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FARNELL kW AUTORANGING POWER SUPPLIES

Compact, lightweight and efficient switch mode power
supplies

for bench or rack mounting in manual or systems
appiications

Fast remote programming speed

Autoranging output

Constant voltage, constant current

Operating modes:
Local or bus control
Remote programming
Remote sensing

Auto parallel

Auto series

Auto tracking

Ten turn voltage and current controls

Digital display of voltage, current, over voltage sefting and
status flags

Bar graph indication of voltage/current capacity

Front panel adjustable over voltage limit

Front panel output enable switch

Current monitoring output

@ opfion provides:

Bus control of voltage and current
Bus measurement of voltage and current
Clear LED indication of bus control, listen, talk, SRQ

The Programmable AP Series
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NUMBER 1

* OUR UNIQUE DIGITAL IC TESTER WILL
TEST OVER 1000 DEVICES FROM TTL,
CMOS, MEMORY AND INTERFACE
FAMILIES.

* SIMPLE KEYPAD OPERATION MEANS NO
NO COMPLEX PROGRAMMING OR SETTING
UP.

* “CHIP-SEARCH” FEATURE ALLOWS
IDENTIFICATION OF UNKNOWN,
UNMARKED OR HOUSE CODED DEVICES.

* PRICES FROM £573.00.

The A.B.I. Digital IC Tester

NUMBER 2

SEE US ON * 16 CHANNELS, 10 MHZ.
STAND 446 AT THE » EXTERNAL OR INTERNAL CLOCK WITH
ALL ELECTRONICS VO QUALIFIER INPUTS.
SHOW, OLYMPIA " TRiGGER PATTERN SELECTION.
APRIL 30, * VARIABLE TRIGGER POSITION.

TS TAURCH e peamecinay wo o
OF THIS NEw * PRICE, COMPLETE WITH ALL PROBES AND

PRODUCT CLIPS — £439.00.
The A.B.1. 16 Channel Logic Analyser
A.B.I. ELECTRONICS LTD., TELEPHONE:
UNIT 21, (0226) 751639
ALDHAM INDUSTRIAL ESTATE,
WOMBWELL, TELEX:
BARNSLEY, 547376 CEAG G (FOR A.B.L.)

SOUTH YORKSHIRE S73 SHA

CIRCLE 72 FOR FURTHER DETAILS.
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Printer buffer
by M. Catherwood

General-purpose
computer board can be
programmed to hold text
for printing so that your
microcomputer can be
freed for other tasks.

27

Channel code and disc
format
by J.R. Watkinson

This installment in our
Compact Disc series is
the first of two covering
eight-to-fourteen
modulation, eye patterns,
sub-codes and error
correction.

31

The post-war stride
into aerospace
by R.E. Young
Third in an eight-part
series that sets out to
probe the hidden
strengths of Britain’s
‘total engineering power.

REGULARS

’

37

Electronic altimeter
by Frank Ogden

Design uses pressure
transducer to act as
vertical speed indicator
as well as altimeter.

43

Automatic enlarger
timer
by J.L. Linsley Hood

Time-consuming use of
contact strips is avoided
by sensing reflected light

from bromide surface.

47

The new logic symhols
by lan Kampel

Practical aspects of
implementing new
international standard for
logic symbols.
Third and final article
gives practical.

59

Look after your sealed
nickel-cadmium cells
by Rod Cooper

A rigorous discussion of
failure modes with
suggestions for avoidance
tactics, in two parts.

63

Sampled-data servos
— a new analysis
by D.M. Taub

Prior to computing servo
performance Dr Taub
considers the reverse of
the sampling process:
conversion from a
sampled-data signal to a
continuous signal.

67

DC supplies from ac
sources
by K.L. Smith

Constructing a stabilized
power supply

73

Power supplies

An introduction to bench-
type units, with tips for
the first-time buyer and a
tabulation of what'’s
available.

6

News commentary
A standard for lans?
Alice through the cash
nexus
Automatic route planning
uses CD
ITEC for the blind
In brief. . .

13

Communications
commentary

17
Feedback
Logic symbols
Campaign for real a.m,
Liquid crystals
DC supplies
Basic physics

24

Events
Round-up of lectures,
colloquia, and
conferences during May

53

Circuit ideas
Shaft encoder interface
Divide-by-n clock circuit

6800 peripherals with Z80
One-in-n way latch

83

New products
GPIB for Apricot
Low-cost logic analysers
8088 trainer
Bug hunter
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Front cover shows
John Linsley Hood’s
automatic enlarger
timer, featured on
page 45. Cover design
by Phil Brooker;
photography by
Kenneth Crook.

NEXT MONTH

David Stonebanks shows
how to improve
performance of cassette
recorders with the BBC
micro and details an
alternative method.

Design for a video
camera and computer
interface stores eight
picture elements from
each scan line at a time,
reducing the time for
storing a picture by a
factor of eight.

High-performance helical
antenna covers the whole
70cm amateur band
though it can be readily
adapted for other bands.
Using easy-to-obtain
parts, it forgives minor
inaccuracies and gives
true circular polarization.

Circuit ideas include
automatic inverter switch-
on, easy-to-read
hexadecimal display, and
over-current trip circuit.
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BBC Micro Computer System
BBC Computer & Econet Referral Centre

BBC Computers:

Model B: £299 (a) B+DFS: £346 (a)

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

ACORN 10 Mbyte Hard Disc £1300 (a)

ACORN 2nd Processors: 6502: £175 (a) Z80: £352 (a)
TORCH UNICORN: Z80 Card: £275 (a) Z80 Disc Pack: £650 (a)
UNICOMM Communications Package: £159 (b)

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

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

01"208 1177 TECHNOMAT[C LTD 01"208 1177

PRINTERS

EPSON: RX80T £210 (a); RX80FT £220 (a); RX100 £345 (a);
FX80 £315 (a); FX100 £430 (a); KAGA TAXAN: KP810 £255 (a);
KP910 £359 (a) BROTHER: HR15 £340 (a); JUKI 6100 £340 (a).
GRAPHICS PLOTTER WORKSTATION Complete £490 (a)
Basic Plotter £270 (a); HI-Plotter £399 (a)

ACCESSORIES
EPSON Serial Interface: 8143 £28 (b); 8148 with 2K buffer £57 (b).
EPSON Paper Roll Holder £17 (b); FX80 Tractor Attach £37 (b); RX/FX80 Dust Cover £4.50 (d)
EPSON Ribbons: MX/BX/FX80 £5.00; MX/RX/FX100 £10 (d).
JUKI: Serial Interface £65 (c); Tractor Attach, £99 (a); Sheet Feeder £182 (a); Ribbon £2.50 (a)
BROTHER HR15: Sheet Feeder £199; Ribbons — Carbonor Nylon £4.50; Multistrike £5.50 (d);
2000 Sheets Fanfold with extra fine perf. 9.5in. — £13.50; 14.5in. £18.50 (b).
BBC Parallel Lead £8; Serial Lead £7 (d).

BT Approved Modems
MIRACLE WS2000:
The ultimate world standard modem covering all common
BELL and CCITT standards up to 1200 Baud. Allows
communication with virtually any computer system in the
world. The optional AUTO DIAL and AUTQ ANSWER boards
enhance the considerable facilities already provided on the
modem. Mains powered. £129 (c) Auto Dial Board/Auto
Answer Board £30 (d) each (awaiting BABT approval)
Software lead £4.50
TELEMOD 2:
Complies with CCITT V23 1200/75 Duplex and 1200/1200
half Duplex standards that allow communications with
VIEWDATA services like PRESTEL, MICRONET etc. as well
as user to user communications. Mains powered. £62 (b)

SOFTY Il

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

BUZZBOX: Softyll ...... £195.00(b)
This pocket sized modem compiies with V21 300/300 Baud Adaptor for 2764/
and provides an ideal solution for communications between 2564 . .£25.00

users, with main frame computers and bulletin boards at a
very economic cost. Battery or mains operated. £52 (c)
Mains Adaptor £8 (d) BBC to Modem data lead £7

DISC DRIVES

These drives, fitted with high quality JAPANESE mechanisms are supplied in attractive steel
cases painted in BBC colour. The drives are fully Shuggart A4000 compatible. All versions of
drives are offered with or withoutintegral power supplies. Power supplies for dual drives are of
switch mode type and generously rated. All drives come complete with data & power cables,
manual and BBC formatting disc.

Single Drives:

1X100K 40T SS: TS100 £85 (b); PS100 with psu £125 (b)

1X400K 80/40T DS: TS400 £125 (b); PS400 with psu £149 (b)

Dual Drives

Stacked Version:

2X100K 40T SS: TD200 £175 (a); PD200 with psu £200 (a)

2X400K 80/40 DS: TD80O £275 (a); PD80O0 with psu £300 (a)

Plinth Version:

2X100K 40T SS: TD200P £195 (a), PD200P with psu £220 (a)

2X400K 80T DS: TDBOOP £295 (a); PDBOOP with psu £315 (a)

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

40 Track SS DD £15(c) 40 Track DS DD £18(c)
80 Track SS DD £22 (¢) 80 Track DS DD £24 (c)
DRIVE ACCESSORIES

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

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

Dual Disc Cable £8.50 (d)
30 Disc Storage Box £6 {c)
100 Disc Lockable Box £19 (c)

MONITORS

MICROVITEC 14in. & 20in RGB
1431 Std Res £165 (a); 1431 Ap std Res PAL/Audio £205 (a);
1451 Med Res £240 (a); 1441 Hi Res £389 (a);
2030CS Std Red £380 (a); 2040CS Hi Res £685 (a)
Plinth for 14in. Monitors £8.50.
Microvitec Monitors with TTL/Linear Inputs also available.

KAGA TAXAN 12in. RGB
Vision il Hi Res £225 (a); Vision lll Super Hi Res £325 (a)
Green Screens; KAGA 12G £99 (a); SANYO DM811 112CX £90 (a);
Swivel Stand for Kaga Green £21 (c)
BBC Leads: KAGA RGB £5 Microvitec £3.50; Monochrome £3.50 (d)
SANYO CD 3125 NB 14in. RGB Std Res £169 (a)

UVERASERS PRINTER BUFFER

UV1T Eraser with built-in timer and mains indicator This p(;lnter sh|are|n’buﬂer provides a S>{)“D|e Wag to
ift- i 1 upgrade a muitiple computer system by providing
zﬁ;;l;?:gllﬁ\e/g;: oravodiaccdentalexpasute greater utiiisation of available resources. The buffer

offers a storage of 64K. Data from three computers
ltcanhandle upto 5 eproms at atime with an average

can be loaded into the buffer which will continue

erasing time of about 20 mins. £59 + £2 p&p. accepling data until itis tull. The butter will automati-

UV1 as above but without the timer. £47 + £2 p&p. cally switch from one computer to next as soon as

“For Industrial Users, we offer UV140 & UV141 era- that computer has dumped allits data. The computer

sers with handling capacity of 14 eproms. UV141 has gﬁgslsrv?éﬂ'oars‘eu;(:g:mgngglees pLuEsE gﬂ:ggp&w{?&
abuiltin imer Both offer full built in satety features 7

UV140 £61, UV141 £79, p&p £2.50. provides. REPEAT, PAUSE and RESET tunctions

Integral power supply. £245 (a)
Cable set £30

ATTENTION

Al prices in this double page advertisment are CONNECTOR SYSTEMS
subject to change without notice. AMPHENOL TELEPHONE
ALL PRICES EXCLUDE VAT |D CONNECTORS EDGE . C?NI‘EECTORS CONNECTORS
i Speedbiock T way plug Centronics
Please add carriage 50p unless T8 ikl iaade S Bsecotl Eage CONNECTORS (solder 500p (IDC) 475p 4-way plug 110p
indicated as follows: ways  Plug  ‘acle Conn 36 way skt Centronics 6-way plug 180p
(a) £8 (b) £2.50 (c) £1.50 (d) £1.00 ! %p 8%  120p 0.1 0156 (solder) 550p (IDC) 500p 6-way rt ang.skt 160p
£ 1;35 :ggg ;2(5)5 2 beay fcommedore e R 24 way plug IEEE (solder) Flexible cable
2 < 10-way P =
ACORN IEEE INTERFACE 3¢ 200p  160p  320p | 2 12:way (vic 20) — 350p 475p (IDC) 475p 4-way 50p/m
B 0 220 190] 3404 b — 4 ki IEEE (sold:
A fullimplementation of the IEEE-488 standard, pro- % T oon e | 2 . - 1o 200";3({05(:) 500p(50 erl 6-way 72p/m
viding computer control of compatible scientific & 2% 25-way 25p  220p PCB Mtg Skt Ang Pin RIBBON CABLE
technical equipment, at a lower price than other sys- D CONNECTORS 2x 28-way (Spectrum)  200p = 24 way 700p 36 way 750p
tems. Typical applications are in experimental work CTO f:ﬂg;:g; = n—_ {eyimerre) .
in academic and industrial laboratories. The inter- N°9°' e s | 2x22way 150p  — GENDER CHANGERS e o By O
face can support a network of upto 14 other compati- MALE: Ay 2005 5009 25 way D type 20way  85p  S0-way  200p
ble devices, and would typically link several items of Ang Pins 120 180 230 350 | 2x50-way(S100conn; 600p  — M Mal £10 26-way 120p  6é-way 280p
test equipment allowing them to run with the opti- Solder 60 85 125 170 Mg:: {g F:rﬁale £10 DERS
mum of efficiency. The IEEE Filing System ROM is IDC 175,275 325 Fermala 1o Female o DIL HSEQ o
supplied £282 SPn T 100 140 210 380 EURO CONNECTORS 14 pin wp 100
Ang Pins 160 210 275 440 g';‘ g;i‘gy sl ) RS 232 JUMPERS 16 pin 50p 110p
I 1 290 : P P -
INDUSTRIAL PROGRAMMER G 195 529 378 o0 | 2x32wayAngPn  275p 320p 24 Single enaNiale £5.00 ;g - 2(5)p -
EP8000. ) Sttood 90 95 100 120 | 3X 32way StPin 260p 300p 24" Single end Female £5.25 pin 2
This CPU controlled Emutator Programmer is a pow- Screw 130 150 175 - 3X 32way AngPin  375p 400p 24" Female Femaie £10.00 24 pin 100p 150p
erful tool for both Eprom programming and develop- Lock IDC Skt A+ B 425p (2, oI £a.50 1 28pin 200p =
ment work. EP8000 can emulate and program all IDC SktA +C 425p : 40 pin 200p 225p
eproms up to BKX8 bytes, can be used as stand TEXTOOL ZIF For 2 X 32 way piease specify DIL SWITCHES MISC CONNS
alone unit for editing and duplicating EPROMS, as a SOCKETS 24-pin £5.75 spacing (A + B, A + C). 4-way 90p 6-way 105p 21 pin Scart Connector  200p
slave programmer or as an eprom emulator £695(a) 28-pin £8.00 40 pin £9.75 8-way 120p 10-way 150p 8 pin Video Connector  200p

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-452 1500

Using ‘Prestel’ type protowls. For information

& orders — cvenings and weekends.
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scucs  [SEERNEERIE Y coc oo LINEAR IC COMPUTER COMPONENTS
: 74278 170 | oiSh80 190 | [4C00 070 aso [ ap7ser 1200 | wwrn 100 | TeasaM 075 P 8287 425 EPROMS MC14411  9.00 KEYBOARD
74279 0.90 7405283 o0 | 74C0¢ ! 090 ADCOB0S 1190 | Lm723 00 | TBA320 2.00 6.50 82880  11.00 MC14412 7.50 ENCODERs
g 74283 1.05 | 4069 0.35 AM7910DC  25.00 | LM7245CN  3.00 TBA9SO 225 10.50 8755  16.00 2516+5V  3.50 75107 0.90
. 74742 3.20 7415290 0.80 74C08 0.70 120 AN103 200 | M7 85 1C9108 5.00 350 TMS9903 25, 2516-35 550 75108 0.9 AY52376 11.50
. 74290 0.90 7418292 9.00 74610 070 0.55 AY-1-5050 1.0 LM741 0.22 TCA210 350 H 59903 25.00 5 . AY53500 7.50
0.30 7405293 0.80 . 0.55 AY-3-1350 350 | Lm747 0.70 2.50 12.00 TMS9911 18.00 2532 4.50 75109 1.20 C922
! 74293 090 74014 055 | AV38010 450 | wrs o0 | TCA2T0 380 550 | TMS9911 1400 | 2532 550 | 7510 o090 | 14 530
0.40 7415295 1.40 150 . - 740923 6.50
74298 1,80 40108 AY-3-B910 4.00 Lvgn 480 TCA940 175 2564 8.00 75112 1.60 4 .
0.40 | 74351 200 | 7418297 8.00 [ .00 190 | ay.3.8912 500 | LMig14 150 | ToAtol0  2.25 280P10 2.60 o folac - W
0.30 74365A  0.80 748298  1.00 110 CA3019A 100 | LM18o! 3.00 ! 280P10 2.50 5 75113 1.20
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5 740803 0.24 7418367 052 74C107  1.00 075 CA3189E 270 | MB3TI2 200 8748 18.00 2101 4.00 | TMS2716 5.00 75189 0.60 3
0.40 g b - 74C150  5.00 0% CA3240E 1.50 | MC1310P .50 . TMS1601 12,00 ' 75365 1.50 ik
040 | 74804 024 | 74S368 050 | 7,10 3o 070 | Caassos 270 | mctea  o7s : 1mM39980 1200 | 2192 250 CRT - BMHZ
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NEWS COMMENTARY

Alice through the cash nexus

Money is extremely useful as a
measure of market value in the
exchange of goods and services
but becomes tyrannical when
used to exert power over
people. The present UK
government has raised the
power of money to a new
height, both in their technical
use of monetarist economics
and in the way they seem to
attribute an almost mystical
essence to that rationale of
human greed known as market
forces.

Two recent proposals
illustrate the fact that almost
anything can be sold. In the
past men have traded their
wives, their children and their
honour. Now, in the field of
radio communication we are
facing the prospect of two new
commodities being brought out
of the grocer’s store-cupboard
to be added to the list of things
available over the counter. One
1s a natural resource, the

electromagnetic spectrum; the
other a mass-medium, public
service broadcasting.

Recent debates on financing
the BBC have made it quite
clear that a good many
politicians are willing to
abandon the central principle of
public service broadcasting.
They are saying it would make
good sense for the BBC to
obtain at least some of its
income be taking advertising.

Most of the discussion
around this possibility seems
only to have considered matters
of expediency. It has largely
ignored a central point about
public service broadcasting. If
we agree that sound and
television broadcasting in the
UK has reached a level of
proficiency in all departments
(news, entertainment, arts,
education etc.) that makes it a
really valuable contributor to
our culture, then we should do
it the honour of being ready to

pay for a substantial part of it
directly — like books, music,
theatre, films — either through
licence fees or equivalent
methods.

Commercial broadcasting,
though capable of producing
excellent programmes, is
vitiated by its dual function. It
cannot escape the fact that
advertisers are only interested
in it as a medium for selling.
And unquestionably this
pressure distorts its general
character. Ask Michael Grade,
for example, the new Controller
of BBC 1, who used to work in
commercial television.

As for the electromagnetic
spectrum, the Government has
commissioned a firm of
management consultants to do a
feasibility study of pricing the
spectrum. They have made no
policy decision yet, but want a
technical and economic analysis
of what would be the effects of
pricing if used as a means of

assigning frequencies when
demand exceeds supply.

The mere fact that the
Government is even considering
such a measure must be
thoroughly condemned, on two
counts. Both are matters of
principle. First, the e-m
spectrum is a free natural
resource, not a property owned
by anybody, even the state, and
is therefore not available for
sale. To commandeer this
resource would be an offensive
and dictatorial action, not
worthy of a government which
is always prating about
freedom.

Secondly, the expedient of
leaving the distribution of
spectrum space to the
mechanism of market forces is a
cop-out. It avoids the
responsibility of having to make
difficult political decisions on
the relative social worth of
different claims for frequencies.
One cannot respect a
government which even
entertains the notion that
technical expediency could be a
substitute for political
responsibility.

British lan agreement

A number of British computer
manufacturers have agreed on a
standard for local area networks
and many others seem likely to
follow suit. This follows a
feasibility study commissioned
by the British Microcomputer
Manufacturing Group in
conjunction with the DTI and in
consultation with the BSI.
Concerned about the
existence of a great number of
micro network designs in the
market, the BMMG were afraid
that the lack of common
standards and the resulting
confusion of incompatible
systems would discourage
potential users and undermine
their own credibility. Another
danger was the possibility of
one major manufacturer (IBM)
producing a design which would
dominate the market to the
disadvantage of both users and
other manufacturers. A year
ago they set out a programme
to identify, design, specify and
encourage the adoption of a
local area network standard that
would be accepted by UK
manufacturers and users, and
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promoted as a British and
International Standard.

The report was undertaken
by Dr Chris Shelton, a member
of BMMG, acting as consultant
and involved interviewing all the
manufacturing members of
BMMG as well as a number of
users to identify their needs. He
needed to define a ‘local area
network’ and define its
functional parameters and their
compatibility with the Open
System Interconnection (OSI)
protocol standard of the ISO.

The report, which took ten
months in preparation, has now
been published. The
recommendations are presented
in an ordered sequence for
implementation. The main point
is the adoption of a low-cost
scheme that would lead to the
final goal of a full OSI
environment. The implement-
ation of each phase “creates the
opportunity to advance to the
next.”

Phase one is concerned with
the hardware and is the easiest
part of the scheme to
implement. Existing 1.a.ns were

varied chiefly because there was
no standard when their
development started and off the
shelf systems were too
expensive. One system Arcnet
was preferred by many because
of its high degree of integration;
just two i.cs and a hybrid that
includes medium access control
(m.a.c.) firmware. However the
report rejects all existing l.a.ns
because of the high licence fees
associated with proprietary
designs; the components may
not be multi-sourced; may not
be readily applied to different
microprocessor bus systems;
the proprietary interest may
preclude the adoption of a
system as a standard and the
originator may not be prepared
to publish sufficient detail to
enable the l.a.n. to be specified
as a standard.

The hardware recommend-
ations derived from a study of
existing systems and the needs
of users are: compatible speed
options of 250, 500, 1000, and
2000Kb/s; operation over a
distance of 1km. To be
connected through low-cost
75Q coaxial cable. Connectors
should be BNC (or DIN for the
slowest speed); interconnection
should be bus based though this
could be arranged in a star; no

repeaters or active elements in
the cable which is to be isolated
through transformers. RS422
signal level. The signal can be
modulated using m.f.m. or
Manchester to take advantage
of new l.s.i. devices such as the
AMD 7960. Various options are
presented for the implement-
ation of the interface hardware.

The cheapest, at £10-worth
of semiconductors consists| of
an h.d.l.c. device within the
clock, modem and driver
receiver circuits. This puts the
l.a.n. with the budget of the
low-cost microcomputers but
the software responses of such
devices may limit the line speed
to 250Kb/s. For a silicon price
of about £25, it would be
possible to offload the l.a.n.
support onto a co-processor and
the l.a.n. could operate at up to
1Mb/s. For £10 more, a direct
memory access chip could be
added and the performance
could be extended to 2Mb/s. At
the conclusion of phase 1
manufacturers would have plug-
compatible hardware. The
report recommends the
adoption of these hardware
standards or find an existing
system, such as V-Net or
Strathnet, neither of which are
adequately documented, which
are potentially available for
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unrestricted use.

Phase two is the adoption of
an intenm software standard so
that a useful product can be
achieved as soon as possible.
The report suggests that the
Digital Research DR-Net which
will communicate with
concurrent DOS is suitable
because of its wide use, this
incorporates a m.a.c. layer,
though for the low-cost micros
the m.a.c. layer could be
implemented through their own
schemes. It is hoped that at the
conclusion of this phase
different manufacturers’
equipment will operate together
as a multi-user computer.

Phase three recommends that
DR-Net be replaced by OSI
protocol to enable different
operating systems to be used.
Dr Shelton admits that the
remaining three phases are
more tentative and should be
taken as suggestions. They are:

4 — To extend the system to
a number of other operating
systems to ensure its widest
use, while also providing the
widest scope for software
developments to adhere to the
standards. 5 — To organize,
within this compatible
environment, a gateway for
connecting this standard of
l.a.n. to other standards that
may exist, and a gateway to the
package switched network. 6
— To cover the longer term of
ensuring that application
software is developed which can
work under this 1.a.n. standard.
The BMMG has accepted the
report wholeheartedly and at
least ten manufacturers have
agreed to implement its
recommendations. It is thought
that with such a kernel many
other manufacturers will join
the bandwaggon to make it a de
facto British standard and
ultimately a world standard.

A telephone designed for use in the third world.

It is solar powered and communicates by radio, with
battery back-up. The equipment can also act as a relay to
act as a local link so that remote villages can communicate
with each other. Designed by Plessey Radio Systems.
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Cable news

Geoffrey Pattie, the IT Minister
was full of praise for Swindon
Cable at a recent visit.

Swindon Cable is the first cable
operator to offer new services
on a wideband system and they
have just scored another first
with the introduction of a
French tv channel, TVS, to
their choice of programmes.

“There have of course been
setbacks but this system has
demonstrated that they can be
overcome. | believe that the
cable industry can make a very
positive contribution to the
prosperity of the country. Cable
means investment in new
technology and new jobs. It will
give this country an advanced
broadband infrastructure
offering not only entertainment
bus also new interactive
services for bisinesses and
domestic customers.

“We have always taken the
view that cable is an industry
which should be privately
financed but that the
Government still has an active

role to play in the future of the
industry. We have created the
right legal framework and the
Cable Authority has announced
the first five areas for which it
is seeking new applications.”
Swindon Cable is a wholly
owned subsidiary of Thorn EMI
and was one of the eleven initial
pilot projects. The five new
areas under consideration are
Bolton, Cheltenham and
Gloucester, West Surrey, and
Wandsworth and Tower
Hamlets, both in London.
@ BT has announced that it has
clinched a deal that will allow
the direct reception of the
American cable tv channel,
Cable News Network. The
channel will be available to
British broadcasting companies
from September. Cable news
network will be beamed from
the headquarters of Turner
Broadcasting Systems, in
Atlanta to an Intelsat V satellite
which is also used to disttribute
cable tv channels to networks
within the UK. British Telecom
International also hope to be
able to distribute the network to
other European countries.

Electronic co-pilot

for cars

An electronic system is being
developed to provide cars with
automatic route planning it
knows the position of the car
and can specify it at any
moment, and can also provide a
number of details about the
environment or the destination
of the journey. The Carin (car
information and navigation)
project is the brainchild of the
Geldrop Project Centre of
Philips Research Laboratories.
It is planned that the system is
coupled to dashboard functions
and a speech synthesiser to
inform the driver of any
problems, such as low petrol or
oil, battery faults or high engine
temperature. The system could
also be linked to traffic
warnings received over the car
radio and thus avoid areas of
heavy congestion, or road
works.

At the heart of the
computerized system is a
modified compact disc player
which could not only play
compact discs but also read
road information stored on

discs, for example a complete
road map of the country, street
maps of a town etc. A compact
disc is a read-only memory with
a capacity of about 5Gbit. The
CD system was modified to
extend its error correction so
that the chance of an error on
an undamaged disc was better
then 1 in 10, If the capacity is
increased to the equivalent of a
playing time of 66 minutes,
then the capacity of the disc
excluding any redundant
information required by the
error correcting algorithm, is
600Mbytes. As an example of
the capacity a 1: 15000 coloured
map of the area around
Eindhoven and Geldorp in
Holland (where the research is
being carried out) would require
a memory of about 375Mbits,
or 8% of the capacity of the
disc. However by a system of
identifying and coding
intersections in a road by node
points and angles, adding the
road name information, a road
map of the same area would
only require 1.5Mbits, or 0.03%



ELECTRONIC KITS . . .

for beginners and experienced kit builders

Velleman electronic kits have gained respect for their high quality and the varied range which covers many
applications in the vast field of electronics. All kits are designed and developed using the latest technology,
giving them appeal, not only to the hobbyist and enthusiast but also to the experienced engineer.

... and remember, we have a ‘rescue service’ for instances where enthusiasm exceeds ability !

KITNo. DESCRIPTION PRICE £ (INCL. VAT)
K607 2W LF AMPLIFIER 6.20
K610 VU-LED MONO 10.40
K611 7W LF-AMPLIFIER 5.40
K612 DIMMER (SUPPRESSED VERSION) 6.00
K613 DIMMER DEPARASITE 9.60
K1682  MICRO PROCESSOR UNIVERSAL TIMER ~ 47.50
B1682H WOODEN HOUSING FOR UP TIMER 26.10
K1771  FM QSCILLATOR 6.20
K1798  STEREQ VU-LED 18.95
K1803  PRE-AMPLIFIER UNIVERSAL MONO 3.95
K1804 60 WATT LF AMPLIFIER 18.00
K1823 1A POWER SUPPLY WITH LM317 6.95
K1861  POWER SUPPLY FOR 60 WATT STEREQ ~ 18.65
K1874  RUNNING LIGHT (4 CHANNEL) 17.95
K2032  LOW COST DIGITAL PANELMETER 17.95
K2543  ELECTRONIC TRANSISTOR IGNITION 9.95
K2545  UNIVERSAL CRYSTAL 50HZ TIMEBASE ~ 14.15
K2547  4-CHANNEL INFRA-RED TRANSMITTER  19.90
K2548  4-CHANNEL INFRA-RED RECEIVER 26.55
K2549  INFRA-RED DETECTOR TRANSMITTER {ALARM)
13.55
K2550  INFRA-RED DETECTOR RECEIVER (ALARM)
15.50
K2551  CENTRAL ALARM UNIT 19.15
K2653  STEREO DECODER WITH 19KC FILTER 12.30
K2554  FM TUNER 22.95
K2557  DIGITAL PRECISION THERMOMETER 28.50
K2565  TAPE/SLIDE SYNCHRONIZER 9.20
K2567 20 CM DISPLAY ANODE 21.15
K2568 20 CM DISPLAY CATHODE 24.15
K2569  3-TONE CHIME 8.50
K2570  POWER SUPPLY 5-14V DC 1A 6.95
K2572  STEREQ PRE-AMPLI 6.90
K25673  STEREO RIAA PRE-AMPLI 7.80
K2574  UP DOWN COUNTER (4 DIGITS) 49.50
K2575  UP DOORBELL 15.65
K2576 40 WATT AMPLIFIER 12.95
K2577  UNIVERSAL AC MOTOR CONTROL 11.15
K25679  UNIVERSAL START/STOP TIMER 8.25
K2580  POWER SWITCH/DIMMER 10.30
K2581  DC CONTROLLED STEREQ TONE CONTROL 15.90
K2582  STEREQ AUDIO INPUT SELECTOR 12.50
K2584  DIGITAL PRECISION TIMER 61.00
K2585  CODE-LOCK (40 x 6 DIGITS NUMBERS)  52.00
K2687  240W AUDIO POWER AMP (POWER SUPPLY
INCL) 168.00
K2588 3 CHANNEL SOUND TO LIGHT WITH
PREAMPLIFIER 22.50
K2690  LIGHT COMPUTER 28.50
K2691  PROGRAMMABLE CONTROLLER MODULE 59.50
K2592 20 WATT LF AMPLIFIER KIT 10.15
K2594  ZERQ CROSS PROGRAMMABLE TIMER ~ 11.50
K2595  PRECISION TIMER MODULE K2595 49.00
K2598  CAR BOOSTER 15-30 WATT 14.95
K2699  SCREEN WIPER ROBOT 9.05
K2600  2A DIMMER 6.25
K2601  STROBOSCOPE 11.10
K2602 4 CHANNEL RUNNING LIGHT WITH
MODULATOR 24.40

SEND FOR NEW FULL COLOUR SHEET DETAILING

COMPLETE RANGE available free from:

THE VELLEMAN KIT RANGE

K2604
K2606
K2607
K2620
K2622
K2623
K2625

KIT No.

