BRIDGE C106D
BD379  60p | MPSAI3 S0P | 77xes2  60p | 2N5459 30p [EETEAGrdvaE - o,
BD380  60p | MPSA20 S0P | zrx7sz  70p | 2N5460  60p M OV 2N3525
80677 40p | MPSA42  50p 2NB97 35p | 2N5485 36p 1A 100V 2N4daa
BF244B  dOp | MPSA43  50p | 2ngos  aSp | NSB7S 250p | L Ll 2N5060
BF2568  50p | MPSAS6  30p | 2n70s  36p | 2N58B3 37sp | | ARO0W 2N5081
8F257/8  40p | MPSA70 S0P | on708  36p | 2N6027  30p |, 2CS00 2N5064
BF337 36p | MPSAS3 40P | oNg1B 45p | 2N6052 300p (S S0
BFR39  32p| MPSUOG  63p | ong3o  30p | 2N605s 325p | SR SE
B8FR40/1  32p | MPSUG7 60p | 2N1131/2 SOp | 2N6107  65p 34200V
BFR79  32p | MPSUSS S0P | 2N1613  36p | 2N6247 190p | 02000
BFRBO. 32p | MPSUB5  78p | on1711 36p | 2NB254 1309 TG0y
BFRSE  180p | TIP28A 350 | 2N2102  7Op | 2N6290  65p | A 00w 83
BFX29 4sp | TIP29C  40p | 2n2160 350p | 2SC1306 100p P

PLEASE ADD50p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

www americanradiohistorv com

Detailed Price List on request.
Stock items are normally by return of post.

Orders from Government Depts. & Colleges etc. welcome.
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NEW PRODUCTS

FIVE-FINGER EXERCISE

A keyboard add-on for the BBC
Micro enables it to be operated
with one hand, moreover
because the keys are all
multi-function and not marked,
the keying sequence has to be
learned and by its very nature
the user is touch typing even
before he/she realises it. Such
is the claim for the Quinkey
alternative keyboard for the
micro. There are only six keys;
one for each right-hand finger
and two for the thumb. The
fingers are only ever used on
their own keys. The second
thumb key acts as a shift or
control key and enables the
keyboard to access all the keys
of the normal keyboard. The
Quinkey comes with an adaptor
which plugs into the analogue
input of the Beeb. Software on
cassette, easily transferred to
disc, programs the computer to
interpret the Quinkey input into
ASCII characters. To cater for
multi-user school applications
up to four Quinkey keyboards
may be plugged into the adaptor
and all four can use the
computer at the same time, the
screen being divided into
different-coloured windows.
Included in the software is a
program that coordinates the
Quinkey with Wordwise or View
word processor programs.

On a tnal run with the
Quinkey, your correspondent
found that it was quite easy to
learn the alphabet, following the
very clear instructions in the
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manual, but that the control
functions and special characters
were more difficult to pick up.
It may be some time for speed
to be acquired before the
Quinkey entirely replaces the
traditional keyboard, but one
instinctively feels that such an
approach is right and is worth
persevering with.

Microwriter, who produce
the Quinkey, tells us that even

left-handed users are happy
with the right-handed keyboard,
but a left-handed version is
available to special order. The
Quinkey costs £49.95 inclusive
and includes the adaptor,
manual and the cassette
software. An educational pack
for £148.80 includes four
keyboards, a users’ guide and
special software on a cassette
tape. Microwriter Ltd, 31
Southampton Row, London
WC1.
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MONITOR
CONSULTANCY

A design consultancy
specializing in colour and
monochrome monitors enables
companies to commence
monitor production quickly and
inexpensively. As an example, a
monochrome design for either 9
or 12in tubes, powered from a
+12V supply can have a video
bandwidth of over 20MHz and
can accept either composite
sync. or separate line and field
syncs. in addition to a t.t.l.
video circuit. It can have a very
low component count and built
onto a p.c.b. measuring only
100 by 160mm.

Similar design criteria are
used for the colour monitors,
resulting in compact, high
performance units at low cost;
even in small batch numbers.
Special versions can be
designed to suit virtually any
application, civil or military.
Existing or special designs are
available on a manufacturing
licence basis, with royalties
payable on actual production
levels. This approach can
eliminate research and
development costs and
minimize production delays.
Combe Martin Electronics, King
Street, Combe Martin, North
Devon, EX34 OAD.
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LOW COST 15MH:

A new dual-trace oscilloscope
from Philips offers a high
standard of performance and
reliability and yet costs only
£275. The PM3206 has all the
facilities expected of a
general-purpose instrument that
may be used for field engineers,
educational and industnal
laboratories. These include a

OSCILLOSCOPE

wide sensitivity range, 5mV to
20V/cm, a bnght c.r.t. with a
built-in graticule, and a vanety
of triggering facilities including
tv triggering.X and Y amplifiers
are provided and the instrument
is capable of Z modulation on
the display. The case is
constructed from tough a.b.s.
plastic and the oscilloscope has

PM 3206 18 MMz

been given a full environmental
testing for durability against
vibration, temperature and
humidity extremes. The front
panel controls are clearly
labelled and conveniently
spaced. Internally, the use of
integrated circuits has led to
neat, compact circuitry which
makes it easier to manufacture
and may account for Philips’
ability to produce a high
specification instrument at a
comparatively low cost. They
have called it a ‘ProAm’ device
to indicate that it might bridge
the gap between amateur and
professional equipment. Having
chosen this label, perhaps there
will be other instruments in this
class. Pye Unicam Ltd, York
Street, Cambridge CB1 2PX.
EWW 206
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LINSLEY-HOOD

Q’ ) » :
300 SERIES AMPLIFIERS

35 Watt Complete Kit. MosFet O/P
45 Watt Complete Kit. MosFet O/P
Reprints of Original Articles from ‘Hi-Fi News'

LINSLEY-HOOD 100-WATT MOSFET
POWER AMPLIFIER

The very latest amplifier design, published in "Wireless World’
by the renowned John Linsley-Hood. This may now be taken as
the standard by which the rest are judged! Our kit, approved by
the designer, has massive heat sinks and power supply and
includes all components needed to build. Case size 412mm
wide. 254mm deep and 145mm high. Automatic switched
speaker protection is included as standard. Cost of all parts is
over £120. Our complete stereo kit price £105.50.

LINSLEY-HOOD CASSETTE RECORDER
CIRCUITS

Complete record and replay circuits for very high quality low
noise stereo cassette recorder. Circuits are optimised for our
HS16 Super Quality Sendust Alioy Head. Switched bias and
equalisation to cater for chrome and feric tapes. Very easy to
assemble on pIu%m PCBs. Comple!e with full instructions.
Compiste Stereo Record/PlayKit. . 5.26
VUMeterstosuit. . .......
Reprints of original Articles

STUARTTAPE RECORDER CIRCUITS

Complete stereo record, replay and bias system for reel-to
‘reel recorders. These circuits will ?IVS studio quality with a
good tape deck. Separate sections for record and replay give
optimum performance and allow a third head monitoring sys-
tem to be used where the deck has this fitted. Standard 250mV
Input and output levels. Full details are in our lists.

Reprintof Original Articles ................. . £1.30.No VAT.

|£8350
. £1no VAT.

SET OF 4 SUB-MINIATURE IF TRANSFORMERS for high
quality AM tuner. THE SET ONLY 38p!

AM VARICAP DIODE BARGAIN Due to a fantastic bulk pur-
chase we are now able to offer the super SMV2012 varicap
diodes at unvelievabie prices. These are a wide range diode for
use in AM tuner applications. They are also supplied in
matched sets to eliminate tracking errors!. Matched pair onty
25p. Matched 4 oniy 60p.

AM TUNER COIL SET Set of 4 cols for long medium and short
wave AM tuner. Coils are LW Osc. MW OSc, SW Osc and SW
Aerial. Normally 30p each. OUR PRICE FOR THE SET ONLY
55p.

Application circuit using coils and matched pair of SMV2012

VAMCAPS. ..o 35p
Suitable PCBoard. ... ... e ... .E150
PC Mounting Wavechange Swnch L.......E160

STEREQ CASSETTE DECK

Following the runaway sellout of our last cassette deck we
have now obtained a small quantity cf an even nicer one.
Main faatures are full auto-stop, Chrome/Ferric Switch,
Manual record level control (invaluable for computer use), twin
VU meters and 3-digit counter. Complete with ail record and
replay circuitry, control keys and cassette carrier/door. Very
good quality and only £21.80 inc Vat and Post. Circuit diagram
and Noies 35p.

ALPS FF317U FM FRONT END
Beautiful, precision made High Quality variable capacitor
tuned FM Front End with Dual- % te MosFet. The tuning capaci-
tor also has 2-AM Gangs and buiit in 3:1 reduction gear.
Covers full FM range of 87 to 109MHz. Supply needed is 12V at
only 30mA Max. Inputs are provided for AGC and AFC signals.
These have recently been on spacisl offer from another sup-
plier at £4 plus VAT. OUR PRICE IS ONLY £3.98 INCLUDING
VAT AND POSTAGE! Circuit if required 35p.

COMPLETE STEREQ TUNER MODULE
Three band LW/MW/FM Stereo Tuner fully assembled on PC8
165 x 86mm. Supplied with Ferrite rod aerial and band switch
fully wirad. Facility provided to drive tunmg meter and stereo
LED. Only needs 12v DC supply. FM sensitivity. 2.5uV. Price
only £7.9% inc. VAT and post.
*STEREQ AMPLIFIER MODULE’

Ready built and tested quality power amplifier module complete
and ready to use. Mains input 220/240v with power to spare for
tuner and tape deck. Size 130 X 110 X 65mm.

TUNER AND PRE-AMP MODULE'
Matching unit to above. Contains Long, medium and short wave
AMtuner Stereo FM tuner and pre-amp with switched inputs for
tuners, tape and pickup. Compiete with flywheel drive and cord
assembly. Size 400 X 220 X 63mm.
Special offer for both items only £16.90.

COMPONENTS
We now list a wide range of individual components many of which

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

= ol

Do your tapes lack treble? A worn head could be the 'oblem
Fitting one of our replacement heads could restore pe ormance
to better than newl 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 lowar
prices for prime parts. Compare us with other suppliers and ses|
The following is & 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 fmed as
igina! equipment on most decks R
HM90 High Beta Permaliloy Head.
formance head with metal capability . .
HS16 Sendust Alloy Super Head. lhe bes! head we can find.
Longer life than Permal!oy, hlgher oulpu( than Ferme, fantastic
frequency response .

\ hard- wearmg, hlghev per—
.£8.06

MAA481 Latest version Doub!e Mono (2/2) Record/Play head.

ReplacesR484 ... ... ... . ... .£8.90
SM166 Standard Mounting 272 Erau head Companble with

above orHQS814 Trackhead. ... ....... ... ... .. ..£5.90
ME 151 Non Standard Mounting 2/2 Erasohaad ...£4.25
H524 Standard Erase Head. Semi double gap, hlgh effi-
ciency - ... E150
H561 MemlTapaErase Head Full doub!e gap ..., .£4.90

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One i ive test bles you to set up VU level,
head azimuth and tape speed. Invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnensanon causing noise

onplayback ... £4.54.
Curved Pole Type 'or maccesscble heads ...... £4.85
Please add part cost of post, packing and insurance as follows:

INLAND

Orders up to £10 — 50p
Qrders £10t0 £49 - £1
Orders over £60 — £1.50

OVERSEAS
Please send sufficient to cover
Surface or Air Post as required.

Application circuitifrequired .. .............. . ... ....10p | £ i g
Sitableferrite rodantenna. . gsp RO Bian ves tarsher tormation onaar KePY of ourletestlist Ay | PRICES EXCLUDE VAT
UNLESS STATED ‘
. ®
Personal callers are always very welcome but please note that we e v
X
are closed all day Saturday {0691) 652894 g\xczt‘i:'ﬁovs“‘“‘
) - G

1.5GHz testing problems? L

' ' v.7 V11 rv. 4
- A W W —y 1 X 17 4
o — o . i —
=== it

real-life robotics

The advanced design of the Neptune 2 makes it the lowest cost real-iife
industnal rabot

It is electro-hydraulically powered, using a revotutionary water based
system {no messy hydrautic oitl}

tt performs 7 servo-controlled axis movements (6 on Neptune 1] — more
than any other robot under £10,000.

Its program length is iimited only by the memory of your computer.
Think what that can do for your BASIC programming skills!

And it’s British designed, British made.

Other features indude:
proof, frictionless rollng diaphragm seais
aurrerca and latched versatile intertace for BBC VIC 20 and Spectrum computers
12 bit control system {8 on Neptune 1)
Speciai circuttry for initial compensation
Rack and pinion cylinder couphings for wide anqular movements
Automatic triple speed controf on Neptune 2 for accurate “homing in’
Easy access for servicing and viewing of working parts
Powertul - Ifts 2.5 kg, with ease.
Hand hetd simulator for pracessing {requires ADC option)

Use a TECHTEST Model 260
1.5GHz Up-Converter

Nepturie 1 robot kit (nc, power supply] £1250.00 ADC option {components fit ta main control board)] £95.00

Neptune | control electronics {ready buil] £295.00 Hydraulic power pack (ready assembied) £435.00

Neptune 1 smulator £45.00 Gripper sensor £31.50

) 't k 'th 240_350 MH t Optional extra three fingered gnpper £75.00
IT WOTKS Wi any Z generator Neptune 2 robot kit finc. power supply] £1725.00 8BC connector (ead £12.50
Neptune 2 control electronics iready butt) £475.00 Commodore VIC 20 connector tead and piug-n board  £14.50

Neptune 2 smutator £52.00 Sinclair 2X Spectrum connector lead £15.00

Negtune robots are sold In kat form as follows:

The Model 260 has been designed to provide a very
economical signal source for testing 1.5 GHz communication
equipment. Itis a linear heterodyne up-converter that employs

All prices exclusive of VAT and vaild untli the end of 1984.

Mentor is all-British in design and manutacture
and comes in kit form at an astorshingly fow
price;

gdva nced techniques to generate very clean and stgb!e signals desk-top robot s oo k. powersuppy)  £345.00

in the 1440-1550 MHz band from signa!l generator inputs 1200 e el I - — £13500

MHz lower. Since it has zero insertion loss the input signal TS e O Tk B 61 e Cmpopents o cotro
. . use in educational establishments

generator controls are used directly to set the output signal leshaesteiice onoie sonzeariycn  (Cocan Sl Y20

level and all modulation conditions. Full accuracy and stability e o r e och]  SoESeeCICRIRER K oy

hand-held smulator as the teaching pendarit Sinclar ZX Spectrum connector iead £15.00

Like Neptune, Mentor's program beﬂqm I
(imited onty by your computer's Al prices exclusive of VAT and valid untit
Programming is i BASIC the end of 1984

CYBERNETIC APPLICATIONS LIMITED

PORTWAY TRADING ESTATE, ANDOVER, HANTS SP10 3PR
TEL: (0264} 50093 Telex: 477019

is ensured by phase-locking the internal 1200 MHz local
oscillator to the signal generator standard. Find out more from:

Techtest Ltd, Street Court, Kingsland, Leominister,
Herefordshire HR6 3QA England.
Telephone: KINGSLAND (056881) 744 Telex 837264.

ybarnas
pplicatisas

CIRCLE 79 FOR FURTHER DETAILS. CIRCLE 61 FORFURTHER DETAILS.
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Eproms may be programmed
from within the Psion Organiser
which gives this miniature
pocket computer instant access
to mass storage. Based around
the Hitachi 6301X c.mos
processor, the computer
includes 4K of rom which is
internal to the processor, 2K of
ram and each ‘datapak’ eprom
can hold 8 or 16K. The
computer was designed to form
a pocket filing system and some
accent has been placed on its
database facilities. If two 16K
datapaks are used together up
to 44 000 characters may be
stored. Software is also
available on plug-in eprom
modules and include
mathamatics, finance, science
and engineering packages.