KOJAK SIRENE 7.50
LED AUDIO POWER METER 12.70
THERMOMETER ADAPTOR 9.50
GIANT VU METER 27.90
AM/FM ACRIAL AMPLIFIER 7.85
LABO POWER SUPPLY 0-24V/3A 29.10
DIGITAL RPM METER 23.45

DESCRIPTION PRICE £ (INCL. VAT)

VELLEMAN INTERFACE SYSTEM — KITS

K2615
K2616
K2628
K2609
K2610
K2611
K2614
K2618
K2629
K2630
K2633

K2634
K2635

INTERFACE MOTHERBOARD SPRECTRUM 26.40
INTERFACE MOTHERBOARD ZX81 27.15
INTERFACE MOTHERBOARD COM-64 39.25
OC OUTPUT BOARD INTERFACE FOR HOME-
COMPUTER 18.65
A/D CONVERTER INTERFACE FOR HOME-
COMPUTER 26.95
OPTO INPUT BOARD INTERFACE FOR HOME—
COMPUTER 19.90
ZX81-SPECTRUM CENTRONICS INTERFACE
29.95

D/A CONVERTER INTERFACE FOR HOME-

COMPUTER 24.80
REAL TIME CLOCK INTERFACE FOR HOME-
COMPUTER 31.30
SUPPORT CASSETTE FOR INTERFACE SYSTEM
SPECTRUM 4.70
RELAY CARD 11.55
QUAD TRIAC SWITCH CARD 12.35

8 TO 1 ANALOG MULTIPLEXER INTERFACE 20.95

VELLEMAN INTERFACE SYSTEM — BUILT AND TESTED

M2615
MM2616
M2628
M2609
M2610
M2611
M2614
M2618
M2629S
M2629U
M2633

M2634
M2635

INTERFACE MOTHERBOARD SPECTRUM —

MOUNTED 48.30

INTERFACE MOTHERBOARD ZX81 — MOUNTED
48.90
INTERFACE MOTHERBOARD COM-64 —
MOUNTED 60.65
OC OUTPUT BOARD INTER. FOR HOME-COMP.
— MOUNTED 22.65
A/D CONVERTER INTERF. FOR HOME-COMP.
— MOUNTED 31.70
OPTO INPUT BOARD INTERF. FOR HOME-COMP.
-~ MOUNTED 30.40
ZX81-SPECTRUM CENTRONICS INTERFACE —
MOUNTED 34.55
D/A CONVERTER INTERF. FOR HOME-COMP.
— MOUNTED 27.90
REAL TIME CLOCK INTERF. (SPECTRUM) —
MOUNTED 44.30
REAL TIME CLOCK INTERF. (UNIVERSAL) —
MOUNTED 44.30
RELAY CARD — MOUNTED 16.85

QUAD TRIAC SWITCH CARD — MOUNTED 17.55
8 TO 1 ANALOG MULTIPLEXER INTERF. —

MOUNTED 28.90

VELLEMAN UK...

P.0O. Box 30, St. Leonards-on-Sea,
East Sussex TN37 7NL,, England.
Telephone: (0424) 753246

CIRCLE 78 FOR FURTHER DETAILS.

LISTS OF STOCKISTS

AVON:
BERKS:

BLACKPOOL:

DEVON:

CHESHIRE:

ESSEX:

HERTS:

LANCS:

LIVERPOOL.:

LONDON:

MANCHESTER:

NORTHANTS:

WILTS:

SCOTLAND:

IRELAND:

MIDDLESEX:

YORKSHIRE:

L.F. Hanney 77 Lower Bristol
Road, Bath. Tel: 0225 24811
Lovering Bros. 76 King's Road,
Reading. Tel: 0734 55449
Eteson Electronics 158 Lower
Green, Poulton-le-Fyide. Tel:
0253 885107

S & R Brewster 86-88 Union
Street, Plymouth. Tel: 0752
665011

Douglas Components 90
Wellington Street, Stockport. Tel:
061 480 8971

R. Jones Electronics 267 Rectory
Road, Grays. Tel: 0375 33158
Hemmings Electronics 16 Brand
Street, Hitchin. Tel: 0462 33031
Kennedy Electronics 3 Sudell
Close, Blackburn. Tel: 0254 56917
Kennedy Electronics 43 Cannon
Street, Preston.

Progressive Radio 93 Dale
Street, Liverpool. Tel: 051 236
0982

Bradiey Marshall 325 Edgware
Road, London W2. Tel: 01 723
4242

Bonex Limited 102 Churchfield
Road, Acton W3. Tel: 01 992 7748
Servio Radio 156/158 Merton
Road, Wimbledon SW9. Tel: 01
622 2757

Spectron Electronics 7 Oidfield
Road, Salford. Tel: 061 834 4583
M.W. Associates 10 Crown
Street, Kettering NN16 8QE. Tel:
0536 520359

Camlab Electronics 27 Faringdon
Road, Swindon. Tel: 0793 34917
Marshall's Electronics 86 West
Regent Street, Glasgow G2. Tel:
0413324133

Baxol Tele Exports Ballinaclash,
Post Rathdrum, Co. Wickiow. Tel:
0404 6278

Frank Mozer 5 Angel Corner
Parade, Edmonton N18. Tel: 01
807 2784

TK Electronics 11-13 Boston
Road, W7. Tel: 01 567 8910

LB Electronics 11 Hercies Road,
Hillingdon. Tel: 0895 55399
Harrogate Electronic Services 24
Regent Parade, Harrogate. Tel:
0423 64353

I I N S S .
Please send me your details of Velleman electronic kits:

--------- B L LI L T r T T T T T T T o

l Address ......... T . T T T T T I

L-m---------J



NEWS COMMENTARY

of the disc capacity.

The system also needs to
know where the car is. The first
solution is the inclusion of an
electronic compass linked to the
odometer that will use the
car's computer to correct any
errors caused by magnetic
disturbance such as other
vehicles and the massive
ironwork in reinforced concrete.
Error correction can be carried
out by constant reference to the
map held in memory. A longer-
term solution is the possibility
of satellite navigation using the
Navstar global positioning
system. The 18 American
satellites will provide signals
that enable a ground receiver to
locate itself to within 10m,
Including height, and provide
the time, accurate to that of an
atomic clock.

The system requires a video
screen, but from the safety
point of view it is deemed to be
important that the screen can
only be consulted when the car
is standing still. A typical
journey could have the driver
insert the disc for the local
area, indicate the cars present
position and the destination.
The computer will store the
information and the disc player
can then be used for playing
music. The system will guide
the driver through the speech
module. In future the necessary
keyboard may be replaced by a
touch screen.

Philips emphasize that the
system is not a dream of the
future but that ail the
technology already exists and a
practical system will be
available quite soon.

The elements, CD player, dashboard data, electronic compass
and computer, that go together to make the Carin route
information system, under development by Philips.

Fears about tape levy

BREMA, the Radio and
Electronic Manufacturers
Association, has deplored the
Government’s support for some
sort of levy on blank video and
audio tapes as expressed in the
Green Paper (Cmnd 9445). The
Green Paper accepts that the
proposals will involve some
element of rough justice but it
is unable to think of any
realistic alternative.

The Association is
particularly worried because the
levy implies that at some future
date it could be extended to
recording equipment and to any
future recording medium that
may be developed. Any such
levy would be disccriminatory

as it could not apply to the
millions of pieces of recording
equipment already in use. The
Association is further
apprehensive that once the idea
of a levy is accepted, then
future Governments could
increase the levy over the
years, just like any other tax.
The one redeeming feature they
see in the paper is that it admits
that the levy could not be used
to compensate for lost revenue
by copyright holders.

Finally the Association voiced
its fears that once having paid a
levy, users could feel licensed
to copy freely and that this
could lead to more piracy,
rather than less.

In brief

©® The UK f.m. Group
(western) of the RSGB has put
its thirteenth amateur radio
repeater station on the air. In
contrast to the other repeaters,
this one is a data and r.t.t.y.
unit. It operates on the
432MHz band on Channel RB12
from Winter Hill, near Bolton,
Lancs. Slant aerial polarization
1s used. Operation is on 50baud
Murray code but ASCII
operation at 1200baud is to be
implemented. With RSGB
approval, the Group hope to
attach a ‘mailbox’ service to
allow radio amateurs to leave
messages tor each other;
similar to the telephone bulletin
boards.

® BT is to make and sell a 16-
bit microcomputer. An
agreement has been signed with
Bleasdale Computers toe produce
the Bleasedale 68000 Unix
computer. The computers are
to be assembled at BT’s own
plant in Birmingham. Intended
chiefly for BT’s own use, the
computer is also to be marketed
outside the company. Unix is an
‘open’ operating system
developed at Bell Labs, and
offers multi-user, multi-tasking
facilities.

o STC Components are now
making development quantities
of a range of GaAs i.cs.
Employing one-micron

ELECTRONICS & WIRELESS WORLD MAY 1985

geometry gates, and using ion
implantation techniques, the
range will include standard
products as well as custom and
semi-custom designs. Full
production of Gbit/s logic
circuits is to start later in the
year. Typical of the range is
variable modules prescaler and
a 4bit synchronous counter,
both of which can operate at
900MHz.

® BBC External Services is to
install a massive computer
which will act as a news source
of reports picked up by the
monitoring service at
Caversham. It needs to have a

storage capacity of about 28bn
characters to hold the

- teleprinter material emanating

from international new agencies
and monitoring units abroad. It
will have 174 v.d.u. input
stations and be connected to
100 printers. Monitors will be
able to key their transcripts
straight into the computer.
Journalist who prepare the
External Service's news file and
daily summary will be able to
draw directly on this
information and feed their own
stories into the system. Bids for
contracts to install the
computer have been invited
from 40 computer companies.

Anti-piracy law

The Government has expressed
its support for William Powell’s
Private Member’s Bill to extend
the copyright laws to include
computer programs. John
Butcher, Secretary for Industry,
said: “The Government is
anxious that this important
measure should become law as
soon as possible to help the UK

software industry combat the
growing threat of software
piracy.” It is hoped that
penalties imposed by the act
will deter software pirates as
successfully as the reduction of
the level of video piracy since
similar Bills were passed in
1982 and 83.

Transputer on the way

Inmos are now producing their
super microprocessor, the
Transputer in test quantities
and hope to have evaluation
samples available for customers
by the middle of the year.
Volume production of the fas.
64K static ram and of the 256K
dynamic ram is also expected
during the year. Static rams

manufactured in Colorado
Springs, California and dynamic
rams from Newport, Gwent are
now being produced in millions
and the company, after many
years of Government
investment is now making a
profit. It was sold to Thom-
EMI last September.




pantechnic

m design manufacture and supply

POWER AMPLIFIERS
HIGH POWER ASSEMBLIES
CONTROL CIRCUITRY
: Tina 6502 - B for application in
g:"_” : | A new advanced microprocessor INDUSTRY
zsx B control system that features:- PUBLIC ADDRESS
2 @® Colour graphics HI-FI
: ® Enhanced memory facilities
@ Advanced user-friendly software B available
oy ® On-board features include:- 2
o Power supplies S OFF THE SHELF
B RS232 interface S CUSTOMISED
o IEEE interface it C A D DESIGNED
BAs CENTRONICS interface i
o EPROM Programmer pn
S Switched faults aa tel. 01.361.8715 132 High Road
] & telex 266 873  New Southgate
PANTEC G LONDON N11 1PG.

CIRCLE 85 FOR FURTHER DETAILS.

SATELLITE TV RECEIVING EQUIPMENT

1.9M, 2.5M and 5M Dishes.
Receivers, Downconverters,
Low Noise Amplifiers, Feed
Horns available.

Complete systems installed
anywhere in the worid. A full
report on reception
feasibilities at any location is
available — price £25.00.
Please state Longitude and
Latitude.

R e

Marc Z80
Based on a powerful Z80 CPU this new

single board microcomputer teaching
system features:-

@® 56K RAM/EPROM facilities P e
B |
8] Qiseandsichediais HARRISON ELECTRONICS
® CP/M loading facility 22 MILTON ROAD, WESTCLIFF-ON-SEA, ESSEX S0 7JX Tel: (0702) 332338
@ On-board software includes:- '
Monitor,Machine code display and
Modify,Z80 ASSEMBLER/ T 1 d I
DISASSEMBLERLight-pen routines, OrOI a
program de-bugging routines TranSformerS
as manufacturers we are able to
To find out more about these and other offer a range of guality Toroidal
5 X Transformers at highly competitive
itemsin the complete LJrange send forour prices and fast delivery.
new 1985 catalogue Mail Order Price List '
15VA 6.92 30VA 7.18. 50VA 8.86. 80VA 9.92. 120VA 10.50. 160VA 12.10. 225VA 13.69.
L J Electron ics Ltd 300VA 14.77. S00VA 19.20. 625VA 22.09. 750VA 26.17. 1KVA 38.82. 1.2KVA 44.06
price includes p+p & vat.

Available from stock in the following voltages:—6-0-6,9-0-9,12-0-12,15-0-15.
4 ) 18-0-18,22-0-22. 25-0-25, 30-0-30,35-0-35,40-0-40,45-0-45,50-0-
Francis Way,Bowthorpe Industrial 50,110,220,240(max. 10 amp). Primary 240 volt.

Estate.Norwich NR5 9JA. Quantity Prices and delivery on request

(we also manufacture conventional E1 type transformers)

| : (0603) 748001. -
Te ep‘hone ( ) AIR - Airlink Transformers.
Telex: 975504. - Unit 6, The Maltings, Station Road,
“LINK Sawbridgeworth, Herts, Tel- 0279724425,
CIRCLE 82 FOR FURTHER DETAILS. CIRCLE 89 FOR FURTHER DETAILS,
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TURN YOUR BBC MICRO INTO
A PROFESSIONAL MICROPROCESSOR
DEVELOPMENT SYSTEM

THE OPERATING SYSTEM
@ FLEX—The Professional Operating System

@ Versatile, Flexible & Powerful, the ideal operating system
for industrial control

previously only offered by larger, more expensive systems

THE HARDWARE
@® 6809 Advanced 16 Bit Processor

@ Choiceof Industrial Interfaces for Target Applications:
— High Resolution Colour Graphics
— Industrial input/output boards
— IEEE communications
—and many more

THE TOOLS
@ PL9—Afast, efficient control language

@ CMSFORTH Interpreter & Compiler
@® Cross Assemblers for most8 bit & 16 bitmicro's
@® 'C’,BCPL,PASCAL

THE SUPPORT
@ Toprateafter sales technical support

@ Systems/Hardware Design

Provides the power, sophistication and ease of development,

3 A
J ‘ 44a Hobson Street Ca_mbridge
' \ Cambridge CB1 INL Microprocessor
< (0223) 324141 Systems Limited

CIRCLE 7 FOR FURTHER DETAILS.

If you have not heard of (R. Withers Communications) we are main dis-
tributors or agents for the following, Yaesu, lcom, Kenwood, M.Mo-
dules, Jaybeam, Toevna, Revco Antennas. Cleartone, Mutek, Drae,
F.D.K. Tonna. Welz, Zycomm, Neve Radiotelephones.

We are also stockist (British Telecom Approved) of a wide range of
cordless telephones and telephone systems. We are also agents for
hundreds of other radio communications equipment known the world
over, we also manufacture our own range of VHF—UHF beam anten-
nas which are also used by leading broadcast companies for wireless
mic applications. We supply a large range of power transistors &
modules to the trade. These we import ourselves directly from Japan.
Listed below are just some of the many services we offer.

* Supply & repair of all amateur & business radio equipment

* Complete check of your transiever on a spectrum analyser (with
comprehensive report) far the all in price of £12.50 subject to an appointment
being made

* Supply & complete installations of business radio systems including
competitive maintainance contracts, local authorities inctuded

* Supply of 10 metre converted radios LCL, DNT, ICOM

* Only supplier of modified Revco RS 2000 50-520 MHz continuous
coverage scanning receiver modified by (R. Withers Comms)

» Probably the largest seller of second hand radio equipment in the country
because of our commission sale agreement (3 month warranty) plus
equipment facility

*» The fastest growing retail & wholesale company in the British Isles. Send for
details of any of the equipment or services we offer whether you are in the
profession of just an interested party an s.a.e. will speed up yaur enquiry

« For all your communication needs give R.W.C. a try we promise you will not
be disappointed.

* The largest selection of radio allied services offered under ane roof, with
no expense spared on test equipment and qualified staff.

584 Hagley Road West, Oldbury, Warley
B68 0BS {Quinton, Birmingham)
Tel: 021-421 8201/2 (24 hr answerphone)
Overseas customers welcome. We speak German & Japanese.
Import/Export no problem. Ple:ase telephone during working hours.
O TELEX 334303 TXAGWM-G

AUDIO DISTRIBUTION CONSOLE
MODEL RTM4-100

The tollowing distribution facilities are provided.

1. Single channel radio distribution from integrat variable AM/FM tuner

2. Single channel cassette tape distribution from integral cassette player

3. Four channel mixed speech distribution from any standard 200 chm impedance microphones

Note that the output of all facilities can be mixed if required and that bass and treble control is provided on the
mixed output,

RECORD FACILITY

The integral cassette tape recorder can be used to record the mixed output of the four microphone channels
and the radio distribution channel

CONSOLE

DIMENSIONS: 465mm High x 435mm wide x 330mm deep approximately
POWER SUPPLY 200/250 Voits A.C. 50 Hz.

AMPLIFIER: 100 Watts RMS

100 Volt line output

PRICE £556 inc VAT and Defivery {Maintand only}

Ultrasonic Burglar Alarm

Portable — wooden finish with internal alarm — easily installed — mains/
battery option. Provision for window contacts — pressure mat. External
horn and bell unit. Sample units £39.00 + £2.00 pp (£47.13 inc. VAT each),
5 units £35.00 + £2.00 pp £42.55 inc. VAT each, 10 units £33.00 + £2.00
pp £40.25 inc. VAT each.

External Horn

Sample unit £7.50 + £2.00 pp £10.93 inc. VAT each, 5 units £6.75+ £1.50
pp £9.49 inc VAT each, 10 units £6.37 + £1.50 pp £9.05 inc. VAT each.

Burgess E61

Sub-miniature microswitch with common NO-NC contacts. Rated at 5 amps
on 125-250V AC. Internal heavy duty contact gold piated for long life. £15.
For 100 + VAT, £67.50 for 500 + VAT, £125 for 1,000 + VAT. £550 for
5,000 + VAT. Sample 10 sent for £2.00 + 50p pp (£2.88 inc VAT).

TERMS C.W.O. export enquiries welcome. We find it impossible to advertise all we stock. Please
telephone, write or telex for further enquiries. Personal callers atways welcome.

SPRINGFIELD HOUSE,
TYSSEN STREET,
LONDON E.8. 2ND
TEL NO. 01-248 5217
TLX: 8953906 EECO G

ELECTRONIC EQUIPMENT CO.

|
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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 integral Heatsink, slew rate 15v/ps
Distortion less than 0.01%

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

HY30....15......... 4-8 .

......... HY248 ..
HY364 ..

HY368 ..

HY6 £0.95 B66 for HY66-78 £1.45.

MOSFET MODULES

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

Type Output  Load Price Type Output  Load Price
Power Impedance Power  Impedance
Watts(ms) Q (ms) Q
M0S128.60......... 4-8....... £30.45 MOS364.180........ 4 irin it £45.95
MOS248.120........ 4-8....... £39.95
PREAMPLIFIER MODULES
All modules are supplied with in line connectors but require potentiometers, POWER SUPPLY UNITS
switches etc. if used with our power amps they are powered from the ’
appropriate Pov!er St_JppIy. . N Type For Use With Price  Type For Use With Price
Type Application Functions Price PSU212 ... PSUS42...1HY248. . . ... £17.95
HY6 ..... Mono Pre Amp......... ... Full HiFifacilities. ... ....£7.95 PSUA2 ... PSUB52....1 MOS248. ..
HY66. ... Stereo Pre-Amp FullHiFifacilites ................. £14.95 PSU422... PSU712....2HY244. ..
HY73.... Guitar Pre-Amp ... Two Guitars plus Microphone . £15.95 2“4?22 PSU722....2HY248 .
HY78.... Stereo Pre-Amp.............. As HYB6 less tone controls...... £14.45 PSH?,ZZ" Egﬂgg 1 ma&’ =
MOUNTING BOARDS: For ease of construction we recommend the B6 for PSUS32 PSU752....2M0S248, 1 MOS368 .. .. £24.45

Canterbury, Kent. CT2 7EP

Tel:(0227)454778 Telex: 965780

]

EN

FOR FREE DATA PACK PLEASE WRITE TO OUR SALES DEPT.

Post to: ILP Electronics Ltd., Dept. 6 ;
Graham Bell House, Roper Close,

CIRCLE 68 FOR FURTHER DETAILS.

BAKER LOUDSPEAKERS
MODEL INCHES OHMS ~ WATTS

Post £2 each
TYPE PRICE

Disco/Group 10 8-16 50 IPA £18
Midrange 10 8 100 MID £25
Major 12 4-8-16 30 HI-FE 216
Superb 12 8-16 30 HI-Fi £26
Wooler 12 8 80 Hi-Fl - £25
Auditorium 15 816 60 Bass  £37
Disco/Group 12 4-8-16 45 PA £16
Disco/Group 12 4-8-16 75 PA £20
Disca/Group 12 8-16 100 PA £26
Disco/Group 15 8-16 100 PA £35

PA.150 Watt MICROPHONE VOCAL
and GROUP AMPLIFIER £129

4 channe! mixing, 8 inputs, dual imped-
ance, 50K-600 ohm, volume, treble,
bass. Presence controls on each chan-
nel. Master volume control, echo, send
return socket. Slave sockets. Post £3.
150 Watt MIXER AMPLIFIER 4 Inputs
£99

Discotheque, Vocal, Public Address.
Speaker outlets for 4, 8 or 16 ohms. Four
inputs, 20 mv, 50K ohm. Individual
volume controls “Four channel” mixing
control. 240V A.C. Post £2.

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

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

BAKER MOBILE PA AMPLIFIER. All

transistor, 60 watt RMS, 12v DC & 240v
AC, 4inputs 50k Aux + 2 mics + 1 phono

loudspeaker. Output 4-8-15
ohms + 100 volt line. £89 Post £2
PA systems — amplifier, mike + two

speakers

Mobile 60w, 240v AC +battery 12v£199
carr.£20

MkIl 150w, 240v AC, complete £249
carr.£20

150 WATT DISCO twin deck system
£360 carr.£30

120 WATT DISCO + twin speakers £300
carr.£30

Console only, £145, 120 watt, £199,
carr.£10

PA CABINET SPEAKERS. 4 or 8 or 16
ohm 75 watt 20X15X9in. £54. 90 watt
32X15X11in. £73. 150 watt £82. Carr.
£10 Black vinyl covered with handles.

RCS SOUND LIGHT. Ready Built Deluxe
4 Channel 4,000 watt with chaser —
speed + programme controls £69. Post
£2. New Model MKl with special 16 pro-
grammes: 4 channel 4,000 watt £89.
Post £2.

DELUXE STEREO DISCO MIXER/
EQUALISER as above but L.E.D. V.U
displays 5 band graphic equaliser, left/
right fader, switchable inputs for phono/
line, mike/line. Recording Output £124.

PROJECT CASES Black vinyl top and
sides

6X4X1m £3.60 8X5X2int4. 11X6X5
£9. 9X5X2in £4.80 11X6X3 £5.50
13X8X4 £11.

ALUMINIUM BOXES. 4Xx4X1 £1.20;
4X2X2 £1.20; 3X2X1 £1.20; 6X4X2
£1.90; 7X5X2 £2.90; 8X6X3 £3;
10X7X3 £3.60; 12X5X3 £3.60;
12X8X3 £4.30; 9X4X4 £3; 6X4X3
£2.20; 4X4X2 £1.60.

“STOP PRESS”
1000w mono, 500w stereo quality
amplifiers.
S$500D, reconditioned, guaranteed
£275,p.p. €5

RADIO COMPONENT
SPECIALISTS

337 WHITEHORSE ROAD
CROYDON, SURREY, U.K.

ACCESS TEL 01-684 1665

Same Day Despatch. Closed Wed.
Lists 34p

H+H

VISA |

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

volts/div

Wangh
B | _50 my

a e

isolation ampilifier

Power

ac dc

100mv/div

Q

b d) e
2
B o 2

The Waugh Instruments Isolation Amplifier enables
you to keep your scope earthed and still make
measurements up to 1500V from earth, this to-
gether with over 100dB rejection at 50Hz means
that you can now observe small signals super-
imposed on 350V sine waves so often encountered
in switch mode power supplies, thyristor and triac
firing circuits. For details of this and other oscillo-
scopes accessories contact:- Peter Waugh at Waugh
Instruments, Otter House, Weston Underwood,
Olney, Bucks MK46 5JS (0234) 712445.

CIRCLE 77 FOR FURTHER DETAILS.

12

CIRCLE 58 FOR FURTHER DETAILS.
ELECTRONICS & WIRELESS WORLD MAY 1985



COMMUNICATIONS COMMENTARY

SSB LINEARITY

At least one idea that could
reduce some of the spurious
emissions that tend to be
increased by broadband
systems is the work that has
been going on for several years
at Bath University on the
application of cartesian (polar)
feedback. V. Petrovic described
a 100-watt p.e.p. transmitter
with cartesian-loop phasing-
type s.s.b. generation having
third-order intermodulation
products some 67dB below the
tones of a two-tone test, with
image sidebands suppressed by
68dB.

A coordinated presentation
of five papers from the US
Naval Research Laboratory
described a new wide-band h.f.
system with frequency-hopping
capability being developed for
the US Navy and resulting in
studies similar to those that led
some 15 years ago to the
development of the ICS-3
system for the Royal Navy. The
Americans, however, plan to
use v.mos field effect devices
for power amplification, with
negative feedback and
feedforward linearizing
techniques. In all complex
shipborne installations the
major problem is the proximity
of several transmmitters and
receivers. NRL are developing
fast-tuned narrow-band filters
for both antenna couplers and
for preselection filters for
receiver protection, together
with the use of adaptive
interference cancellation by
phasing techniques. They are
also developing new broadband
h.f. antennas for ship
installations.

It was interesting to note that
some professional systems
designers are at last recognizing
that conventional receiver
a.g.c. systems designed for
analogue s.s.b. voice signals
tend to degrade performance on
morse and narrow-band data
transmission, due to the finite
attack time which means that
the instantaneous dynamic
range of a receiver is
significantly less than the
claimed 140dB or so available
when the a.g.c. range is added.
There is also the problem that
the a.g.c. bandwidth may be
considerably greater than that
of a narrowband transmission,
particularly where a receiver
depends on audio filtering for
r.t.t.y. or data reception. The
problem arose when “hang

a.g.c.” systems were
introduced and the ability to
switch out the a.g.c. circuits
dropped from most h.f.
communication receivers.

HF RESURGENT?

A three-day international
conference at Savoy Place “HF
communications systems and
techniques” underlined the
resurgence of interest in the
application of advanced
technology to h.f. Less happily
it emphasised that this interest,
although spilling over into
university and commercial
research projects, is primarily
centred on Defence
communications. For these the
trend is firmly towards fast
frequency hopping at rates
between several hundred and
several thousand per second yet
capable of providing secure
digital speech and data at rates
of about 2400bits/second. For
other users such technology,
unfortunately, offers the
prospect of ever increasing
spectrum pollution.

The current sunspot-
minimum is already leading,
particularly after dark in
Europe, to excessive
overcrowding of h.f. with some
users employing spectrum
analysers to seek out the few
relatively clear channels and
then to occupy these whether or
not registered with the
International Frequency
Registration Board. At the
conference a number of papers
were presented on built-in
systems of real-time channel-
evaluation which could
formalise this type of operation,

Of the 235 delegates from
almost 20 countries the vast
majority were connected with,
funded by or manufacturing for
Defence with few from
traditional h.f. user
organizations such as British
Telecom and Cable & Wireless.
In the often lively discussion
periods it was left to J. Clarke
of British Airways and radio
amateurs to question the effect
of the spread-spectrum
techniques on frequencies still
required for civilian
communications.

Frequency-hopping on h.f.
poses state-of-the-art
challenges to designers if the
problems of multipath, fast
switched antenna couplers and
digital synthesizers are to be
oversome.
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ENERGY-SAVING
ONU.H.F. TV

For the past decade the major
klystron and transmitter
manufacturers have been
striving to out-do each other in
reducing the appalling waste of
power in high-power u.h.f.
television transmitters. Pulsers,
variable couplers, depressed
coliectors, annular gridded
cathode techniques have all
been developed with the aim of
improving the conversion
efficiency of kylstron amplifiers
that conventionally require
constant power, set by the peak
sync pulses. Even when
referenced to peak sync,
conversion efficiency has often
been only of the order of 20-25
per cent. When defined in
relation to the vision waveform,
efficiency drops to just a few
per cent. About half a megawatt
of electricity is consumed for
the 110kW transmitters
commonly used in the USA and
some broadcasters have
complained that electric power
costs them more than off-peak
programming.

A promising development is
the Varian “klystrode” that
combines the efficiency of a
tetrode with gain and long-life
of a klystron and will be capable
of true Class B operation — but
there will first need to be a new
generation of transmitters for
this device.

Meanwhile klystron
manufacturers are continuing
their development of techniques
that enable u.h.f. klystrons to
match the efficiency of v.h.f.
tetrodes. Marconi, with their
new American associates
Comark, are claiming to have
achieved at WITE-TV, Channel
28, Columbus, Ohio a klystron
beam efficiency of no less than
77 per cent, with an Amperex
(Philips/Valvo) YK1265
klystron vision amplifier, a
Comark high energy CTM-20
pulser and the new Marconi
B7500 modulator unit.

DIGITAL
TRANSCEIVERS

The opening address at the h.f.
conference was given by Dr
Ulrich Rohde who for many
years was the representative of
Rohde & Schwarz in the USA
but is now a consultant to RCA
Government Communications
Division and part of a design

team seeking advanced
technological solutions for US
military communication. He
emphasised that “in order to
meet communication goals for
1984 and beyond, modern h.f.
equipment has to be adaptive,
frequency agile and capable of
supporting secure, digital voice
communication, operating on a
point-to-point, and a networked
basis as well”. His keynote
paper explored solutions aimed
at an all-digital h.f. transceiver
for which there is currently an
American defence requirement.
For voice encryption, the
Americans have chosen linear
predictive coding, a technique
not unlike that used in
children’s “speaking toys” and
capable of compressing 3kHz
analogue speech into an
encrypted 2.4Kb/s data stream.
He also surveyed work on direct
digital synthesizers, PIN-diode
switched antenna couplers and
digital processing in receivers
using linear equalization
techniques with a time-gated
feedback equalizer to minimise
multipath problems.

D.T. Anderson of Rockwell-
Collins described the new
hybrid analogue/digital receiver
type HF2050 (see
Communications Commentary,
October 1984) now being
delivered — as the first
production h.f. receiver to use
digital signal processing — to
Canada. In this the signal is
digitized at the 2nd i.f. of
3MHz. :

But as B.M. Sosin of Marconi
pointed out, digitization at
signal frequency, as required
for an all-digital receiver,
throughout the entire range of 2
to 30MHz and for a signal
dynamic range of 140dB would
require something like 23-bit
“words” at a sampling rate of
over 60MHz, resulting in bit
rates still well beyond device
capability.

TWTs FOR DBS

The still unproven reliability of
220-watt travelling wave tubes
and amplifiers for high-power
direct broadcasting from
satellite is one of the factors
that are contributing to the
uncertainty that still surrounds
the early implementation of
operational services. The
French are still hoping to have a
four-channel satellite in
operation next year, possibly
with two channels leased to the
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The Archer 780 éBC

The SDS ARCHER — The Z80 based single board
computer chosen by professionals and OEM
users.

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

* Power-fail and watchdog timer circuits

* 2 Serial ports with full flow control

* 4 Parallel ports with handshaking

* Bus expansion connector

* CMOS battery back-up

* Counter-timer chip

* 4 MHz. Z80A

OPTIONS:

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

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

* 64k / 128k byte DYNAMIC RAM card  * NEW =
* 4 socket RAM — ROM EXPANSION card * NEW * _
* DISC INTERFACE card * NEW * -

Sherwood Datadystems [1d

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

CIRCLE 75 FOR FURTHER DETAILS.

[Vewrad|

NEWRAD INSTRUMENT CASES LTD
Unit 19, Industrial Estate, Gore Road
New Milton, Hants BH25 6SJ
Tel: New Milton 0425 621195

WE HAVE INCREASED THE RANGE
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OF OUR SUCCESSFUL NM40 ENCLOSURES TO BE CRYSTAL CLEAR
: - Tel. 029-34-5353 Telex 87116 Aero G
MOD approved CAA approved
CIRCLE 64 FOR FURTHER DETAILS. _
LOGICAL EE/EPROM PROGRAMMERS & ERASERS
PROMPRO 8 — £775 Choose from stand alone,
— intelligent RS232 units.
Powe c . .
Beautifuly made 19 inch Rack | MEIGHT DEPTH  PRICE commands, e
Mounting enclosures complete with 2U 150 £16.50 e .
heavy gauge chassis and top and 2U 250 18.60 T FROM £88.00
bottom covers. Front, Side and Rear 2u 300 18.50 ANZBI256k o
panels are aluminium and flat for easy 3u 150 18.00 . ol : 3 PROGRAMMERS
machining. These panels are located 3u 250 20.00 Eg‘y‘;}:éw“' e FROM
with heavy duty aluminiumextrusions. U 300 22.00 o L » £305.00
Front and Rear panels are satin 28 ;gg gggg  —— =g (ex VAT)
anodised. Covers are finished in : EPROMS
cream 4U 300 27.40 & MPU'
’ 6uU 150 25.00 s
6uU 250 29.00 & -
6uU 300 35.00 Uiste
PRICES ARE EXCLUSIVE OF VAT. P&P £3.00 bYTRON Rign Street. Kirmington, Tel. 0652 688626
S. Humberside, DN39 6YZ Telex 527339
CIRCLE 9 FOR FURTHER DETAILS. CIRCLE 63 FOR FURTHER DETAILS.
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commercial broadcasting
services of Luxembourg.
Telefunken also have a high-
power Ku-band (12GHz) TWT
in an advanced stage of
development but not yet tested
in orbit. A TWT amplifier
capable of 240W of c.w. output
with an efficiency of over 40 per
cent is being developed by
Hughes Aircraft with a target
life of seven years and with
focussing by temperature-
compensated samarium-cobalt
magnets. Meanwhile RCA
Laboratories are developing
solid-state Ku-band active
arrays using large numbers of
GaAs f.e.t. devices with
individual phase shifters which
could be used to change the
radiation pattern of a d.b.s.
satellite in orbit.

But several of the d.b.s.
systems registered with the
FCC are finding it increasingly
difficult tto attract investors and
few expect earlier
implementation of high-power
satellites. One American
consultant has suggested: “The
would-be d.b.s. operators
should be blaming themselves,
not Wall Street, for their
difficulties. Most have been
technology-orientated. The
easiest part of the d.b.s. puzzle
is to put a satellite up there and
to put a signal across the USA.
The toughest part is to market
the service nationally, and to
maintain your customers over a
period of time.”

WIDE C-MAC

In the UK, IBA engineers have
been privately demonstrating on
closed-circuit an experimental
system capable of providing
high-definition, wide-screen
pictures (up to 5:3 aspect ratio
and a subjective definition of
almost 1000 lines) when the
receiver contains digital
processing memory. The
system is fully compatible with
the standard C-MAC/packet
system but with extra time
allocated for wide screen
pictures from the sound/data
and frame flyback periods. The
system also allows the 4:3
aspect ratio picture to be
panned anywhere within the
wider 5:3 picture. The still-
experimental equipment is
currently being re-jigged into a
prototype demonstration unit
when it is hoped that public
demonstrations will be given.
No problems are expected in

putting enhanced C-MAC
through a single 27MHz
satellite channel.

Amatevur
Radio

EARS OR
MODEMS?

With the spread of personal
computers, a rapidly increasing
numher of amateurs are using
various forms of electronic
r.t.t.y., data transmission,
including “packet radio”,
automatic request for repetition
(ARQ) in the Amtor system,
and high speed automatic morse
etc.

In implementing any systems
involving automatic reception,
the greater vulnerability of such
systems, compared with the
human operator, to
interference, multipath and
fading becomes a major
problem. The mechanical
teleprinter, developed for line
communication, was never
intended to cope with adverse
channel conditions and led to
the use of space, frequency and
polarization diversity systems.
In the absence of diversity, it
has long been recognized that
two-tone and multitone systems
are capable of better
performance than f.s.k. but
advantage has seldom been
taken of this by amateurs on
h.f. Parallel multi-tone systems
such as Piccolo, with inherent
signal integration, can produce
clean copy at very low signal
strengths but demand more
complex modems, a very high
degree of frequency stability
and greater bandwidth than
either manual morse or narrow-
shift f.s.k. For all these
reasons, manual morse has
remained the optimum system
under adverse conditions not
only for amateurs but also in
the maritime services.

At the recent h.f. conference,
Peter Chapman of the Admiralty
Research Establishment
(formerly ASWE) described
laboratory and field trials of a
low-speed modem with inherent
frequency and time diversity
designed to provide reliable
communication under the most
adverse conditions. The
objective is a fall-back system

ELECTRONICS & WIRELESS WORLD MAY 1985

capable of performing better
than morse and eventually to
eliminate the cost of morse-
operator training in the Royal
Navy.

Throughput of traffic is at the
slow rate of 10 bits/second (10
baud) although the signalling
rate is around 100 bits/second.
The modem transmits ten
discrete audio tones in a 3kHz
s.s.b. channel, one set of five
representing “mark” and the
second interleaved set for
“space”. The tones in each set
are sequentially transmitted for
10 milliseconds each, with 10
millisecond gaps so that each
symbol is transmitted five times
during a 100 millisecond period.
It thus differs radically from the
parallel multitones of Piccolo.

Propagation trials last
September between ARE
Portsdown and Wick in the
north of Scotland used 25-watts
p.e.p. and ran throughout 24-
hour periods on two frequencies
about 4.88MHz. The
frequencies were repeated
interchanged between morse
and the new modem.

While the results undoubtedly
suggest that the modem can
outperform morse, at least
some of the delegates, who
included a significant numer of
licensed amateurs, felt the
scales had been heavily
weighted against morse. For
example, it was recorded on
tape, then brought to the
laboratory for transcription by
the operators, giving them no
chance of adjusting selectivity,
notch filter, audio beat tone
etc., all of which could have
significantly improved the copy,
and allowed them to take full
advantage of the remarkable
characteristics of the human
ear.

A truly narrowband c.w.
receiver, preferably without
a.g.c. and bandwidth adjustable
down to under 100Hz and
controllable front-end gain etc.,
with an operator at the controls
and preferably the ability to
change transmission frequency
even by a modest amount would
have produced very different
results.

The low-cost, low-complexity
and reliability of a “kiss” morse
system under adverse and
emergency conditions should
encourage the Royal Navy and
other organizations to think
very carefully before finally
phasing out morse telegraphists
in favour of keyboard-only

operators.

But perhaps it is a sign of the
times to prefer the inanimate to
the animate. Electronic
“petsters” — stuffed, furry
creatures with built-in
microcomputers — are being
marketed in the USA “to
replace biological animals as
pets and companions” by Axlon
Inc. Simulated moods — from
contentment to anguish, from a
lazy response to bouncing
enthusiasm, are software
controlled by a 4-bit
microprocessor with 4K bytes
of memory. How soon before
they begin to automate the
owners?

FROM ALL
QUARTERS

The number of new amateur
radio licences issued in 1984 in
the USA dropped by over 10
per cent compared with 1983.
30 per cent fewer amateurs up-
graded their licences and about
a quarter of licencees are
currently not renewing,
according to Ham Radio. For
the first time in 10 years the
year finished with a net loss in
licence totals.

British Telecom
“Ambassador” telephones and
some of the other electronic
models are proving a source of
interference on the 144MHz
band, showing a tendency to
radiate wideband hash-like
signals. Among the increasing
number of domestic appliances
showing susceptibility to strong
local r.f. signals are domestic
burglar alarms and smoke
detectors.

The UK F.M. Group
(Westemn) recently brought into
operation its thirteenth
repeater, GB3MT, at the IBA
Winter Hill site (mounted on a
Granada Television OB link
platform) near Bolton,
Lancashire. This 432MHz band,
slant-polarized (45°), RB12
repeater is for r.t.t.y. and data
and the first of its type in the
North West. Initially only 50-
baud five-unit Murray code is
suitable but it is hoped to add
ASCII operation at 1200-baud
shortly, and approval is being
sought to add an “electronic
mailbox” for store and
collection operation.
Membership details of
UKFMG(W) from Mr A. Baker,
G4NYP, 26 Brooklands Drive,
Goostrey, Crewe, Cheshire.

Pat Hawker, G3VA.
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EDR editor for DEC — £350

* Keypad editor similar to KED and EDT
* Uses no host time or memory when editing
* Fast Response
'+ Edits PDP-11, LSI-11 and VAX files
Why burden your overworked DEC computer with
the task of editing files? You can now use the new
EDR front end processor from Andelos Systems to
do your editing — for a mere £350. The EDR unit sits
behind your VT100 (or compatible) terminal, initially
in transparent mode allowing direct communication
with the host. Whenn you activate the editor, thefileis
loaded into the EDR unit, and you can quickly and
easily edit, while the host is free to serve other users.
Being a dedicated unit, response is very fast. On exit
thefile is returned to the host, and saved to disk, while
the EDR processor returns to transparent mode. A
unlque feature allows you to return to edit mode,
using the file still held in local memory.
Andelos Systems (0635) 201150
Solina, Bucklebury Alley, Cold Ash, Newbury, Berkshire RG16 9NN

DEC, POP-11, LSI-11, KED, EDT, BT100 are trademarks of Digital Equipment
EDR, ENDELOS are trademarks of Andelos Systems

PINEAPPLE SOFTWARE

Programs for the BBC model ‘B’ with disc drive with
FREE updating service on all software

DIAGRAM

® A program which allows you to store very large diagrams - up to 39 mode 0
screens - and view or edit them by SCROLLING the computer screen around over any
part of the diagram

FEATURES

® Draw diagrams, schematics, plans etc
N any aspect ratio, eg. 10°3, 2*12
screens

® Access any part of the diagram rapidly
by entering an index name, eg. TR6, RS
etc., to display a specific section of the
diagram, and then scroll around to any
other part of the diagram using the
Cursor keys

® Up to 128 Icons may be predefined for
each diagram, eg. Transistors, resistors
etc., in full mode O definition, up to 32
pixels horizontally by 24 vertically

® Hard COopy printouts In varying print sizes up to 9 mode 0
z 5 screens on an A4 size sheet, compatible with most dot matrix

printers

including P & P
Suppied only on  ® Many other features including, selectadie dispiay colours,
dsc - 40T/80T  COmprehensive ine drawing faciities, TAB settings, etc

comparble ® DisC contans sample diagrams and two versions of the

All orders program, one of which will work from a 16k sideways RAM
sent by return

of post. ® Comprehensive instruction manual
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PINEAPPLE SOFTWARE, 39 Brownlea Gdns.
Seven Kings, liford, Essex IG3 9NL
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TRANSDUCER and RECORDER \

AMPLIFIERS and SYSTEMS

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

Fylde
Electronic
Laboratories

49/51 Fylde Road Preston

OSCILLOSCOPES NEW EQUIPMENT
GOULD 084000 DIGITAL STORAGE. Dual HAMEG OSCILLOSCOPE 605, Dual Trace 60MHZ
Trace . £650 Detay Sweep. Component Tester £515

GOULD 0533008, Dual Trace S0MHZ Delay | HAMEGOSCILLOSCOPE 203.5. Dual Trace 20MHZ
........................... £400 Component Tester . . £264

SWeep ... £400 | BLACK STAR FREGUENCY COUNTERS. P&P £4
PHILIPS PM3370 Dual Trace 150MHZ De(aé Meteor 100 — 100 M
£37

..... ..., 199
Sw Meteor 60 600MHZ R 7
COSSOR 'CDU150 Dual Trace 35MHZ Delay Meteomogo_muz . . £175
Sweep ... .. £200 BLACK STAR JUPITOR 500 FUNCTION
S.E. LABSSM111DualTrace18MHZACOrexternal GENERATOR  Sine/Square/Triangle 0.1HZ —
OCoperation . ... - £175 | S00KHZ. P&PE4. ... ... ST
Ex- MINSTRYCT436 DuaIBqamSMHZ .. £75

HUNG CHANG DMM 6010. 3; digit. Hand held 28

s GNAI. GENERATO ranges including 10 Amp AC/DC. Complete with
I Rs batteries & leads. P&P £4 - £33.50
HEWLETT PACKARD 620A 7 — 11GHZ | £350 MULITMETER type U4324. 33 ranges. Comp|ete
HEWLETTPACKARD618B3.8 — 7.6 GHZ £350 withbatteries andteads P&P£4 . £16

MARCONITF1060/2 450 — 1250MHZ. . ... £150
MARCONI  TF2008  AM/FM  t0KHZ — OSCILLOSCOPES PROBES. Switched X1;X10. P&P
SIOMHZ. .. ... ... .. £2. .. 2 - PP PP S

. £1,200

MARCONITF1066B/1. AM/FM 10 — 470MHZ. 2300

MARCONITF995A/2. AM/FM 1.5 —220 MHZ £200
MARCONITF144H/4 10KHZ — 72MHZ .. ... . £65 TANDON 5',” FLOPPY
DISC DRIVES ', HEIGHT

MULTIMETERS SingleSided Double Density £75

Double Sided Double Density. . . £100

PHILIPS BPMM 2517. Am%n Autorangingetc . £95 | Brand New. Complete with information p&p £5.

Compiete with Batteries, Leads (Un-used) P&P €5

AVO 8 MkS. Complete with Batteries. leads &

carryingcase. P&P€7. .. ... ... £90 STEPPER MOTOHS

AVOTESTSETNo 1. (VerysmulavtoAVOBX) .£80

Type 1. 200 Steps 4 Phase (S wire) 12/24V 250z
ggrgpglgte with Batteries, leads & carrying case. inch. 24" dia €15

AVO MULTIMINOR. Completewnh Batteries, feads 1Tvpe2 6/125teps 3 Phase 12124V 17" dia. 23;35‘5]
Scanyingcase/ PARES. . £22.50 | Type 3 24 Steps 4 wire 5V 334 0-250rpm 0.

200PPs 2%, dia £10¢ea
mSCO%OTVFZSSOO VALVE VOLTMETER 12 ranges | Type 4. 200 Sieps 120V @ wire 250z nch 2
* KINGSHILL STABILISED PSU Model 500 0— | 92 “

60V; 0—0.5Amps. Current Limiting. Metered. Pap | P&Pand VAT extra
£ £40

* VARIAC 5 AMP. lnput 240V; Output 0—265V. This IS A VERY SMALL SAMPLE OF STOCK,
Cased P&PE7 £20 SAE Or Telephone for LISTS
* CROYDON RESISTANCE BOX — MANAGIN. 0.1 " Telephone for

— 1111 0nms (4 decade) Un-used. P&PE7 . £25 Flezse L RS

VAT to be added to Total of Goods &
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\Telephone 0772 57560
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Ail above Instruments in Working Order and Carriage
Supplied with Manval (* — No Manual)
STEWART OF READING

5 110 WYKEHAM ROAD, READING, BERKS RG6 1PL -0
Telephone: 0734 68041

Callers welcome 8 a.m. to 5.30 p.m. Monday to Saturday inclusive
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FEEDBACK

LIQUID
CRYSTALS

I would like to draw your
readers’ attention to a discovery
made in 1964 that liquid
crystals mentioned in a number
of your articles are not related
to the liquid phase at all. These
useful materials are anisotropic
organic molecules which form a
special phase of crystallites just
below the freezing point of the
liquid phase. Their correct
description should be fluid
crystals or fluid crystallites.
The term liquid is entirely
misleading; the term crystal or
crystallite is correct and it
shows that the properties of
these materials are closely
associated with the more
familiar crystallites of the solid
phase, especially when close to
the melting point. It is well
known that many solids are
very plastic near the melting
point and the fluid crystallites
used in electronic displays
exhibit these properties of
fluidity and crystallinity which
are not found in the liquid
phase. This misleading term

of liquid crystals should be
replaced by the correct term
FLUID CRYSTALS.

W.P. Holland

British Nuclear Fuels Ltd
Sellafield

Cumbria

LOGIC SYMBOLS

I awaited with interest your
informative article dealing with
new logic symbols. It eventually
confirmed my worst misgivings.

For years the government has
tried to foist B.S. (British Silly)
symbols upon the industry with
a delightful lack of success
except upon those unfortunate
enough to be working on
government cotracts, where it
was made a condition of
contract. One is tempted to be
alarmed however, when
normally rational people such as
the Americans endorse such
symbols as the ones reported in
the article. The author states
that international agreement
has been reached, consultations
have been held, etc. Whoever
asks the opinion of the average
engineer? There is far too much
government time and money
spent on these committees who
are clearly out of touch with
real life, and seek to impose
new methods regardless of

consequence.

There is a growing madness
to symbolize everything today,
even when a plain English
indentifier is much clearer, and
frequently takes less space. An
excellent example being any
modern car. Try looking for a
switch marked “heater”, and I
guarantee failure. You may
however find drawings of palm
trees, wavy lines, a perspiring
brow, or whatever silly idea
came into the designer’s head at
the time!

Your author states that there
is no point in “sticking one’s
head in the sand”. I quite
agree. We must resist this
nonsense NOW!

L. Hayward
Wareham
Dorset

MOBILE RADIO

I pity the communications of
your nationalized power
industries who will be forced to
work on Band 3 (your issue
Dec. 1984)

Also noticeable in your article
on mobile radio systems is the
lack of mention on ‘“Trunking’ or
the use of higher frequencies
for public utilities.

Poor old ‘Blighty’, always
behind the times.

P. Hirschmaun
Haifa
Israel

CAMPAIGN FOR
REAL A.M.

The article about the heated
rear window car aerial (E&WW
Feb.1985) covered the
questions of sensitivity and
directivity in some detail but did
not mention the inevitable
degradation of the strong signal
performance of receivers
resulting from the use of
untuned r.f. amplifiers.

It would be a pity if the
widespread use of demister
aerials became one more
nail in the coffin of L.f./m.f.
broadcasting, but it seems that
each new development leads to
lower quality 1.f./m.f.
reception.

Even the unity gain voltage
follower used in the demister
aerial is likely to cause
significant degradation when
used with a good quality
receiver near powerful m.f.
transmitters. Regrettably
however few good quality m.f./
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1.f. car receivers exist.

The replacement of valves by
semiconductors in r.f., mixer,
i.f. and especially detector
stages has done much to
increase distortion and generate
spurious whistles.

Developments in linear i.cs
have resulted in considerable
improvements, particularly in
a.m. detectors but another new
development — varicap diode
tuning on m.f./1.f. — has
definitely been a retrograde step
in areas where 1.f./m.f. signals
are strong.

I have heard one expensive
frequency synthesized car
radio/cassette player which
uses an untuned buffer amplifier
on m.f./l.f. between its aerial
input and its first varicap diode
tuned circuit and which
produces severe distortion on
m.f. BBC Radios 1, 2, and 3
within a 15km radius of the
Brookmans Park transmitters.
This only goes to show that
microprocessor controlled
wizardry with 18 preset stations
(6 on 1.£.1) is no substitute for.
good r.f. design!

On most commercially
produced receivers, m.f./1.1f. is
something of a token gesture
with excessive harmonic
distortion and an audio
bandwidth of 2kHz or so. This
leads to the mistaken belief
among many listeners that the
resulting poor sound quality is
an inherent limitation of m.f./
1.f. broadcasting, and
exaggerates the advantages of
v.h.f. M.f./1.f. still has a place,
particularly in vehicles and
particularly in Britain where
certain programmes are not
available on v.h.f.

This sad state of affairs
prompted me to construct an
m.f./1.f. car receiver which did
not suffer from the
shortcomings of commercially
available models in the strong
signal area where I live. The
design which uses a Mullard
TDA1072 a.m. receiver i.c.
with permeability tuning and
ceramic i.f. filter gives
remarkably good sound quality
but suffers from one annoying
spurious response which is
confined to the Barnet area.
When receiving BBC Radio 1 on
1089kHz from Brookmans
Park, the signal from IBA
Capital Radio on 1548kHz from
Saffron Green near Barnet
causes a 459kHz beat
frequency to be generated
within the i.c. With either a 455

or 465kHz i.f. this results in an
annoying whistle. Beat notes
are also audible on weak
stations at the 1.f. end of the
m.f. band. Within the receiver
the problem appears to be due
to the lack of provision for an
r.f. tuned circuit between the
r.f. amplifier and mixer stages
of the TDA1072, but it is a pity
that frequency planning has led
to two closely sited m.f.
transmitters with a frequency
difference of 459kHz.

To sum up, the requirements
for an m.f./l.f. car receiver with
good handling of strong signals
appear to be as follows:
® Permeability, not varicap
tuning.

o R.f. amplifier with tuned
input and output and NO
untuned pre-amplifier stage.

® Good dynamic range in r.f.,
mixer and i.f. stages coupled
with wide a.g.c. range and good
detector linearity.

Unfortunately no such
receiver appears to exist
commercially, presumably
because the majority of
listeners do not live close to
powerful m.f. transmitters or
because they believe whistles
which CHANGE their pitch
when tuning to be an inherent
limitation of m.f./1.f.
broadcasting, which they are
not.

Have any other readers in
South Herts found a solution?
D.M. Lauder
Barnet
Hertfordshire

THE CATT
ANOMALY

I feel I must assert that I really
exist. I was in no position to
protest when my parents
devised my ridiculous name.

Now, following Ouida Dogg,
who turned up again in January,
we find Weaver-Mowes joining
the act in February. This latest
joker purports to be supporting
me strongly.

The storm-troopers for the
Establishment are happy to be
identified, but dissidents tend
to feel they need some
camouflage. It’s short-sighted,
because, looking through back
numbers, I find that the mean-
free-path of the Establishment
running-dogs is frighteningly
short.

Referring to the W-M letter
in February, p.77, I think the
most convincing approach to
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FEEDBACK

the “Catt anomaly” (WW Sept.
84, p.48) is to concentrate on
the electric charge on the
bottom wire. W-M discusses an
associated anomaly; the
problem of how the electric
current can come up to scratch.
I want people to be forced to
face up to the more glaring
problem of charge. 1 suggest
that the problem of current be
termed the “Mouse anomaly”.

When referring to the
problem more generally, one
would call it the “Catt and
Mouse anomaly”. In Feb 85 you
published a letter from G.
Berzins which demonstrates a
failure of comprehension which
may be widespread, and so
merits discussion. He thinks it
is possible for the energy in a
TEM wave guided by two
conductors, to be transferred by
some mechanism within the
dielectric. This notion leads to a
reductio ad absurdum.

Consider a parallel plate
transmission line of
characteristic impedance 10
ohms. A TEM step of amplitude
100 volts is travelling down
between the conductors. Power
is being transferred at the rate
of 1,000 watts. According to
Theories N or H, electric
current and electric charge exist
in/on the two conductors.

Now consider a similar
parallel plate transmission line
lying immediately beneath the
lower conductor. Again, it has a
characteristic impedance of 10
ohms and a TEM step of 100
volts is travelling down between
the conductors. Electric current
and charge exist in/on the two
conductors. The current and
charge in the new upper
conductor is exactly equal and
opposite to that in the lower
conductor of the original
transmission line, immediately
above it. Now all theories will
claim that the activity in each of
the four conductors is similar. If
this activity is the mechanism
for energy transfer, then total
energy transfer, 2,000 watts,
1s made up from four
contributions.

Now supposing the middle
two conductors are very close
together, and they become
closer. Still we have four
contributions to the energy
transfer. Now reduce the
middle two conductors to wafer
thin, and then remove them.
(During this process, the
activity in top and bottom
conductors will not change).
Hey, presto! Current and
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charge in the two middle
conductors cancel to zero,
and the same activity in the
surviving top and bottom
conductors, previously
responsible for the transfer of
only 1,000 watts, now transfers
2,000 watts!

Ivor Catt

St Albans

Hertfordshire

D.C. SUPPLIES

Having read Dr K.L. Smith's
article on D.C. Supplies from
AC Sources (Oct. 1984 p.63), if
would appear that some very
important omissions have been
made.

There seems to be an implicit
assumption that there i1s a
direct, linear relationship
between d.c. load current and
secondary winding current and
the losses which arise
therefrom.

Surely, if d.c. supplies are
being considered, then these
supplies would embody output
filtering (unless the end object
is, say, a very crude battery
charger). That being the case,
then the effects of the output
filter must be considered in the
design calculations for the
transformer. This is particularly
so in relation to the magnitude
of the conduction angle of the
rectifiers and the resulting size
of the peak current flowing in
the rectifier/secondary winding.
It is the size of this peak
current (very much larger than
the mean current) which
dictates the cross-sectional area
of the wire to be employed for
the winding and the consequent
losses.

It is my experience that,
unless this consideration is
‘built’ into the design and then
worked backwards toward the
primary winding requirements,
then a poor design is inevitable.
A.M. Wheeler
West Mersea
Essex

BASIC PHYSICS

A connecting thread seems to
join this month’s (January 1985)
correspondence items under the
headings “Displacement
Current”, “Roots of Relativity”,
“Energy Transfer”, and
“Electric Charge from a Radio
Wave”; they all present
arguments over the
uncertainties of the fundamental
principles of physics.

I wonder, is it possible that

some of our doubts arise
because of over-eagerness at
the outset to seize upon the
first plausible explanation we
happen upon, just as a panic-
stricken shipwreck victim
grasps at anything? Indeed our
gratification in being able to
grasp an idea seems to cause us
to clutch it as if drowning would
result from losing it!

Perhaps I may be allowed to
offer a couple of remarks on
specific points; first, from
Chris Parton; “there is a law of
physics to the effect that the
velocity of light is the same for
all observers, and I believe that
the conclusion of Michelson’s
and Morley'’s celebrated
experiment. . . that the velocity
of the propagating medium. . .
does not affect the observed
velocity of light.” This assertion
by Chris Parton seems to have
many fearful souls desperately
hanging on to it, yet can we say
that the second postulate of
relativity theory, which was
casually “promoted” to this
status from that of a conjecture
by Albert Einstein in his
apparently little-read paper
(ref.1), can be further elevated
to a law, to stand with, for
example, the Laws of Motion as
annunciated with unqualified
assurance by Isaac Newton?
Chnis Parton “believes” the
conclusion generally held for
the ether-dnft experiment;
others could just as well believe
a contrary or alternative
conclusion can be drawn, for it
1s not difficult to discern the
inherent weaknesses in the
experiment’s design (ref.3),
Michelson’s interferometer, for
one instance, was rigidly spaced
from the emitter used, which
means that if every emitter is
absolutely immobile in its
dedicated ethereal medium for
dispersal of its individual
radiation, then the obtained
results are simply accounted
for. It is true the Einstein
discounted this possibility, but
he gave no grounds for his
judgement; does no-one
consider he would have
removed one cause for doubt
had he done so?

And second, in his letter A.J.
Clayton took great pains with
his detailed discussion of the
“Imaginary experiment” with
which Einstein endowed his
“Popular Exposition” (ref.2.),
featuring a train hit by
synchronized lightning-strikes.
Speaking for myself however, 1
think it would have been quite

sufficient for him to simply
draw our attention to Einstein’s
failure to allocate the radiation
from the electrostatic
discharges to a medium, which
would have a status of motion
with respect to all the other
elements of the mode] — train,
track, electric fields, etc. If the
radiation were not to be
propagated in accordance with
the regulating characteristics of
a medium, either substantial or
ethereal, then how was the
energy to be transferred —
possibly in association with a
matenial displacement in
accordance with the Laws of
Motion? Since Einstein left us
with this problem, the
explanatory value of his treatise
1s in some doubt. Incidentally,
there are other serious
problems elsewhere within this
book, which was intended for
the “layman’s” edification!