Also available is an
easy-to-understand
programming language, POPL,
compiled by Pion especially for
the Organiser. It is built around
a set of simple commands and
includes mathematical,
scientific and generalized
functions for use within
programs. Data can be edited
during entry and can even be
‘erased’ from the eprom by
clever use of software which
will ignore an entry which has
been changed or deleted. Of
course the whole eprom can be

cleared by exposure to u.v.
light and Psion have provided
an eraser for this purpose. Each
eprom can be re-cycled up to
100 times.

By far the biggest space
inside the Organiser is taken up
by a standard PP9 battery
(which will last for about six
months in normal use). A
power module converts to the
six power rails needed
internally, including the 21V
needed to ‘write’ to the eprom.
A trickle current is used to keep
the real-time clock going when
the computer is switched off.
The Organiser can switch itself
off automatically if it is not
used. The calculator-style
keyboard is arranged in
alphabetical, not qwerty, order
which would not make it very
suitable for such applications as
word processing. Add-ons
announced but not available at
the time of writing are an
RS232C interface which can be
used as a printer output or to
communicate via a telephone
and modem. The Organiser
costs £100 and datapaks are
£12.95 for 8K or £19.95 for
16K and each program pack
costs £30. Psion Processors,
22 Dorset Square, London NW1
6QG.

EWW 207

CIRCUIT ANALYSIS ON AN APPLE

Software programs on Circuit
Analysis 2.0 enable an
electronics engineer to analyse
circuit with up to 60
components and 30 nodes or a
d.c. circuit with up to 80
components and 40 nodes. In
the a.c. program single
frequency calculations of
gain/phase performance, or
frequency sweeps of up to 30
steps on a linear or logarithmic
basis, are provided. The
impedance versus frequency of
input, output or intermediate
points can be established, and
circuits may be optimised for
specific characteristics. The
d.c. program calculates the
voltage on all circuit nodes and
all branch currents, and powers
in one step. Any node may be
examined for ‘worst case’
limits, or optimised to a specific
level.

The software comes with
a comprehensive handbook
detailing all options together
with guidance for drawing up
the necessary equivalent circuit
on which the circuit analysis
will be based. The programs
are fully menu driven. The
programs have been developed
by Key Electronics in
collaboration with the American
author of Circuit Analysis 1.0,
which has now been withdrawn.
Errors in the original program
have been corrected and the
whole process speeded up. In
particular the ‘worst case’
analysis in both a.c. and d.c.
programs is a valuable feature.
The programs are retailed
through P & P Micro
Distributors Ltd, New Hall Hey
Road, Rossendale, Lancs. BB4
6]G.
EWW 208

PROTOTYPE CARD

Designs using a mix of
surface-mounted and
through-board components can
be prototyped on the EQC—UV
series of quick-connect boards
from Dage. The 233 by 280mm
cards have 80% of their area
free for conventional
components with a standard
pattern for mounting
dual-in-line i.cs. A strip running
down the centre of the board
provides the rest of the area
devoted to the positioning of
surface-mounted devices. At
each end of the board are
mounting positions for DIN

connectors which may be
already fitted, if required.

0 and 5V grids are provided
throughout the board to enable
the design of high-speed,
low-noise designs. The card can
be made with tin or gold-plated
contacts. The quick-connect
system offers a simple
point-to-point wiring with
insulation-displacement
connection. Other sizes of the
board are available.

Dage (GB) Ltd, Eurosem
Systems Division, Rabans
Lane, Aylesbury,Bucks HP19
3RG. EWW 209
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LOW—PROFILE
TRIMMER—POTS

The Mepco Electra range of
cermet trimming potentiometers
is now available from Greenwood
Electronics. They are available in
both circular (8014 series) and
rectangular (8035 series) styles;
the single turn circular trimmers
can be supplied in three different
pin formats and in versions for
vertical or horizontal mounting.
Resistance values for both styles
range from 10 ohms to 5
megohms. Both series trimmers
are low profile components, the
circular trimmers having
dimensions of 0.25in p.c.d X
0.175in high; the rectangular
types are 0.25in high. The 8014
models are constructed with
yellow rotors to facilitate
identification of adjustment
points on p.c.bs

8035 series trimmers offer the
designer very smooth continuous
adjustment giving infinite
resolution over the entire
resistive track; the low
temperature coefficient of
100ppm/°C is also maintained
over the full operating range of
the track

Both series feature a sealed
construction and can be used in
both solder and cleaning baths.
Greenwood Electronics,
Portman Road, Reading, Berks.
RG31N. EWW 211

ON-CHIP
MEMORY

Aninnovation in gate-array
technology combines the bipolar
macrocell array logic concept and
high-speed random access
memory (ram) ina commonl.s.1.
circuit.

The MCA1500M is an
addition to the National
Semiconductor MCA family of
subnanosecond, bipolar gate
arrays. With 1464 equivalent
gates of logic, the chip also
cames on-board memory
consisting of 1280 bits of
user-configurable ram. National
Semiconductor claim novelty for
the five-nanosecond, on-chip
memory access time, and mixed
e.c.l./t.t.]. I/0. National
Semiconductor, Industriestrasse
10, D-8080 Fiirstenfeldbruck,
W. Germany. EWW 212

FOUR CHANNEL
PORTABLE
OSCILLOGRAPH

The 8K32 four-channel, portable
oscillograph, from Rostol is
compact, provides permanent
inkless thermal-writing traces
and weighs less than 8kg. Power

supply requirements area.c.
mains or 12 Vd.c.

Switched input-sensitivity
ranges are from 10mV/cm to
50V/cm, frequency response of
0—100Hz, and chart speeds are
from 1mm/s to 100mm/s. Up to
66 hours of continuous use can
be obtained from the 40 metre
Z-fold chart.

This recorder offers

crystal-controlled time marker
with an accuracy of 0.05%,
external voltage-proportional
chart-speed control, remote
signal and chart drive on-off,
signal limiters and built-in
calibration facility. The
pust-button event marker can
also be operated by external
control. Rostol Limited, Lyson
Avenue, Ash Vale, Nr Aldershot,
Hants, GU12 5QF. EWW 213

COMPATIBLE,
ONE-BOARD
COMPUTER

A Z80A-based computer board
from Burr-Brown, the MP6WZ is
designed to operate either in
single-processor or master/slave
modes for multiprocessor

environments. It may eliminate
the requirement for additional
serial or parallel I/0 cards,
counter/timer card or a separate
interrupt controller, since these
functions are all included on the
board.

Program memory is formed by
fuse link prom which allows
changes to be made in both the

d.m.a. control and the memory
timing cycle. A Z80A-CTC
provides a three channel
user-definable counter/timer
with one channel being dedicated
to the serial RS232C 1/0 port,
which can operate at up to 9,600
baud in a variety of
communication protocols.

The MP6102 can be used in
conjunction with separate ram
cards, also available from
Burr-Brown. 2Kbytes of ram are
available on the card. On-board
memory may be deactivated,
while the eprom- based
monitor/BIOS firmware may be
unconditionally asserted.

The MP6102 features a
programmable power on/reset
jump, and an AM9516 universal
interrupt controller is used to
provide management and priority
resolution for up to eight
maskable interrupt inputs.
Parallel I/0 is provided by an
18255A peripheral interface
which supplies 24 bits of multiple
mode input or output.
Burr-Brown International
Limited, Cassiobury House,
11-19 Station Road, Watford,
Herts WD1 1EA. EWW 214
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WELL WORTH A SECOND LOOK...

No — you're not seeing double, just the Crotech 3132's Component Comparator
in action. This unique feature, using two Crotech component testers, gives you the
kenafit of checking an active or passive component against a known standard. Complete
drcuits can also be checked using signature techniques.

But that's not the only new feature. The 3132 has three DC source outlets available on the
fromt panel, capable of powering most solid state circuits. Dare we say that the 3132 is the nearest
affordable ‘scope to come near to being a complete test system?

Add &
Subtract

Wy T,

7.~ For full data shee
2 o e R

CIRCLE 48 FOR F

THE POWERFET
SPECIALISTS

OEM USERS

Pantechnic present the most adaptable high-powered amplifier ever.

i rer SYSTEM amp
-eatures.

® HIGH POWER up to 1.2kW (single ended)
@® LOW VOLUME. %5 Cubic foot inc. Heatsink
@ VERSATILE. Delivers more than 1kW into Y2 to 8 ohms
OR 2 x 600W into 2 to 82
OR 4 x 300W into 2 to 42 (200W into 8(}}
1 x 600W into 2 to 8Q
OR { 1 % 300W into 2 to 402
1 X 150W into 4 to 8Q2
Etc., etc.

Having been closely involved in a wide variety of OEM applications of their amp
boards. Pantechnic became aware of numerous implementation problems often
Iaft untackled by other amp board manufacturers. These problems specifically of
size and thermal efficiency became particularly aggravated at high powers and
considerably lengthened OEM product development time.

By including thermal design in the totality of board design it has been possible to
reduce the size of the electronics, and increase the efficiency of the transistor to
heatsink thermal circuit. The combined effect of this has been to dramatically
increase the volumetric efficiency of the amplifier/heatsink assembly. The SYSTEM
An&pFoffers 1.2kW of power in a space of 180mm x 102mm X 77mm, excluding PSU
ani an.

The basis of this considerable advance is the PANTECH 74 Heat Exchanger,
designed and manufactured by us. By. eliminating the laminar air flow found in
co:ventignal, extruded heatsinks, heat transfer to the environment is greatly
enhanced.

The flexibility of the 1.2kW amp stems from its division into 4 potentially separate’

amplifiers of 300W each (downrateable with cost savings to 150W). These can be
paralleled, increasing current capability or seriesed (bridged in pairs) doubling
voltage capability. In consequence a large variety of amplifier/load strategies can be
implemented

As ever Pantechnic offer a full range of customising options including DC coupling,
ultra-high slew, etc. Contact Phil Rimmer on 01-361 8715 with your particular
application problem.

P.S. Specs, as ever, are exemplary.

A wide range of other amplifiers and other modules available.
and De -

P Jer |
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CIRCLE 65 FORFURTHER DETAILS.

ighlight brochure — éll free — just give us a call or fill in the e.nquify cafd y:

URTHER DETAILS.

5 RN TNAIEOR - X

\ Crotech instruments Limited

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

e T 5 N AT ard T B TG R CER———
P8 S TP RAEETROT AR 2 S T Rk TR AR

Happy Memories

Part type 1 off 25-99 100 up
4116 200NS ... oo 1.25 1.15 1.10
4164 200ns ... ..4.95 4.45 4.25
2016 150NS ..cveiiiiiiiic 4.75 4.25 4.10
6116 150ns Low power....... suos 1.79 Call Call
6264 150NS ... 3995 Call Call
6264 150ns Low power................. 38.50 Call Call
2716 450ns S volt ... 3.85 3.45 3.30
2732 450ns Intel type ................... 4.75 4.25 410
2732A 350NS...cciiiiciiiiaeiiin e 5.25 4.69 4.50
2532 450ns Texas type................. 3.85 3.45 3.30
2764 300NS ..iiiiiiiiie e 6.95 Call Call
2712830008 ..eoviiiiiiiiei e 19.95 Call Call

Z80A-CTC...£4.85

8 141618 20 24 28 40
12131416 18 24 27 38

Z80A-CPU...£3.75 Z80A-PIO...£4.20

Low profile IC sockets: Pins
Pence

Soft-sectored floppy discs per 10 in plastic library case:
5 inch SSSD £17.00 5 inch SSDD £19.25 5 inch DSDD £21.00
5inch SSQD £23.95 5 inch DSQD £26.35

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 & Visa welcome, 24hr *phone service on (054 422) 618
Non-Military Government & Educational orders welcome, £15 minimum.

HAPPY MEMORIES (WW)
Gladestry, Kington
Herefordshire HR5 3NY
Tel: (054 422) 618 or 628
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0.E.M. POWER
SUPPLIES

Farnell instruments Limited have
recently announced details of
new 55 watt, multi-output,
open-card, switched-mode
power supplies, inthe N55
series. These units, designed for
the o.e.m. market, have a
reduced component count, which
has resulted in lower price and
increased reliability.

As well as the open-card
format, N55 units can also be
supplied mounted on a chassis
for standard open-frame
mounting or fully enclosed in
ventilated safety covers.
Customised enclosures,
incorporating, for example, a
power switch and CEE power
input socket, can be supplied to
special order. Three and four
output (optional 4th and 5th
outputs respectively) models are
available. The first of these
models, measuring
100X 160X50mm, is Eurocard
size and its three outputs consist
of +5V, 3.5A; +12V, 3A and
-12V, 1A (or +24V, 1A). The
four output model, measuring
188X 115X50mm, offers +5V,
6A; +12V, 3A; 12V, 2A floating
and 24V, 1A (or 5V, 1A) floating
outputs. All models operate from
afield selectable 115/230a.c.input.

A range of options includes a
power fail monitor, output
monitor and a choice of regulated
or semi-regulated output
combinations. Full IEC, VDE,
BS and UL approvals are
pending. Farnell Instruments Ltd,
Sandbeck Way, Wetherby, West
Yorkshire LS224DH  EWW 215

ALUMINIUM-
COATED PLASTIC

Aluminium-coated plastic
sheeting from Jayco Plastics is
not only decorative, but gives
valuabler.f. shielding. The
aluminium coating is 15 microns
thick, enough to give good r.f.
attenuation, on a choice of
p.v.c., polycarbonate,
polystyrene or acrylic sheet
which is available in thicknesses
200, 400, 600 or 800 microns.
Apart from the r.f. shielding, the
material is useful for making base
panels where earthing is required
and is very suitable for screen
printing. Jayco Plastics Ltd,
29/43 Sydney Road, Watford
WD17PY. EWW 216

POWER
SEMICONDUCTOR
MOUNT

A power semiconductor
mounting module, which can
accommodate any two TO-200

AB or DO-200 AA outline
capsule power semiconductors,
has been introduced by Westcode
Semiconductors Co Ltd, part of
the Hawker Siddeley group.