All such concepts as
displacement current, electric
and magnetic force fields,
energy transportation across a
vacuum, ethereal media, time
with properties of substance —
and all such terms of an all-
embracing theoretical schema
— are ideally inter-related in a
mode which reflects precisely
action in the physical universe;
so when a disturbing lack of
correspondence becomes
obvious, it is surely the result
of human ineptitude? To what
extent to our knowledge then to
be advanced by ingeneous
attempts at the obscuration of
our misinnterpretations?

The late Prof. Herbert Dingle
suggested in “Science at the
Crossroads”, that Einstein
created his much-admired
theories to cover the defects of
another theory, that of Clerk
Maxwell; these in turn may
well be covering other
misconceptions (vide Ivor Catt
in the pages of this journal).

It seems possible that
modern physics is based on a
schema which was put together
without proper circumspection,
just about the turn of the
century, when instruments
were penetrating facets of
phenomena which revealed
embarrassing shortcomings in
the accepted wisdom; this at
the very time when public
attention was turning to science
for guidance in'a rapidly
developing world of
technological innovation.
Perhaps “panic” would be too
strong a word to introduce
here, but now as the “dust of

ELECTRONICS & WIRELESS WORLD MAY 1985



the old cosmology” begins to
settle, should we not be
attempting to gain a deeper,
wider perspective over the
universe?

C.B.V. Francksen
Farnborough

Hampshire
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RELATIVITY

Had A.H. Winterflood' read my
letter? on the M.M.
experiment, and understood it
like Osinga®, he would have
found no need for his proposed
measurement for it was done in
1887. Science does accept the
M.M. experiment which
enshrines the additive theory
doesn’t it?

If he can prove that this
experiment does not rely on the
additive theory then we should
be told about it for science will
be turned on its head. My
earlier letter should also relieve
Theocharis’s mental
indigestion!*

Alex Jones
Swanage
Dorset
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Simultaneity refers to events
having the same time but not
necessarily the same place: if
they also happen to have the
same place, such a ‘double
event’, at a single point in
space-time, would be recorded
as such by all observers,
whatever their position and
velocity (rest assured, Mr
Marquis). But when two events
are separated in space or time,
the measurement of that
separation depends on the
velocity of the observer; no one
observer can be ‘right’, not
even the one that is ‘at rest’,
for how can one be at rest with

an event that has only one place
and one time? The confusion
over this point has been further
confused by Dr Scott-Murray’s
change of concepts in mid-
stream, even though his
diagrams are excellent examples
of explanatory geometry. The
trouble with his argument is
that it is not clear whether he
means simultaneity by At=0 or
by ty=tz. This leads to my
second point. Figs 2 and 3
purport to show the same
sequence of events as observed
by M and M’ respectively, given
that c is invaniant. But they
cannot show the same
experiement because the delay
between either obser 'er’s
receipt of the two flashes is
zero in one diagram and non-
zero in the other.

The only conformal
transformation from M to M’ is
shown by Fig. 5, where the
events, and the invariance of c,
are preserved, at the cost of a
distortion of space-time that is
perfectly ‘real’ to each observer.

Scott-Murray suggests that it
would be easier to accept Fig. 4
and assume a ballistic theory of
light, presumably explaining the
negative result of the M-M
experiement by postulating
(with Messrs Winterflood,
Aspden et al) that photons
adjust to ¢ only near an
observer, having approached
from a moving source with a
dispersion of velocities. Such a
dispersion would easily have
been spotted from observing
rotating systems like distant
galaxies and binary stars. The
transformation shown in Fig. 5
(or 6) is the only one that fits
the facts — until some new
facts turn up.

R.V. Harvey
Grasmere
Cumbria

With reference to the article
“Einstein’s Trains” by W.A.
Scott Murray in Feedback
column of Wireless World,
February 85 issue, I have the
following observation to make.
Einstein had taken pains to
establish the ‘relativity of
simultaneity’ by showing that
events which are simultaneous
to the observer in one frame are
not simultaneous to another
observer in another frame, and
hence time is relative.
However, even in the same
reference frame, events which
appear as simultaneous to one
observer, need not appear as
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simultaneous to another
observer situated at a different
point closer to one of the places
from where light originates. For
instance, in the example
discussed by Einstein, if an
observer is situated closer to A
between A & M, he is bound to
observe the lightning at A
earlier than the lightning at B.
Thus what appears to be
simultaneous to the observer

at M does not appear as
simultaneous to another
observer even in the same
frame. Thus it is not at all
necessary to establish the
relativity of simultaneity by
introducing another observer M’
in a running train. As time is
constant in a particular
reference frame, the fact that
an event appearing as
simultaneous to one observer is
not simultaneous to another
observer in the same frame
does not establish the relativity
of time.

Time is a universal
phenomenon and the relativity
of time is abhorrent to the
common sense, as rightly
pointed out by W.A. Scott
Murray in his articles in the
‘Heretics Guide’ series. The
Michelson-Morley experiment,
which was the forerunner for
these mind-boggling theories of
space contraction and time
contraction, had only
established the non-existence of
an ether medium for the
propagation of light, as the
velocity of light was found to be
the same in all directions as
observed on earth. It should be
possible for physicists to
establish that it is not necessary
to accept length contraction and
time contraction in order to
explain the observed constancy
of the velocity of light. As light
is a form of energy and is not
matter, a moving light source
cannot add its velocity to that of
light. The Newtonian laws of
addition of velocities apply only
to objects of matter having
mass and cannot apply to light
which is a form of energy
always in motion and not having
a definite mass.

K. Ganesh -
Director, Transmission Project
Madras

India

I thoroughly enjoyed Dr
Murray’s series “Heretic’s
Guide to Modern Physics” (WW
Jun 82 to Jun 83); challenge and
provocation are, I believe,
important to the evolution of

Scientific Theory. I was
disappointed, however, to read
Dr Murray’s later article “The
Roots of Relativity” (May 84),
since his good intentions were
spoiled by a flaw in his
reasoning. Although this error
was pointed out by A.]. Clayton
(Feedback Jan 85). I therefore
feel moved to comment myself.

In “Einstein’s Trains”, Dr
Murray deduces from a
consideration of the Second
Postulate that “. . . the
situation observed by M’ in his
own coordinates must be as
shown in Fig. 3. where the two
flashes arrive at the same
instant. . .” But WHY? The
Second Postulate implies only
that the light approaching M’
from both flashes must be ¢ in
his own frame of reference, as
shown correctly in the diagram.
What logic does Dr Murray use
to show in addition that flashes
A and B both occur at time
t'=0? The very purpose of the
‘trains experiment’ was to
illustrate that one's intuitive
notion of simultaneity is
inconsistent with the
consequences of the Second
Postulate. Just because Dr
Murray makes an intuitive
assumption about simultaneity,
it does not follow that Einstein’s
‘trains experiment’ is
inconsistent with his Second
Postulate.

The view from M is that
while the light from the two
flashes is propagating through
space, M’ will edge a little
closer to B and a little farther
from A. M will DEDUCE
therefore that the flash from B
will be received by M’ before
the flash from A, arguing purely
from a consideration of the path
lengths involved, and without
making any presumption about
the velocity of light relative to
M’. Now by applying the logic
of causality, we argue that M’
must agree, at least
qualitatively, that the flash from
B is seen before that from A.
The situation is not therefore as
shown in Dr Murray’s Fig. 3.

Life would indeed be much
simpler if we had transform-
ations which did not involve
square-roots, but what is wrong
with challenging our pedestrian
notions of space and time, and
developing a theory which is
really provocative. | feel
Einstein may already have done

$0.
G.P. Clark
Castle Donington
Derbyshire
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. CALL IN AND SEE FOR YOURSELF Wit PitTTT Y 008
CIRCLE 22 FOR FURTHER DETAILS.
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Happy Memories

Part type 1 off 25-99 100 up
4116200NS. ... ..o 1.25 115 110
4164 150ns Not Texas ................. 2.65 2.45 2.35
2114 200ns Low Power ................ 1.75 1.60 1.55
2016 150ns Like 6116 .................. 3.65 3.35 310
6116 200ns Low power ................ 7.75 Call Call
6264 150ns Low power ............... 14.85 13.75 13.20
2716 450ns5volt....................... 3.85 3.45 3.30
2732 450ns Intel type.................. 475 4.25 410
2732A350nS ... 5.25 4.69 4.50
2532 450ns Texas type................ 3.85 3.45 3.30
2764 300ns SuitBBC.................. 5.40 5.00 4.80
27128 300ns SuitBBC................. 10.50 9.50 8.65
Low profile IC sockets: Pins  814161820242840

Pence 1213141618242738
Available now — The ROAM BOARD for the BBC Micro. Reads
Roms via a Low Insertion Force Socket and saves their
contents as files, then reloads a file into its sideways Ram as
required. Full details on request.

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

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

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

CIRCLE 25 FOR FURTHER DETAILS.

LE LECTRONICS | Tel: 0728831131 )

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:

A MElectronics
1 Wood Farm, Leiston, Suffolk IP16 4HT

CIRCLE 45 FOR FURTHER DETAILS.

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

R.HensonLtd.

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

CIRCLE 43 FOR FURTHER DETAILS.
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Printer huffer

By taking characters from a microcomputer at
high speed and sending them to a printer at
its leisure, this buffer reduces waiting time
from minutes to seconds. It has parallel and
serial ports and holds enough text for around
twenty A4 sheets.

An annoying quirk of single-user
computers which do not boast
multi-tasking operation is that
when communicating with slow
peripherals, their through-put
drops to that of the peripheral.
Waiting for such a computer to
finish working with a typical low-
cost printer can seem like an
eternity.

The printer buffer alleviates
this problem by appearing to the
host computer as a high-speed
printer. It stores data from the
computer in its memory
(dynamic ram) as quickly as pos-
sible which reduces the waiting
time from possibly several
minutes to seconds. It then pro-
ceeds to send the stored informa-
tion to the printer at normal
speed.

Features

The buffer is built around the
Motorola MC6803 eight-bit mic-
roprocessor which contains an
enhanced 6800 processor with
128 bytes of ram, a 16-bit timer,
a serial-communications inter-
face (s.c.i.) and i/o lines. This
processor is a rom-less version of
the high-density n-mos M6801
family.

Storage capacity of up to 64
432 bytes — the equivalent of
‘approximately twenty A4 pages
— is provided by 64K-byte
dynamic rams (d-rams). Cen-
tronics parallel interfaces and a
serial interface using XON/XOFF
protocols are used to allow para-
llel-to-parallel, parallel-to-serial,
serial-to-parallel and sernal-to-
serial data transfers. Only one
serial interface has been
included, to simplify the design
and keep costs low, so concur-
rent transmission and reception
is only possible with the first
three modes.

Since the serial port is confi-
gured as a terminal, it may be

necessary to exchange the
receive and transmit lines in
either the printer or printer cable
to allow the buffer to operate cor-
rectly in senal-to-serial and para-
llel-to-serial modes. The senal-
interface data rate may be
switched between 300 and 9600
baud (using S,) but is the same for
transmit and receive lines. It is
possible to switch the data rate
during serial-to-serial transfers
so that data may be loaded from
the computer at one rate and
unloaded to the printer at
another. Computer and printer
interfaces can therefore operate
at different rates.

Buffer-ready and error leds
indicte when the buffer has space
available and that a serial com-
munication fault has occurred.
An abort key is also included to
allow one to prematurely termin-
ate printing in an orderly fashion.
The Centronics interface PRIME
signal is used to clear the buffer
within the printer during an abort
sequence.

The software is interrupt
driven with separate input, out-

Specification

Two Centronics parallel ports

and one serial

Modes
Parallel-to-parallel
Parallel-to-serial
Serial-to-serial
Serial-to-parallel

Serial RS232 port
Transmit/receive using

XON/XOFF protocols
300 or 9600 baud
One start, one stop and
eight data bits

Parallel Centronics interfaces
Eight-bit paraliel
DS/ACK handshaking
Busy and prime lines
supported

64K -byte circular buffer

6803 microprocesscr/6821

p.i.a.

Abort and multiply copy
functions

Error and busy indicators

put and memory-refresh tasks.
These will appear concurrent,
i.e., printing will commence
before data input is complete.
Furthermore, subsequent files
may be sent to the buffer before
the current buffer content has
been sent out.

Being general purpose, the
design could be used as the basis
of a variety of microcomputer
applications. The address is
easily changed and more i/o,
eprom space, etc., could be
added. The M6803 processor
operates in mode three in this
application so its internal ram is
not available. However, the 6803
can be made to operate in mode
two for applications requiring

standby ram, see Motorola
MC6801 Reference Manual/
MC6801RM(AD2).

Interfaces

Centronics interfaces are handled
by an MC6821 peripheral inter-
face adapter (p.i.a.). Useis made
of the 6821 automatic handshak-
ing features to generate host
acknowledge, ACK, and printer
data strobe, DS, pulses. A BUSY
signal is produced at port one,
line four (P14) of the 6803 to

by Mike Catherwood

Mike Catherwood graduated from
Heriot Watt University in 1980 with
an Honours Degree in electrical and
electronic engineering, and has
since been working with Motorolain
East Kilbride. He is currently Sys-
tems Engineering Section Manager
for single-chip microcontroller pro-
ducts and guides a small team of
engineers giving technical advice to
potential and existing customers.
Mike loves music, hill walking, bad-
minton, good food and real ale —
although not always in that order,
he points out.

Fig. 1. 6821 Centronics
handshake timing applies to
both printer output and
computer input. Timing with
this type of interface is rarely
critical.

Fig. 2. In the serial interface,
each character sent consists
of one start bit, eight data
bits and one stop bit. Data
rates are determined by a
programmable timer within
the 6803 microprocessor.

Data ’ valid datao

"\

Data strobe, DS

{
X

Acknowledge, ACK

Busy

=)
—/

Data= 4Dy
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PRINTER BUFFER

Enable clock \

(E)

Address strobe (AS) , \

$

Multiplexed port

(3)

@Ao A7

Do-D7

Mdf&SSAe _NAB;R;W 7 v o ;,:'_..,.i\. : )_

Non- mutt

Fig. 3. Multiplexed data/
address signal timings for
the 6803 microprocessor.
Lines are usually multiplexed
in this way to make the most
of pins on the i.c. package.

Fig. 4. Circuit of the 64K-
byte printer buffer (r.h. page).
Multiple copies of the buffer
content may be made by
keeping one’s finger on the
abort button. When using
parallel-to-serial mode, data
is actually available on the
parallel output port, but the
handshake timing may not
be used.

Using a microprocessor with
built-in serial data facilities
and a parallel interface
adapter with handshaking,
this 64K-byte printer buffer
operates with any Centronics
or RS232 compatible
computer and printer.
Software handshaking (XON/
XOFF protocol) is used on
the serial port.

indicate to the host computer that
the bufferis full. Some computers
may not use this line. A PRIME
line is also provided (P15) to
reset the printer.

Figure 1 shows the 6821 hand-
shake timing. Once set up, the
data is transferred by pulsing the
data strobe signal DS. Data must
remain stable while DS is low.
There are also associated set-up
and hold times to be considered,
but timing with this type of inter-
face is rarely critical. Data trans-
fer 1s acknowledged by the
receiver some time later by puls-
ing the ACK line; some interfaces
define a time-out period for this.
The interface is now ready for fur-
ther transfers.

If you intend using very long
cables thenthe p.i.a. lines should
be buffered using line drivers.
Unbuffered, the 6821 will drive
up to around 2m of ribbon cable.
It is wise to interleave ground
with the signals to remove any
coupling effects.

The senal interface uses the
full-duplex s.c.i. within the
6803, which operates using a

standard mark/space (n.r.z.)
form. It can also support a bi-
phase mode of communication,
although not in this application.
Each character sent consists of
one start bit, eight data bits and
one stop bit, Fig. 2, and uses the
on-chip programmable timer as a
data-rate generator. The buffer
operates at either 300 at 9600
baud but data rates of between
150 and 76 800 baud are possible
using different crystal frequen-
cies and software-selectable
prescaler values.

To generate common data
rates, a bus frequency of
1.225MHz is necessary (equiva-
lent to a 4.91MHz crystal) which
requires the use of a 1.25MHz
bus version of the MC6803. Con-
sequently a 1.5MHz MC68A21 is
also  theoretically required,
although it 1s unlikely that a
standard 1MHz part will not do
the job if you have one available.
If the serial interface is not
required, you can use a 4MHz
crystal and the slightly cheaper
1MHz bus version of the 6803.
The RS232 interface buffer could
then also be omitted.

Use of XON/XOFF protocol on
the serial port removes the need
for any active handshaking lines.
It would be relatively easy to add
an asynchronous communication
interface  adapter like the
MC(C6850 to the system to provide
an additional serial interface with
hardware handshake facility if
required.

The XON/XOFF protocol uses

Ascii codes DC1 and DC3 to pro-
vide the transmitting device with
receiver buffer empty/full status.
When the receiver buffer is within
a predetermined number of
characters of being full (64
characters in this design) the
receiver sends Ascii code DC3 to
the transmitting system, indicat-
ing that transmission should stop
fairly soon (XOFF). After a while,
the buffer will empty and when
sufficient space becomes avail-
able (256 characters in this case},
thereceiver sends Ascii character
DC1 to the transmitting system,
indicating that it may resume
transmission (XON).

Hardware

All members of the 6801 family
have a multiplexed address/data
bus when in their expanded
mode, Fig. 3. Address lines A,
are multiplexed with data lines
Dy_; on port three. An address-
strobe pulse occurs during the
low phase of enable signal E. The
address is only guaranteed to be
valid on port three during the fall-
ing edge of AS, at which time it is
frozen by an LS373 latch i.c.,
Fig. 4. Address lines A,_,; pro-
duced by port four are not multi-
plexed and are valid throughout
most of the enable cycle.

During the E-clock high phase,
port three either presents data for
writing or expects to see data for
reading. Read/write line R/W
should only be lowered during the
positive E phase to prevent

Do—D7
6803
Control |0 o— Port 1
LS373 2716 Data 6821
s - i Host
ADp Address  [LPOAT eprom P1A —
— *
Port 3 1\07‘l latch ‘
| Centronics
interfaces
Ag
Port & 1
A15+ Printer
Address ———
AS — decode -
Rx ™ ]
RS 232 —_— £ RAS/CAS
serial e e generator
interface T_x<}__ p—
EXTAL L
—— Do-D7
_ Multipl ADOL
ultiplexer 64 K byte
Oscillator Ap-A15 AD7 d-ram
| ‘}J RAS/CAS |
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PRINTER BUFFER

MPU read | MPU write 4
| |
clock d
/ | 100ns (min) {
E {cddress

G R\S0ns  typ) ' ‘
NN - . Ag-A
multiplexer} | Rl Aohr 8715 +

T0ns {min)

|
AS (RAS)* |
- 170nsmin)] - —_—

% Processor timings for 6803-1 {1-:25MHz)
+ d-ram timing for 200ns devices

) 0ns (mind | — 'lmmn) } |200ns{max) |
t 3’ :
Port 3 v on MR o Addres Data
e I = ' |
| | ‘ |
RATE . m%ns (min) | [W—
50ns{min} ! - +
B H
‘ Mons (min) 1 1150ns ¥
Y250ns (typ) ™ (yp)
110ns (max) Ons (mm.)| |55ns(min)
Dout/Din + f—“ Im:}' i
(d-ram) w w

Fig. 5. Printer buffer timing
required for dynamic rams.
An address must be
multiplexed into the rams in
two halves on eight lines.
Half of the address is latched
_ by the row-address strobe,
RAS, and the second half by
the column-address strobe,
CAS.

Silk-screened plated-through
p.c.bs for the buffer, currently
being manufactured, will cost £14
including vat and UK or overseas
postage from Combe Martin Elec-
tronics, King Street, Combe
Martin, North Devon EX34 DAD. A
complete kit of parts, excluding
p.c.b. and case, is available from
Technomatic Ltd, see advertis-
ers’ index.
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erroneous writing. Data is read
by the processor during the
E-signal falling edge. As with all
multiplexed bus systems, care
must be taken to ensure that all
device output buffers are disabled
during the E-signal low phase,
otherwise bus contention will
result. Having obtained essen-
tially separate address and data
buses, connection of the 2716
eprom and 6821 p.i.a. is easy.

Memory decoding is arranged
to keep as much of the 64K-byte
address space as possible free for
buffer ram while using a mini-
mum of i.cs. As the software is
less than 1K-byte long, only half
of the 2716 is used; address line
Ay, is tied low.

Most systems using dynamic
ram have d-ram controllers to
generate timing signals and to
refresh the memory independ-
ently. These controllers tend to
be costly and as their perform-
ance is not essential in this appli-
cation I chose to use a software
refresh technique (described
later). As a bonus, the hardware
required to implement this is
minimal.

To reduce the number of pins
used, 64K-bit dynamic rams mul-
tiplex address lines Ay, with
lines Ag 5 using two signals
called row-address strobe, RAS,
and column address strobe, CAS,
Fig. 5. Referring to Fig. 4, the
address bus is multiplexed with
the E signal using two LS157
quad two-to-one-line multiplex-
ers. The timing of AS allows it to

be used directly as RAS during
the low E-signal phase.

Generating CAS is a little more
difficult. When the ram is
accessed the RAMEN signal is
clocked through two D-type
latches by the microprocessor
input clock. The E signal is der-
ived from the processor clock and
is one quarter of its frequency.
The D-type devices are however
held clear during the E-signal low
phase (CASis held high). In order
to meet data set-up times for the
processor and d-rams, CAS is
also conditioned by the R/W sig-
nal. Hence, CAS will only fall if
RAMEN is true and the latches
have been clocked twice during
the high E phase for a write and
once for a read.

Propagation delay through the
6803 internal dividers has not
been characterized as it is
intended that the device is used
with its on-chip oscillator, i.e.
with a crystal connected between
pins one and two. Using the inter-
nal oscillator makes the rela-
tionship between pins three
(EXTAL) 4nd 40 (E) of little con-
sequence. For an injected clock,
however, values are typically less
than 50ns over the standard tem-
perature range of 0 to 70°C, which
is well within the specification for
this design using 200ns rams
even though it almost unforgiv-
ably violates worst-case design
practice!

Software, construction and
operation will be discussed in a
subsequent article.

EVENTS

April 30 to May 2

British Electronic Week.
incorporating the All-Electronics
Show, Fibre Optics & Electronic
Product Design. Olympia,
London.

Your Generation, IEE Faraday
Lecture. Dominion Theatre,
London.

Tickets free on receipt of ann
s.a.e. by the Farada Officer, IEE,
Station House, Nightingale Road,
Hitchin, Herts. SG5 1RJ.

May 1

Personal and Domestic
Robots IEE colloquium at the
|IEE Savoy Place. London WC2R
OBL. Tel: 01-240 1871 Ext. 269
May 2

NDT in undergraduate
engineering. IEE discussion
meeting. Phone as above

May 3

Image restoration and two-
dimensional filtering. IEE
colloquium. As above
May6to9

Radar 85. International IEEE/
IEE conference in Washington,
D.C. Details from Radar 85, 1331
Pennsylvania Avenue NW,
Washington DC 20004, USA.
May 7

Fault-tolerant
microprocessor control
systems. IEE Lecture.
Telephone as above. The human
contribution to technology: IEE
Lecture in Edinburgh. As above.
May 8

Vision modelling. IEE
colloquium. As above.

The UK 5000 project. IC
design made easy. IEE lecture.
As above.

May 13

Software, does it enhance
accuracy? IEE discussion
meeting. As above.

May 15

Applications of CAD
packages to the design of
control systems: IEE colloquium.
As above.

GTO devices and their
applications. IEE colloquium.
As above.

May 16

Microwave acoustics and
acousto-optics. IEE
colloquium. As above.
Intelligent knowledge based
systems and Alvey. IEE
lecture in Oxford. As above.
May 17

Optical mass data storage.
|IEE colloquium. As above.

May 20

Applications of MAC to
cable. IEE lecture. As above.
May 21 to 23

Sensor 85. Transducer
exhibition and conference,
Karlsruhe Exibition Centre, FRG.
Network Events Ltd., Tel. 0280
815226.
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connect
with
quality

The Oryx name means a range of
soldering tools and accessories
designed to meet any modern re-
quirement. Our comprehensive
range includes lightweight, cord-
less rechargeable soldering irons,
the famous “Super” and "Viking”
standard designs and lightweight
and . temperature - controlled
models. All with a wide selection
of tip designs and sizes. The
unique Portasol butane gas sold-
ering iron completes the range.
Oryx also supply the largest range
of SR desoldering tools, including
the new anti-static pump, power
supply units, safety stands and
solder pots.

-advanced design at an ordinary price

GREENWQOD ELECTRONICS DISTRIBUTORS

Toolrange 0734 22245 Reading. 5.T.C. Electronic Services 0279 26777 Harlow. Verospeed 0703 641111 Eastleigh. Electroplan
0763 41171 Royston. Engineering and Electronic Supplies 0639 54162 Wales. Cobbies 01-699 2282 London. Buck & Hickman
U.K. Anglia Components 0945 63281 Cambridge. E.I.C. Ltd. 0727 34311 St. Albans. Willowvole Electronics 0734 860158
Reading. Longs 09328 61241 Surrey.

Please telephone or write for further information to:
e Portman Road, Reading,Berkshire, RG3 1NE
Greenwood Electronics 7/ Reading 0734 595844, Telex: 848659
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PRICES (inc. adaptor/charger, P & P and VAT)
METEOR 100
METEOR 600
METEOR 1000

FREQUENCY COUNTERS

The brand new Meteor series of 8-digit Frequency Counters offer the lowest cost professional performance available anywhere.

Measuring typically 2Hz — 1.2GHz *
Sensitivity <50mV at 1GHz *
Setability 0.5ppm *
High Accuracy *
3 Gate Times *

(100MHz)
(600MHz)
(1GHz)

£116.72
£147.77

£204.12

Designed and
manufactured
in Britain

HIGH PERFORMANCE
HIGH RELIABILITY
LOW COST

Low Pass Filter

B —
oy @ue  §iw

o TeGIeR e
G ‘

Battery or Mains -

Factory Calibrated

1-Year Guarantee

0.5" easytoread L.E.D. Display .
NOW AVAILABLE WITH
T.C.X.0.OPTION

Hllustrated colour brochure

with technical specification
and prices available on request.

Black¥Star

IBLACK STAR LTD, Dept WW, 4 Stephenson Road, St Ives,
Huntingdon,Cambs PE17 4WJ, England.
; Tel: (0480) 62440 Telex: 32339

280A CTC

4MHz 280A CPU
4K EPROM — 2K supplied with MCV2.0
4K Battery backed RAM — 2K supplied
4 x 280A PI0’s (64 1/0 lines)

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

RUGBY TIME?

MSF CLOCK is EXACT

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

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

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

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

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

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

PRICES

CUB (built & tested) £103.44 GNC ELECTRONICS

Bare board £20.00 Little Lodge, Hopton Road,
Manual (free with CUB/board) £3.50 Thelnetham, Diss, Norfolk. IP22 1JN.

Please add £1.00 for P&P plus V.AT. Tel; Diss (0379) 898313.
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DECODES Rugby 60KHz atomic time signals, superhet reciever
(available separately), built-in antenna, 1000Km range.

LOW COST, fun-to-build kit only £79-70 (ready-made to order)
includes ALL parts, 5X8X15 cm case, pcb, by-return postage
and list of other kits, GET the TIME RIGHT.

CAMBRIDGE KITS

45(WS) Old School Lane, Milton, Cambridge, Tel 860150.
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Channel code and
disc format — 1

Eight-to-fourteen modulation, eye patterns,
subcodes, flags and error correction.

The channel code used in the
Compact Disc has to operate
within a number of constraints.
O First, the d.c. content of the
code should be as small as poss-
ible for several reasons. Disc run-
out and contamination cause low
frequency noise in the replay sig-
nal which can be filtered out if
there is no information content at
those frequencies. The code d.c.
content will also appear as noise
in the tracking and focus servo
systems. Finally, a d.c.-free
code simplifies the design of the
data separator.

O The efficiency of the code,
which is the relationship of bit
rate to channel bandwidth,
should be high as this has a major
influence on the playing time.
High-density run-length-limited
codes are usually selected by bal-
ancing the maximum run length
against d.c. content. Fortunately
the jitter of a non-contact rigid
medium such as CD is relatively
low, permitting the use of a long
maximum-run length'.

O The CD system depends heav-
ily on error correction and a chan-
nel code that uses symbols of the
same size as those in the error
correction will reduce the possib-
ility of error propagation®.

O The bit rate is lower than those
used in computer discs, thus no
simplification is necessary to
achieve the necessary operating
speed. A complex encoding pro-
cess is acceptable because rela-
tively few encoders are neces-
sary.

The March and April articles
‘Principles of Optical Storage’,
parts 1 & 2) showed that there is
a cut-off frequency duetothen.a.
of the optical system. All
recorded frequencies must be
below this cut-off by a sensible
margin to allow for disc warp and
focus errors. This determines the
minimum time between transi-
tions. It is fundamental to the

channel code that the period
between successive transitions is
an integral multiple of one-third
the minimum period. The basic
time period T is one cycle of
4.3218MHz or 231.4ns. Fig. 1
shows that the minimum wave-
length allowable is 6T and that
this corresponds to 720kHz. The
minimum period between transi-
tions is 3T, but it can also be 4T,
5T etc. To retain a reasonable
clock content, the maximum
period between transitions (the
run-length limit) is 11T, corre-
sponding to a frequency of
196kHz. There are consequently
time periods used in all CD
recording.

The basic clock period is three
times smaller than the minimum
transition spacing, so the resolu-
tion of the medium has appar-
ently been increased by a factor of
three. This gain cannot be fully
realised because some data pat-
terns cannot be recorded it the 3T
spacing rule is to be obeyed. Data
to be recorded must be converted
to a form which accepts the res-
triction.

The basic period T is assem-
bled into symbols of 14T length.
Examining all the possible com-
binations of a 14T symbol (21),
there are 267 patterns where the
run length is neither less than 3T
nor more than 11T. From these,
256 patterns are selected to
uniquely determine all possible
combinations of an eight-bit data
symbol. Fig. 2 shows some actual
patterns and some invalid pat-
terns for comparison. This con-
version process gave rise to the
name of e.f.m. (eight-to-

fourteen modulation) for the CD
channel code.

To prevent violation of the
rules by certain 14T patterns fol-
lowing others, and to control the
d.c. content of the code, three
packing periods are placed
between each symbol. Each
eight-bit data symbol therefore
requires 17T to be recorded. This
coding is 8/17 efficient, and when
multiplied by the resolution
improvement of three times,
yields the actual efficiency

3X8
Si— — 0,
17 X 100% = 141%.

Although the highest frequency
in the channel code is 720kHz, or
1.44 million transitions per sec-
ond, the bit rate is

4.3218X % Mbit/s = 2.0Mbit/s

[dISE

DIGITAL AUDIO

By J.R. Watkinson

This series is outlined in an
introductory article which
appeared in January’s issue.
The second article in the
series, entitled ‘Principles of
optical storage’, is in two
parts and appeared in the
March and April issues. A
second part of this present
article will be provided next
month.