The PowerMod comprises a
pair of electrically isolated
capsules on a common baseplate
and requires only four fixing

screws to mount on to a suitable
heatsink. It has been designed so
that the capsules are held at the
correct mechanical pressure
when the four screws are fully
tightened. Any Westcode device
having either a TO-200 AB or
DO-200 AA outline can be fitted
in the module, thus allowing any
thyristor-diode,
thyristor-thyristor or diode-diode
combination to be realised,
including fast-switching-device
combinations such as the R216
thyristor and the CXC170 diode.
Thermal impedance (junction
to baseplate) for each
semiconductor is the discrete
device value as given in the
Westcode data sheet for that
device plus 0.095°K per watt.
The mounting thermal
impedance, baseplate to
heatsink, for each semiconductor
is typically 0.0114°K per watt.
Westcode Semiconductors Co
Ltd, Langley Road, Box 57,
Chippenham, Wiltshire, SN15
L. EWW 217

POWER CRIMPER

An air-powered bench-mounted
press from AB Engineering, the
AB4500, will crimp all types of
loose terminals up to 25 sq. mm.

It has a C-type, open crimping
head, controlled by foot pedal
and protected by a safety guard,
or may be supplied with an
H-type closed head; the design
permits fast interchangeability of
heads and dies.

With an operating power of
fourtons at 80 p.s.i. or 47 tons at
100 p.s.i., the press will crimp
copper tube terminals and cut
copper stranded wires up to 35
sq. mm. Two lower-powered
models are also available, the
AB2500 and the AB 3500, giving
respectively 10 sq. mm and 25
sq. mm capacity from 24 tons
and 3% tons operating power. AB
Engineering Company, Timber
Lane, Woburn, Milton Keynes
MK17 9PL. EWW 218

PHOTODIODE

Photodiode type GM/7 by GPD
has an active area of 7mm? and
finds application in laser
detecting devices in optical
communication systems,
measurement of optical power or
fibre attenuation, pyrometry,
etc.

It has an active element 3mm
in diameter, dark current only 30
micro-amps and responsivity 0.7
amps A/W. The GM/7is
available in TO-8 package and for
special applications the chip is
available mounted close to the
window. Germanium Power
Devices Corporation, P.O. Box
3065, Shawsheen Village
Station, Andover, MA

01810-0865, USA. EWW 219
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LEVEL METER FORBROADBAND CABLE SYSTEMS

W & G Instruments announce
the TPM-10 TV Pilot Level
Meter, a new product designed
for measurement on broadband
cable systems carrying tv and
business data communications.
In these systems, the pilot
signals are used for control and
automatic correction of signal
levels {a.g.c.) and the frequency
response (TILT). In a typical
(sub-split) system, pilot signals
below and above v.h.f./u.h f.
band are used; the TPM-10 has

been designed to measure one
low frequency pilot and two
above band.

The instrument is designed
that the signal to be measured
may either be a continuous-wave
pilot or an actual tv signal.
Measurement of the line-sync.
level ensures that the accuracy is
not reduced by video content or
adjacent channel modulation.

These features make the TPM-10

ideally suited to the in-service
monitoring of installed systems

as well as for commissioning and
fault finding applications. A
recorder output is provided for
long term monitoring.

Measurement accuracy is
enhanced by the built-in
automatic self-calibration
feature, and the 3+ digit,
auto-ranging digital display gives
aresolution of 0.1dB over a wide
dynamicrange. W & G
Instruments Limited, Progress
House, 412 Greenford Road,
Greenford, Middlesex UB6 9AH.
EWW 220

MULTIPLETAG INSULATORS

A range of multiple tag insulator
assemblies from Oxley, the 6.X
series, can accomodate up to six
banks of insulator tags.
High-dispersion grade p.t.f.e. is
used as the insulation medium
and each bank can be supplied
with the insulator in a different
colour, standard colours being
black, brown, red, orange,
yellow, green, blue, violet, pink,
grey and white. Each bank
includes a special internal eyelet
that inhibits rotation of the
complete assembly. Maximum
current per terminal is 5A and
working voltageis 3kVd.c.:
maximum capacitance to chassis
or between banks is 2pF.
Terminations are silver plated
brass; the mounting screws are
nickel plated brass; and the 6.X
series meet the 56 day damp heat

climatic category of IEC68
(IEC68: 55/200/56). Operating
temperature range is —55°Cto
+200°C. Oxley Developments
Co. Ltd., Priory Park, Ulverston,
Cumbria. LA129QG.

The E3 audio cassette interface

from Elan Digital Systems
Limited is designed to provide an
easily operated interface for the
digital data storage of EPROM’S.
Utilising standard I/0
connectors, the E3 gives
complete data integrity during
transfer, with a high recording

AUDIO CASSETTE
INTERFACE

The E3 audio cassette interface
from Elan Digital Systems
Limited is designed to provide an
easily operated interface for the
digital data storage of eproms.
Utilising standard [/0
connectors, the E3 gives
complete data integrity during
transfer, with a high recording
rate.

It can be used with most
systems which incorporate a
standard bidirectional RS232
facility, and can be run either
from internal batteries or
connected to the mains supply
via a mains adaptor. When
powered by batteries, the E3
continues to function reliably
down to 30% below nominal
battery voltage.

Data can be transmitted at up
to 2400 baud with clock
synchronization to good quality
tape recorders. At this speed, 4K
of data may be loaded every
minute, typically allowing the
storage of more than two hundred
2708 eproms or fifty 2732
eproms on one C60 tape
cassette. Considerable savings
can thus be made by storing
master program data on cassette
rather than holding it on
individual master eproms.

The interface is designed to
ensure complete data integrity
during transfer. Phase-lock-loop
tracking ensures that data
integrity is still maintained with
lesser quality tape recorders,
without clock synchronization
and at a somewhat lower transfer
rate. Both storing data on tape,
and loading data from tape, have
been made extremely simple
operations. Audible instructions
may be dictated before new data
is loaded, with a change in tone
indicating recording or playback
mode.

Industry standard 25-pin ‘D’
type connectors are used for the
serial /0, and a standard 5-pin
DIN connector for cassette
recorders. Led indication on the
front panel of the instrument
gives advance warning that
batteries need changing, shown
by the failure of the led to light.
The only controls needed are also
located on the front panel, for
off/on and play/record modes.
Elan Digital Systems Limited,
16-20 Kelvin Way, Crawley, West
Sussex: RH10 2TS.

EWW 222
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Anglia Industrial Auctions

Specialist Auctioneers to the Radio and Electronic Industry

NEXT SALE OF OVER 700 LOTS WILL BE HELD ON OCT. 17th 1984
THE LOTS BELOW WILL BE OFFERED FOR SALE UNLESS PREVIOUSLY SOLD

LotNo. Description Qty Lot No. Description Qty
H.P.SHF Signal Generators Type Telequipmen Oscilloscope Type D43R 2
620A/6203/620A 3 52 Radiometer Generator Type M27g 2

2 Schomand! Wavemeters Type FD1 with converters. 2 53 Coutant Power Unit 7v 15a. 12v 1a, 4v 3a, 24v 7a 1
3 £H Research Labs Pulse Generator Type 139MB 1 54 Marconi Sine Square Pulse & Bar Generator 625

4 H.P.Rx Meter Type 2508 1 Ime Type TF2905/6M 1
5 Airmec Millivoltmeter Type 301A 3 55 DOC Power Supply 0-43v 3amp 1
6 Arrmec Millivoltmeter Type 301 3 56 H P VTVM Model 400D

7 DataDynamics Terminal 1 57 Jerrolg Field Strength Meter Mode! T7048 [
8 Marconi Timebase Deiay Generator Type TF 1415 1 58 Marconi Universal 8rdge Type TF868A 2
9 Marconi FM/AM Modutation Meter Type TF2300 1 59 Marconi Standard Signal Generator Type TF867 3

10 AIM Electronics Variable Function Generator 1 60 Airmec Sweep Signal Generator Type 352

1 Pye VHF Signal Generator Type SG2V t 61 Solartron Digital Voltmeter Type LM 1420 2 1

12 Pye HF Transcewver 6 channel Type SS8130 ) 62 Marconi Programmabie FM/AM Modulation

13 Pye Signal Generator Type SG5U T Meter Type TF 2301 A 1

14 Pye Balttery Chargers Type FCO S volt 96 63 Marconi Programmable UHF Atlenuator Type

15 Pye Modulation Meter Type MM 1 3 TF2168 1

16 H.P.Wave Analyser Model 3024 84 Wavetek Programmabie VCG Modet 155 1

17 Tektronix Oscilloscope Type 545A Less Plugins. 2 65 Dawe True RMS Valve Meter Type 612A 3

18 KSM Electronics Putse Generator Type T18/0 2 66 Racal VHF Caiibrators Type 850 10

19 EMi Electronics Oscilioscope Plug — ins Type 67 Eddystone Communications Recesver Type 680X 1

/6 2 68 Sanders Microwave Osciliator Type CLC 2-4 1

20 $MI Electronics Oscilloscope Plug — ins Type 69 G(;azrgaral Radio Standard Srgnat Generator Type

71 6 1 1

21 Pye Motophone Portables Mid Bano 6 70 Telequipment Oscilioscope Type D43 1

22 Dynamco Oscilloscope Type D7100 1 Il Marconi Frequency Selector Unit Type TK7047

23 Wayne Kerr Universal Bridge Type CT375 72 Marcon RF Power Meter Type TK 7056 1

24 Decwriter Terminat 1 73 Marconi Programmable Voitmeter Type TK 2607 1

25 Ferro-Mag 3ph 240v 5.4kva Transformer 1 74 [Electro International UHF Pre Amp Type Ap501R 1

26 Tektronix Osciloscope Plug-ins Type G 4 75 Honeywell Power Line Test Set Type PLT-1 1

7 Marconi RF Power Meter Type TF 1020A 1 76 Tekeiec Digital Volimeter Type TE313 03 1

28 Marconi 100 Watt 7db Atienuator Type TM 5280 77 3PL Super Megohmmeter Type Rm170 1

28 Advance Oscilloscope Type OS 2000R 78 Chart Recorders Various 3

30 Marconi VHF Signal Generator Type TF 10648 79 ilarconi AF Power Meter Type TF2500 1

kil Rohde & Schwartz Power Signal Generalor BN 80 Rhode & Schwartz Signal Generator Type BN
41001 1 41409

32 Ferrant Computer Terminal Type WOM 2000 1 81 Trendata Test SetNc.5

33 Pye IF Signat Generator 4 82 f3eneral Radio VHF Oscilator Type 1363

34 Marconi Oscilloscope Type TF 1331A 1 83 Tektronix Oscilloscope Type 545B less Plug-ins 1

35 Bruel & Kjoer Microphone Amplitier Type T 2604 1 84 Hargard Oscilioscope Type 311 C/W 3Plug-ins 1

36 Tektronix Oscilloscope Type 531AC/W Type H 85 Marconi Deviation Test Set Type 60768 4
Plug-in 86 Scalamp Galvanometers 10

37 Tektronix Oscilioscope Type 547 C/W Type 1A2 87 Elecirolytic Capacitors 2200mfd. 25 voit 1500
Plug-in 1 88 Electrohome 9in Video Monitors 4

38 Advance Signal Generator Type C2 4 89 Equipment & Multi Core Cables 18

3g Marconi 25 Mhz Puise Generator Type 2025 i 90 Telequipment Oscilloscope Type S 518 2

40 Rhode & Schwartz Power Test Adaptor Type BN 91 Sony Emty Video Tape Reels Type RH7V a3
413116 1 92 Electronics Instruments Lid. Chronotron Type

41 Marconi Frequency Covertor Type 25€ 1
TF2400/TM7164 1 93 EBelix Powar Supply Unit Type TSS 76 1

42 Solartron Recorder Drive Unit Type A295 94 Advance Milivoltmeter Type 77A 5

43 Marconi UHF FM Signal Generator Type TF 2012 95 Roband Double P S U Type T104 1

4 Wandel & Gol(ermann Filter Unit Type LDEF-2 1 96 Marcon Qutput Power Meter Type TF893 g

45 RAhode & Schwartz Wavemeter Type BN 15221 1 97 H.P. Storage Osciliscope Type 181 Complete

a6 Pye UHF Signal Generator 3 with Manuals. 1

47 H.P.Signal generator Model 606A 1 98 Marconi AF Power Meter Type TFB93A 3

48 Avo Signal Generator 99 Marconi Valve Voltmeter Type TF1041 3

49 Rhode & Schwartz Polyskop Type 0A 20908 100 Telequipment Oscilloscope Type S54A 3

Lot No. Description Qty
101 Co-ax Cabie Type Uniradio M112 300M

102 Tektronix Oscilioscope Type 551 C/WPlug-ins &

Troliey
103 Rhode & Schwartz Microwave Power Meter Type

BN2412 1
104 Marconi Microwave Sweep Oscillator Type 6600A 1
105 Marcon: Signat Generator Type TF995A 1
106 Schomandl Modulator MAF Type BN 841962
107 Schomandl Decade Signal Generator

300Hz-100Mhz Type ND 100M
108 Ronde & Schwarntz Decade Signal Generator

Type BN 41104 1
109 Tetequipment Oscilloscope Type S32A 4
10 Marconi AM Signal Generator Type TF8010/8S 1
m Marconi VHF Signal Generator Type TF

10648/6M 1
112 Marconi Universal Bridge Type TP 8688 2
13 Marcons Tx & Rx Qutput Test Set Type TF 1065 2
114 H.P. SHF Signal Generator Model 6188 1
115 Marcon Noise Generator Type TF1106/2 2
116 Marconi Signal Generator Type TF995A/5 2
17 Marconi Signai Generator Type TF995B/5 2
18 Marconi VHF Alignment Oscilloscope Type

TF1104/1 1
19 Marconi Signal Generator Type TF 1066B8/6S
120 Tektronix Oscilloscope Type RM17 1
121 Telequipment Oscilloscope Type 831R 1
122 Telequipment Osciloscope Type D52 1
123 Marconi Audio Tester Type TFBI4A 1
124 Teiequipment Oscilioscope Type $43 2
125  Marconi FM Signat Generator Type TF2006

10-220 Mbz |
126 Philips Millovoltmeter Type GM6012 (
127 Pye W30 Westminster Low Band 24 volt 14
128 Racal Communications Receiver Type RAI7 i
128 Advance Oscilloscope Type OS 254
130 Marconi UHF Signal Generator Type TF 1060/2
131 Lan-Elec Led. Stablised P.U. Type LP 40IT
132 SE Labs Oscilloscope Type SM 1)
133 Advance Oscilloscape Type 05220
134 Rhode & Schwartz UHF Test Receiver Type BN 1523 |
135 Tektronx Oscilloscope Type 647 less Plug-ins |
136 Aztec 19in Video Monitor Type VM 047% 4
137 Airmec Modulation Meter Type 409 2
138 Marconi RC Oscillator Type TF 110! 2
139 Marconi Semsitive Yaive Voltmeter Type TF1100 2
140 Foster Oyl Filed Variac 0-270volt 40amp |
141 Hewlett Packard Sweep Osciltator Type 6920 |
142 Tektronix Time Mark Generator Type RM I8!
143 Tektronix Time Mark Generator Type (BOA )
144 Telequipment Oscilloscope Type S54AR |
145 Telequipment Oscilloscope Type S3IR (
146 Sony Video Tape Type V-30H 108
147 Telequpment Oscilloscope Calibrator Type C.i t
148 Marconi 20 Mhz Sweep Generator Type T1 1099 1
149 Transistors Type 2N3740 750
150 Venner Digital Counter Type TSA 663A/2 2

5STATION ROAD, LITTLEPORT, CAMBS. CB6 | QE. Phone ELY (0353) 860185

CIRCLE 35 FOR FURTHER DETAILS.

HighQuality

Best Prices
Large Stocks

Rapid Delivery

Edicron

Serving industry forover 25years
Tel:(1)9612020 TIx:265531
1-7 Wesley Avenue, London NW10 7BZ.
Cable: Edicron London NW 10

ANCROSCRIBE

sV DU

ALTERNATIVE

The new Microscribe
has been created as a low
cost alternative to the

dumb VDU.
It has a full

QWERTY keyboard

with an
alphanumeric
LCD display of
16, 40, or 80
Characters.

Features:

® Links to Standard

RS232 interface

300 to 9,600 Baud

RAM capability up

to 10K

® Stores diagnostic

routines and data up

to 8K

Battery portable

and 5 volt versions

® Low power
consumption — less
than 20mW

e Communicates with
any ASCI | device

Capability to
display control
characters

® Packed into
footprint 193 x
l4tmm

o Elastomer mat

keyboard — Imm

full travel keystroke
tactile response

Optional backlight

TECENOLO,

FOR MORE DETAILS Maesglas Industrial Estate,
CONTACT NEWPORT Nprhun walos VK

TEL: (0633) 841381 Telex: 498118 SECTOR

CIRCLE 29 FOR FURTHER DETAILS.
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Appointments

Advertisments accepted
up to 12noon Tuesday
Oct. 2,for Nov.issue
subjectto space available

DISPLAYED APPOINTMENTS VACANT: £19 persingle col. centimetre (min. 3cm).

LINE advertisements (run on): £4.00 per line, mimmum £25 (prepayable).

BOX NUMBERS: £5 extra. (Replies shouid be addressed to the Box Number in the
advertisement, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 4AS).
PHONE: LUCY O’SULLIVAN, 01 661 3033 (DIRECT LINE)

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: VLS!; 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 076 384 676 (till 8pm most
evenings) or send your C.V. (no stamp needed) to:

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED

Freepost, Barkway, Royston, Herts SG8 8B

(1926)

TEST ENGINEERS

Sitronix has vacancies for qualified test engineers for
manufacturing their Electronic Telephones.

A good working knowledge of digital and analogue
electronics is essential. Applicants should have a
suitable technical qualification and/or 3 years test

experience,

Sitronix is situated in Crawley, 1 mile south of Gatwick

Airport.

Salary ranges up to 9K p.a.

Send C.\V. to: Personnel Dept. P O Box 20 CRAWLEY

West Sussex RH10 2YW

(2713)

SWISS COMPANY

LOOKS FOR EXPERIENCED ENGINEER FOR

INSTALLATION AND SERVICE OF

— SSB TRANSCEIVERS 1.6 — 30 MHZ

FREQUENCY SYNTHESIZED

— IN ADDITION 1 KW POWER AMPLIFIERS
INTERESTING POSITION WITH SOME TRAVELLING

Mr. K. Minder

TIG BICORD AG. CH 6331 Huenenberg Zug Switzerland.

(2712) I

92

BOOKEDITOR

The Radio Society of Great Britain is the national body
representing UK radio amateurs. Animportant part of
its activitiesis the production of books, the turnover of
whichis currently approaching £300,000 per annum.
The Society requires an experienced desk editor to play
amajor role in expandingits listin the field of amateur
radio and associated topics. Applicants should be abie
to assist with the planning of the book programme, the
procuring of manuscripts and their processing ready for
printing. They would be expected to have aknowledge
of radio and electronics: aninterestin, and a capacity

to write on, the topic of amatuer radio would be an
advantage.

The positionis an excelient opportunity to take up a
creative and expanding role with a headquarters
employing twenty-five people. The salary willbe
commensurate with age and experience.

Applications with fullcvshould be sent to
David Evans, General Manager, Radio
Society of Great Britain, AlmaHouse,
Cranborne Road, Potters Bar, Herts.

ENG6 3JW.

(2710)
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At HM. Government Communications Centre wh
using the very latest ideas in electronics technology to
design and develop sophisticated communications systems
and installations for special Government needs at home
and overseas.
With full technical support facilities on hand, it’s an

environment where you can see your ideas progress from

initial concepts through prototype construction, tests and
I l ee I S evaluation, to the pre-production phase, with a chance to

influence every stage. Working conditions are pleasant,

the surroundings are attractive, and the career prospects
are excellent.

Ideally we're looking for men and women who have
studied electronics to degree level or equivalent and have
had some experience of design, whether obtained at work

or through hobby activities. Appointments will be made as |
Higher Scientific Officer (£7149-£9561) or Scientific Officer '

COmmunlc atlons (£5682-£7765) according to qualifications and experience.
For further details please write to the address given
below. As our careful selection process takes some time, 1t

e Sl m would be particularly helpful if you could detail your
qualifications, your personal fields of interest and practical

° experience, and describe the type of of working

Hl h I ech ‘ ! Ountr environment most suited to your career plans.
y The Recruitment Officer, HMGCC, Hanslope Park,

Buckinghamshire MK19 7BH. (2448)

AMPEX is a company at the forefront of magnetic recording technology, which
manufactures Professional Video Equipment, Instrumentation Recorders, Disk
Drives, Terminals and Magnetic Media.

AMPEX INTERNATIONAL TRAINING, based in Reading, England, is currently
expanding and there are several vacancies for Instructors to conduct quality
maintenance courses on AMPEX products.

Applicants should be men or women who have experience in one or more of the
following areas:

Digital Processing, Professional Video Recording, Digital Magnetic Recording,
Microprocessor Based Equipment.

Teaching experience is not essential, as appropriate training will be given.

An attractive salary is offered,

together with the usual large company benefits.
AM PEX

i
For application forms, please contact: INTERNATIONAL
Maureen Brake_, Personnel Department,
or John Watkinson, Training Manager. A, TRAINING

Reading (0734) 875200 = oo

ELECTRONICS & WIRELESS WORLD OCTOBER 1984
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Appointments

e

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

UNIVERSItY

college of
SWans€a

ELECTRONICS
TECHNICIAN

levels from around £5000-£15000.

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.
All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware

of your application.

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,

Please send me a TJB Appointments Registration form:

Applications are invited for the
vacancy of Electronics Technician
Grade 4 at the University College of
Swansea, in association with the
Department of Electrical and Elec-
tronic Engineering. The successful
candidate should have a sound know!-
edge and experience of digital and
analogue circuitry. Preference will be
given to candidates familiar with mic-
roprocessor hardware and software.

The salary will be on the scale
£6,106 — £7,024 per’ annum

Application forms may be obtained
from the Personnel Office, Univers-
ity College of Swansea, Singleton

2 Name . AR Sis™ W% g . - P . Je"VEsPesn . Boe nel® nr . Ald o Park, Swansea, SA2 8PP, to which
12 I\go.l':int %)?falm, office they should be re;urned by
Tunbridge Wells Thursday 13 September 1984

' Address . ... ... (2708)

Kent. TN4 8AS.

Tel: 0892 39388

(24 Hour Answering Service)
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Outstanding opportunities for pragmatic Systems
Engineers to become Senior Systems Engineers,

Technical Managers or Project Managers, dealing from
scratch with one of several new, exciting, large high

technology projects.

Several unique opportunities affording excellent career
prospects with a large, expanding, performance orientated
company exist for engineers with a degree or HNC in Physics or
Engineering (preferably Electronics or Systems Engineering, but
possibly Mechanical Engineering). Candidates should have
acquired good systems experience whilst working in the
Electronics or Defence Industries and ideally will have
practical knowledge of prototype production or trials.

Your task will be to assist our client, who has developed an
enviably secure base in the development and manufacture of
complex weapons systems, to develop new business areas for high
technology systems in both the defence and commercial sectors.
The number of persons ultimately involved in a project will vary
from 20 to 750 and the development costs will range from £20M to
£200M and consequently there will be tremendous opportunities for
you to progress to the control of the running’of very large projects
as well as to higher levels of management. By proposing,
developing and evaluating systems and design options, producing
prototypes and arranging for all necessary trials and tests, your
team’s objective will be to produce complete technical and cost
proposals for complex, state-of-the-art systems whose technical
excellence and competitiveness will ensure that large contracts are

o

25-33 Bridge Street,

wf 20K-

secured. To have acquired the necessary skills and experience to
meet this formidable challenge you will probably be at least 30 to 35
years old; have management experience especially of dealing with
people outside your direct control; have experience of customer
liaison and project planning; and will have developed commercial
and business awareness.

These important new positions offer excellent rewards and
conditions with first class future prospects in the thriving division
of a leading company in the High-Technology and Defence
Industries that is part of a highly successful, major international
group. The division has an order book which takes them potentially
beyond the year 2000, is committed to developing several new
business areas, and is poised to move into the world market in a big
way.

TO FIND OUT MORE and to obtain an early interview, please
telephone JOHN PRODGER in complete confidence on
HEMEL HEMPSTEAD (0442) 47311 during office hours or one of
our duty consultants on HEMEL HEMPSTEAD (0442) 212650
evenings or weekends (not an answering machine).
Alternatively write to him at the address below.

Executive Recruitment Services

THE INTERNATIONAL SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS. COMPUTING AND OEFENCE INDUSTRIES
Hemel Hempstead, Herts., HP1 1EG.

(2721)
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Junior
Radio
Officers

The Royal Fleet Auxiliary has a number
of vacancies for Junior Radio Officers.
These appointments are for short term
engagements of 6 months duration,
(with the possibility of extension) and
offer recently qualified personnel
the opportunity to gain the required
seatime.

Minimum qualifications: MRGC and DTI
Radar Maintenance Certificate. Appli-
cants should preferably be under 25.
Apply, in the first instance, by telephone

to:— Gil Parsley on 01-385 1244 ext. 3102.
(2707)

ROYALFLEET AUXILIARY n'n

SALES ENGINEERS

London & Home Counties
Listed below are just a sample of the vacancies that ATA
London are currently looking to fill:
1styear Earnings
Electronics Industry enclosures, connectors, p.c.b.’s ta

B.T., Marconi, Pye, British Aerospaceetc .......... £13,000
High technology speciality adhesives............... £10,500
Intruder alarms/security systems ...................... £9,500
Chemicalstoelectronicsindustry..................... £10,000
Lithium/wetcellbatteries................cc.ooeeiinnnn. £12,000
Fire alarm/escapelighting.................cccoeeiiiee £12,000
Fibre Opticdevelopments ............ccovciiveiiinicie £15,000
Electronic systems/modules...........c....c.o..o.ee.. £12,000
Circuit protection/accessories. .........c...ccoc.oues £9,000
Electronic Wafer devices/semi-conductors....... £16,000
Trainee Electronic Passive Components ........... c£9,000

All the above positions include a company car,
expenses, pension, paid holidays.
For further information, telephone:
01-637 0781 (9am—6pm)
{out of hours answering service)

211 Great Portland Street, London W1N 5HA

Appointments

Service Engineers

Opportunities in Professional

Broadcast Engineering

As one of the market leaders in the broadcast
televisionindustry, we provide engineering
support for some of the most sophisticated
professional equipment in use today. Our
widerange includes cameras, VTRs/VCRs,
editing control systems and professional
audio equipment. Applications are now
invited from well qualified engineers to be
appointed at all levels in the Service
Department. Full product training willbe
given, and there are considerable prospects
for personal development.

Base Service
Located at our prestigious engineering
complexin North Hampshire, the successful
candidates will join an engineering team
engaged in the maintenance and repair of our
video product range. Applicants should have
HNC Electronics (or equivalent) together with
abackground in electronics. For senior
positions broadcast experience is essential.

Field Service {London Operations)
To provide a comprehensive service support
to our customers based in London.

Aged 24 plus, applicants should have HNC
Electronics together with several years
broadcast experience, gained either in
operational TV or its allied manufacturing
industry. Knowledge of VTRs and cameras
is essential.

We offer attractive salaries andfirst class
conditions of employment. If you are looking
for a new career move please contact
David Parry, Assistant Personnel Officer.

Sony Broadcast Ltd.
f City Wall House

SONY < Basing View, Basingstoke
® [N

Hampshire RG21 2LA
@ Broadcast

United Kingdom
Telephone (0256) 55 0 11

afa -
Recnuitment

A Dvision of ATA Selection and Management Services Ltd.

(2735)
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cAPI'I'Al 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 frae Jobs list
We have vacancles In all areas of the UK
Salaries 10 £15,000 pa

01808 3050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF
(291)

r--;
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Appointments

(

-

Senior Technical
Officer

Telecommunications

Vital to the efficiency of British Airways’ worldwide operations is an extensive U.K.
communication network between airports and provincial towns.

To further expand and enhance our sophisticated voice networks and lo_ggipg systems
nationwide, we are now seeking an additional experienced telecommunications
engineer.

Managing a variety of projects from inception through to completion, you will consult
with users, assess their needs and recommend appropriate technical solutions, often
liaising with British Telecom and other equipment suppliers.

For this important role, you should have a City and Guilds and/or HNC in
Telecommunications, or an equivalent, recognised qualification. You must also
combine excellent interpersonal skills with several years’ experience with small call-
connect or PABX telephone systems. Previous experience of working closely with BT
and other suppliers would be a distinct advantage. '

Although based at Heathrow, you should be prepared to spend apprpximately 20% of
your time away from home, occasionally using your own car for business purposes.

A starting salary of circa £9,000 p.a. is offered together with advantages such as a
contributory pension scheme, favourable holiday travel opportunities, holiday bonus
and profit sharing.

Interested applicants should send a detailed CV to Kris Streatfield,

Recruitment and Selection (S7), e, o -
British . N7

British Airways Pic, PO Box 10,
Heathrow Airport (London),
Hounslow, Middlesex TW6 2JA,
marking the envelope KS2511.

AUDIO/ELECTRONICS
ENGINEER

Based London area, for
company servicing
educational audio systems
and audio visual equipment.
Practical experience of
electronics essential, ideally
with microprocessor and
mechanical knowledge.

We are looking for someone
with drive and independence,
who wili be able to assume
management responsibilities
and contribute to the growth
of a smail organisation.
Salary to match experience
and potential, car included,
with opportunity to participate
if successful in the Company.

BELLNORGIS LIMITED
9/11 KENSINGTON HIGH
STREET, LONDON W8 5NP

(2731)

UNIVERSITY OF YORK

00 Dolby

Dolby Laboratories Inc. manufacture and market Audio Noise Reduction equipment which is
used by major recording companies, recording studios, the film industry and broadcasting
authorities throughout the worid.

Duetoincreased sales and the introduction of new products we have the following vacancies:—

Printed Circuit Board Assembly Operators (£100 pw NEG). We
need experienced PCB Assemblers who are able to demonstrate a high level of
practical skilland who enjoy working to a high standard.

Department
of
Electronics

Applications are invited for the
following three year Research
appointments.
A.Research Assistantin Avoinic
Systems

To investigate the development of asynch-
ronous multiprocessing techniques for air-
craft flight control systems. The project
forms part of an expanding team effort
covering various aspects of avionics in col-
laboration with British Aerospace PLC,
Brough, N. Humberside. Candidates should
have a working knowledge of microproces-
sors, computer interfacing and software
development. A basic knowledge of modern
control theory and sampled-data tech-
niques would be an advantage. Applicants
should hold a good honours degree or
higher qualification in Electronic Engineer-
ing or Control Systems.