Fig. 2. Part of the code block
for E.F.M. code showing
examples of various run
lengths from 3T to 11T.

Fig. 1. Limit frequencies of
CD channel code: master
clock frequency of
4.3218MHz, T=231.4ns (a),
highest recorded frequency
with transition 3T apart,
frequency 720kHz (b), and
lowest recorded frequency
with transitions 11T apart,
frequency 196kHz, (c).
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DIGITAL AUDIO
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Fig. 3. Digital sum value
example calculated from
e.f.m. waveform (a). Two
successive 14T symbols
without d.c. control (upper)
give d.s.v. of —16, (b).
Additional transition (*)
results in d.s.v. of +2.

Fig. 4. Characteristic eye
pattern of e.f.m. observed by
oscilloscope. The only
information of interest is the
time when the signal crosses
zero. Notice reduction in
amplitude of the higher
frequency components.

Fig. 5. One CD data block
begins with a unique sync.
pattern and one subcode byte
followed by 24 audio bytes
and eight redundancy bytes.
Each byte requires 14T in
e.f.m., with 3T packing.

The choice of packing bits for
d.c. control is determined as fol-
lows. The digital sum value
(d.s.v.) of the channel patterns is
derived as shown in Fig, 3(a). If
the channel code is true during a
T period, one is added to the
d.s.v., if the code is false, one is
subtracted. Clearly if the channel
code is to be d.c.-free, the aver-
age d.s.v. must be zero. In Fig.
3(b), two successive 14T sym-
bols are shown, both of which
have a positived.s.v. Byadding a
transition in the packing period,
the second symbol is inverted,
and the overalld.s.v. isreduced®.
As the only parameter of interest
is the time (3—11T) between
transitions, this inversion has no
effect on the data.

The interference read-out pro-
cess causes the reflected light to

ov
Sync pattern Packing Subcode byte Packing
J—— i | _r—l.}__tr—
£l T fart

-

o

N )
Sync[SC| 12 [3 [ ) [M]2]ar]a2[o3]ae] 3w | ) [23 T Pi]P2]P3]Pe]
[ 1T\ % \ /\ N e/

Subcode

12 odd L bytesQ 12 even 4 bytes P
' byte audio bytes redundancy audio bytes redundancy
\2'}T 177 12 x 177 Lx 17T 12 x17T Lx17T
5887 =136p s
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increase and decrease about
some average value, which
superposes a d.c. level on the
readout signal, in addition to a
component at the rotational fre-
quency of the disc (3.3 to 9.5Hz)
and harmonics thereof. Because
the code is d.c.-free, a simple
coupling capacitor can be used to
remove these effects.

If a typical read-out signal is
observed on an oscilloscope that
triggers on a positive zero-cross-
ing, the next zero-crossing could
be 3T, 4T etc later, as shown in
Fig. 4. The ’scope superposes all
of these waveforms to give the
characteristic eye pattern of CD.

Notice that the amplitude of
3T, 4T and 5T period signals is
less than the othes becuase they
are closer to the optical cut-off
frequency (see March and April
articles).

The quality of the optics and
focus servo can be assessed by
comparing the 3T amplitude with
maximum amplitude.

The first step in data sepera-
tion is to locate the zero crossing
in the waveform and to produce a
transition in a binary signal at
these points. Since the code is
d.c.-free, the threshold or slicing
level can be obtained by integrat-
ing the signal itself. This rec-
reates the channel code. Every
read-out transition is used to
phase-lock a data seperator clock
of period T. The clock is used to
establish the number of T periods
between transitions and thus
recreate the 14T symbols. These
are converted back to data bytes
using either a rom or gate array.
The truth table, known as the
code book, has been optimized to

permit decoding with minimum
logic®.

Like most r.1.1. codes, e.f.m.
requires a preamable to syn-
chronize the phase-locked loop
before data can be read. This
unique preamble consists of three
transitions separated by 11T.

Each of the data blocks shown
in Fig. 5 consists of 33 symbols of
17T each, following the pream-
ble, making a total of 588T or 136
us. Each symbol represents eight
data bits: the first symbol in each
data block is used for subcode,
the remaining 32 bytes represent
24 audio bytes and 8 bytes of
redundancy for the error correc-
tion system.

The subcode byte forms part of
a subcode block that is built up a
byte at a time from 98 successive
data blocks. The start of a sub-
code block is denoted by the pres-
ence of S; and S, synchronizing
patterns in the first symbol posi-
tions of two successive data
blocks. These are two of the
(267-256) patterns which are not
in the code book and can be
uniquely identified. The presence
of these two sync. patterns
reduces the size of the subcode
block to 96 bytes. A future article
of the series is devoted to sub-
code.
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1. Channel codings for digital audio record-
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2,4. EFM — The modulation method for
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3. Optimization of low frequency propert-
ies of eight-to-fourteen modulation, Kees
A. Schouhamer Immink ahd Ulrich Gross.
[ERE Conference on Video and Data
Recording, Southampton, April 1982.
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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 SEC NEOPRENE
: ONDARY
field and, thanks to .L.P., PRICE. WINDING — L ASHERS
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 orcers which can be programmed PRIMARY
to your requirements with no price penalty. WINDING END CAPS
15 VA 50 VA 120 VA 225 VA 500 VA
62 x 34mm 0.35Kg 80 x 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 45mm 2.2Kg 140 x 60mm 4Kg P
Reguiation 19% Regulation 13% Regulation 119 Regulation 7% Regulation 4% Why a Toroid? )
SERIES SECONDARY RMS 2:010 6.6 416 4x010 6+6 100 6x012  12.12 9 8x016 25425 1000 Smal!e( size & weight to meet
No Volts Current 2x011 9.9 277 4x011 9+9 666 gtl 13 g':g é;s 82017 30430 B33 modern 'slimline’ requirements.
2x012 12412 208 ax012 12412 500 x014 + 8x018 35435 714 i B
0x010 6-6 125 %013 15415 66 4013 16:1% il 6x015 22422 M eosel oo s Low electrically induced
0x011 919 0 83 2x0714 18418 a8 ax014 18-18 333 6x016 25 +25 4 8x025  45+45 5 55 noise demanded by compact
-0:2 124:2 023 2x01 22422 13 4x015 22422 272 SX')‘g 30+ 30 Bg x 05 500 equipment.
14013 M 2x016  25+25 80 4x016 25425 240 %01 35-35 ! Bx042 555 454 p . .
014 18418 42 2:017 30:30 083 017 % 2 00 6x026  40+40 281 8x028 0. 434 *  High efficiency enabling
gxg;g gg;gg 38 2x028 110 ) 45 4x018 35435 171 6xC gs 15445 250 8x029 220 227 conservative rating whilst main-
g N 3 2x029 220 22 4x028 1 09 6x033 225 B 4 208 A1 B
s SEER WOk mE om o8| B vn | e e
f 3 2 22 102 |
{encased in ABS plastic) 80 VA 4x030 16;‘,\3'\ 50 %050 & o5 140 x 75mm 5Kg
1K L Regulation 4%
70 x 30 ?,? va 0.45Kg © Ei?ﬂr‘r,'on 12% ? 110 x 40mm 1.8Kg 300 VA egulation Why ILP?
KR mlanon 18";{, Regulation 8% 110 x 50mm 2.6Kg 9x017 ) 4 ) .
egul %010 646 664 o 8¢9 a89 Regulation 6% o ape Ex stock delivery for standard
1010 6:6 I X012 12412 666 7013 15.1 ax02 1504 694 240V range
1x011 8.9 * x013 15418 533 014 18+18 8 1 - . . .
1012 12412 013 15eIs 208 w014 18e1s  a4a X015 22122 682 o5t gl e Fast prototype service available
<013 541 * 8- X015 22022 363 7x016 54 25 600 5 ° i
1014 1B418 083 TR eFot) 81 X016 2542 320 7017 30430 (oo ot ; e 3 ‘c’;’eeks despatch for special
1015 2222 68 32016 2525 60 X017 30436 266 X0 Go 2 - %5 % 60 orders
016 2642 060 3x017 )+30 33 %018 3 228 7x026  40-40 ° " * 2 year no quibble quarantee
1xD17 30.30 05 3x028 10 72 52026 40+ 40 200 <025 45445 5 .
3029 220 3 028 1 ) 45 033 50.5 No price penalty for
4 2029 22 072 72028 110 72 call-oft order
5x030 24 66 7x029 220 1386
7x030 240 125
Prices including P & P and VAT Mail Order — Please make your crossed .
VA S VA S cheques or postal orders payable to |LP Post to: ILP Electronics Ltd., Dept, 3
Y Elus RSl . Electronics Ltd. Graham Bell House, Roper Close,
:S;g ; ;3(7) ggg g ﬁ :’;; Tradedf Wle will open your (f:redit af(_:counl Canterbury, Kent. CT2 7EP
mmediat n b .
80 3 006 500 8 1960 e CEIEYIURON TECEIRTOTVOURILSS Tel: {02271454778 Telex: 965780
120 4 10.65 625 9 22.30 .
For 110V primary insert "0” in place of "X” in type number
For 220V primary (Europe} insert “1" in place of “X' in type number > [ ]
For 240V primary (UK} insert “2" in piace of “X" in type number. " VISA
IMPORTANT. Regulation — All voltages quoted are FULL LOAD A _
Piease add regulaton figure to secondary voltage to abtain off load voltage =
ELECTRONICS LTD..

CIRCLE 31 FOR FURTHER DETAILS.

BRAND NEW ELECTRONIC COMPONENTS

— — ;"I ii- a , v

o P o e 1o ||| | SINE WAVE INVERTERS
g 4-?35rice pe?-190500. Sol?j-i7n0mu|tipl::§gf 1000:.3-25 200 to 1000 VA

Small quantity prices available.

CARACfAL'S new
LEAD-FORMING SERVICE AVAILABLE - S W F s angeoipe

Save assembly time and money with pre-formed leads. " . inverters are now
Size setting £2-00 plus £1-50 per 1000. d even better than
6 ever compared to
Write or Phone for full Details older tuned-type
HARRISON ELECTRONICS : inverters — with
22 MILTON ROAD, WESTCLIFF-ON-SEA, ESSEX S50 7JX Tel: (0702) 332338 even higher

efficiency, lower
standby current

and lower weight
than before.

ELECTRONIC POWER UNITS

FOR XENON ARC AND MERCURY ARC LAMPS

UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WATTS. CARACAL inverters have been in use around the world for
- Lamp housings and lens systems manufactured as standard off the shelf models or to many years wherever areliable and stable source of backup
specific design. or standby AC power is needed for computers,
communications, instrumentation, and for mobile, field or
marine applications.

o — ASK ABOUT OUR CUSTOM/OEM
‘, ¢ | = SERVICE — THE U.K’s BEST
s . INVERTERS TO SUIT YOUR DESIGN —
. & = FROM 50 TO 1000 VA

o
‘.'m CARACAL POWERPRODUCTS LTD.
42-44 SHORTMEAD ST., BIGGLESWADE, BEDS.

K. T. Manners Design Ltd. Tel: 0767 — 260997

P.0. Box 936, London, W4 4NW Telephone: 01-994 7155, Telex: 28604

CIRCLE 88 FOR FURTHER DETALLS.
ELECTRONICS & WIRELESS WORLD MAY 1985



LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
RST Tel:01-677 2424 Telex:946708 RST

SEM'CONDUCTORS | BF257 0.27 GEX541  5.00 OAZ207  1.50 | OC205  2.75 b INI671  5.00
) L | - d d T ZTX504 021 - 2N3819 030
ARLIS 010 oo gg0 | peizs oqa | BDIZZ 048 | BF2SS 027 13M 150 | 0OCl6 250 | OC206  2.75 | ZTX531 0.24 INIg93 032 | )N30 039
AAY30 017 Ay 1% | Bels 038 | BDIZS 040 | BF29 0.28 GMO0378A 1.75 0C20 250 | OC07  2.50 | ZTX550 0.25 IN2147  4.00 IN3823 060
AAY30 017 INeoTE ol B3 03 | BDI36 040 | BFil 0.34 KS100A  0.45 oc2 250 | OCP7l 2.0 | IN9I4 0.05 2N2148 375 INIB6  1.00
AAZI3 0.15 ASZ17 1,00 BC179 0'28 BD137 0.40 BF337 033 MJE340  0.60 0C23 4.00 ORPI2 1.00 IN9I6 0.09 IN2218 0.32 2N 3904 0.17
AAZI1S 0.15 ASZ20 230 BCI82 oil BD138 0.48 BF338 0.36 MJE370  0.73 0OC24 3.00 R2008B 2.00 IN4001 0.06 IN2219 0.32 IN390% 0.17
AAZ17 015 ASZ21 750 | BCle om | BDI® 048 | BFSII 4.00 MJE37TI 071 OC25 1.00 009 225 | IN40O2 006 IN220 0.20 IN39%6 017
AC107 0.55 AUY10 300 BT84 e BD140 0.50 BFS28 2.25 MJES20  0.47 0C26 150 | R2010B  2.00 IN4003  0.06 IN2221 020 2N4058  0.20
ACI125 0.25 KD o3 [IBc21z ol | BDI44 200 | BFSsl 0.20 MJES21 073 | OC28 200 | TIC44 027 | IN40O4  0.07 N22 020 IN4DSS 020
AC126 0.25 BATH s |[Wecats S BDI81 1.20 BFS98 0.20 MJE2955 1.30 0Cc29 2.00 | TIC226D 1.20 | IN40OS  0.09 2N2223 428 IN4060  0.16
ACI127 0.25 BAIS4 o.10 BC214 o1l BDI83 0.80 BFW10 0.97 MJE30S5 1.10 0OC35 1.50 TI1L209 0.16 IN4006 0.11 IN2368 0.2 IN406] 0.16
ACI28 0.30 BAISS ol | B 011 | BD2137 054 | BFWIl 09 MPF102 035 | OC36 150 | TIP29A 0.43 | IN4DO7T 012 IN23GOA  0.25 IN4O62 016
ACI4] 0.28 BATEH o1 | BChas o1} | BD28 054 | BFX84 030 MPFI03 035 | OCal 0.90 | TIP0A 045 | IN400S  0.07 IN2484  0.25 IN412s 016
ACI4IK  0.35 AR BRI et BDXI0 091 BFX85 0.30 MPFI04  0.35 0Ca2 0.9 | TIP3IA 033 IN4I48  0.04 IN2646 050 2N4I26 0.6
ACI142 0.28 ey 1o llmecaoy 05 BDX32  2.00 BFX87 030 MPF105 035 0C43 150 | TIP2A  0.36 INS400  0.13 2N2904  0.32 2N4286  0.15
ACI42K  0.35 Baxie]  'mo MBc3od o BDY20  1.50 BFX88  0.30 MPSAO6  0.26 0C44 0.85 | TIP33A  0.54 INS401  0.13 2IN2905  0.32 2N4288  0.18
AC176 0.30 Be107 ote | BCI08 o BDY&0 275 BFYSO 025 MPSAS6  0.28 0OC4s 0.65 | TIP34A  0.67 1544 0.04 2N2%06 021 2N4289 018
AC187 0.28 iy e |Nec ol BF115 0.5 BFYSI 0.25 MPSUO!  0.53 oC71 0.55 | TIP4IA  0.44 15920 0.08 2N2907 021 2N4400 0.1
AC188 0.28 i it |WBGszs o | BRI 0.16 | BFYS2  0.25 MPSUG6  0.65 | OC72 100 | TIP&2A 042 | 18921 0.09 2N1924  0.26 IN4d0l 0.1l
ACY17 1.30 BCII3 o1 | BGIW ol BF153 0.16 BFY64  0.30 MPSUS6  0.69 oc73 100 | TIP295S 0.70 | 2G301 1.00 2N2925 0.22 2N4402 011
ACY I8 115 BeIls o1s | BGIg o2 BF154 0.17 BFYS0  0.95 NESSS 0.45 0oC74 0.70 | TIP30SS 0.56 | 2G302 1.00 2N2926  0.15 2NS457  0.32
ACY19 110 Bl o1 | Bevse 15 | BRI 017 | BSX19 027 NKT40l 350 | OC7S 0.65 | 75140 025 | 2G306 1.00 IN3053  0.26 NS48 032
ACY}O 1.10 BCIIE oko BCY31 1'% BF160 0.17 BSX20 0.27 NKT403  2.50 0C76 1.00 ZS170 0.21 2IN404 1.30 2IN3054 0.55 INS459 0.32
ACY21 1.15 BCTS o35 | Bevir  1as | BEISOZ 024 | BSX2I 029 NKT404 220 | OC77 1.00 | 75178 0.54 | 2N69% 0.32 2N30SS 0.5 25017 1000
ACY3 2,50 BClie 08 | Bevas 1o | BRI 0.30 | BTI06 1.20 | OAS 120 | ocs 0.65 | 7527) 023 | 2N697 0.32 INM40  0.70 25019 1o
ADI149 0.75 BC125 0.18 BCY34 1'00 BF177 0.35 BTY79/400 QA7 0.60 ocsi1z 1.20 78278 0.57 2N698 0.32 IN344) 0.85 25024 35.00
ADI6l 035 BC12 o1 | Byl  sgo | BEITS 0.35 2.00 | OAIO 0.55 | OC82 0.9 | ZTX107 o012 | 2N70S 1.25 IN3442 125 25025 35.00
ADI162 0.35 B(SIJS 0.15 BCY40 2'80 BF17%9 0.35 BU205 1.30 QA47 0.12 0Cs3 1.00 ZTX108  0.12 IN706 0.25 2N3614 2.20 28026 35.00
ADZ11 12.50 BC136 019 BCY42 0.30 BFi80 0.28 BU206 1.50 QA70 0.25 OCs4 0.80 ZTX109  0.12 2N708 0.25 2N3702 0.11 25103 1.50
ADZ12 1250 | peid0 ol | BCves o030 | BEIEI 0.28 | BU28 200 | OA79 012 | OCl22 275 | ZTX300 013 | 2N930 0.25 2N3703 0.1 25302 3.50
AF106 0.35 BCIA7 il BCYSS 019 BF182 0.30 BY100 0.40 OA81 0.17 oc123 2.00 ZTX301 0.14 IN1131 0.30 IN3704 0.11 25303 1.50
AF1I4 350 BCIel 912 | RSy 049 | BEms 0.28 | BYI26 0.3 | OASS 017 | OCI3%  3.00 | 7TX302 018 | IN1132 030 2N3705 0.1 25322 3.50
Fus 3.50 BC149 013 BCYTI 018 BF 134 0.28 BYi27 0.14 0OA%0 0.08 0OC140 4.00 ZTX303  0.18 IN1302 1.20 2N3706 0.11 28324 3.50
AF116 3.50 BC1s7 013 BEYT2 017 BF185 0.30 BZX61 0.17 0A%1 0.08 OCl41 425 ZTX304  0.20 INI1303  0.80 2N3707 0.11 28701 3.50
AFI7 3.50 BC158 013 BCZ)1 175 BF194 0.14 Series OA95 0.08 0C170 4.50 ZTX311  0.13 IN1304 1.20 2N3708 0.10 25745A 0.95
AF139 0.33 BC139 oils BDIIS 0.42 BF195 0.12 B2Y388 0.10 QA200 0.15 0ocC171 4.50 ZTX314 025 2IN1305 1.00 2N3709 0.11 25746A 0.95
AF186 1.00 BT o | BoEd %35 | BEI% 0.13 Senes OA202 015 | OC200 150 | ZTXS500 014 | 2NI1306 150 | 2N3710  o.l0 CV Devices
AF239 0.39 BT o | BDiss >ee | BRI 0.14 | CRSI/40 060 | OA21l 150 |‘0C201 3.7 | ZTXs0l o014 | 2NI1307 110 | 2N3711 010 s
AFZIl - 400 | giyo 0 BDiz4 200 | BF200 040 | CRS340 075 | OAZ200 150 | OC202 275 | ZTX502 0.8 | NI3og8 175 | 2N3771 140 P eson
AFZI2  4.00 I . d BF224 0.25 | CRS360 090 | OAZ201 1.50 | OC203  3.00 | ZTXs0: 049 | 2NI309 120 | 2N3772 160 e
ASY2S 1 BC172 0.1 | BDI3l 044 | pFrss 3Sp | GEX66 300 | OAZ206 150 | OC204  3.00 2 INI6I3 032 | N33 180 gl
EI30L 1850 | EF86 3.50 | Gxur 1535 | OD3 250 | (y3.ns 6324 | UF4l 200 | 4.50A 80.00 | 6CG7 2.54 12AX7 175 | s642 9.00
VALVES EI80CC 10.50 | EF89 250 GXSZ 3000 | 024 350 | Ov3.j25 o464 | UF4Z 210 | (40A 8700 | 6CH6  13.00 12AY7A 4.0 5654 3.00
Al834 9.00 EISOF  10.20 | EF9) 295 | Oxv 2540 | PC86 250 | Qva-250 7014 | UF80 175 1 4p32 20.00 | 6CL6 3.75 12B4A 350 | 5651 445
A2087  13.50 E182C 13.25 | EF92 6.37 GXUd4 50 | PC88 2.50 | Qva-400 7620 | UFSS L75 | 4C35 12000 | 6CW4 8.00 12BA6 2.50 5670 4.50
A2134 1750 EiseF  11.50 | EF93 1.50 GXUS0  20.00 PCOS 175 QYS-5ur 1900 | UF89 2.00 4CX250B 45.00 | D2 1.50 12BE6 2.50 5675 28.00
A2293  16.00 E188CC  8.91 EF94 2.50 GYS01 3.00 PC97 LTS | QYS-3000A UL4i 5.00 4CX350A 120.00 | 6DK6 3.00 12BH? 2.75 5687 6.00
A2426  27.50 EI80F  22.51 EF95 5.99 GZ32 4.00 PC9%00 1.75 150.00 ULS84 1.75 4XI50A  60.00 6DQ6B  4.75 12BY7 3.00 5696 4.50
A2521 25.00 E283CC  12.00 EF98 2.00 GZ33 4.75 PCC84 1.50 QZ06-20 32.70 UM80 2.00 4X150D  56.00 6EAS 3.00 12E1 20.00 5718 7.50
A2900  15.00 E288CC  17.50 | EFI83 2.00 GZ34 3.00 PCCBS 1.50 R10 6.00 | UY4l 2.25 SB2S4M  35.00 | 6EB8 2.50 12EVITT 28.00 5725 5.50
A3343 4500 EAS2  125.00 | EFI84 2.00 GZ37 4.75 PCC88 200 | Ry7 3.00 | UYSS 2.25 SB2SSM  35.00 | 6EW6 2.25 12E14  65.00 5726 11.37
AZ31 2.75 EA76 2.50 | EFS045 12.00 KTél 5.00 PCC89 1.75 RI8 3.00 | VLS631 15.00 SC22 16000 | 6F6 3.00 13E| 170.00 5727 7.05
AZal 2.60 EABC&0 125 EFB0SS  15.00 KT66 15.00 PCCI89  2.50 RI19 9.24 XG1-2500 55.00 SJI80E 1650.00 6F23 1.60 19H4 27.50 5749 2.50
BK#48  114.90 EACSL 350 | EH9%0 L75 | KT?7 Gold PCCBOS  1.60 | R2p 2.50 SR4GY  3.50 | 6F28 1.60 19HS 4750 | §75) 00
BK484 15535 EAF42 250 | EK% 1.50 Lion 12.01 PCCBO6  1.60 RG3.250 32.68 141.99 | SU4G 3.00 | 6F33 33.50 24B% 67.25 5763 4.50
BS90 58.00 EAFg0l 200 | EL32 250 | KT88 Gold PCES2  2.00 | RG3-250A 32.68 | XGS5-500 30.00 | SU4GB 2,50 | 6HI 1400 | 30CIS 200 | 3gl4A 4.00
BS310  60.00 EB4 4.00 | EL33 4.0 Lion 2000 | PCF80 200 | RG3.1250 59.50 | XG2-6400 SV4G 2.50 | 6H2N 2.75 30C17 2.00 5840 4.00
BTS 58.95 EB91 150 | EL34MUI 4.00 KTwel 250 | PCF82 150 | RG4.1250 61.60 162.00 | 5Y3GT 2.0 | 6H3N 2.75 30C18 200 | 5842 12.00
BTI7  151.00 EBC33 250 | EL36 2.50 KTwe2z 250 | PCF86 250 | RG4-3000 99.45 | XRI-1600A 5Z3 4.00 | 6H6 3.00 | 30FS L60 | S876A  31.50
BTI9 4405 | EBCs 250 | ELdi 280 | yTwes 250 | PCF87  2.00 | RR3.250 40.00 53.75 | 574G 250 | 64 550 | 30FL12 138 | sg79 5.00
BT29 34915 | EBC8) 150 | EL& 250 | \xo79 3¢ | PCF200 325 | RR3.1250 45.75 | XRI-3200 8197 | 5Z4GT  2.50 | 6J6 893 | 30FLIZ 180 | S8is  17.50
BTe9  3s4.s0 | EBCSO 125 | ELSI 525 | ieoso  g2s | PCE201 325 | SI(EI2 65.00 | XRI-32004 63L2 175 | 6]7 475 | 30FLI4 200 | 5963 2.50
BT9S  129.90 EBF80 1.50 Ei 83 6.00 M8081 982 PCF801  2.50 S130 6.00 XR1-6400 6AB4 1.75 | 6K4N 2.50 30L) 1.50 5965 3.50
CBL31 400 | EBF83 175 | EL84 225 | 082 o6y | PCEBO2Z 250 | Si30P 600 165.00 | 6AB7 3.00 | 6K6GT 275 | LIS 200 | 6005 225
L33 400 EBF§9 150 | EL86 275 | MAoR S | PCF805 170 | STV280-40 YDII20 395.00 | 6ACT 3.00 | 6K7 300 | 30L17 200 | 6021 450
CY3l 3.00 EBL3I 10.00 EL90 2.25 M8a091 10.43 PCF806 1.70 14.00 Y1240 $90.00 6AF4A 4.25 K8 300 30P4 2.50 6037 10.23
Gk 2000 | ECoo 138 | ELSL 900 | Maoss e | harsod 170 | STV2H080 Z403U 2500 | 6AGT 300 | 6KDs  7.00 | P19 250 | c058 1234
G3A 22.00 EC9I 800 | EL9S z.% Ms09)  sq0 | PCL&z 200 ) 2100 | 2759 2500 | 6AH6 500 | 6L6G 300 | JOPLI 3.00 | 6059 6.00
cja o0 | ECH V75N | (ELLscE B30, oy alo | pcLss 300 | sus 500 | ZMI000 800 | 6AKS 599 | ereGa 300 | JOPLI4 180 | 606i 6.00
DA4l  25.00 ECIST 41000 | EL360 850 | MECH S0 | PCL84 200 | SUS2 1000 | ZMI1001 8.00 | 6AK6 250 | g6GC a0 | 0PLIS 180 | 6063 375
DA42 18.70 ECC33 4.50 EL500/504 3.00 M8100 952 PCL8S 2.50 TDU3-10 35.00 | ZMI020 9.00 6ALS 1.50 | 6L6GT  3.00 W 1.00 6064 $.58
DAF9I 175 | ECC3 450 | ELSOS 10.00 | Gg %0 oo 186 250 | TDO3.10F 35.00 | ZMI021  9.00 | 6AMd 400 | 6L7 250 | S0CS 1.50 | 6067 10.23
DAF% 1.75 ECC40 5.50 EL82i 13.00 M8137 1073 PCL805/35 2.50 TT1S 50.00 ZM1022  9.00 6AMS 9.69 6N2P 2.50 75B1 6.05 5072 6.00
DET22 35.00 | ECC8I L7s | EL&ZZ  13.97 | Gu i Tgee | PDs00 - 6.00 | TT2 30.00 | ZMI023  9.00 | -6AM6 6.02 | 6N3P 250 | 75C1 450 | 6080 14.00
DET24 49.00 ECC82 1.75 LLL80  19.00 MB141 6.50 PEO6-40N 45.00 122 3350 ZM1040 19.36 6ANS 4.75 6N7 3.00 85A1 7.50 6097A  235.00
DF91 1.75 ECCB3 1.7 EM34 8.00 M8142 875 PFL200  2.50 TTI100  60.00 ZM104] 16,66 6ANSA 3150 6P25 4.00 852 6.45 60978  200.00
DF% 1.75 ECC84 LTS EMS0 250 | gias 759 PL36 250 | TY2125 6. ZMI042 1777 | 6AQS 2.25 | 6Q7 375 | 90AG  20.00 | 6l46A 825
DK91 1.75 ECC85 175 EM3) 2.50 M8149 6'50 PL8I 1.75 1Y4-400 §0.00 1B3GT 3.00 6AS6 8.66 6R7 3.25 90AV 20.00 . | 6146B 12.00
DK92 2.00 ECC86  2.50 EM&g4 200 | el 935 PL8IA 200 [Y4-500 105,00 | 1B24 2500 | 6ASTG  B.75 | 6SA7 3.00 | 90C1 680 | 6198 19.00
DK% 175 ECC88 3.50 EM8S 2.7% Miiez 1040 PL82 1.50 TYS-500 214.00 1B3SA  48.00 6AT6 125 | 6SC7 275 90CG 14.54 } 6189 9.50
DL92 2.00 ECC89  2.00 | EMS7 250 | Moes  's3s | PL83 250 | TY6-800210.00 | 1B63 64.00 | GAUSGT 5.00 | 6SF7 250 | 90CV 1545 | 6201 11.40
DL94 1.75 ECC91 8.93 EN32 17.46 M8190 500 PL84 2.00 TY6-5000A IRS 1.75 6AUS 250 | 6SH7 3.00 924G 20.00 | 6442 20.00
DL.9% 1.75 ECCI8S  2.10 ENYI 650 | MU0 oo PLS04S  2.50 490.00 | 1SS 175 | 6AVSGA 450 | ¢5)7 325 | 92AV 2000 | 6883B 8.25
DLSIO  14.00 ECC807  1.75 ENS2 696 | W30 1095 | Elsos 250 | TY6 50008 T4 175 | 6AV6 150 | 6SK7 350 | 95Al 8.45 | 6973 400
DLSIS 1250 | ECC808  3.00 EY51 275 |immeocd  Eoiis PL50Y 6.00 395 2AS1S 1150 | 6AXSGT 3.00 | 6SKIGT 3.00 | 150B2 6.50 | 7025 3.00
DLSI6  12.50 F80  1.50 | EYS8I 250 | MM O PL5I9 6.00 | TY6-5000W 2CI9A  60.00 | 6B7 325 | ¢SN7GT 300 | 15083 8.35 7551 6.25
DLS19 12.50 ECF82 1.50 EY83 2.50 M8223 500 PL801 1.50 425 2C43 70.00 6B8 3.25 65Q7 3.40 150C2 3.25 I 7586 15.00
DM70 2.00 ECF86 2.50 EY84 9.24 M8224 630 PL.802 6.00 TY7-60004 2D21 3.2 6BA6 1.50 6SR7 4.00 150C4 6.00 7587 23.00
DM7! 200 | ECH3S 3.00 | EY86 195 X\ ersel  leiso PY33 2.50 ) 52500 | 2E26 8.25 | 6BA7 5.00 | 65S7 275 | 201 35.00 7609 56.00
DMI160 475 ECH&2 350 | EY88 L5 | A A PY8} 150 | TY7-6000W 2)42 98.00 | GBASA  4.00 | 6USG 3.50 | 723AB  125.00 7868 6.00
DY87 1.50 ECH8I 3.00 EYS00A  3.00 MD2901 115.00 PY82 1.50 525.00 2155 175.00 6BC4 4.00 6USA 2.25 803 25.00 7895 12.00
DY802 150 ECH83 250 | EY802 175 | MO e PY83 125 | Tz40 2500 | 2J70A 383.00 | 6BEs 150 | 6veGT 225 | 805 45.00 | 3005 110.49
ESSL 45.00 ECHB4  2.50 EZ35 175 | G119 55.00 Y88 2.00 Ui8-20 350 | 2]70B  336.00 6BH6 2.50 | 6X4 2.00 807 378 14.00
EB0CC 8.81 ECLS0 1.50 EZ40 2.50 MX123 7600 PYS00A  4.00 u19 13.7% 2K25 125.00 6BJ6 225 6X5GT 175 811A 18.33 122 100.00
ES0CF 11.27 | ECL81  L75 | EZ4l 250 | Mol e PY00 150 | U25 250 | 3.400Z 85.00 | 6BK4 4.50 | 787 250 | 812A 29.50 | g136 2.50
E8OF 14.19 ECL82 1.50 EZ80 1.50 MX151 17'29 PY801 1.50 r26 2.50 3-500Z 85.00 6BL6 85.00 7CS 4.00 | 813 valve 65.00 8417 6.00
E8OL 1373 | ECL83  3.00 | EZ8l 150 | Wi 131038 QF4s1 8250 | U37 1200 | 3AS 3.00 | 6BL7GT 4.5 | 7Co 250 | 833A 19316 18042 11.53
ESICC 800 | ECL84 150 | EZ% 200 | el 15258 QOV02-6 31.80 | UABC80 1.25 | 3B24 11.00 | 6BM6 115.00 | 7H7 400 | 866A 20.03 18045 10.49
ESIL 1327 | ECL8S 150 | Fwasoo 350 | ooy 15822 QQV03-1023.50 | UAFa2 250 | 3B28 1535 | oBN6 200 | 7R7 425 | 8T2A 20.00
E8IOF 384y | ECL86 175 | Fwas00 350 | ¥ 0l 200 QQV03-20A UB41 3.00 | 3B29 2005 | 6BQ7A 350 | 787 350 | 922 6.00 Tested
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The post-war stride
into aerospace.

R.E. Young continues the story of British
electronic invention. The notorious delays and
overspending which beset industry are not the

whole picture

During the movement of the air-
craft industryfrom‘ordinary’aero-
planes into the new world of rock-
ets and supersonic travel, the
role of British electronics
changed from being a supplier of
the proverbial ‘Black Boxes’ to
that of an equal partner with
extensive technical responsibilit-
les varying from instrumentation
to project coordination.

Both industries already had
what was probably unequalled
experience of dealing with fresh
areas of technology. During the
greater part of World War 11, and
during the period immediately
after it, the aircraft industry han-
dled intensive power-plant deve-
lopment, and especially the jet
engine. In the electronics con-
nection, they had encountered
various forms of airborne radar
such as Al (Air-Interception) and
the (largely) radar-based naviga-
tional aids. Over the same
period, radar had over-shadowed
all other electronics develop-
ments; and the R & D effort alone
had been on a scale which had not
been seen in the country before,
with the possible exception of
nuclear research. In parenthesis
it may be added that it has been
stated that at this time, the Brit-
ish radio industry — essentially
based on radar — reached a “- -
war figure exceeding
£100,000,000 annually”?.
Allowing a conservative factor of
10, the modern equivalent
becomes £1 billion a year, which
by any standards, and especially
for a ‘light’ industry, represents
an outstanding total.

Early aerospace/electronics projects

In the introduction to this senies it
was pointed out that “- - since the

late 1950s, a significant number
of technological projects - - have
not reached their target” and that
“In extreme cases they have been
abandoned; in others the project
time scale has become so
extended and the overall cost so

high that the further develop-
ment, which it would have been
uneconomic to have carried out,
has been completely blocked”.

This statement, based on the
performance of the United
Kingdom as a whole, is pessimis-
tic in that a large proportion of
British aerospace projects did
reach their target; but often — it
must be admitted — after delays
and consequent increase in costs
which were several orders higher
than the original ‘worst-case’
predictions.

The late 1950s are particularly
significant for these aerospace
projects because, by this time,
the publication of details of pro-
gramme delays and ‘huge’
increases in R & D expenditure
had given rise to a great deal of
critical comment. This was, of
course, added to the general cri-
ticism which, as noted in the
introduction, was being directed
against the alleged failure of the
British to keep up — in terms of
successful development — with
modern technology.

Part of this criticism, which
has been maintained until the
present day, concerned itself
with the scale of the resources
that had been made available for
the individual projects. The gen-
eral conclusion reached was that
these resources — both human
and matenial — had been totally
inadequate; and that, in any case,
the scale of effort required for this
new technological world in which
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aerospace and electronics were
involved had not even been
glimpsed.

Like all such generalised state-
ments, it contained an element of
truth in seizing on this ‘world’
being new; but it did not get any-
where near analysing the root
cause of the trouble — the almost
interminable delays which indi-
vidually could stop progress on
the project as a whole, until they
had been cleared. Thus, on the
face of it, this was a matter of
insufficient resources.

Clearly it is not possible even to
survey briefly all the ways in
which such delays could, and did,

by R.E. Young,
B.Sc. (Eng.)
F.I1E.E.,
M.R.Ae.s.

1. The ‘Flutter Dart’ research
rocket
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2. Final descent on to the
runway with ‘derived-
information’ landing system
in use.
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arise with so many interacting —
mutually dependent — factors
combining to obscure completely
the real sources of technical fai-
lure.

Nevertheless, not only were
such intractable — frequently
intermittent — ‘fault clearance’
problems tackled much more
quickly than is usually realised,
but new techniques and basic
principles of attack were evolved
which broke new ground for a
much wider field than ‘aerospace/
electronics’. The latter can be
illustrated by looking at the con-
cept of data marshalling which
has been taken into a number of
fields exemplified by ‘Crisis Con-
trol’? with its original background
lying in aerospace instru-
mentation and aircraft testing.
Further instances of this spread
into other fields will be given in
this senes.

Data marshalling, with its
definition as ‘the separation,
streaming and systematic pres-
entation, of “masses of data”,
has been chosen in this instance
to bring out one of the far-reach-
ing and fuundamental problems
of aerospace development: to
obtain measurement (including
‘binary’ state) information which
can be relied on, and then to
interpret it correctly.

Flight trials — dual problem

‘Trials’ uncertainty and hence
delay have two main causes. The
first is associated with the suc-
cess of actual flight trials where
the testing and proving of the
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aero- space systems|is obviously
utterly dependent upon the
‘goodness’ of the derived infor-
mation. There is no need to
stress the virtually insurmount-
able difficulty of identifying (at
best) trouble in, say, the main
rocket control system when the
telemetry (instrumentation)
equipment is suspect. It will also
be realised that, with unmanned
vehicles in particular, there is
always an element of doubt when
the data coming from an isolated
(inaccessible) source cannot be
verified. Means for reducing
these uncertainties to an accept-
able minimum - particularly
‘independent check’ techniques?®
— are discussed later in this arti-
cle, where an example will be
given of how full advantage was
taken of ‘having an aircraft avail-
able’ to investigate and develop
telemetry systems, using tv tech-
niques.

The second aspect — asso-
ciated with interpretation in its
widest sense — is concerned
with:

(a) the mode of presentation
of measurement information so
that it is unambiguous and can be
read out with the minimum of
error; and

(b) the direct data marshall-
ing function of separating out
information vital to a specific sec-
tion of an investigation from an
accumulation of data which is so
varied in form and so large in
amount that it saturates conven-
tional methods of extraction. By
the very nature of trals work,
these difficulties are particularly
great during the early stages of
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the project; and where the design
of the elements in the various
systems is far from being fina-
lised.

When these main-system
uncertainties are compounded by
additional possibilities of error in
the instrumentation chain, it is
clear that — as noted in connec-
tion with ‘setting to work’ in the
first article — the process of
reaching a satisfactory solution is
extremely lengthy. In turn this
means almost invariably that the
main project is held up until a final
overall solution has been arrived
at and found acceptable. From
talks with engineers in several
countries, it can be said that they
find it almost inevitable that “at
least one crisis” will appear in an
R & D programme; and that their
main difficulty was to extract the
data they needed from the near-
infinite amount available to them,
if they were to avoid ‘shut-down’
scale delays. Although extensive
theoretical investigation and
simulation work had been carried
out throughout design and proto-
type manufacture, both the main
and the instrumentation systems
were untried in terms of being
‘put together’ for flight trials and
some ‘unknowns’ were almost
certain to be encountered. Also,
this was a new world, certainly as
far as detailed engineering prac-
tivce was concerned.

Thus it says much for the
teams themselves and their pow-
ers of adaptability that they were
able to take advantage of earlier
experience and ‘know-how’ and
apply them successfully in this
new world. This flexibility in
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approach was shown to the full in
the way in which equipment, e.g.
a specific telemetry installation,
was, in effect, developed during
use and the fresh unknowns thus
introduced, were anticipated.

Reducing uncertainties — key divi-
sions

Environmental testing. One of
the outstanding features of aero-
space development has been the
growth of environmental testing,
first for individual components,
then for, say, a control or teleme-
try system assembly, and finally
for whole rockets or satellites.
The range of ‘environments’ that
were simulated grew correspond-
ingly, beginning with variable-
frequency  vibration, steady
acceleration forces (by centrifuge
methods), and, — found impera-
tive for telemetry installations,
— high values of shock. These
various ‘mechanical’ conditions
were then supplemented by three
main kinds of climatic - environ-
mental — chamber in which con-
trolled temperature, air pressure
and humidity testing could be
carried out; in addition, these
tests could be made on a long
term or cyclic basis*.

It may be noted that the wind
tunnel may be regarded as the
earliest form of environmental
chamber, but also as providing
mechanical-type testing by virtue
of the air flow; while one of the
largest electronic firms in the UK
carried out prolonged vibration
tests on radio sets, as mechanical
assemblies, well before World
War II, by means of an oscillating
platform on which the sets were
mounted.

Research rocket — the ‘Flutter
Dart’. It will be appreciated that
the cost of setting up a complex
wind tunnel testing programme
— especially to include super-
sonic flow — is extremely large;
and, in practical terms, can
become prohibitive when a num-
ber of entirely new testing tech-
niques have to be evolved. Thus
if, as with the ‘Flutter Dart’, a
relatively cheap rocket can be
equipped with suitable electroni-
cally (telemetry) based instru-
mentation to give the required
research information, then test-
ing under ‘real’ conditions
becomes possible; and the need
for complex simulation and large-
scale facilities generally is elimi-
nated.

Briefly, the Flutter Dart® was a
five-inch (13cm dia.) solid-fuel

rocket with special attachment
points enabling wings (and con-
trol surfaces) of various configur-
ations to be fitted for testing
under accepted flight trials proce-
dures. As the name implies, the
rocket and its instrumentation
were designed to yield research
information on aerodynamic ‘flut-
ter’ of different wing forms at air-
speeds going through the trans-
onic barrier to supersonic values.
Flutter, ‘divergence” and control
surface characteristics were
obtained from sampled informa-
tion telemetered over a time divi-
sion system with up to 24 chan-
nels available. Data
sources included accelerome-
ters, strain gauges and a specially
designed transducer giving ail-
eron movement, crucial for the
flutter measurements.

That this special transducer
was developed and built in-house
is a telling illustration of how the
joint team operated, with — in
this case — electronics providing
instrumentation required by aer-
odynamics; and of how, it will be
realised, close liaison was main-
tained throughout between all
members of the design and deve-
lopment manufacturing groups.
The adaptability shown and the
coordination  achieved  both
within the organisation and out-
side will be brought into the next
article.

‘Independent check’ television
development. For this work®
associated  with  aerospace
telemetry, the primary research
task was to take advantage of
being able to monitor and control
the operation of airborne teleme-
try-type equipment which nor-
mally would be ‘inaccessible to
human agency’. Also, at the same
time as information was being
gathered on the specific commu-
nication (sender-plus-receiver)
channel, it was possible to obtain
data on individual telemetry com-
ponents and  sub-systems
inserted in the main installation
and this included evaluation of
television not only as an instru-
mentation technique in itself, but

also as an independent check
method for ‘difficult’ remote mea-
surements. The importance of
this last aspect is, if anything,
greater now than it was at the
time, especially for the emerg-
ency conditions of crisis
control?*, while the wideband
information capacity which was
provided means that the results
obtained have equal relevance
today.

Amongst  other  practical
points, flying-spot scanning was
employed for the airbome camera
chain. This enabled a compact
and low-cost assembly to be
designed where no external
source of illumination was
required for the conventional dial
instruments being viewed. It
should be noted that the data
transmitted from them was, in
essence, in digital form; while
once the data had been, in effect,
‘encoded’ (brought into wvideo
form), no further degradation in
its accuracy could take place?.

Landing systems for ‘zero —
zero’ operation. In 1967 it was
possible to write that “Stemming
from the original work of the
Blind Landing Experimental Unit
(B.L.E.U.) of the Royal Aircraft
Establishment, and developed
under their aegis, the Autoland
system has now over 20,000 air-
craft landings to its credit”.
This quotation, taken from a
Wireless World article’, stands
on its own as a statement of the
success of the development of
this automatic landing system.
The development programme
itself was also a model of its kind
with full interchange obviously
maintained between the opera-
tional side and the system design-
ers, and, in turn, between them
and the development teams.
The blind-landing system was
based on ‘leader-cable’ azimuth
guidance, and final ‘flare-out’
descent to the runway under
radio altimeter control; in 1967
this general principle was being
retained with further develop-
ment effort largely being given to
improvement rather than to
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change of principle. These
improvements were, of course,
of a major character, especially
with regard to replacement of the
leader-cable by radio methods.

As indicated in the WW article,
the problems with leader-cable
were essentially those of physical
installation, particularly with
regard to the need to extend azi-
muth guidance — and hence the
leader cables — to at least a mile
beyond the approach end of the
runway. In practical terms, this
problem becomes insuperable
where the runway is built close to
the sea or even, in some cases,
when access cannot be gained to
areas surrounding the airport. In
fairness it must be pointed out
that radio guidance can suffer
from reflections from buildings
and imperfections of the site; and
the discussion of these aspects
was taken further in the ‘state of
the art’ sections of the Wireless
World article.

Finally, the role of the pilot as a
‘systems manager’ will be
reviewed in the light of sugges-
tions put forward at the end of the
1950s. Some details of these sug-
gestions were given in the article,
largely without comment; but
they take on a new significance in
relation to e.g. control under
emergency conditions and to
accurate ‘at-a-glance’ presenta-
tion of information. With regard
to the article itself, it may be
added that it had attracted con-
siderable interest not only in the
UK but also internationally, giv-
ing, as it did, a comparatively
wide picture of British achieve-
ment during the pre-1970 period.

Reverting to the question of
the suggestions introduced
above, they were concerned with

presenting to the pilot instan-
taneous information (as far as
possible without ambiguity) of
this position relative to the run-
way and the path of his descent to
1t.

Two basic systems were put
forward®. The first employed a
primary radar in the nose of the
aircraft which, with television-
type scanning of passive reflector
runway markers, gave a picture
to the pilot corresponding to what
he would see with ordinary run-
way lighting and clear weather
conditions. One of the main
advantages of this system is that
it is virtually independent of
ground installations — particu-
larly telling in remote areas
where maintenance of complex
equipment may be difficult.

The second scheme — a ‘der-
ived-information’ system — was
somewhat different in that it pre-
sented ground-derived (radar)
guidance intelligence to the pilot
in two ways. For the vertical
plane, the display of a pulse
height-finding radar — as used in
GCA (Ground-Conttrolled
Approach) — was sent to the
pilot over a television-capacity
radio link; and without delay or
transfer errors being introduced.

Azimuth guidance was trans-
mitted to the aircraft in audible
“dot-dash” or similar form, being
derived either from a static radi-
ated twin-beam pattern or a mic-
rowave radar system strobing in
azimuth”#.

The conduct of the research
design studies lying behind these
two schemes will be examined in
the next article in the context of R
& D management. An anecdotal
illustration of the interchange
that took place is afforded by the

remark of the test pilot who, on
seeing the GCA type height dis-
play shown, said that he liked the
speed and ‘clarity’ of the system,
but that he “did not think that he
would like to see himself side-
ways on”.

This was one of the pieces of
evidence which pointed — as one
would expect — to the greater
acceptability of the primary radar
system; although it must be
noted that the derived informa-
tion scheme would enable a moni-
toring GCA controller to keep in
touch with the descent, and to
intervene in an emergency with
speech superimposed on the ‘dot-
dash’ channel.

These considerations lead to
the crux of the pilot’s role in auto-
matic landing — the assumption
of control in an emergency. The
fundamental point at issue is the
degree to which the pilot should
“surrender his direct authority”
during an automatic landing in
anticipation of a low-probability
emergency’.

As treated in the next article,
this question can clearly be
approached in several ways; but
in the present context it does
appear from the more recent
parallel work on crisis control
that the primary radar system, in
particular, would provide an
‘innstantaneous’ and accurate
independent check on the auto-
matic-landing  process. This
means that the guidance control
data supplied to the pilot should
be in such a form that time is not
required for analysis and inter-
pretation, so that he can act with-
out delay — due to distraction —
in an emergency.

BOOKS

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

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

The Commodore 64 Roms
Revealed by Nick Hampshire
with Richard Franklin and Carl
Graham: Collins, 215 pages,
£8.95, ISBN 0 00 383087 X. The
bulk of the book consists of a
reconstructed source-code listing
of the Commodore roms, with
extensive explanatory notes.

Other chapters describe memory
usage and list main entry points.
Essential for the serious
programmer.

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

CP/M Techniques by Ken
Barbier: Prentice-Hall
International, 224 pages, soft
covers, £19.35, ISBN 0 13
187857 3 (PBK). For the
programmer with some knowledge

of assembly language. Covers
programming techniques, i/o,
tricks with discs (both floppy and
hard) and customizing your Bios.
Good clear explanations.

The Dandy Dipole by Daniel
Bostick (WA2ZYR) and Donald
Shatraw: Unadilla/Microwave
Filter Company Inc. (6743 Kinne
Street, East Syracuse, NY13057,
U.S.A.), 24 A4 pages, soft
covers, $3.95. Good pactical
guide for the radio amateur,
although rather expensive.
Discusses layout, matching,
s.w.r., baluns and traps for
dipoles from 1.8 to 28MHz, with
tables, illustrations and technical
details of Unadilla products.
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SUPER HY-LIGHT STROBE KIT
Designed for Disco, theatrical uses, etc.
Approx. 16 joules. Adjustable speed Price £45 1 £2 p&p (Total inc
VAT £54.05: Case and refiector price £15 @ €2 p&p (total inc. VAT
£19.55), Fooiscap SAE for further details inciuding Hy-Light and
Industrial Strobe Kiis
ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES
Aft 40 war £30.44 (£1200 mc VAT)
2f 20 wan £7.44 ¢+ £125 p&p (£9.99 inc VAT)
18in 15 watt £5.00 + 75p p&p (E6.61 nc VAT)
13in 10 wat £4.00 - /5p p&p (£5.46 nc VAT)
12in 8 wart £360 ¢ S0p p&p (£4.71 Inc VAT)
9in 6 wau £300 + 50p p&p (£4.02 inc VAT)
6in 4 watt £300 - 50p p&p £4.02 nc VAT)
230V AC Ballast Kit for either 6in, Qin or 12in tubes £5.50 p&p 55p
(£6.96 inc VAT)
For 13in. & 18in. Tubes £6 p&p 75p £7.76 inc VAT)
For 12V DC op. 12in & 13in. tubes only £5.50 p&p 75p (£7.18 inc
VAT
175 WATT SELF-BALLASTED BLACK LIGHT MERCURY BULBS.
Available for either B.C. or E.S. hitting, price £10.80 + p&p £1.25 (total
nc. VAT £13.85)
400W UV LAMP & BALLAST complete — £48.80 + £3.50 (£60.15
incl VAT)
400W UV LAMP only, £20.00 + p&p £2 50 (£25.88 incl. VAT)
ROBOT ENTHUSIASTS
The following two Motors are ideally suited for expenmenters in
this field:
1. ESCAP precision Swiss-made ironless rotor. 8V DC geared
MOtor with 70-1 gearbox. 6V DC — 16 r.p.m. 3V - 8 r.p.m. amazing
power; no load current: only 10 ma. approx. Size: 4 - 212 cm, Ex
equipment, tested and guaranteed. ONLY £4.50 ¢ 50p p&p (total
nc. VAT £5.75)
2.12/24V D.C. Reversible Precision built motor manufactured by
Escap — will operate from 24V down to 2V DC - Current consump-
tion negligible. A range of speeds between 2 to 36 r.p.m. obtain-
abte. Approx. half manufacturers price: £15.00 p&p £2.00 — total
[ inclusive of VAT £19.55.
MICRO-SWITCH
Button type 10amp ¢/o contacts. £6 90 for 10 post paid. inc. VAT,
VORTEX BLOWER & SUCTION UNIT
Powerfut multi-stage dynamicaily balanced totally enclosed rotors,
112in. inlet and outlet, 110V AC. £22.00. Switchabie transformer for
240V AC £8.00 p&p £3.00 — totai £34.50 inc. VAT,
VBL4 CENTRIFUGAL BLOWER
240V AC powerful 1/50 h.p. 0.23A rnotor. £18.00 + £2.00 p&p - totat
inc. VAT £23 00. NM.S
12/24V DC CENTRIFUGAL BLOWER =
0.4A producing 30 cu.ft. £7.50 + £1 00 p&p v
totai inc. VAT £9.78. NM.S.
COOLING or EXTRACTOR FAN '
Quiet smooth running. Size 4¥ax43ax112.
Supplied for 240V AC operation. Price £4.75
+ £1 p&p - total inc. VAT £6.62. N.M.S.
HEAVY DUTY SOLENOID
mf. by Magnetic Devices 230V. A.C. Intermittent operation. Approx.
20ib puil at 1.25 in. Ex.-equip. Tested. £10.00 + £1.50 p&p (total
inct. VAT £13.23)

Amp) ‘i s E RVI E RA Dl N G C o Personal callers only. Open Saturdays
mple parking space ﬁ ( : I u

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB. Tel: 01-995 1560

Showroom open
Monday-Friday e

VARIABLE VOLTAGE TRANSFORMER

INPUT 239, 240V a.c. 50/60 CUTPUT 0-260V.

200W, 1A Max £18.50 . 3
0.5KVA 212A Max £21.00 ] .
TKVA  5A Max £29.00 1=

2KVA 1GA Max. £41.00
3KVA 15A Max £56.00
5KVA 28A Max. £99.00
10KVA 50A Max £181.00 -
15KVA 754 Max. £275.00

3-PHASE VARIABLE VOLTAGE TRANSFORMERS
Dual input 200-240V or 380-415V Star connected
3IKVA Samp per phase max. £113.40
BKVA 10amp per phase max £170.10 plus carriage
10KVA 16amp per phase max £345, and VAT
Comprehensive range of TRANSFORMERS L T. ISOLATION & AUTO
1110 240V} Either cased with Amerncan socket and mains lead or
open frame type available for immediate delivery. Leaflet on request

12V D.C. BILGE PUMPS
400 G.P.H. 15ft. head, 3amp, £8.00 + £1.00 p&p

All V.V.Ts

(£10.35 inc VAT) S
700 GP.H 10t head, 3.5amp, £11.50 + £1.50 p&p o
(£14.95 inc VAT) PE 4
1750 G.P.H. 15ft. head, 9amp, £15.00. * £1.75 p&p .

(€19 26 1nc VAT}

SINGLE DIAPHRAGM COMPRESSOR NMs "'t 1

Max 20 PS5l One CFM 3pprox 240 voits A.C. £18 + £2 n&‘ (£231nc. VAT)

EPROM ERASURE KIT

Why waste money? Build your own EPROM ERASURE for a
fractior of the price of a made-up unit. Comylete kit of parts less
case to inctude 12, 8 watt 2537 Angst. Tube. Ballast unit, pair of
bi-pin lzads, Neon indicator. safety microswitch, on/off swiich
and circuit

LESS CASE Price £13.60 + 75p p&p (Tolal inc. VAT £16.50)
Warning: Tube used i this circwt 1s lighly dangerous to the
eyes Unit must be fited v suitable case

SOLID STATE E.H.T. UNIT
Input 230V A .C Approx. 15KV. Producing 10mm spark. Built-in 10 sec
timer Eas iy modified for 20 sec, 30 sec, to continuous. Designed for
boiler ignition Dozens of uses in the field of physics and electronics.
e.g supplying neon or argon tubes eic. £6.50 + 90p p&p (Total inc
VAT £8.50) NM.S

FROM STOCK AT PRICES
THAT DEFY COMPETITION

AC GEARED MOTORS C.F. BLOWERS
DC MOTORS SMALL AC CAPACITORS
MICROSWITCHES STROBE KITS
RELAYS FLASHTUBES
REED SWITCHES CONTACTORS
SOLENOQIDS AC. or D.C. SYNCHRONOUS
PROGRAMME TIMERS MOTORS

WIDE RANGE OF XENON TUBES
WRITE/PHONE IN YOUR ENQUIRIES

ACCOUNT CUSTOMERS MIN. ORDER £10

Superior Quality Pre n Made
NEW POWER R A

New ceramic construcbon, heavy duty brush
assembly, continuously rated

25 WATT 5/10/25/50/100/150/250/300/500/ 1k(2

1 5k £4.25 + 30p p&p. (£5.23 ncl. VAT)

50 WATT 2500 £6.50 + 50p p&p (£8.05 incl. VAT)
100 WATT 1/5/10/25/50/100/250/500/1%8/ 1 5k8/2.5kQ/3.5k
£10.25 + 75p p&p (12.65 ncl VAT)

Black Silver Skirted Knob calibrated in Nos 1-3. 112in dia. brass bush
ideal for above Rheostas 30p ea. - VAT

Iy ; INSULATED TESTERS NEW!
cluteh Size L 8in, W 4in, H 6in. weight 6lb

4 7= Test to 1E E Spec. Rugged metal construction
- suitable for bench or field work onstant speed
VAT}. 1000V 1000MQ £55 - p&p £2 {£65.55 inc
" 7 ag VATISAE for leaflet

S00V. 300 megohms £49 p&p £2 (£58.65 incl

LT TRANSFORMERS
“Special Offer” 0 6 3V-0-6.3V a1 10 Amp (12V 0 10 Amp or 6V at 20
Amp) Price £9.00 p&p £2.00 - inclusive of VAT £12.65 N.M S

GEARED MOTORS

5 rpm 240V AC Mt by Carter, £6.05 £1 p&p £8.11 inc VAT} NMS

20 rpm 115V AC Synchronous, tarque approx 80ib'in £20.00 - £4 p&p (Tolal inc

VAT £2760) NM S

TRANSFORMER 240V operation, £9.15 + £200 p&p (Tolal inc VAT £12 82

28 rpm Torque 20lbin reversibie 1'80th h.p 110V AC Price £9.50 - p&p £180

(Total e VAT £1299}

Suitable TRANSFORMER for 230-240v AC operation Price £520 p&p £140

{Total inc VAT £7.59) NM S

38.8 rpm GEARED MOTORS Torque 35Ib.in. reversible 115V AC inc. start

capacity. Price: £11.55 » p&p £2.00 (Total inc. VAT £15.58). N.M.S

SmTt)aDIe TRANSFORMER 230V AC operation Price £5.20 - 50p p&p (£6.56 incl
A

CROWN 37 rpm 2000ib in approx 110V AC. reversible yeated motor Price £35

p&p £450 (£45.42 nc VAT) NMS

Sunable TRANSFORMER for above £10 p&p £150 (E1322 nc VAT)

[s7 rpm 240V 122 hp contnuously rated REVERSIBLE 50 in manuf b
Wynstruments New Ideat tor garage doors cuntams etc ONLY £12.00 - £200
p&p (incl VAT £16.10), inclusive capacitor 1

T rpm Torque 10ib in reversible 1/70th hp 110V AC motor Prce £950 - £180

p&p (Total inc VAT £12981

Suntable TRANSFORMER for 230-240V AC operaton Price £520 - p&p £1 40

iTotal inc VAT £759) NM S

24V 0C 200 rpm101b/in M1, by Carter Ex-equip. tested. £8.00 - £1.50 p&p {Tatal

inc. VAT £10.93).

230/240V AC SYNCHRONOUS, 2 rpm. 6 rpmi, 6 rev. per day Any type £4.80 - 50p

pép {Total inc VAT £6.10)

CHECK METER

g:lig/éw AC 40 amp. fully reconditioned £7.50 - £1.75 p&p (Total inc VAT

.64)

SANGAMO WESTON TIME SWITCH

Type $251200/250 A.C. 2 on/20ff every 24 hours. 20 amps ¢ontacts with

override switch. Oiameter 4"x3”. Price £9.50 + £1.50 p&p {12.65 inc. VAT &

p&p). Also available with solar dia R&T. Other types availadle from stock

N.M.S. New Manutacturers’ Surplus
R&T Reconditioned and tested
Goods normaily despatched within 7 days

9 Little Newport Street
London WC2H 7JJ

Tel: 01-437 0576

CIRCLE 52 FOR FURTHER DETAILS.

FORTH

Single board computer.
12k RAM and 8k ROM
(expandable).

¥ All C-MOS for lower power. FORTH
language. Compiled and fast.
On-board screen-editor, compiler

and debug facilities. )
¥ Easy connection with serial

and parallel channels, A/D, D/A

converters, triacs, printers,
keyboards and displays.

Triangle Digital Services Limited
Telephone: 01-520 0442 Telex. 262284 (Ret 775)

TDS9O(

COMPUTER

Build the TDS 900 into
your products, program it
with a VDU and your
forecasts become fact.