Electronic Test Technicians (£ 135 pw NEG) We need people educated
to HNC level (or equivalent) with the potential to develope test and fault finding skills
(tocomponent level) in a semi-automated test environment.

Electronic Test Engineer (£8000 pa NEG) We need experienced Test
Engineers educated to HND to equivalentievel who can demonstrate a practical
knowledge of Analog testing and rapid “trouble-shooting” to componentievel.

For further information contact: Sarah Kennedy, Dolby Laboratories Inc. 346 Clapham Road, London SW9
9AP.01-720 1111
(2724)

B.Research Assistantin Plasma
Processing Technology for VLSI

This project is an investigation of Plasma-
Enhanced Deposition and Dry Etching of
refractory metals and silicides for the adv-
anced processing of the very small device
structures required for VLSI circuits. The
projectis supported by the Alvey Directorate
for Information Technology and is running in
collaboration with Plasma Technology (UK)
Ltd, British Telecom, Plessey and STL.
Applicants should have a thorough knowl-
edge of solid state physics and semiconduc-
tor device theory, and an interest in semi-
conductor device and integrated circuit
fabrication techniques. An interestin practi-
cal electronics would be an advantage.
Applicants should have a good honours
degree or a higher qualification in either
Electronic Engineering or Physics, with a
strong electronics content.

Successful candidates for both posts will
be able to register for a higher degree,
paying a nominal fee. The salary will be in
the range £6310—£8530 (under review)
with USS. Three copies of applications
with tull curriculum vitae and naming two
referees, should be sent by 20 October
1984 to Registrar’'s Department (Appoint-
ments), University of York, Heslington,
York Y015DD. Further details are available
on request. Please quote reference num-
ber 7/7127 A or B. (2732)
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Test Range and there is an immediate req

working up to 20 GHz.

Test Leaders will inst tute test runs and
range personnel, test prozedures, safety, th
equipments, and will also contribute to the

testing utilising computer based systems.

Telephone Portsmouth (0705) 674019 for
or send cv. to Jack Burni=, Marconi Space

reference BL 212.
(All posts are open to men and women).

&
Marconmi
Space Systems

Marconi Space Systems at Portsmouth has recently commissioned
the UK's most advanced satellite Near Field, Far Field Antenna

Leaders to control and irnplement customer requirements

test range facility. Applicants should have cn HNC as a minimum
qualification and at least 5 years' experience of R F.and antenna

Excellent salaries and comprehensive range of benetits are
offered, together with relocation assistance if required.

Browns Lane. The Airport Portsmouth, Hants PO3 5PH quoting

ELECTRONICS
TECHNICIAN
GRADE Il

h Required for maintenance of
electro medical/industrial
electronic equipment.
Applicants should have been time
served tradesmen within the
electronics field or with equivalent
training and be experienced in
electronic maintenance and fauit
finding.
Applicants should preferably have
ONC/HNC or City and Guilds full
technical certificate in electronics.

SALARY:  £5868 —
£7584

Job Description and application form
obtainable from Personnel Officer,
(H.Q. Services), Royal Victoria Hospital,
D.M.T. Offices, Shelley Road,
Bournemouth. BH1 4HX.

Tel: Bournemouth 303581 Ext. 234.

CLOSING DATE FOR
COMPLETED APPLICATIONS

10th October, 1984.

(2709)

uirement for Test

be responsible for
e integrity of test
development of the

an application form
Systems Limited,

(2706)

( NORTHMIDDLESEX HOSPITAL, STERLING WAY, \
EDMONTON, N18 1QY

MEDICAL PHYSICS
?ECHN IC'AN GRADE Hi/1v

The Medical Physics Department at the above hospitalis responsible for
providing electronic maintenance service for the Haringey District Hospital.
The work load includes maintenance of equipment used in the Intensive
Care Unit, Theatres, Labour Wards, together with Radiotherapy and
Nuclear Equipment.

You should preferably be experienced in electronic maintenance and some
experience of design work would be an-advantage but that should not deter
newly qualified persons from applying.

QUALIFICATION: ONC/HNC or equivalent. Entry into Grade [l requires
three years experience in arelevant subject.

SALARY FORGRADE IV: £5794 p.a. rising to £7421 p.a. inclusive of
London Weighting.

SALARY FOR GRADE Ni: £6755 p.a. rising to £8549 p .a. inclusive of
London Weighting.

For further details contact MR D.W. Bailey, (Senior Physicist)on 01 807
3071 ext678.

Application forms and job descriptions are available from the Personnel
Department at the above address, or telephone 01 807 3071 ext571.

CLOSING DATE: 5th October, 1984.
L g (2719)

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

CAPITAL
RADIE194

ELECTRONICS ENGINEER

Capital Radio has a vacancy for a Maintenance Engineer
within its Engineering Department. Candidates should be
qualified to HNC or degree level in arelevant subject and be
experienced in maintaining modern studio and radio
broadcasting equipment to the highest engineering standards.
The successful applicant will be required to work on a shift rota —
which includes weekends — and on operational duties such as
outside broadcasts. He/she would normally be working on the
instructions of the Maintenance Supervisor but would also be
expected to work for periods unsupervised. The opportunity
may arise for some development work. Candidates should
posses a current UK driving licence.

Starting salary will be dependent upon qualifications and

experience and will include shiftenhancement. For candidates
¥ with experience and qualification as above, salary will be notless

than £10,139 per annum. Any appointment made on a trainee

level would attract a-salary of notless than £8,212 per annum.
Applications to be received no later than Friday 28th

September 1984, and should be sent to: Sue Davies, Head of

E Personnel, Capital Radio Limited, PO Box 194, Euston Road,

London NW1 3DR. Please quote reference number ENG/206 on
all applications. Previous applicants need notapply.
(2730)




Appointments

ELECTRONICS DESIGN ENGINEER

The University of Oxford, Deparsment of
Engineering Science requires a Graduate
Electronics Design Engineer to work on the
design of analogue and digital equipment,
including systems based on microprocessors, for
use in teaching and research. It is anticipated that
the successful applicant may have had between 5
and 7 years background experience in the
discipline.

The contract is for a limited period of, initially, 3
years and the salary will be in the scale for
Research Support Staff in Grade 1A, £7190 to
£11615 (age related) (currently under review).
The post is available now. Further details from
and application to: The Administrator,

TRAINEE
RADIO OFFICERS

First-class, secure career opportunities

A number of vacancies will be available in 1984
for suitably qualified candidates to be appointed
as Trainee Radio Officers.

If your trade or training involves Radio Operat-
ing, you qualify to be considered for a Radio
Officer post.

Candidates must have had at least 2 years’ radio
operating experience or hold a PMG, MPT or
MRGC certificate, or expect to obtain this shortly.

ful letion of 35 weeks’ specialist : . .
ggifllilgg‘(?ssp;loégﬁgne “cz)illooccu‘: to thge Radio Department of Engineering Science, Parks Road,

Officer grade. Registered disabled people may be Oxford, OXI 3P).
considered. (2727)

SALARY AND PROSPECTS:

Trainee Radio Officer: £4,579 at 19 to £5,481 at
25 and over. On promotion to Radio Officer:
£6,270 at 19 to £8,182 at 25 and over. Then by 4
annual increments to £11,182 inclusive of shift
working and Saturday and Sunday elements.

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. RF, Microwave, Micro-
processor, Computer, Data Comms and Medical Elec-
tronics and we're here to serve your interests.

For full details please contact our Recruitment
Office on Cheltenham (0242) 32912/3 or write

i

Recruitment Office, Government Communications Headquarters,
Qakley, Priors Road, Cheltenham,
Gloucestershire, GL52 5AJ.

Call us now for posts in Design, Test, Sales or Field
Service, at all levels from £6,000-£16,000.

@ “lechnomar

Engineering & Technical Recruitment

11 Westbourne Grove, London W2. Tel: 01-229 9239.

1935
(2412) { )

BORED ?

Then change your job!

LONDON

SENIOR DEVELOPMENT ENGINEER c£15k

GUILDFORD  ST. ALBANS

TEST ENGINEER to £13k TECHNICIANS £6-8k

98

To design data communications equipment.
You shall have experience of TTL, CMOS and
be familiar with microprocessor techniques.
Synchronous communications and assembly
level programming.

HARDWARE ENGINEER cf15k
A good opportunity to develop your design
skills with a market leader in control systems.
If you have digital or analogue experience
and are presently working with 16 bit miicro’s

then we would like to hear from you. Sussex/Hants. techniques and digiat systems essential. Berks/Bucks/Hants.
SERVICE MANAGER cf11k ELECTRONIC TECHNICIANS c£7-8k CUSTOMER SERVICE ENGINEERc£10k+Car 3) CAD/CAM Field Service

Working on state of the art digital measuring
equipment, applicants should have experi-
ence with microprocessor based systems.
This is ah outstanding opportunity for a
young enginger to further his experience with
a large public group.

For more details contact our Technical Con-
suitant, MANAGEMENT PERSONNEL, 67/68
New Bond Street, London. 01-408 1694, or
out of hours (073529} 4246.

LONDON

Must hold a qualification in electronic engi-
neering and be competentin carrying outand
developing test procedures on complex min-
aturized micro equipment. Incorporating
some RF technology. Woking.

DESIGN/DEVELOPMENT ENGINEERS £10-12k
Various clients require engineers with ana-
logue and digital expertise to develop equip-
ment and test equipment related to RF pro-
ducts and communication systems. Surrey/

Apprentice trained or ONC level to work on
measurement and data acquisition projects.
Familiarity with sea trials and digital/ana-
logue techniques desirable, S Coast.

For more details contact our Technical Con-
sultant, MANAGEMENT PERSONNEL, Shaw
House, 2 Tunsgate, Guildford. {0483) 65566.

Young electronic technicians sought for high
tech. environment digital, analogue and
micro fauit-finding of systems and sub-sys-
tems, opportunity to build on good basic
knowledge.

ELECTRONIC DESIGN & DEVELOPMENT
ENGINEERS To £13k
To develop/produce special purpose and one
off test equipment for communication sys-
tems. A good understanding of r.f. measuring

Data communications market leader seeks
good installation/repair staff with preferably
a background in computer terminals or
related equipment. The company will give
training on their products.

For more details contact our Technical Con-
sultant, Management Personnel, 105 St.
Peter's Street, St. Albans {0727} 35116, or
out of hours (07073} 28623.

(2711)

Management Personnel

Recruitment Selection & Search Consultants

GUILDFORD ST ALBANS

1) Data Communications
Customer service engineer to
work on local area networks.
To£13,000 + car. Berks.

2) Test Engineer to work on
peripheral and printers to
componentlevel. To £9,000.

Engineers. Towork on PDP 11
based graphic display to
£12,000 + car. Berks/Bucks.

4) Office Automation Systems
Technical Support Engineer to
work on Z80 based systems.
To£11,000 +car.
Berks/Bucks.

Hundreds of other Electronic
and Computer vacancies to £12,500

Phone or write:
Roger Howard, C.Eng., M.LEE,, M.LER.E,

CLIVEDEN CONSULTANTS

Tel: 0344 489499 .
(1640)

. CLIVEDEN |
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Telecommumcatlons

for the New Mercury Network
up to £13,500 + allowances

Mercury is creating a digital network based on the As part of our expansion we require Maintenance Staff
most up-to-date techniques. We will be supporting our  at our London, Manchester and Bristol service centres.
service with a maintenance organisation capable of \We also need, Maintenance Engineers for our satellite
responding quickly and effectively to our customers’ earth stations in the London Docklands — standard B
requirements. and in Oxford — standard C.

Earth Station
Maintenance Engineers

London, Oxford

Field Maintenance Engineers
London, Manchester, Bristol

£10,000-£13,500 + car
+ allowances £10,000-£13,500

Qualified to ONC, City & Guilds or TEC level in + £2,003 shift allowance

telecoms, you must have a detailed knowledge  You must have experience of maintaining telecommunications
of digital and analogue techniques applied in equipment and ideally have worked on standard B or standard
this field. At least three years experience of C earth stations. Shift work will be necessary.

maintenance and repair to component level in Ref: ESMO 1 — quote either London or Oxford
the following areas is essential:-

* Microwave point to point links Maintenance Support

Engineers
London, Bristol £7,500-£10,500

You must have experience of maintaining and
Ref: MTEO 8 installing microwave or digital telecommunica-
tions equipment, be committed and prepared to
progress to the role of Maintenance Engineer.

Ref: MSSO 1 — quote either London or Bristol

* PCM/TDM muitiplex systems

* Digital communications systems

Salaries will be on the scales quoted. The exact
point will depend on the experience and qualifi-
cations of the successful applicants. Benefits
include non-contributory pension and a
generous meals allowance. Relocation expenses
will be paid, where appropriate.

Please telephone or write for an
application form, quoting the
appropriate reference, to

Applicants for Bristol and Oxford will be
required to work in London for a short period
to familiarise themselves with company systems
and maintenance procedures, prior to taking up
their posts. The company will meet lodging
expenses. London positions qualify for a £1,266
London Allowance.

Jeremy Webster,
/ ' l Mercury Communications Ltd., \

28/30 Theobalds Road,
LONDON WC1X 8NC.
Tel: 01-404 5155, ext. 242.