NOW FROM

1002 Wood St.. Waithamstow, London E17. England

Agents in USA. France, Switzerland, Netherlands. S.Africa, Australia
CIRCLE 57 FOR FURTHER DETAILS.
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capacity, 1120mm reach

NEPTUNE | 6 axes; 8 bit control system, 2.5Kg

NEPTUNE Il 7 axes; 12 bit control system,
2.5Kg capacity: 1120mr1 reach

MENTOR DC servo desktop robot; 8 bit
controi system, 300gm capacity: 420mm reach. VIC 20

Robots programmed from keyboard or hand
neid simulator {modef robot)

ROBOTS

For Education,
Training and Industry

NEPTUNE |

(&
NEPTUNE I *
NEPTUNE - for clean

hydraulic power —
— tap water is the
hydraulic fluid!

MENTOR
Kit from
£345

Robots may aiso be taught by “tead by the
nose’ method

Extensive software is supplled free with
eachrobot.

Leads available for connection to BBC, 2X
Spectrum, Apple lie, Commodore 64 and

Most other micros are aiso easily usable with
these robots
Robots aiso available ready buiit

--‘é@ Please phone for brochure: 0264 50093.

n ;) West Portway Industrial Estate, Andover SP10 3w\

E!“"“'tlﬂ A private and independent company giving prompt,
pplications personal service.

WWW americanradiohistory com

CIRCLE 14 FOR FURTHER DETAILS.
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USED
COMPUTER

* Fully guaranteed W

* Performance to original :
specification , i

* Wide range of instruments c ARST“

& computer products

[ t
Ring for lates
stock information

. 99, Waldegrave Road, Teddington, Middlesex TW11 8LL.
ELECTRONICS LTD. Telephone 01-943 4477. Telex 23920 (Euhire)
Used test equipment and computer specialist

CIRCLE 69 FOR FURTHER DETAILS.

ELECTRONICS C.A.D.
“ANALYSER”

PERFORMANCE ANALYSIS of LINEAR CIRCUITS using the BBC MODEL B AND

SINCLAIR SPECTRUM 48K MICRO'S

Simulates Resistors, Capacitors, Inductors, Transformers, Bipolar and Feld effect Transistars, and
Operational Amplifiers in any circuit confiquration.

Performs FREQUENCY RESPONSE ANALYSIS on Circuits with up to 30 Nodes

and 100 Components, for Phase and Gain/Loss. Input impedance and Output
Impedance.

ideal for the analysis of ACTIVE and PASSIVE FILTERS, AUDIOQ, WIDEBAND and RF.
AMPLIFIERS, UNEAR INTEGRATED CIRCUITS etc, etc.

"ANALYSER” can greatly reduce or even eliminate the need to breadboard new designs.
USED BY INDUSTRIAL AND UNIVERSITY R&D DEPARTMENTS WAORLD WIDE.

VERY EASY TO USE. PRICES FROM £20 ACCESS OR AMERICAN EXPRESS
WELCOME...

For further details write or phone NUMBER ONE SYSTEMS
DEPARTMENT Ww/

9A CROWIBI(S)T ,I\J?EET, ST IVES

AUNTING
h CAMBS. UK. PE17

4EB
TEL: 0480 61778 TELEX: 32339

¥ | 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

CIRCLE 20 FOR FURTHER DETAILS.
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This low-cost instrument also indicates the
rate of climb or descent.

Groundlings
use it as a

Zroper aircza‘t instruments are
hideously expensive because
they have guaranteed accuracy
over a wide range of environ-
mental conditions. 1 fly a micro-
light aircraft and find littie need
tor instruments which read way
beyond the performance limits of
the machine. The design outlined
here is a comhbined altimeter and
variometer (vertical speed indi-
cator) which provides accurate
and reliable readings to transition
cltitude (3000it).

Naturally I kave optimised the
design to my own requirements,
but selection of other resistor
values would allow the circuit to
be used as a weather barometer
— there is enough long term: sta-
bility — or as & straight altimeter
reading to 20 000ft and beyond. It
would be more difficult to incor-
porate a vario function on

the extended
height scale, thaugh.
The design is a
true aneroid barometer.
The pressure transducer,
an MPX 100 manufactured
by Motorola, was intended as a
cheap and cheerful unit to mea-
sure the vacuum in an induction
tract for automotive fuel injection
systems. Designed to read over
the range 0 to 15p.s.i., it com-
prises a silicon strain-gauge con-
figured as a Wheatstone bridge
with an in-built vacuum chamber
under the silicon die. Vanations
in air pressure cause flexing of the
gauge resistors. This leads to a
voltage change across the bridge
of roughly 1mV/1000ft (30mbar).
IC, is a chopper-stabilised op-
amp connected in the differential
mode with a gain of about
50. Thus the output at the

ELECTRONICS & WIRELESS WORLD MAY 1985

can

barometer.

cest poirt (pin 10
would show a 1V
positive  change for an

increase in height of 20 000ft
Anyone who wishes to
make a large-range altimeter
should note this. A digital
voltmeter module with a scaled

by Frank Ogden

The author’s version is fitted
with straps for fixing to the
pilot’s knee. To the right of
the altimeter display is the
variometer, which is
sensitive enough to reach
almost to full-scale deflection
in the lifts at Quadrant
House. The black insulating
tape is for vibration-proofing.

f.s.d. of 1V (reading 1999) con- |

nected to this point would make a
very effective digital aitimeter
with a resolution of 10ft. Note
however, that liquid crystal dis-
plays tend to fade at the low tem-
peratures associated with this
altitude.

IC, provides further voltage
gain, about 20 times with the
resistor values shown, and also
acts as a buffer for 1C,. This is
important because the current
output of the 7650 chopper
amplifier is very limited. The vol-
tage change at pin 6 of IC, is about

The pressure transducer can be
ordered through Motorola distribu-
{ tors, including Hawke Electronics (45
[Hamwonh Road, Sunbury on
Thames, Middlesex), who list it at
|£11.50 plus v.at. An equivalent
device is the Sensym SPX100A,
stocked by Farnell Electronic Com-
ponents (Canal Road, Leeds LS12
2TU) at £20.35 plus v.a.t.
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ELECTRONIC ALTIMETER

+5V out fr——1n +8V ou?[—""'Iin
178105 78L08
T T TR
-y W T 25 Batte
<> | I l | l rest
'S Ry 5 220k ] 4 off } On
L1 T
L SuT0k - VARIOMETER" wlls | !
TEMPERATURE LR AL i
COMPENSATION vsy \ X |
ADJUST !
[ 1 33k i
< |
) AT VARIOMETER {
i 220k . i
: < 5V '
Wm— % O Test point Pe 2 *
p_‘;‘ : «‘!i——/\/‘/\,—q ] P i T *[[\17 % b
Lo ) 0k ¥ & oWk | P 0
e v % - CA3080/ 230k !
;?g“ ! /1\;H — 4 1 I
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100n 1
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|
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#=Metal oxide SET im()k 390k 220k

Pressure transducer is a
low-cost device intended for
the motor industry.
Temperature compensation is

achieved by the 7650
chopping op-amp and a
Wheatstone bridge circuit.

1V/1000ft, which is available to
drive a meter movement for alti-
tude indication. The resistor and
preset associated with the meter
movement are for altimeter cali-
bration purposes. The original
design used a 1mA instrument;
other movements could be used
provided that a suitable scaling
resistor chain is provided.

[N

The altimeter was designed for low cost flying such as

microlighting. Here the author prepares to get airborne in a
4Dhp Striker, G-MJPJ.

The main reason for wanting a
large voltage change with height
is that the vario circuit can then
be very simple. IC, is a transcon-
ductance op-amp (voltage in,
current out) connected directly to
a centre-zero meter movement.

A low-leakage tantalum bead
capacitor couples the voltage
changes at pin 6 of IC, to the input
of IC;. This translates any chang-
ing voltage into a static output
current proportional to the rate of
change of the voltage and deflects
the centre zero meter, giving an
accurate indication of rate of
climb or descent.

As shown, the circuit is sensi-
tive enough to produce deflection
by just running up or down a flight
of stairs. In keeping with the
requirements of hang gliders and
microlights, it is much more sen-
sitive than standard aircraft var-
ios. Maximum output current
from IC; is controlled by the
single programming resistor at-
tached to pin 5.

Power is provided by a couple
of PP3 batteries: total current
drain is about 18mA. The cas-
caded voltage regulator chain
ensures that the 5V supply which
powers the transducer and other
components is of extreme stabil-
ity over the life of the batteries.
The circuit will operate down to a
combined battery voltage of

about 11V.

My original was built on Vero-
board and housed in a small ABS
box. Layout is uncritical but care
should be taken to avoid voltage
gradients around the front-end
components. Leakage through
the board around the input pins to
IC, can cause ‘noise’ to affect the
vario. A good soaking with Damp
Start or other proprietary water-
repellent silcone compound is a
good idea. Guard bands around
the input circuitry may also be
useful. The keener contructor —
not me — would want to make a
proper p.c.b. using glass epoxy
material, finally passivating with
some sort of conformal coating.

Setting up the circuit is a little
bit involved because most of the
adjustments are interactive.
Preset R, controls temperature
compensation. R, provides
coarse adjustment of output vol-
tage. R,, instrument calibration,
should 1nitially be set to its mini-
mum value.

The most pressing design
problem with any electronic
altimeter circuit is the removal of
temperature drift. The silicon
strain-gauge resistors in the
transducer possess an extremely
large temperature coefficient.
The Wheatstone bridge connec-

Continued on page 41
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The new logic
symhols —

This third and final part considers the
practical aspects of implementing the

standard.

Part 1 of this series gave a pre-
view of a complex symbol in Fig.
8. This figure will now be
explained in detail, and for conve-
nience, is repeated as Fig. 27. It
depicts what amounts to three
separate logic functions in one
symbol, and this is achieved by
embedding common control
boxes, as may be seen. Thisis, in
fact, the 74690 device. An outer
multiplexer (MUX) block has
embedded within it a 4-bit regis-
ter; the register block has
embedded within it a 4-bit syn-
chronous counter.

For the moment let us leave
aside why one should want to
condense all these functions into
one symbol and instead consider
the meaning of the symbol, for in
so doing, we shall also see how
the same logic functions may be
represented at different levels by
means of the new logic symbols.

The easiest way to explain the
logic symbol shown in Fig. 27 is
to show a simplified lower-level
representation of the same logic
functions in Fig. 28. Here may be
seen the three primary logic func-
tions, and suddenly the whole
thing becomes much more sim-
ple.

The following explanation of
the device’s function is applicable
to either figure since identical
labels have been employed. The
counter/divider is a decade coun-
ter (signified by the ‘10’ after the
‘CTRDIV’ portion of the general
qualifyiing symbol. The input on
pin 13 selects mode (high for
count or low for load). Pin 1is an
active-low counter-clear, and the
ripple-carry output on pin 19 goes
high at a count of 9 (CT=9), sub-
ject to Anding with input ENT.
Parallel loading is performed at
the A, B, C, D inputs when pin 13
is low (Mode 1), in response to a
clock pulse at pin 2. Pin 2 has an
alternative function signified by

that portion of the iabel to the
right of the solidi: the counter is
clocked by a pulse at pin 2 pro-
vided that pin 13 is high (Mode 2)
and both enables (G3 and G4) are
high. The ‘+’ sign signifies an ‘up’
counter.

The 4-bit D-type register is
used to staticise the output from
the counter when clocked by a
positive-going pulse applied to
pin 9. This register may be inde-
pendently cleared by a low on pin
8.

The output multiplexer selects
either the output frcm the regis-
ter if the select input on pin 11 is
high (dependency label 21 true),
or the output from the counter if
the same pin is low (dependency
label 21 false). Three-state out-
puts (signified by the inverted tri-
angle on the four outputs) is
enabled by a low on pin 12 (EN
dependency labelled 23).

The above is readily followed
with respect to Fig. 28, and if this
is firstly understood, the expla-
nation of the symbol in Fig. 27
follows by comparison. Note that
Fig. 27 divides the three separate
functions into what amounts to
three vertical columns, and the
inputs to each segment of the
common control blocks corre-
spond to those taken to the differ-
ent common control blocks in
Fig. 28. Because oi the need to
take an output from the inner
(CTRDIV10) common control
block (to pin 19) it has been
necessary to introduce intercon-
nection dependency in Fig. 27
(Z222). Particular note should also
be taken of the two horizontal
sections of the upper element of
the array portion of the symbol;
this enables the two alternative
inputs to the multiplexer to be
shown with their respective
dependency labels; as explained
previously, it is implied that the
same rules apply for the lower

ELECTRONICS & WIRELESS WORLD MAY 1985

elements in the array (i.e. all bits
feed a register and an output mul-
tiplexer).

Getting the level right

I would now like to consider the
practical aspects of different
levels of representation. The for-
going example has clearly
demonstrated two important
points about the new logic sym-
bology:

(a) the form is dependent upon
the originator;

(b) the level of representation is
variable for complex functions.

I believe that the level of repre-
sentation should be selected with
the purpose in mind. If the sim-
plest representation for under-
standing the logic funmction is
required, then this must be a
merit judgement. If the most
compact form of representation is
requiredi(say on a compact circuit

diagram) then a complex con--

densed symbol may be used.
Let us consider the two altern-
atives shown in Figs 27 and 28.
The device manufacturer may
choose to use the complex sym-
bol given in Fig. 27 because it
takes less space on hjs data
sheet. To the newcomer to the
symbolegy it is more difficult to
understand  this than the
expanded version given in Fig.
28, but with regular use and fam-
iliarity, it is perfectly adequate.
The device manufacturer could
also legitimately argue that this
complex symbol is an alternative
to the simple and uninformative
rectangle which would have been
used prior to the new symbology,
and that as such, it is a great
improvement, since the full logic
functions are represented (for
those who can understand it).
On the other hand, if the pur-
pose is to explain the purpose of
the device to someone not

by Ian Kampel,
M.LE.R.E.

Further reading

IEC Publication 617:12, Graphical
Symbols for Diagrams: Binary Logic
Elements. (This is the international
standard which has resulted from
discussion by all participating countries,
and this forms the basis for all complying
national standards). International
Electrotechnical Commission, 1 Rue de
Varembe, Geneva, Switzerland.

British Standard 3939: Section 21,

Graphical Symbols for Electrical Power
Telecommunications and Electronics
Diagrams: Binary Logic Elements. (This
is the relevant British Standard. At the
time of writing, Issue 3 is expected to be
published in the Spring of 1985, and
should be identical in detail to the IEC
publication mentioned above). British
Standards Institution, British Standards
House, 2 Park Street, London W1A 2BS.
(Telephone: 01-629 9000)

A Practical Introduction to the New Logic
Symbols by lan Kampel. (Butterworth
Scientific Ltd).
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LOGIC SYMBOLS
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Fig. 27 Example of a more complex 083 - = I o~
symbol — a 4-bit synchronous counter N &P L ] ﬁ[’m L
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Fig. 30. Pure logic diagram of Fig. 29. 086 =] A
Fig. 31. Logic diagram version of Fig. 30. Da7 o
Fig. 32. Circuit diagram version of Fig. 31. 087 ————=
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expected to understand such a
complex symbol as that shown in
Fig. 27, then undoubtably the
version shown in Fig. 28 should
be used.

During the transitional period
when old and new symbols will
exist side by side (as they pres-
ently do in a single Texas Instru-
ments data book), 1 think that
manufacturers should provide
both versions for a complex
device such as that considered
here. The compact form can then
be used accurately by engineers
on logic circuit diagrams, yet the
simpler equivalent version is
available in the data sheet to aid
understanding (for them and the
end-user). As time passes, the
simpler circuits could gradually
be phased out.

Beware of academics

The new logic symbology is a sitt-
ing target for those academically-
minded persons who might get a
kick out of purposely creating
over-complex symbols. If the
new logic symbols are to be a suc-
cess, let no one take this particu-
lar path, for it will bring forth
wrath! Understanding Is the
thing, especially over the next
few years when so many are
required to learn so much so
quickly.

Practical implemention in design
groups

I shall finish this series with an
example of how the new logic
symbology might be used to good
advantage in a design group
where system engineers, equip-
ment engineers and board
designers have to work hand-in-
hand. To do this I have taken a
portion of a more complex exam-
ple given in my book on this sub-
ject (see Chapter 18 of the book).

Figure 29 shows part of a
design requirement at the level
that a system designer may wish
to consider matters. He wants to
multiplex two 8-bit parallel data
streams (DATA A and DATA B)
and apply the output to a shift
register (true, this is too simple
for a system but a simple example
is necessary — this represents a
small portion of a much larger
design requirement). The block
diagram is how he might initially
present the requirement. Figure
30, on the other hand, is a repre-
sentation of the same thing as he
can now present the requirement
employing the new logic sym-
bols. Where the block diagram

left certain aspects in an ambi-
guous form (e.g. the polarity of
the SELECT DATA, SHIFT,
LOAD, and enable signals, not to
mention the form of clock and
direction of shift), the pure logic
diagram makes evervthing clear.
It also enables him to show the
requirement for an end-around
capability controlled by the
EAEN input; the block diagram
requires many words to make all
this clear, whereas the logic dia-
gram using the new symbols
specifies everything.

Where the pure logic diagram
given in Fig. 30 depicts the logic
functions in the simplest manner
without specific reference to
methods of physical imple-
mentation, an equipment engi-
neer might turn this into a more
detailed logic diagram as shown
in Fig. 31. This shows the detail
of all logical relationships but
does not, 1n this case, show the
point-to-point wiring. It provides
sufficient detail, however, for
him to place a specific design
requirement for a board designer
to follow.

The design engineer receiving
the logic diagram shown in Fig.
31 might then produce a circuit
diagram such as that shown in
Fig. 32. (This might be far from
an optimum implementation of
the design requirement, but does
serve to show how alogic diagram
and a circuit diagram can greatly
differ in form). We can see here
that for reasons best known to
himself, he prefers to use two
4-bit shift registers than a single
8-bit shift register, and perhaps
for economic, supply, or a host of
other practical reasons, he pref-
ers to build his own multiplexer
with And or Or gates than use
multiplexer devices.

Improved clarity

The rather pathetic design imple-
mentation shown in Fig. 32 is
really chosen to illustrate one of
the tremendous advantages of
the new logic symbology. Let us
now consider the problem in
reverse, and assume that we are
stuck with this circuit diagram
and wish to clearly represent this
in a handbook. Figure 31 does
just that, in a much simpler form,
yet still provides all the necessary
information about overall func-
tions including all input and out-
put lines; all that is missing is
implementation detail. Figure
30, on the other hand, provides
an even simpler representation of
the overall function if individual
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lines ‘need not be shown. Now
whilst words may be aded to com-
plement either the logic diagram
or the pure logic diagram to
explain it more simply, they can-
not convey any extra information
about logic function.

Conclusion

These final examples show the
great features of the new logic
symbology. It is both concise and
precise. Amazingly, this state-
ment holds true no matter what
the level of representation
chosen.

This article can only scratch
the surface of the new symbol-
ogy, and as you will have seen,
this is far from a standard for
drawing office personnel — it is
for engineers.

Electronic altimeter

tion cancels much of the tempera-
ture dnift, but the bridge is essen-
tially unbalanced towards the
high end of the pressure range.

The full dnft voltage with tem-
perature is developed as a large
common-mode variation on the
input to the differential amplifier.
The basic 7650 chop-amp has an
exceptional common mode rejec-
tion ratio. This is artificially
reduced by unbalancing the input
circuit through adjustment of R,
the temperature compensation
trimmer, in a direction which
cancels any change in the differ-
ential voltage across the transdu-
cer with temperature. The stand-
ing voltage on pins 2 and 4 of the
transducer is about 1V: this
changes with temperature at the
rate of (roughly) 1mV/K.

Having checked that the stand-
ing current of the assembled unit
1s in the region 15 to 20mA, con-
nect a voltmeter to the test point
on IC,. This should read in the
region of 0.5 to 2.5V with R, at
mid-setting. Adjust R, such that
the output voltage of IC, (pin 6) is
around 2V. Warm the transducer
gently with a hair-dryer and note
the direction of any change in out-
put voltage from IC,. Adjust R,,
noting the direction of adjust-
ment. This will alter the standing
output voltage from IC,. Readjust
R, to bring the output voltage
back to 2V.

Allow the transducer to cool
back to room temperature. Warm
(gently!) the transducer once
more and note if temperature
drnift 1s increased, reduced,

from page 38

reversed or eliminated. Repeat
the process until any sensitivity
to temperature 15 eliminated.
Make sure that the voltage on the
IC, test point (pin 10) does not go
outside the range 0.5 to 2.5V.

With temperature stabilization
achieved, calibrate the instru-
ment using R,. This is best done
by comparing readings with that
of a certified instrument. Set R,
to mid position. Set R, to mini-
mum. Adjust R, such that the
readings on both instruments are
the same at ground or airfield
level. If the airfield has an altitude
of above 100ft, readjust both
instruments such that both
ground level readings are just
under this figure.

Fly both instruments up to
1500ft or more. The electronic
instrument should considerably
over-read. Note the reading of
both instruments accurately.

On the ground once more, use
R, to reproduce the meter deflec-
tion achieved at the known alti-
tude. Back off R; so that the
instrument now reads the same
as the certified instrument did at
that altitude. Re-adjust R, to
bring instrument within the nor-
mal adjustment range of R, the
‘altimeter set’ control. Finally,
carry out a flight check of the
instrument against the certified
altimeter.

R, zeroes the vario. If a less
sensitive rate of climb/descent
indicator 1s required, simply
reduce the value of the capacitor
connected between IC,, pin 6 and
IC,. Happy flying.
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Not only in height is the range of Clark Masts wide but also in the
field of application. Every model, mechanical or air-operated,
has been created in response to customer requirement
and proved in service; for over 25 years.
Maijor users in the Communications Industry,
Broadcasting, Civil Authorities and Military
Commands worldwide, have all contributed
and benefited from Clark Masts’

reliability and ceaseless engineering
improvement.

Write for your
copy of Clark
Masts  Fast

Guide to Mast
Sefection” and
see what we mean.

Tel: (0983) 63691 Telex: B6686.

| CLARK MASTS

UK CLARK MASITS Ltd. (WW), Binstead, isle of Wight, England

EUROPE GENK TECHNICAL PRODUCTS N.V. IWW) Woudstraat 21
3600 Genk, Belgium. Tel: 011/38.08.31 Telex. 39354

CIRCLE 32 FOR FURTHER DETAILS.

( LOOK AHEAD!

WITH MONOLITH MAGNETIC TAPE HEADS
VIDEO HEAD REPLACEMENT KIT

DOES YOUR VCR GIVE WASHED OQUT NOISY PICTURES — IT'S
PROBABLY IN NEED OF A NEW HEAD — FAST FROM OUR EX-STOCK
DELIVERIES.

SAVE £ffs 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 REPLACEMENT KIT.

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 £63.25, 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 TWOQ 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.

CATALOGUE: For our full Catalogue of Replacement
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p P&P.

THE MONOLITH ELECTRONICS CO. LTD.
5-7 Church Street, Crewkerne, Somerset TA18 7HR, England
Telephone: Crewkerne (0460) 74321

Telex: 46306 MONLTH G
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ON REQUEST

FOR QUALITY COMPONENTS
BY MAIL ORDER

44 PAGE
PRICED AND
ILLUSTRATED
CATALOGUE

ELECTROVALUE LTD 28 St. Jude's Road, Englefield Green, Egham,
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA
Phone 061 432 4945
Please mention this publication when replying
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DUAL TRACE

TE K OSCILLOSCOPES

THE ANSWER

BY ANY MEASURE

Now! Tek quality
and expertadvice
arejusta free

Tektronix 2236

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

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

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

phone call away...

(e

These UK
manufactured ‘scopes are
obtainable through the
National Order Desk. Call us
to order or obtainditerature,
or to talk to our expert on
‘'scope applications.

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

lalk
toPete

Dial 100 and ask for
Freefone Tek-scope

Tektronix UK Ltd

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

| Telex: 847277 & 847378
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Tektronix
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ELECTRONICS APPLICATIONS

Gould...

TRANSDUCER APPLICATIONS

Innovation and Quality in Oscilloscopes Dual Purpose

Storage...

The Gould 1421 Dlgltal Storage
Oscilloscope (DSO).

A Dual-Purpose DSO for Electronics and
Transducer applications. Compare the benefits
of the low-cost 1421 and its suitability for two
diverse application areas, with the performance
of our competitors. The 1421 has a storage
bandwidth up to 20MHz —in single and dual-
channel modes.

Take alook at the heavyweight performance
details of this compact, lightweight DSO:

@ No trace degradation with time.

@ Storage of pre-trigger information.

® 2MHz 8-bit ADC for transient capture.

@ 20MHz repetitive signal storage.

® 1k store per channel.

® x10 post-storage expansion.

® Penrecorder output.

® Single channel trace hold for waveform
comparison.

® Conventional 'scope operation up to 20MHz.

And all the usual benefits of a Gould Digital
Storage 'Scope.

Ask for more details now from

Gould Instruments Ltd., Roebuck Road,
Hainault, liford, Essex IG6 3UE.
Telephone; 01-500 1000. Telex 263785.

BRITISH MADE
TWO YEAR WARRANTY a

= GOULD

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

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex: 914977

= VISA |

= EWW

=
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The technology of television won't stand still:
satellites, videotex, cable, video, equipment
interfacing, high- ~definition. Follow developments
month by month in this unique magazine for

all interested in the technology of domestic

TV and video.

May issue’s main
features are:

® Video Fader Unit 'ElE“ISI““

Clean fades, colour EETRRETYNTIMTE DEVEI.OPMENTS
capable, cheap and :

easy to build. _
@ Teletext Intrusions}
Modifications for
teletext interference.
@ Tomorrow’s Sets >
Chips that give new
signal processing
possibilities.

May issue
out now
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by J.L. Linsley

Automatic
enlargertimer

This instrument is intended as a labour
saving device in the photographic darkroom in

the preparation of enlargements on bromide
or similar (black and white) printing paper.

In conventional photographic
practice, it is necessary to deter-
mine the required exposure of the
paper to compensate for varia-
tions in the density of the nega-
tive, the light output of the
enlarger, the aperture of the
enlarging lens, and the activity of
the print developer, and this is
normally done by making a series
of test strips having graded expo-
sures, so that the most satisfac-
tory exposure can be determined
subsequently by inspection.

The only snag with this prac-
tice is that it is time consuming,
and if a large number of prints is
to be made from negatives having
differing optical densities, a large
part of the darkroom time may be
occupied in making test strips for
each negative.

Techniques which have been
evolved for minimising this

wasted time, determining the
required exposure by optical or
photoelectric techniques, have
relied in general upon the use of
some device which could be
moved into the region of the pro-
jected image so that the enlarger
exposure timer could be set, prior
to the exposure, to give an appro-
priate exposure duration. My
own thoughts, however, had
turned to the possibility of a sys-
tem which measured the light
scattered back from the surface of
the printing paper so that the
printing exposure could be con-
trolled ‘in real time’, as contem-
porary phraseology would have
it.

This has the advantage of being
much quicker in use, since all that
is necessary, when the negative
is in place and correctly focussed,
is to place a piece of printing
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Fig. 1. Layout of reflex
automatic photoelectric
enlarger timer system
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Fig. 2. Basic circuit of timer

Fig. 3. Complete circuit

of enlarger timer

paper in the correct situation, and
press the ‘on’ button. The
enlarger then switches on for a
suitable period, and when the
photoelectric sensor judges that
an adequate exposure has been
given, switches the lamp off
again.

I have had such a system in use
in my own darkroom for very may
years, since I tend to use a 35mm
camera as a photographic diary,

and I like to print the majority of
the resultant negatives to some-
what larger than contact print
size. My earliest model used a
photomultiplier tube/lens assem-
bly, but this was delicate and
prone to damage, and I have, in
consequence, revised and
updated the system over a period
of many years to take advantage
of improvements in electronic
and photocell technology.
Although a similar system
could be evolved for colour print-
ing, there are additional prob-
lems there, associated with the
colour sensitivity of the photocell
in use, and I have not sought to
confront these, since my own
interests lie mainly in the field of
monochrome photography.

Practical problems

The use of any reflected-light
photoelectric system obviously
leads to the possibility of expo-
sure errors due to variations in
the amount of light reflected from
the surface of the bromide paper
sheet, in the general layout
shown in Fig.1, depending on
whether the paper is glossy or

matt in surface finish. However,
provided that one is consistent in
the use of a particular paper type
in the making of a series of prints,
differences of this kind are merely
reflected in apparent differences
in paper sensitivity — which will,
in any case, probably vary from
one batch of paper to another.

A more basic snag, assuming
that the photocell viewing system
has been chosen so that it ‘sees’
the whole of the desired printing
area, is that the system operates
by averaging the print to a
notional ‘grey’ tone.

While this averaging effect, in
determining the exposure which
is required by the sensitive
paper, works surprisingly well
with the majority of ‘normal’ sub-
jects, where the amount of dark
tone is balanced by a similar
quantity of ligher area, there are,
clearly, occasions when the
expected appearance of the pic-
ture will be light — such as where
the bulk of the picture area is
occupied by sky, or other light-
toned objects. There will also be
occasions when the overall tone
of the picture will be very dark,
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and again the exposure determin-
ing system cannot be expected to
give an exposure which will pro-
duce this effect.

It is therefore necessary to
build into the circuitry some con-
trol, at the disposal of the user,
which will allow him to decide
whether he wishes an overall
light, or overall dark result. For-
tunately, most enlarging papers
allow some measure of latitude in
printing exposure, which can be
compensated for by adjustment
to the developing time of the
print, where complete develop-
ment is usually assessed visually,
so complete precision in expo-
sure is not normally imperative.
Experience suggests that with
printing papers of normal con-
trast an exposure error of +30%,
relative to an ideally correct
exposure is tolerable.

In the contemporary version of
this instrument, a cadmium sele-
nide photocell is employed, asR,,
inFig. 1, housed in a simple tubu-
lar holder, which permits a field
of view of about 30°, mounted on
a bracket on the enlarger column
below the enlarger lens. It should
be remembered in this context,
though, that although it is desir-
able for the photocell to ‘see’ the
whole of the required exposure
area, in order properly to average
the subject matter, this metering
function also requires the photo-
cell to sit at a constant distance
from the printing area.

So, while it is convenient, in
practice, for the photocell to
move up or down with the
enlarger head, if one is making
different sizes of prints, in this
case it is necessary to recalibrate
for each working size. If, on the
other hand, it is merely desired to
make a similar sized print with
the head in another position,
thereby giving differing effective
enlargements, it is desirable that
" the photocell should remain in
the same position relative to the
sensitive paper, when the instru-
ment calibration will remain con-

stant.
To avoid difficulties due to

ambient light during the exposure
of the paper, the switching circuit
in the timer is arranged to switch
off the darkroom safelight during
the time that the enlarger light is
switched on, though if the
enlarger is situated in a position
where the safelight does not
shine very strongly on the
enlarger easel, this provision
may be omitted.