Mercury

COMMUNICATIONS

ELECTRONICS & WIRELESS WORLD OCTOBER 1984
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ARTICLES FOR SALE
TRANSM ITTER OPTOELECTRONICS
0 F DATA BOOK 1984
E N G I N E E R Price by Texas £6.00
ENG LAN D DIGITAL ELECTRONIC CIRCUITS
. ) ) . TEMS by N.M. Morri
Transmitter Engineer required with all round broadcast Y R e £5.05
experience on audio, transmitters and antenna systems MICROELEC TRONICS:

Thebank has avacancy for an both AM and FM. Experience essential on BBC, IBA or A :gﬁ;:elgn INTHODUSTONEA
Assistant Electrician to work inthe other. Qualifications an advantage Salary £15,000 o il
Telecommunications Section of the negotiable + car. Southern Ireland. R0 Ko Wasen Waserk PRICE  £5700

premises division. Write to-— T
- _ OPTICAL FIBER COMMUNICATIONS
Q(%%'r'feanng::Rg!:}dor:ﬁ;%\ggsrgzgoﬁr Radio Nova, Scholarstown Road, BY G. Keiser PRICE: £9.50
be studying for, or be prepared to Stocking Lane, DIGITAL IMAGE ANALYSIS
study for electronic qualifications. Dublin 14. byiSYlevialdi PRICE: £26.00
Benefits include generous leave or Telephone:— SEMI-CUSTOM IC DESIGN & VLSI
entitlement, assistance for house Chris Cary on Dublin 932 167, SARLGIES RRICE,E1350
and seasonticket purchaseanda or INTRODUCTION TO MOS LSI
non-contributory pension scheme. Irene Hare 01-441 2922 DESIGN byJ. Mavor  PRICE: £18.50
Salary according to scales HANDBOOK OF BATTERIES &
commencing at £8,263PA including FUEL CELLS by D Linden PRICE' £63.00
London Allowance. @701 THE DESIGN & DRAFTING OF
PRINTED CIRCUITS by D_Lindsey

Application forms are available by

ringing 01-601 4732 between 9am ARTICLES FOR SALE I

and 5pm. . . i Ww ALL PRICES INCLUDE
UNUSED OLD STOCK. DC convertorsinput 50V~ BRIDGES waveform/transistor analysers. Cali- POSTAGE s
output 20V 3A and 24V 2A. Telecom type 62  brators, Standards. Millivoltmeters. Dynamorme-
equipment practice. Normal price £387 each. £50  ters. KW meters. Oscilloscopes. Recorders. Sig-
(2737) collected or £60 delivered. Cash with order. To  nal generators — sweep, low distortion, true

D.H. Wilson, 33 Farwig Lane, Bromley, Kent. RMS, audio, FM, deviation. Tel. 040

BR1 3RE. 290 0200. (2661)  376236. (1627) BOOK co.
CAPITAL APPOINTMENTS LTD SN T

of British and American
Technical Books

ELECTRONICS ENGINEERS 18-21 PRAED STREET
If your career is stagnating, if you are unemployed, or just starting your career in the most dynamic I.UNDUN WZ 1 NP
industry this country has to offer, then Capital Appointments can help. Our client companies have Telephone: 01-402 9176
immediate and long term requirements throughout the UK for most categories of staff including: Closed Saturday 1 p.m.
TECHNICAL MANAGEMENT, DESIGN, SOFTWARE, TEST, FIELD SERVICE, SALES, ETC. Please allow 14 days for
with salaries from £6,000 to £16,000 p.a. reply or delivery
Ours is a FREE SERVICE for applicants and you are assured of complete confidentiality. (2245)
For immediate attention to your career requirements, complete the form below now and post to:
CAPITAL APPOINTMENTS LTD, 76 WILLOUGHBY LANE LONDON N17 OSF ENCAPSULATING EQUIPMENT FOR.coils
If you would prefer to telephone u's to discuss {our situagi?n in more detail, one of our consultants will be mlf;f"mm’ compom,s, dcsﬂssmsf sﬂgmﬂe"
eased to help. rubber, resin, Xy t wax casting for brass,
TELE?’HONE: 01-208 3050 CUT FORM AND RETURN bronze, ""“’?‘z Impregnating C‘"‘E’ trapsfor:.
§<_ ________________________________________________________________________ e _>§ mers, components. Vacuum equipment, low cost,
CONFIDENTIAL used and new. Also for CRT regunning metallis-.

ing. Research & Development. Barratts, Mayo
NAME e ADDRESS ........oooooeee oo e Road, Croydon CRO 2QP. 01-684 9917 (9678)

SURPLUS PCB Hardware. Brass nickel plated.
Octal valve sockets, voltage selectors. 12 volt cir-
Tel. (Home): ..o (O TTHCR ) ot b AL - i 75 i bt B it s B cuit breakers. Vanous connectors. Large quantit-
ies of all above available. 0705 452 355 (2725)

Dateof Birth: ... Place of Birth; . tsqeemn g s ety ss agmen s Nationality now: ...........coooiiiiiiiiiiniin,
FOR SALE TECHTRONIC 165 OSCILLO-
If not British, is a Work Permit required? ..............ccoooiiiiiiiiiii s SCOPES, Newham boxed. For details phone
Stevenage 812193 (office hours) (2715)

Marital Status: ... Car DIiver: ji.ciieidibhabiial Shot 8] LS amdie 5« Car OWNEr: woiiinnea s s frmmmnstit fanddd bsibobitin

MICROWAVE FILTERS 3.7 — 1.291z Band-
Type of POSIION TEQUITEA: ........cooiiiiiiiiiiiiiti e et ea e et et Approx. Salarylevel..................... pass 1dB loss 0.3dB ripple. 30dB rejection at
3.4GHz and 4.7 GHz £85. Phone 02605 2549 for

data sheet or quote for your spec. M.M. Electron-

Please indicate areas in which you are prepared to work: Are you a houseowner? Are you willing to relocate? ics. 12 Daisyfield  Terrace,  Horwich,
Cent. London S. Coast E. Midiands Are you prepared to travel — In UK? Overseas? Lancs. (2720)
S.E. London West Country W. Midlands| healih:
S.W. London N.E. England E. Anglia Sla[éo ea. - - - - Film processor (oscillograph & other
N.E. London N.W. England Wales Notice Period required: Availability for Interview: films) £89. Precision Hygrometer Ni head
N.W. London Scotland Overseas and bridge amplifier £35. Joyce/Gevaert
Home Counties: N.W. N.E. S.W. S.E. Recording Densitometer £175. Oscillo-
scopes. Oven Control Unit £25. Tek plug-
EDUCATION: ins £25-£35. Hewlett-Packard 1750.B.,

£59. Anemometer/air flow meter, dialindi-
cation £35. Dial-less utilises pulsed light
£25. Dial type may also be additionally

Secondary School Qualifications:
College or University Qualifications:

Any Professional Membership: .........................coo ARE operated with pulsed light. Fibre-optic
(= ER "'stony light source £35. 20.A , variac I” recording
From/To Company Job Title/Description Salary tape. Centrifuge £49. Sweep generator.

Wow meter. EHT meter. FM/AM Genera-
tor. Balance & weights. Philip’s EHT Sup-
ply i-5KV. Sirect Proportional Tempera-
ture controller £35.Alternator Control Unit,
£35. Enlarger for 16mm — 41 x23. Mutual/
Self Inductance Bridge. Cartridge Nail
Gun £65. Keyboards £10. Variacs. Micro-
scope. Cameras, lemses, various. Tektro-
nix Oscilloscope (TV) with markets & time
delay £98. 100MHz Tektronix £175. Tek-
If you wish to detail further aspects of your experience or tronix Calibrator.

job requirements, please continue on a separate !hcel&”o\_ 040_ 37 6 2 3 6, 206
100 ELECTRONICS & WIRELESS WORLD OCTOBER 1984

Please indicate any Companies you do not wish us to contact.




S.E.ENGLAND

teams and projects.

Design Engineers

If you are keen to gain the maximum benefit from working in an
Applied Research Technology Environment, our client can offer you
the finest resources coupled with the most up to date computer
facilities and they will help and encourage you to develop your
professional skills to their fullest.

We are confident there are few companies who can match their
record of growth and innovation over the past few years. They can
offer excellent opportunities for you to work in a wide range of
advanced circuit/device development. Because of their expanding
order book which now runs into the next century they will also give
you early opportunities to use your abilities to control and manage

As a member of one of several small teams of professional
engineers you will work in generously equipped modern labcratories
devising some of the most sophisticated defence systems yet known.

We are able to offer progressive openings at all levels for
ambitious engineers to establish themselves in advanced electronics
design and development. Our client provides an excellent salary
package, full company benefits, five weeks holiday, generous
relocation expenses and they will be particularly interested if you can
contribute experience to the following:

Executive Recruitment Services

THE INTERNATIONAL SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS, COMPUTING AND DEFENCE INDUSTRIES
25-33 Bridge Street, Hemel Hempstead, Herts., HP1 1EG.

¥ 18,00

Power Engineering — development of ultra-sonic

transmitters and high power switch mode supplies using the very
latest FET systems and power hybrids.

VLSI Device DBSIQH - for digital signal processing
applications using in-gate arrays, semi-custom and full-custom and
employing some of the best CAD circuit, logic simulation and auto-
placement technology available.

Analogue Circuit Development — very iow noise

broadband amplifier design at LF and VLF using thick film hybrids
together with programmable attenuators and active filter techniques.

Digital Signal Processing — using FrT and Advanced

Digital Technology in sophisticated micro processor controlied
systems which also use the very latest DSP chips.

TO FIND OUT MORE and to obtain an early interview, please
telephone JOHN PRODGER in complete confidence on

HEMEL HEMPSTEAD (0442) 47311 during office hours or one of
our duty consultants on HEMEL HEMPSTEAD (0442) 212650
evenings or weekends (not an answering machine).
Alternatively write to him at the address below.

(2674)J

editing equipment.

programmes.

with CV etc. To: —

SAMCINEVISION/SOUND/EDITING

SERVICE
ENGINEER

The job involves all the servicing of our black and white CCTV systems used
on motion picture cameras, professional sound recording equipment, and film

The applicants would also be expected to have a good working knowledge of
colour television, fault finding, and would be involved in our develoopment

Some on-the-job training is given, and applicants should be qualified to at
least HND standard. Salary would depend on age and experience. Please reply

STEVE CAMPBELL
SAMUELSON FILM SERVICE LONDON
LIMITED
303-315 CRICKLEWOOD BROADWAY,

LONDON, NW2 6PQ.

“

(2728)

ARTICLES FOR SALE

MORSE READING PROGS.Work on clean sig-
nals without hardware interface. ZX81 1K UNEX-
PANDED MEMORY. Translated code with word
and line spaces for easy reading Automatic scroll
action. £7 incl.

SPECTRUM 16/48K. Scroll action with 10-page
scrolling memory, instantly accessible page by
page. £8 incl. Al]éx&es variable speeds. Feed
signal direct into socket. Pinehurst Data
Studios, 69 Pinehurst Park, West Moors, WIM-
BORNE, Dorset. BH22 0BP. (2532)

PNUMATIC AERIAL MAST. 100 feet Clark WT
8 on substantial trailer with petrol generator and
V-twin compressor. Very good condition. Ready
to use. £3500 + VAT ono Delph Electronics Ltd.
Tel 077 836 535 (2733)

LETTER QUALITY PRINTERS for under
£20011! IBM Golfball Printers with interface for
your micro!!! Phone: 0132827120r0324 313883

(2736)

ELECTRONICS & WIRELESS WORLD OCTOBER 1984

ARTICLES FOR SALE

TO MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.
LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSA

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
B.JDES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA-
MICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE,
CABLES, SCREENED WIRE, S'&:RFI‘EgVS, NUTS, CHOKES, TRANSFOR-
ERS. 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)

JAYSOFT MICRODEVELOPMENT Telephone 036-16-450

Designed for ease of use with no comprise in technical accuracy.
These programs are suitable for professional or amateur use.

Oscillator: RC and LC circuits. Includes coii design

Electron 1: Class A bias optimisation. 741 opamp LP HP and BP Active filters
Logic: Software simulation of up to 30 logic gates 10 check design

betore the hardware stage. Can simulate fault conditions to aid fault analysis.
Suitable for BBC Commodore 64 "PET "TandyM100

(*non or reduced graphics. Logic not available).

New programs available every month. Disk £20.00 Tape £17.50
JAYSOFT MICRODEVELOPMENT 2, Wester Row, Greenilaw,

Berwickshire.
(2729))
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TICLES FOR SALE

Latest Bulk G Release — Cossor CDU150{CT531/3) £ 150
only. Solid state general purpose bandwidth DC to 35MHz at 5 MV/CM — Dual
Channe!l — High brightness dispiay {8x10cm) Full delayed time base with gated
mode — Risetima 10NS — IHyminated graticule — Beam finder — Calibrator
1KHz squarewave — Power 100 — 120V. 200V — 250 volts AC — Size W 26CM —
H26CM — 41CM desp — WT 12.5K.G. carrying handle — colour blue — protec-
tlon cover front containing potarized viewer and camera adaptor plate — probe
{1) — Mains lead. Tested in Fair d with operating E
£150.00.

Electron Microscope. Made by Jeol Type JEM — 200A — Resolving power: 3.4A
{Lattice or 5A (Lattice) or 5 A (point to point) Accelerating voitage 50, 100, 150,
200KV, Magnification X 1000 — 200,000. Surplus from well known government ¢
department. Test reports up to 1983. Supplied complete with all books and
manual, spars parts and too! kits £6500.00. {probably a once in a lifetime
chance of obtaining this instrument at this price).

Communication Recsivers. Racal SODKC/S to 30MC/S in 30 bands 1MC/SWIDE — RA17 MK11£125. RATTL £150. RAGTE
£200. New Metal Lovvred Cases for above £25. All recaivers are air tested and calibrated in our workshop — supplied with
dustcover — operationinstryctions — circuit — Infair used condi Racal (Decadetreq ¥ g

MA350R Solid State for use with — MA79 — RA217 — RAT218 Etc £100 to £150. MA250 — 1.6MC/S 10 31.6 MC/S £100.
MA1350 for use with RA1T eceiver £100. MA2596 Precision frequency standard SMC/S — 1MC/S — 100KHz £100t0 £150.
Panoramic Adaptor RAG6 £150. RA137 and RA37 £40 to £75 LF convertors 10 to 980KC/S. RA218 independent SSB unit
£50 RAS8 SSB-ISM Covertor £50, RA121 SSB-ISB convertor £75. RA152 and RA253 Twin-channet receiver 11030 MC/S.
This is virtually two RA117's in one case £150 to £200. RA1218 Solid State receiver with electronic frequency display to
10HZ — Frequency 1to 30MC/S £500. RA337 LF Convertor 3 to 980KHz for use with solid state receivers £150. Eddystone
Communication Recelvers EC958 Solid State — High stability — 100KHz to 30MC/S £350t0 £400. EC964/7K Solidstate —
single channel — SBB— mains or battery — 1.61027.5 MC/S and 400 to 535KHZ £100 with manual Plessey PR1556 SOHd
State 50KC/S — 30MC/S £400. Rediton SBB Recalver R499 — Solid State — 10 fixed channels — range 1.5to 30MC/S and
255KHz 10 525KHz — mains or battery — complete with SIB adaptor ARU10A £100 with manual. Creed 75 Teteprinters —
Fitted tape punch and gearbox for 50 and 75 bauds — 110voits AC supply — in original transport tray seated in polythene
— like new £15EA. Redlton TTii Audic Teleprinter convertor receiver Sohid state — supply 110 or 240AC — Made for use
with above teleprinter enabling print-out of messages received trom audio input of communication receiver £15 with cir-
cuit tested. Redifon TT10 Convertor as above but includes transmit facilities £20. ging
— Selab’s 111 Solid State — 18MC/S £125 Telequipment D75 — S0MC/S £250 Tekironix 465 — 100MC/S £750. Solatren
CD1740 — SOMC/S £200 Tektronix main frame type 7704 £750 — 7504 £600 — 7704A £1000. FM Recorder Sanghmd
Sabre 111 14 channels £350. Transtel Matrix printers — AF11R — 5 ievel Baudot Code — up t0 300 Bauds — for peintouton
plain teieprinter paper £50 to £100. Transtel AH11R — As above but also 8 fevei ASC11 (CCITT No 2 and CCtTT No.5) Like
new £100. Army field telephone sets, Type F — L and J — Large quantity in stock £6to £15 depending on type and quantity
P.0.R. Don 10 Telephone Cable — half mite canvas contalners £20. Night veiwing intra-red AFV periscopes — Twin Eye-
piece — 24 voit dc supply £100ea. Driginal cost to government over £13,000e3 Static invertors — 12 or24voltinput — 240
volt DC supply £100ea. Original costto government over £11,000ea. Static invertors — 12 or 24 volt inputinput — 240 volt
AC sinewave output — various wattages P.0.R. XY Ploters and pen recorders various — P.0.R. Ferragraph series 7 ape
recorders mono £100 or 240 volt mains input £25 to £50, Signal Generators various — TF995/A3 £60. TF2015 10MC/S —
510MC/S AM and FM £600 TFBOYD/Bs — 10MC/S to 485MC/S £90 TF144H/A4 £90. TF1060/2 £60. HP60BA and B — £90 B.
£140 HP608 £50 HPE12A £100 HPS14A £100 HP6188 £100 HPE20A £100. Marconi TF1064B/5 £100 Teleonic SM/2000
Sweep Generators L3 and L5 plug-ins 4 to 75 MC/S £60 Telonlc Sweep Generators 2003 — 850 t9 2150 MC/S £275TF313
Bridge £100 TF791 Devlation meter £100 TFBI3A Power meter £50. Aerial mastagsembly 301t high complete with 161t whip
aerial to mount on top — guyropes — insulators — Base and Spikes etc., inheavy duty carrying bag — new £30. Racalfre-
quency counter Type 836 £50 Tektronix piugs-ins — 1A1 £50, 142 £40, 1A4 £100 MES50. Allitems are bought direct from
H.M. Government being surplus equipment: Price is Ex works. S.A.E. for enquirles. Phone for appointment for demon-
stration of any items. Also availability or price change. V.A.T. and carriage extra.

EXPORT TRADE AND QUANTITY DISCOUNTS GIVEN
JDHNS RADID (0274) 684007
WHITEHALL WORKS, 84 WHITEHALL RDAD EAST
BIRKENSHAW, BRADFORD BD11 2ER

-

WANTED: REDUNOANT TEST EQUIPMENT — RECEIVING AND TRANSMITTING EQUIPMENT — VALVES — PLUGS —
SOCKETS SYNCHROS ETC..
(2743)

® PERFECTIONASSURED

FLOPPY DISKS MEET ANSI, DIN, ECMA, IBM,
JIS AND SHUGART SPECIFICATIONS.
EVERY DISK IS CERTIFIED AND

GUARANTEED TO BE 100%
MINI FLOPPY DISK [=revinplley ’
51" DISKETTES “HRLE
QUANTITY DISC

Certified for Single OR Double
Density media with hubring
PRICES EXC VAT

40 tpi suitable for 40 track
96 tpi suitable for 80 track

MD1-5/8 48 tpi 1.61 117 112 1.05
MD1-DS/S48tpi 170 123 117 110
MD2-DD/S48tpi 200 144 137 129
MD1-DDS/S96tpi 1.86  1.41 1.35 128
MD2-DD D/S 96 tpi

1—10 10—40 50—90 100+

233 %76 168 160

VIDEO TAPE

VHS
Beta

Computer o

Cassettes &

High quality low noise cassette tapes. Short play, leaderless
construction for use with computer cassette systems. Eachtape
inindividual plastic library case with index card.

HOW TO ORDER; For disks add 50p per box of ten for p&p. First
class mail for small packets — next day delivery for heavier ones.
For cassettes allow £5 carriage costs (min order is 100) for next
day delivery. Post/carriage costs add VAT.

E-180
L-750

PRICE PER CARRIAGE CHGS
BOXOF 10 PLEASE SEND£2
FORBOXOF TEN—
cuila0 ANY QUANTITY
ABOVE 10 ALLOW
£44.00 £5FOR NEXT DAY
DELIVERY.
playing time per 100
10 minutes £23.00
15 minutes £24.00
20 minutes £25.00

PLEASE ADD
P.V.TUBES "%~
AOALL  Telephone:
Dept.E (0254) 36521
104 ABBEY STREET, (0254) 32611

ACCRINGTON, LANCS BBS5 1EE.

Telex: 635562 Griffin G for PV

(27m18)

Totonley Times

FREE Mail Order newspaper of
Bargains. Relays; Diodes; Thyris-
tors; Capacitors; Resistors; Bridge
Rectifiers; Cable Straps; High
Speed Fuses and Mechanical
Components.

Harehill, Todmorden, Lancs. OL14 5JY
Tel. Todmomzn (SnT'D 09?68“4931 STEWART OF READlNG
(2530) 110 WYKEHAM ROAD
READING RG6 1PL
TEL NO: 0734 68041
CAPACITY AVAILABLE TOP PRICES PAID FOR
ALL TYPES OF SURPLUS
FREE P.T.H. PROTOTYPE of the finest quality TEST EQUIPMENT,
with EVERY P.C.B. artwork designed by us. Com- COMPUTER EQUIPMENT,
Femmmsc st || comPoNeNTS s
eSIgNSs Limi v 3 .y Hal 3
Eesex. Tel. (0787) 477408/474554, ' (2126 ANY QUANTITY. _ (2616

WAVEGUIDE, Fianges 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)

OSCILLOSCOPE GOULD 100 M.Hz with built
new price £1.895; as new offers

in D.M.M.,
around £800 061 773 8847/3624

WANTED

(2714)

WANTED '

VERBGATE LTD.

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}

WANTED

SURPLUS ELECTRONIC
COMPONENTS AND
EQUIPMENT

We also welcome the opportunity to quote for
complete factory clearance
B. BAMBER ELECTRONICS
5 STATION ROAD, LITTLEPORT, CAMBS.
Phone: Ely (0353) 860185

(2483)

VALVE HI-Fl, Quad, Leak, Garrard, Radford,
Lowther, Thorens etc., All types of valve equip-
ment considered for purchase. The Vintage Wire-
less Co., Tudor House, Cossham Street, Man-
gotsfield, Bristol BS17 3EN. Tel: 0272-565472,
or Telex 437287 Sharet G. (2671)

TW ELECTRONICS LTD
THE PCB ASSEMBLERS

More and more companies are investi-
gatin? the advantages of using a profes-
sional subcontractor. Such an undertak-
ing requires certain assurances.

TW are able to satisfy all of them —
quality, competitive pricing, firm delivey
and close co-operation with the cus-
tomer.

Assembled boards at 100% inspected
before flow soldering and reinspected
after automatic cropping and cleaning.
Every batch of completed boards is is-
sued with a signed certificate of confor-
mity and quality — our final assurance.
For further details, contact us at our new
works:
Bienheim Industrial Park
Bury 8t. Edmunds
Suffolk P33 3UT

Telephone: 0284 3931 (1466)

We buy large and small par-
cels of surplus |/C, transistors,
capacitors and related
electronic stock. Ilmmediate
settlement

Tel: 01-208 0766

Telex: 8814998
(2478}

_components, redundant computers,

SURPLUS

We offer good prices for test equipment,

PCB's connectors. Immediate settle-

ment.
TIMEBASE
94 Alfriston Gardens
Sholling, Southampton S02 8FU
Tetephone: (0703) 431 323
(1832)

If an advertisement

.

swrong were here
to put it right.

If you see an advertisement in the press, in print,
on posters or in the cinema which you find
unacceptable, write to us at the address below.

The Advertising Standards Authority.
ASA Ltd, Dept 3 Brook House, Torrington Place, London WCI1E 7HN
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FOR THE BEST PCB SERVICE
AVAILABLE

*Circuit Design & Development
Digital and Analogue

wArtwork Layout
PCB artwork layout and mechanical detailing. P.O.
approved standard.

*Board Manufacture
Prototype to semi-production, excellent rates.

*Wiring & Assembly
PCB assembly, wiring and cable forming. Flow solder-
ing facilities available.

wTest
Full test facilities available.
One or all services available.

Please telephone Chelmsford
{0245) 357935, or write to HCR

SCOPES

repaired and recalibrated
All makes, all models
Scopex, Safgan Older TEK & TQ

MENDASCOPELTD.

Otter House, Weston Underwood
Olney, Bucks MK46 5JS

BEDFORD (0234} 712445
(2531)

DESIGN AND DEVELOPMENT SERVICE. RF
transmitters and receivers. Telemetery U.H.F.
V.H.F. Anologue and digital circuits, control sys-
tems. Full manufacturing facilities. RCS Electron-
ics, Wolsey Road, Ashford, Middx. Phone Dr. Eric

Electronics, The Industrial Unit, Falkner on 53661. (2637)
Parker Road, Chelimsford.
{30mins from Liverpool Street St} {1169)
ANALOG COMPUTERS LIMITED chartpak
CAPACITY NOW AVAILABLE FOR: stockist
Design & Development, Complete Artwork Service, Camera
Work, Prototype thru to Production PC B Manufacture/Assy.
5 Cork Street, Eccles, Maidstone, Kent, ME20 7HG
TELEPHONE (0622) 79987 TELEX 965633 (2348)

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 01-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

{1391}

PCB MANUFACTURE, Artwork, Assembly,
Wiring, Cableforming, etc. Prototype thru to small
batch production. We are a small company offering
high quality workmanship at low prices. Phasor
Circuits, Unit 18, Enterprise Workshop, 76 Linden
Street, Leicester. Tel 0533 735825 (2667)

SHEETMETAL WORK — Panels, Chassis, Spe-
cials, Metal Blanks, One Off's or Small Batch Pro-
duction Runs. — METALFORM, Gastle Street,

Spofforth, Harrogate, North Yorks. HG3 1AP. Tel
No. 093782 696. (2716)

SMALL BATCH PCBs, produced from your art-
work. also DIALS, PANELS, LABELS. Camera
work undertaken. FAST TURNAROUND. De-
tails: Winston Promotions, 9 Hatton Place, London
ECIN 8RU. Tel. 01-405 4127/0960. 9794)

When replying to classified
advertisements,readersare
recommended to take steps
to protecttheirinterests
before sending money
(2519)

DESIGN AND MANUFACTURE. ANALOGUE,
DIGITAL, RF AND MICROWAVE CIRCUIT AND
SYSTEM DESIGN. Also PCB design, mechanical
design and prototype/small batch production. — Ad-
enmore Limited, 27 Longshot Estate, Bracknell,
Berks. Tel: Bracknell (0344) 52023.

The Publishers take all
reasonable care to ensure that
classified advertisements are
genuine, but readers must satisfy
themselves that they will be
obtaining what they require
before en into transactions,
particularly if they involve large

sums of money. (2519)

VALVES, PROJECTOR Lamps, 6000 types, list
75p, world wide export. Cox radio (Sussex) Ltd.,
The Parade, East Wittering, Sussex. Phone
(0243) 672023 (1991)

TURN YOUR SURPLUS i.cs transistors etc. into
cash, immediate settlement. We also welcome the

opportunity to quote for complete factory clear-
ance. Contact C HARIgNG & CO, 103

South  Brink, Wnsbech Cambs. 0945
584188. (9509)
ELECTRONIC MAINTENANCE AND

INSTALLATION WORK required by independ-
ent electronics engineer based North England.
Experienced in machine control, motor drives and
microprocessors. Also interested in operaung
suitable agency. Box number 2725. (2726)

SHEETMETAL FOLDERS 18% x 18G,
Vice or Bench mode). £38. Leaflet, 01-890
7838 Anytime. (2569)

PCB HAND ASSEMBLY —any quantity.
Highest quality at sensible prices. INTER-
ESTED? Phone 01-274 3070  (2570)

PROFESSIONAL DESIGN SERVICE. Ana-
logue/RF circuit/System design. Specialising in
microwave amplifier, oscillator and network
design. MOTOROLA 6805/6809 series micropro-
cessor design/development capability. All work
carried out to a high standard by competent profes-
sional engineers. Trontech Electronic Design Ser-
vices Ltd., Unit 8B, Rose Industrial Est., Bourne
End, Bucks. 06285 28835 (2439)

Press 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 56AS
@ Rate £4.00 PER LINE. Average six words per NAME......ooeiinicinninn, b St A B4 BT AR SRR g
line. Minimum £25 {prepayable) )
® Name and address to be included in charge if
s 2o Bl ] ADDRESS ........ e T A T Tt Bl S e T ereraereerenaeaanee
@® Box No. Allow two words plus £5
® CHeques, bic; payabis, fo "PC BUSGES o e s g T e P S R

REMITTANCE VALUE ...

ENCLOSED

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION. ... ST e g TRl A

NUMBER OF INSERTIONS.......... o000
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@ Hitachi Oscilloscope

® Q@i oiim

. V-212 20MHz Dual Trace V-209 20MHz Mini-Portable
) ? (illustrated) V-509 S50MHz Mini-Portable
o~ ’ V-222 20MHz Dual Trace V-1050F 100MHz Quad Trace
V-203F 20MHz Sweep Delay V-1100 100MHz DMM/counter
V-353F  3SMHz Sweep Delay V-134 10MHz Tube Storage
V-422 40MHz Dual Trace VC-6015 10MHz Digital Storage
V-650F 60MHz Dual Timebase VC-6041 40MHz Digital Storage

g the highest quality
the most competitive prices

Hitachi Oscilloscopes provide the guality and performance that you’d
expect from such a famous name, with a newly-extended range that repre-
sents the best value for money available anywhere.

Prices start at £299 plus vat (model illustrated) including a 2 year warranty.
We hold the complete range in stock for immediate delivery.

For colour brochure giving specifications and prices ring (0480) 63570
Thurlby-Reltech, 46 High Stxeet, Solihull, W. Midlands, B91 3TB

from £299
+ VAT

CIRCLE 54 FOR FURTHER DETAILS.
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OVERSEAS ADVERTISEMENT AGENTS
France & Belgium: Norbert Hellin, 50 Rue de Chemin Veat,
F-9100, Boulogne, Paris.

Hungary: Ms Edit, Bajusz, Hungexpo Advertising Agency,
Budapest X1V, Varosliget.

Telephone: 225 008 — Telex: Budapest 22-4525

INTFOIRE

haly: Sig C. Epis, Etas-Kompass, S.p.a. — Servizio Estero,
Via Mantegna 6, 20154 Milan.
Telephone: 347051 ~ Telex: 37342 Kompass.

Japan: Mr. Inatsuki, Trade Media — IBPA (Japan), B.212.
Azabu Heights, 1-5-10 Roppongi, Minato-ku, Tokyo 106.

Telephone: (03) 585 0581.

United Statas of America: Jay Feinnan, Business Press Inter-

national Ltd, 205 East 42nd Street, New York, NY 10017 —
Telephone (212} 867-2080 — Telex: 238327.

Jack Farley Jnr., The Farley Co., Suite 1584, 35 East Walker
Drive, Chicago, lllionois 60601 ~ Telephone {312) 63074.
Victor A. Jauch, Elmatex international, P.O. Box 34607, Los
Angeiles, Calif. 90034, USA ~ Telephone (213) 821-8581 —
Telex: 18-1059.

Jack Mantel, The Farley Co., Suite 650, Ranna Building.
Cleveland, Ohio 4415 — Telephone (216) 621 1919.

Ray Rickles, Ray Rickles & Co., P.O. Box 2028, Miami Beach,
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Tomorrows Saldering Technology Today.

ANTEX Fas a worldwide rzputation for quality & service & for many years
has been one of the best known & most popular names in soldering. Always
ittt At at the fore“ront of technology, ANTEX is continually researching new and
and pack of solder better ways of achieving mcre accurate, reliable, and cost effective
solderirg. On ANTEX Soldening Irons, the advanced design of the interface
between the element & thebit allows more efficient heat transfer to the
bit and improved stability of the temperature at the point of contact with
the work. Indeed, experiments have shown that an X525 watt iron can be
used for tasks where a 40 watt iron would normally have been required.

exceptionally low leakage currents & hence
— ' I J atic S,Qphisticag,ed temperature
. I ( ) units have re dded to the ANTEX range.
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TCSU1 Soldering Unit
€14 Stand

4

SK5
Soldesing Kit

e Model X5

/

Model C

—y TR e ) S

TCSU-D
Temperature-Controlled
Soldering Unit -~

Model € SKS5 Soldering Kit. Contains R

- 15 Watss. Available for model CS 240v Iron, an ST4 7CS J-D

250,220,115,100,50 or  Stand and solder. Model C5-BP Elegant Temperatu-e

24 volts. SK6 Soldering Kit. Contains  — 17 Wats. 2<0volts, fitted  conrolled Soldering Unit

Model X¢ model X$240v Iron, an ST4 ~ with Britich 2l g. with 50 W Iron (XSD) and

- 25 Watts. Available for Stand and solder. TCSU1 built around FERRANTI

240, 220,115,100, 50,24 sK5-BP and SK6-BP ~Very robust emperature  custery-made ULA. Range

or 12 volte Soldering Kits as above with  controllec Salcering Unit, Amkent to450°C. Acc- S

Model X$-8P . British Plug. with a choic af 30 Watt urac™ + 5°C. Zero A R
25 Watt:. 240 volts, fitted  model €S (CSTC) or 40 Watt (XSTC) crosang switching. / \§ 8‘*\\

with British Plug. — 17 Watts. Available for miniature iron: . Detachable Q© & p

T4 Stanc 240,220,115, 100,50, 24  Range 65°C tc 420°C. sporge & &

—Tosuitalirons. or 12 volts. Accuracy 2%. tray. L7 EWw/10/84 ¥ ¥
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#*COMPUTER WAREHOUS!

1000’s OF
BARGAINS ot
FOR CALLERS

N THE ‘ALADDIN'S‘ CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT

Full
-DE

DIABLO/DRE 44-4000A/B 5+5 ex stock trom
t000's of spares for S30. 4000, 3200, HAWK ex stock

EX STOCK INTEGRATED CIRCUIT

HARD DISK DRIVES

refurbished DIABLO/DRE series

RKOS, NOVA, TEXAS compatible
Front load. Free stand or rack mount
Exchangeable type (via hd removal)
me302% PSU unit for 2 drives

£550 00
£293.00
£123.00

Plus in house repair, refurbishing service.
Call tor details or quotation.

OVER 100,000 ITEMS INCLUDING:

2.5 Mb disk drives

£993.00

HOT LINE DATA BASE

DISTELO

THE ORIGINAL FREE OF CHARGE dia! up data base
1000's of stock items and one off bargains.

word. no parity

01-679 1888
STILL IN STOCK

ON LINE NOW - 300 baud, full d?lex CCITT tones. 8 bit

COMPUTER ‘CAB’

All in one quality computer
cabinet with integral switched
mode PSU. Mains filtering, and twin fan cooling
Originally made for the famous DEC PDP8 computer
system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15v DC at 1 amp and -15v
DC at 5 amps. The complete unit is fully enclosed with
removable top lid, filtering, trip switch,"Power and 'Run’
LEDs mounted on Ali front panei, rear cable entries, etc.
etc. Units are in good but used condition - supplied tor
240v operation complete with full circuit and tech. man.

=

Intel D8O85AH-2 §25.00 D8271 £65.00

08202 D8257-5 8255 D3002
2732 EPROM SPECIAL fully guara
450ns £3.75, 350ns £4.00, 300ns

Keep your hot parts COOL and RELIABLE
with our range of BRAND NEW professional
cooling fans.

ETRI 99XUOI Dim. 32 x 92 x 25 mm.
Miniature 240 v equipment fan complete with

:i;lgeijuard £9.95.
ULD JB-3AR Dim. 3" x 3" x 2.5" compact
very quiet running 240 v operation. NEW £8 .95,
BUHLER89.11.22. 8-16 v DC micro
minature reversible fan. Uses a brushless
servo motor for extremely high air flow,
almost silent running and guaranteed 10,000 ¥
hr life. Measures only 62 x 62 x 22 mm.
Current cost £32.00. QUR PRICE ONLY
£12.95 complete with dats.
MUFFIN-CENTAUR standard 4” x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 v at
£6.25 of 110 v at £4.95 or BRAND NEW 240v
at £10.50. 1000's of other fans Ex Stock

all for Details. Post & Packing on all fans £1 6Q

DUAL 5’ DISK DRIVES

Current, quality, professional product of a
major computer company, comprising

2 x40 track MPI or Shugart FULLY BBC
COMPATIBLE single sided drives in a
compact, attractively styled, grey ABS
structured case with internal switched
mode PSU. The PSU was intended to drive
both drives and an intelligent Z80 controller
with over 70 ic's. The controller has been
removed leaving ample space and current
on the +,-5, +12 and -12 supply for all
your future expansion requirements.
Supplied tested with 30 day guarantee in
BRAND NEW condition with cable for BBC
micro. Ex Stock at only £

+ £10.00 carr. Limited Quantity Only

GE TERMIPRINTER

A massive purchase of these desk top
printer -terminals enables us to ofter you
these qualiz 30 cps printers at a SUPER
LOW PRICE against their originat cost of
over £1000. Unit comprises of full QWERTY.
electronic keyboard and printer mech with
print face similar 1o correspondence quality
typewriter. Vanabie forms tractor unit
enabies full width - up to 13.5" 120 column
paper, upper - lower case, standard RS232
serial interface, internal vertical and
horizontal tab settings, standard ribbon
adjustable baud rates, quiet operation ptus
many other features Suoolie(fcomolete
with manual. Guaranteed working £130.00 or
untested £85.00, optional tloor stand €1 2504

Carr & Ins £10.00.

DATA MODEMS

Join the communications revolution with our
range of EX TELECOM data modems. Made to
most stringent spec and designed 0 operate
for 24 hrs per day Units are made to the
CCITT tone spec With RS232 /o levels via
a 25 way D skt Umts are sold in a tested
and working condition with data Permission
may be required for connection to PO lines.
MODEM 20-1 Compact umit for use with
MICRONET, PRESTEL or TELECOM GOLD
etc 2 wite urrect connect 75 baud transmit
1200 baud receive Data /o via RS232 D
socket Guaranteed working with data £49 95
MODEM 20-2 same as 20-1 but 75 baud
receve 1200 baud transmit £130.00
TRANSDATA 307A 300 baud acoustic
coupler RS232 1/0 £95.00 brand new.C£4.50
NEW DSL2123 Multi Standard modem
selectable V21 300-300 lg)s V23 75-1200,
V23 1200-75 full duplex Or 1200-1200 half
duplex modes. Full auto answer via modem or
CPU. LED status indicators. CALL or ANS
modes Switchable CCITT or BELL 103 &
202. Housed in ABS case size only 25" x 8.5”
x 9. £286.00 + VAT

For further data or details on other EX STOCK
modems contact salas office.

S
Y _c250
>

FP1500 Heavy Duty 25 cps daisy wheel
RS232 interface, bi directional printers,
Brand New at £499.00

CALL FOR MORE DETAILS

nteed
£4.50

AVE“SUPER PRINTER SCOOP

2 BRAND, cenTRONICS 7352

The “Do Everything Printer” at agnce that will
NEVER be repeated. Standard CENTRONICS
paraliel interface for direct connection to BBC,

ORIC, DRAGON etc. Superp print quali? with full

g in addressable graphics and 4 type fonts plus

HIGH DEFINITION internal PROPORTIONAL SPACED
MODE for WORD PROCESSOR applications. 80-132
columns, single sheet, sprocket or roll paper handling plus
much more. Available ONLY from DISPLAY ELECTRONICS
at the ridiculous price of OWLY E199.00 + VAT Complete with
tull manual etc. Limited quantity ~Hurry while stocks last
Options. Interface cable %specify) tor BBC, ORIC,
DRAGON or CENTRONICS 36 way plg €12.50. Spare ribbon
£3.50 each BBC graphics screen dump utility program £8.60.
Carriage and Ins £10.00 + VAT

SPECIAL 300 BAUD MODEM OFFER

Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND
NEW or little used 2B data modems allows US to make the FINAL
REDUCTION, and tor YOU to join the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £29.95. Made to
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!!

Give your system that professionat finish for only

€49 95 + Carr Dim 19" wide 16" deep 105" high
Useable area 16'w 10.5"h 11 5"d, X
Also available LESS PSU, with FANS etc. Internal dim.
19"w. 16"d. 10.5"h. £19.98. Carriage & insurance £9.50.

BUDGET RANGE
VIDEO MONITORS

At a price YOU can afford, our range of EX
EQUIPMENT video monitors defy
competition!! All are for 240v working with
standard composite video input. Units are
pre tested and set for up to 80 col use on
BBC micro. Even where MINOR screen
burns MAY exist -~ normal data displays are

unaffected. ,

1000's SOLD TO DATE
9” HITACHI very cormpact [f)ully cased. dim.
21cmH x21cm W x 22cm D Black an
white screen f’g 95
12" KGM 320-321, high bandwidth input,
will display up to 132 columns x 25 lines.
Housed in attractive fulty enclo£sgg 95
brushed alloy case. B/W only |
GREEN screen£39.95
24" KGM large screen black & white
monitor fully enclosed in light alloy case.

|deal schoglis. shops. clubs etc.

ONLY £55.00

14* BRAND NEW Novex COLOUR type
NC1414-CL. Many exacting features such
as RGB TTL and composite video input,
GREEN TEXT key. interna! speaker and
audio amp. Even finished in BBC micro

gﬂfplﬁgg?;bs. Fully guaranteed.

® 300 baud tull duplex 3 ~~“’ + @ CALL, ANSWER and AUTO modes
® Full remote control N # @ Standard RS232 serial interiace
@ CCITT tone standards NOW ONLY - @ Built in test switching

® Supplied with full data 44 529_95 240v Mains operation

® Modular construction » . @ 1 yearfull guarantee

® Direct isolated connection  / ", @ Just 2 wires to comms. line

Order now — while stocks last. Carriage and Ins. £10.00

8" 19MB WINCHESTER DISK DRIVE

Made in the UK by a subsidiary of the World's largest disk drive manufacturer
This BRAND NEW “end of line" unit offers an outstanding opportunity to add a
MASSIVE 19 mb of storage to your computer system. Superbly constructed
on a heavy die cast chassis the DRE 3100 utilises 3 x 8" plattens in a dust
tree cavity. All drive tunctions are controlled by microprocessor electronics
using an INTEL 8035 cpu and TTL support logic. Data to the outside world is
via two comprehensive 8 bit TTL level bi Jirectional data busses with full status
reporting for ease of interfacing. Many features such as Av. seek time 35 ms,
512 bytes per sector, +24, -24 and +5 v DC supply, plug in card system, and
compact size of approx. 19cm H x 21cm W and 42cm D etc, etc. make this item
a real snip.

Units are BRAND NEW and BOXED and sold at a FRACTION of original cost
- hence unguaranteed. Complete with 150 page manual. circuits and
applications guide.

ON LY £225 -00 Carriage £10.00

Suitable power supply unit — soid ONLY with drive £39.95.
PROFESSIONAL KEYBOARD OFFER

An advama%%ous purchase of brand new surplus allows & great QWERTY_ full travel,
chassis keEy ard ofter at fractions of their onginal costs. )
ALPHAMERIC 7204/80 full ASCII 60 key, upper. lower + control key, parallel TTL
output plus strobe. Dim 12" x 6" +5 & -12 DC. £39.50.

DEC LA34 Uncoded keyboard with 67 quahty, GOLD. normally open switches on
standard X Y matrix. Compiete with 3 LED indicators & 1/0 cable - ideal micro
conversions etc. pcb DIM 157 x 45" £24.95 Carnage on keyboards £3.00.

667% DISCOUNT ..

COMPONENTS
EQUIPMENT
Due 1o our massive bulk purchasing programme which enables us 10 bring you the best possible
bargains. we have thousands of [.C s. Transistors. Relays. Caps. PCB s. Sub-assembfies.
Switches. etc etc. surplus 1o our requirements, Because we don t have sufficient stocks of any
one item 10 (nclude In our ads. we are packing all these items into the  BARGAIN PARCEL OF A
LIFETIME  Thousands of components at giveaway prices! Guaranteed to be worth gy
at least 3 umes what you pay Unbeatable vajue'! Sold by weight  ~ "6.&
2.5kis £4.25 + pp £1.25 Skis £5.90 + £1.80 O
10kis £10.25 + pp £2.25 20 kls £17.50 + £4.75

Carriage on afl modems £10.00 + VAT.

ST

Iy TN~
NI

CES PLUS VAT

Carriage and ins on ALL videos £10.00

SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing value contents
inclode transistors, digital, tinear, | C.'s triacs,
diodes. bridge recs.. etc. etc. All devices
uaranteed brand new full spec with manu-
acturer's markings, tully guaranteed.
50+ £2.95 100+ E£5.18
L TTL 74 Series A gigantic purchase of an
across the board™ range of 74 TTL series
C’s enables us to offer 100+ mixed
mostly TTL" grab bags at a price which two
or three chips 1n the bag would nnormally
cost to buy Fulty guaranteed all 1.C's full
spec 100+ £6.90 200+ £12.30 300+ £19.50

EX STOCK

DEC CORNER

BA11-MB 35" Box, PSU,LTC  £385.00
DH11-AD 16 x RS232 DMA

interface £2100.00
DLV11-J 4 x EIA interface £310.00
DUP11 Sych. Serial data i/o £650.00
DZ11-B 8 line RS232 mux board £650.00
LA36 Decwriter EIA or 20 ma loop £270.00
LAXX-NW LA180 RS232 serial interface

and buffer option £130.00
LAX34-AL LA34 tractor feed £85.00
MS11-JP Unibus 32 kb Ram £80.00
MS11-LB Unibus 128 kb Ram  £450.00 i
MS811-LD Unibus 256 kb Ram  £850.00
MSC4804 Qbus (Equiv MSV11-L)

256 kb £499.00
PDP11/05 Cpu. Ram, i/0, etc. £450.00
PDP11/40 Cpu, 124k MMU
RT11 ver. 3B documentation kit
RKO5-J 2.5 Mb disk drives
KLBJA PDP 8 async i/o
MIBE PDP 8 Bootstrap option
VT50 VDU and Keyboard -

current loop

£175.00

1000’s of EX STOCK spares for DEC
PDP8, PDP8A, PDP11 systems &

peripherals. Call for details All types of
Computer equipment and spares wanted
for PROMPT CASH PAYMENT.

Allprices quotedare for U.K Mainland, paid cash with order in Pounds Stining PLUSVAT. Minimum order value£2.00, Minimum Credit
Cardorder£ 10.00. Minimum BONA FIDE account orders from Governmentdepts, Schoois, Universities and established companies

£20.00 Where post and packing not indicated please ADD £1.00. + VAT Warehouse open Mon-Fri 9.30 - 5.30. Sat. 10.15— 5.30.
We reserve the right to change prices and specifications without notice. Trade, Bulk and Export enquifies welcome

— _ 32 Biggin Way, Upper Norwood, Londor SE17 3XF

Telephone 01-679 4414 Telex 27924
" CIRCLEF, 003 FOR FURTHER INFORMATION
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