The effectiveness of the sys-
tem may be judged from the
observation that a series of

prints, with the enlarger head ina
constant position, and with the
enlarger lens head in a constant
position, and with the enlarger
lens aperture adjusted between
£/2.8 — £/16, (an exposure range
of 64:1), could be made which
were identical in density and con-
trast, merely by allowing the
timer to adjust the exposure
duration in response to the light
reflected to the photocell.

Since there are occasions when
a manual timing facility would be

Circuit design

The basic circuit is shown, in very
simplified formin Fig. 2. Inthis, a
capacitor (C,) is charged through
either a variable resistor (R,) to
give a manually set time expo-
sure, or through a photocell to
give an automatically determined
one. The positive-going voltage
change, through IC,, and IC,, is
used to trigger a resettable thyr-
istor and actuate the switching
relay RLA1, which is normally
energised in the ‘lamp off’ condi-
tion. A switch in series with the
relay allows the enlarger lamp to
be switched on for the purposes
of inspection of the negative or for
focussing.

Because the possible range of
illumination levels of the photo-
cell is low, since it is only actu-
ated by light scattered back from
the surface of the sensitive paper,
and this itself may be relatively
dimly lit, it is necessary to use a
very sensitive cell. Cadmium
selenide photoconductive cells,
such as those manufactured by
Silonex (formerly ‘NSL’), offer an
adequate low-level light sensitiv-
ity, coupled with an adequate
speed of response at these levels
to permit a timely cut off of
enlarger illumination.

Unfortunately, the penalty
paid is that the total current flow
through the photo-conductive
cellis relatively low, even at mod-
erately high voltages applied to
the cell, so the timing circuit
must operate at a fairly high
impedance. This requirement is
easily satisfied by the use of fet
input op-amps and polycarbonate
timing capacitors.

The desired linearity of the RC
charging circuit is attained, even
with a simple variable resistor,
suchasR,inFig. 2, by usingIC,
as an active integrator. In this
configuration, although the pot-
ential across the capacitor conti-
nues to increase, as it charges,
the actual potential drop across
the photocell or R, remains con-
stant, leading to a linear charging
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rate.

The ‘gain’ of the system; in the
sense of the magnitude of the vol-
tage required to be developed
across C, before the thyristor is
triggered; is set by the ratio of
R;:R,, a value which is deter-
mined by the user, and the sys-
tem is ‘reset’ following a timing
cycle by switches which dis-
charge C,, and return the thyris-
tor to its formerly non-conduct-
ing state.

Many photographic timer sys-
tems, devised by electronic
engineers for the use of photogra-
phers, go to considerable lengths
to ensure that the precision of the
timing cycle is as high as present
circuit technology allows. While I
would not wish to decry this
attempt, it is apparent that accu-
racy in timing is usually both
more costly to achieve, and more
elaborate in its method, than that
necessary in a less precise sys-
tem, and if one is thinking of the
cost to oneself, in time and
money, of such an exercise, the
question inevitably arises as to
whether it is really worth all the
effort.

I make this point as a photogra-
pher, since it is very clear to me
that changes, of only a few volts,
in the supply voltage to the
enlarger lamp, or of a few degrees
in the temperature of the devel-
oper bath, or of the oxidation of
the developer solution, or of the
quantity of accumulated bro-
mides in the solution as a conse-
quence of its repeated use, from
one print to another, or even of
the duration of the print develop-
ment, can all bring about varia-
tions in the print density which
greatly exceed those likely to
arise through inaccuracies in the
timing circuit.

With this reservation in mind, 1

PAPER SPEED

Fig. 4. Author’s prototype
unit, which can be mounted
on a wall. Leads connect to
sockets below panel.
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DARKROOM TIMER

Cork

Photoconductive

Spring clip
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Fig. 5. Tubular holder for
photosensitive cell giving a
30 degree viewing angle.
Terry clip fixes to enlarger
column.

have chosen to employ a circuit
which is adequate for the purpose
in hand, and with no greater com-
plexity or cost than is demanded
by its specification, and I have
shown the final circuit employed
in Fig. 3.

This follows the circuit layout
shown in Fig. 3, but with a few
additional adjustments being
provided. In order to obtain area-
sonable operational stability, I
have derived a +15V stabilised
power supply from the mains by
the use of a pair of 15V i.c. stabi-
lisers, IC, and IC,, while a simple
voltage doubler circuit, driving a
pair of Zener diodes (Dg,Dy, D,
and D,;) generates the higher-
voltage, very low-current supply
for the photo-conductive cell.

‘Subject control’ (light, normal
or dark) and ‘Auto/Manual Tim-
ing’ is controlled by the input
switch S,, , . of which the first
positions effect only the auto-
matic (photocell controiled) cir-
cuit operation. | have chosen the
timing capacitors in these posi-
tions to give exposures in the
range 1:3.3:10, as offering, in
practice, a reasonable approxi-
mation to the average print dens-
ity of a high-key, normal, or low-
key presentation.

In the manual timing position
of this switch, a chain of resis-
tors, connected across the poles
of switch §,, (R,-R,,), provide a
sequence of timing durations in
the ratio 1:1.4:2, etc., which
offers the practical convenience
that each step will allow a com-
parable, and useful increment in
print density, and a two-step
movement, up or down, will dou-
ble or halve the given exposure.

A preset control, Ry, allows
the timing period to be adjusted

Very low light level linearity in the photo-
conductive cell response may be assisted if
aresistor, in the range 150-300 Megohms,
is connected in parallel with the cell. A low
level of residual ambient light — from a
remote safelight, or from the enlarger
lamphouse — may achieve the same
result.

to the correct seconds value, with
the “Trim’ pot. Ry set in the mid-
dle of its travel. In the other limb
of switch S, , R,; gives a ‘Paper
Speed’ control. I will discuss the
functions of these controls later,
when 1 describe its method of
use.

The diode chain D,—D, pre-
vents the input voltage applied to
the input of IC,, from becoming
too positive when the timing
cycle continues beyond the nor-
mal time of completion, and the
diode chain D,—D, sets a 2V
nominal trip level for the ‘resett-
able thyristor’ Tr,, Tr, returned to
its non-conducting state by S1.

A minor snag which arises
when transistors are coupled, in
the manner shown, to simulate
thyristor action, is that, because
of the high current gains and high
transition frequencies of the
devices which must be used, the
transistor pair is very sensitive to
inadvertent triggering by short
duration, fortuitously arising vol-
tage spikes at either its input or
its output connections.

The capacitors Cg, C, and C,,,
which should be non-polar types,
are included to avoid this possib-
ility. Resistors R;; and Ry, are
included to discharge the supply
line capacitors following switch
off. The photocell R,, normally
performs this function for the
+57V line and R, limits the pos-
sible current flow throughR,, and
D,—D, under strong illumination
conditions.

As mentioned earlier, the
darkroom safelight is switched off
during the time that the enlarger
lamp is ‘on’. This function is
accomplished by the relay RLA1.

The whole unit is mounted in a
small sloping panel earthed metal
box, fixed to the darkroom wali,
close to the enlarger, to prevent
actuation of the switches causing
undesired enlarger vibration, and
is shown in Fig. 4.

Method of use

Over the years I have experi-
mented with various photocell
housings, and have ended up with
the very simple layout shown in
Fig. 5. This is held on the
enlarger column with a ‘Terry’
clip — since it is very light,
strong fixing is unnecessary — so
that it can be positioned as I have
sketched in Fig. 1 and receive
light from the desired printing
area.

Stray light around the edges of
the negative, which would give
misleading results, is masked off
at the negative stage — this is, in

any case, good photographic
practice if the worker wishes to
preserve the highest degree of
brilliance and ssparkle in his
prints.

Setting up the ‘manual timing’
chain to give time intervals rea-
sonably close to the specified
values should not be too difficult
if one chooses a time duration
position of, say, 16 or 22 sec-
onds, and then adjusts Ry; to give
the best fit. The “Trim’ control,
which should be positioned in the
centre of its travel for this pur-
pose, is then used, in practice, if,
for example, a print exposure
duration of 8 seconds is thought
to give slightly too light a result,
and 11 seconds is thought to be
over-generous in exposure.

The use of the ‘Automatic’
function, may, however, call fora
little more experimentation,
since the light falling on the
photocell is very dependent on
the geometrical layout of the
enlarger easel and photocell
mounting. Ideally, a ‘normal’
type of print, which will, again
depend on the photographers
typical subject preference,
should be rendered to its best
advantage with S, in the position
which gives C, as the timing capa-
citor, and with the ‘Paper Speed’
control in the middle of its travel
for a normal paper/developer
combination. This will then allow
some scope for compensation for
print variables in normal use.

If it is found that C, or C, give
better ‘normal print’ results, with
the photocell assembly
employed, the values of C,,C,
and C, can be modified in the light
of these experimental results. It
should be remembered that
papers do vary quite a bit in effec-
tive speed, from one to another,
with modern ‘resin-coated’ bro-
mide papers being the fastest,
fibre-based chlorobromides
being the slowest, and with var-
iable contrast papers (relying on
light filtration for change in con-
trast) lying somewhere between
these extremes.

It is also useful to remember
that papers will have a higher
effective speed in a ‘PQ’ thanin an
‘MQ’ developer, and with a warm
developer, as compared with a
colder one, and with developer
which is fresh, as the beginning of
the print session, as compared
with the rather more tired solu-
tion of an hour or two later, so too
hasty a judgment of component
value modifications for C,—C, or
R,, should not be made.
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_OSCILLOSCOPES

If it wasn’t Philips you
might think it was a trick

With a price-tag of just £286*, Philips ~ The formula of features for the
new high-performance dual-trace 15 MHz PM 3206 includes:
PM 3206 oscilloscope won't make @ Easy-to-use, reliable triggering,
your money do a disappearing act. evan on complex waveforms
But its remarkable specification e Wide sensitivity range 5SmvV-20V
migh: make you think it had been ® Bright CRT with excellent
pulled from a magician’s hat. display
In fact, the only trick Philips hasup ~ ® Rcbust construction, tested
its sleeve is the ability to conjure up to withstand the harshest
modern design and production environments
techniques to keep costs down Circls the magic number today
without compromising quality. and we’ll send you further details.

Authorised distributors: v
Electronic Brokers (01-267 7070)
Philips Service (01-686 0505)

Philips Test and Measuring
Pye Unicam Ltd

[ ] , | P
The new PM 3206 - it’s magic! oksuseisambrasecorzex
0S14 * Price excludes VAT and is correct at time of going to press.
pHitps| Test & Measuring
% Instruments pH I LI ps

CIRCLE 26 FOR FURTHER DETAILS.
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XIXIN

VME BACKPLANES
SET THE
STANDARD

XIXINVME Backplanes from Sarel are available to
meet two functions. The XJI Backpanel is the main
VME Bus, the XJ2 is the I/0 Expansion Bus.

M The 6 layer XJI VME Bus is designed and
manufactured to conform with the highest
VME and IEEE Specifications.

B Plug-in method of termination allows
designers freedom to integrate VME with the
P896 and P1000 IEEE standards.

M Full width use of 19” sub-rack means no loss of
card positions, allowing a full 21 slots and the
system can be made to conform to standard
European architecture.

B The XJ2 3 layer I /O Expansion Bus has been
designed to allow a controlled characteristic
impedance of approximately 100 ohms
unterminated.

B Both backplanes available in standard slot
capacities, 4, 5, 7,9 and 21.

I set the standard I

Name
I Company - I
I Position_ o . |

Address

Telephone

Sarel Limited.

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

u%%/gém/e ctotze!

f
Here is the complete
range of ICOM marine radio-telephone equipment, from left to
right: the M700 HF SSB transceiver offers long-range capability at
a sensible price. The M5 VHF hand-portable, quick channel
access with its push-button keyboard. M12 and M2 VHF hand-
portables, 12 and 56 channels respectively using knobs or thumb-
wheels. Finally the M80 VHF radio-telephone, a wide range of
options are available for this and all other ICOM marine radios.
ICOM radios are versatile, rugged, water-resistant and
most important of all — reliable.
More detailed information is readily available from your
jocal ICOM dealer or direct from Thanet Electronics Ltd.

Thanet Electronics Ltd

Suppliers of Radio Communication Equipment tothe Ministry of Defence.
143 Reculver Road Herne Bay, Kent. England. Tel(0227) 363859/ 363850,

CIRCLE 48 FOR FURTHER DETAILS.
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C it

niversal Microtele‘metry System

Micro-tel is a system of integrated UHF radio/modems ruggedly
constructed and suitable for a wide range of ‘line of sight’ data
communications applications.

Features:

® UHF Home Office type approved radio (MPT 1309)
® 5 Radio Channels

® 1200 BAUD Modem/Demodem

® 12 Volts/250 m Amps Power

® RS232 Data Input/Output

® Small size 145 x 210 x 60 mm

Micro-tel offers a simple and reliable solution for:
® Building to building computer comms

@ |Instrument to computer data links

@ Industrial systems data links

Dealer and OEM enquiries welcome.

MEASUREMENT DEVICES LIMITED
l\/ Silverburn Crescent, Bridge of Don Industrial Estate, Aberdeen,
— AB2 8EW Telephone: (0224) 824141 Telex: 739506 (MDLAB)
CIRCLE 15 FOR FURTHER DETAILS.
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IT WON'T COST YOU A PENNY.

The 1985 Midwich catalogue is now available,

absolutely free
It's the most comprehensive catalogue yet, con-
taining many of the latest and very best computer compon-
ents on the market, at highly competitive Midwich prices and

COULD

~<

technical specifications and pin-out diagrams.
Fill in the coupon and send for your copy today.

cover why no
organisation

CIRCLE 28 FOR FURTHER DETAILS.
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You'll soon dis- Reply toBept Eww 6 Midwich Computer Company Limit

ed
Gilray Road, Diss, Norfolk P22 3EU

Name —_ 7_»7_‘
aservice thatis second to none. o _ can afford tobe' o anisationvcompany
Which means it will provide your organisation with  without one. | o '
a vital source of information including numerous -
‘ Address BN ‘
— __ Postcode
@» COMPUTER COMPANY LIMITED ll NO e —— e —— LJ
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[ RADIOCODE CLOCKSLTD

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

 NEW PRODUCTS )

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

RUBIDIUM FREQUENCY
STANDARD

High performance, compact and
rugged instrument. 2U rack or /; ATR
case options.

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

LOW COST MSF
FREQUENCY STANDARD

Instant operation, directly traceable
to N.P.L., self-contained portable unit,,

24 hr transmission, real time

no scheduled frequency changes,
\\ synchronisation )

@ Off-air frequency
standards

@ Intelligent time systems

® Caesium/Rubidium based
clocks & oscillators

® Master/slave systems

® Time code generators/readers

® Record/replay systems

@ Intelligent display systems

® Precision ovened oscillators

® Time/frequency distribution
systems

Radiocode
Clocks Ltd*

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

J

(*A Circuit Services Associate Co.)

CIRCLE 33 FOR FURTHER DETAILS.

N ASS

Parthia
Beckhampton,
Nr. Marlborough,
Wilts.
Tel. Avebury (067 23) 219
ANALYSERS
Airmec 24BA  Wave Analyser 5-300MHz £50.00
Airmec 853  Wave Analyser 30kHz-30MHz £70.00
Solartron - 1250  Frequency response Analyser

10uHz-65kHz i/p 1uV-300V

RS232/IEEE 1yr Oid £4950.00
BRIDGES
Marconi TF868B Universal LCR Bridge 1% £150.00
Marconi TF2700 Universal LCR Bridge 1%

Battery powered. £225.00
GENERATORS
Philips PM 5770 Pulse Generator 1Hz-100MHz

o/p 10V into 50 ochms £200.00
Tektronix 148 Television Insertion Test Generator £3500.00
OSCILLOSCOPES
Cossor CDU 150 Dual Trace DC-30MHz 10mV/div £150.00
Solartron A100 Dual Trace DC-100MHz 10mV/div  £250.00

sale

IATES &

%lcnﬂ?ﬂﬂtissﬂﬂ & COMPUTING
Elan E2 EPROM Programmer 1 copy socket

pz

1yr Old £625.00
Elan E9 EPROM Programmer & Editing 8 Sockets
USED ELECTRONIC EQUIPMENT R oy
METERS DEC RK0S5-AB Digita! Disk Cleaner for Disk
H-P 3406A R.F. Voltmeter 10kHz-1.2GHz Cartridges £125.00
Sampte Holding £995.00 DEC Pr/s 01 Tape Reader £125.00
Keithley 135 4! digit handheld DMM Almost New £145.00 Fluke 9010A/001 Microprocessor Trouble Shooter
Marconi TF 2604 Electronic Voltmeter 20Hz-1.5GHz  £160.00 c/w 8065 & 780 Pods New RS232 £4895.00
MISCELLANEOUS Dranetz 626 Umvgrsal Mains Dnsturganlfle Analyser
Disa 55005 Digital Constant Temperature Anenometeﬂr o g/:\on?r?sob]g] & PAG003 Plug Ins 5200160,
for fluid measurement etc. £120. Racal Dana 488 GIPB Anal .
] ! o : yser R§232 6 months Old £525.00
Coutter 550/551 P'g”a' Air §9n1a';r_\|nat|r)tn :W”.”m' & Prope Shaffner ~ NSG 200 E Line Interference Simulator
e%k?r?:rrnn;mmg irt particles in £250.00 ¢/w 223A High energy Module 6 monthsm] m
f : . id £2200.
Laminair  Laminartlo glear} Air Workbench to keep work art‘z:aznﬂ m H-P 7470A/002 Two Pen Graphic Recorder IEEE
usiitrees 3 Months Use £495.00

THE ABOVE IS A SAMPLE OF OUR STOCK SEND S.A.E. FOR CURRENTLIST ALL ITEMS SUBJECT TO AVAILABILITY, CARRIAGE & V.A.T.

CIRCLE 18 FOR FURTHER DETAILS.

MICRO ENGRAVER

MICROPROCESSOR-CONTROLLED ENGRAVING MACHINE

MGF-1402

z}

4

MGF-1403
MGF-1412
MGF-1801

and ready to manufacture labels.

STEPPING MOTOR XYZ MACHINE. Complete with microprocessor controller and
software programmed to engrave alphabet and numbers. Also features easy operator programmable XYZ
sequence to engrave, drill or cut out special shapes and logos. XY axis travel 400/400mm, Z 50mm with
90watt Zpindlc drive motor. Qwerty touch-keyboard, liquid crystal display. Machine supplied complete

PRICE £3,500 (VAT extra)

J.A.F. GRAPHICS

70 Leek Road, Congleton, Cheshire CW12 3HU — 0260 275127

& MITSUBISHI

GaAs FETs

FROM STOCK

Aspen Electronics Limited

UK representative for Mitsubishi Electric

2/3 Kildare Close, Eastcote, Ruislip
Middlesex HA4 9UR
Tel: 01-868 1188 Tlx: 8812727

CIRCLE 10 FOR FURTHER DETAILS
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CIRCUIT IDEAS

Pulsed hot-strip
measurements

The origin of a metallic resistor’s
non-linearity lies in its
temperature coefficient and the
thermal properties of the
substrate, which is usually an
insulator. Thermal properties of
the insulator, such as thermal
conductivity and thermal
diffusivity, are determined by
the circuit shown inithe small
diagram.

A train of pulses of a fixed
period and duty cycle is applied
to the non-linear resistor, R,,
through a suitable blocking
capacitor. Average voltage
across R, is then measured with
a digital voltmeter after
filtering. This average voltage
should be zero if there is no
non-linearity as the capacitor
causes a base-line shift to
ensure that no net charge can
flow over a complete period.

Measurements of this kind at
low frequencies (large duty
cycle and long period) are
however made impossible owing
to the need of a prohibitively
large capacitor, especially if the
sample resistance R, is small.

We designed a new circuit to
overcome this difficulty. It

Variable -Ve supply

Filter

EpySumE——

\1)(

{
< 5ké
o/
\\_/

—hF

<k <2 <

Input ' b

< [
<bLk7 )2k2

L

>

1

Variable +Ve supply

] T
& A T Tro 1’))(,4 ¥ o
po ) To oscilloscope } r_l:/ Sk

E=s Input
AAA o A4 7]
10k : 225
L a ) X dvm
v v VoV @ /A
10k l 10k Iwk I 10k I 10k
R<Z SR <100 1

simulates the action of the
blocking capacitor, irrespective
of period length or duty cycle.
Essentially, the circuit consists
of two current sources, one
positive, the other negative,
and so generates a base-line
shifted waveform of the type
shown in the small diagram.

The positive and negative
current sources are switched on
alternately. Linear resistor R
has a value equal to cold-
sample resistance R,.
Amplitudes of the current
pulses are adjusted using R, the
variable power supplies and the
10k ! potentiometer so that the

voltmeter reads zero. The
required average voltage across
R, is then obtained using the
switch to bring R, into the
circuit. Transistors Tr, , are
power devices.

ljaz-ur-Rahman

Quaid-I-Azam University
Pakistan

1N4L002

Vir 7805
In Ot

«—

#

1NL002
270

L5mi

|

150

NiCd charger

An indicator on this simple
45mA charger for AA cells
shows whether or not charge
current is flowing and not just
that the charger is switched on.
Two further diodes protect the
i.c. and led against reverse bias
when power is removed.

A .R. Walker

Brighouse

Yorkshire

ELECTRONICS & WIRELESS WORLD MAY 1985

Cheapest ZX81
memory
expansion

Owners of a ZX81 with a 64K
memory expansion can use this
tip to increase the amount of
memory available for machine-
code programs by 16K.
Hardware required is just a
resistor and diode.

Machine-code programs
cannot be run above 32K
because of the way in which the
tv-display output is produced.
Each time the u.l.a. senses that
address line A is high and M1
is low, indicating that the
processor is looking for an
instruction op-code fetch in the
32 to 64K area, it starts
working on the display.

My solution is to change the
circuit so that the u.l.a. A5
input only goes high when both
A,; and A, from the processor
are high. The modification
requires cutting the track
carrying A5 close to the u.l.a.

and adding a resistor and diode.

Ay

id

i<
1| Neles

18

¢ 7X 81
ula

&

On an issue three computer,

the most convenient position for
these components is in the
u.l.a. socket under the i.c.

This change makes it possible
to run machine-code programs
all the way up to 48K. The
disadvantage is that Basic
programs have to be shorter
than 16 467 bytes, excluding
variables, to keep the display
file below 32K. Is there a ZX81
program that doesn’t fit in that
space?

Christofer Tolis
Stockholm
Sweden
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One-in-n-way
latch

Contact debounce, a
predetermined power-up setting
and simplicity are features of
this one-in-n-way push-button
latch. When any button is
pressed, its corresponding
button line is taken low, forcing
all others high. Only one line
can be low at a time.

Resistors are included to
prevent shorting of the gate
outputs and an optional RC
element makes sure that the
first line is selected at power
up. Further gates and button
lines may be added following
the same pninciple, i.e., each
gate must have inputs
connected to every button line
except its own.

A Nor-gate version with
active-high output is shown in
the second diagram. The circuit
seems suitable for monolithic
implementation since the inputs
and outputs can share the same
pin if necessary as shown in the
third diagram. Using this
method, a 14-pin dil package
could provide latching and
debounce for a 12-way switch.
Power-up setting would be
achieved as in the first diagram
using an external RC element.
Louis D. Thomas
Comdial Comms Systems
Pentwyn
Cardiff

Resistance-indicating continuity tester

Continuity testers giving simple
on/off indications have always
been useful for circuit checking.
There are many occasions
though when a continuity
indicator will give a short-circuit

resistance between its
terminals. This instrument
gives an audible indication of
residual resistance of the
nominal short circuit and its
open-circuit probe voltage is

Two TL062 i.cs form a
simple oscillator whose input
frequency is determined by the
small input voltage fed to it by
the 3140 through 100kQ
resistor.

indication despite a significant only 10mV. Input to the 3140
+9y
I > AVAVAY
5% éon( N9 T4 22
tk —
820p N —e
ot I 15k
3140 AYAVAVE =
I~
. 100k TLO62 VAA SN
L] + 10k TLoé\z‘,H
Probe ®
input
g PB 2720 [:ﬂ
500 210
10t f Iy
O
3 -9y

comes through a resistive
bridge.

When the probes are open
circuit, the bridge is in balance
(set by a 5009, ten-turn
potentiometer) and no output
occurs. When the probes are
shorted, the bridge becomes
totally unbalanced and there is a
high-pitched sound from the
piezoelectric buzzer. Any small
resistance between the probes
moves the bridge toward its
balanced condition and reduces
the pitch of the note.

Residual resistance ranges
other than 10Q are produced by
changing the 10Q resistor. We
found that using two resistors
of 1 and 10Q and selecting
them by a switch is most
useful.

T. Lavin and R.T. Irish
Royal Military College of
Science

Swindon

Wiltshire
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Shaft encoder
interface

This is an interface between an
optical incremental shaft
encoder and a counter, designed
as a finite-state machine.
Although finite-state machines
have been used for a number of
years to implement sequential
logic functions, the cost and
complexity of designs using
standard logic gates and bistable
i.cs has restricted their range of
applications. However,
availability of read-only memory
(rom) at reasonable cost makes
the state machine an attractive
solution to sequential logic
design.

This interface drives 74190/
191-type synchronous counters
and asynchronous 74192/193
types. It uses a 745288 32-byte
prom programmed with the data
shown later. Five outputs are
provided: COUNTUP and
COUNTDOWN, which may be
used with 192/193 counters,
and ENABLE and UP/DOWN
for use with 190/191 counters.
Outputs for asynchronous

Countdown
+5V
) 5 Countup
1% 15 Footk s | JDown/up
D5 Qs > ay
13 12 —a,
Link [
A 1 10 - —
=z ‘-\-—1- - 13
I TW174 US288 3 Enable
8 6 7 12
E,—:|Z’ >0
‘ [ 5 i 2
3 2 10 i
Do ck o Ao TE Qo
9 15 Ao
Clock
120 Iﬁgop

counters are taken through
latches since the rom outputs
are strictly speaking only valid
on the clock edge.

For 190/191 counters, the
clock input must be connected

to the system clock. The two
outputs from the shaft encoder
(must be t.t.1. compatible) are
connected to the A and B inputs
of the interface. A further
input, F, allows the circuit to

Data for shaft encoder
prom.

Address Data

00-07 1C 10 1C 1C 09 1D 1D 1D
08-0F 1F 1F 1F 1F 1E 1E 1E 1E
10-17 1C 10 1C 08 09 1D 11 1D
18-20 13 1F 0B 1F 1E 0A 1E 12

respond to either a single edge
of one input!(F low) or to both
edges of both inputs (F high),
giving approximately four times
greater resolution.

In certain applications, it
may be important to have each
count representing exactly the
same amount of shaft rotation
and this will not be achieved if
counting is performed on every
edge since the output edges will
not be evenly spaced. The
system clock runs at roughly
5MHz, which allows the
interface to operate correctly
with a 1000-line shaft encoder
rotating at up to 150 000rev/
min. The design is easily
modified for use with eproms,
but the speed advantage is then
lost.

M.H.S. Winder
Dept of Engineering
University of Reading

Divide-by-clock
circuit

Besides being relatively simple,
this circuit has the advantage
that it does not require
changing of passive components
when the division ratio is
altered.

In the phase-locked loop
circuit, a clock-controlled
voltage-to-frequency converter,
VFC100, is used instead of the
internal voltage-controlled
oscillator. Due to this
converter, input frequency in
the lock state is

fin IR Vdfcl/zovcc

where f; is the applied clock
frequency. The intemnal v.c.o.
is connected to the output of

the system so that the ouput

frequency, £, , yields

fout _Vd/Rlclvcc'

Eliminating the ratio V,/V_
from both expressions gives

f,..—20f,/R,C,f,—const Xf, /f,.

Output frequency may be set to
a required value by the choice
of clock frequency only.

Kamil Kraus
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Eight-phase clock

Eight 1MHz square waves, each
separated by /4 radians in
phase, are useful for running
eight processors in parallel.
The 7493 is a negative-edge

triggered counter arranged to
divide by eight. The 74164 shift
register, being positive-edge

triggered, shifts the IMHg
output half way between
changes of the counter to avoid
uncertainties in the output
condition on each negative
transition of the 8MHz clock.
Square waves of up to 32MHz
could be produced by a different
clock circuit.

G.A. Hardy

Nottingham
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CIRCUIT IDEAS

Running 68xx
peripherals with
280

While expanding my 280
computer system I had to
interface a disc drive using an
MC6843 controller since I could
not find a device directly
compatible with the Z80 at the
time. The resulting circuit could

be useful for connecting other
68-series peripherals to the
Z80.

The only thing that prevents
direct connection between the
Z80 and 6843 is the latter
device’s enable input. This
signal is essential for correct
operation, especially its
negative edge which latches
data into the chip. When the
280 fetches a memory or i/o
instruction, both D-type

bistable i.cs are set by the Z80
clock positive edge. The next
clock positive edge resets the
first bistable circuit and enables
reset of the second on the clock
negative edge. Output of the
second bistable i.c. is the
required enable signal.

M. Darko

Zagreb

Yugoslavia
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Marker processor
for sweep
measurements

I have been using this circuit in
a network analyser for up to
100MHz. It produces clear
rectangular marks, actually a
burst of pulses, which can be
summed to the detector or log.
amplifier output and fed to the
Y channel of the display device.

One half of IC, is taking
samples at the mark rate from
the incoming t.t.l.-level sweep
signal. Looked at in the
frequency domain only the
lower sideband of the mixing
products of the sweeping
frequency and the nearest
marking oscillator harmonic
exist at the 74574 output.
Unlike with conventional
mixers, the reference input
does not have to be an impulse
train. A t.t.l. input signal will
suffice because the 74574 is an
edge-triggered bistable D-type
device.

Retnggereble monostable
circuit IC; (a 7415122 may be
used) serves as a digital low-
pass filter, delivering output
pulses only while its pulse
width remains shorter than the
cycle time of the incoming beat.
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Circuit IC,, is a peak detector,
IC,, is a unity-gain buffer and
the circuit around IC,
translates the detected
amplitude into current.

swept. This is accomplished by
making current to the L5123
pulse width determining circuit
a linear function of the
amplitude of the sawtooth

The mark width regulating
circuit has proved effective with
sweep bandwidths ranging from
100 to 1MHz. Faster logic i.cs
should allow use of higher

An essential feature of a good  voltage deviating the v.c.o. frequencies.
mark system is that the mark Hence the low-pass cut-off Jouni Verronen
width on the screen does not frequency is made a linear Oulu
depend on the frequency band function of sweep bandwidth. Finland
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GANG-OF-EIGHT is our FAST EPROM PROGRAMMER which handles CMOS or NMOS EPROMS from

2716 t0 27256 (25XX too) using FAST or NORMAL programming methods. PROGRAMMERS
FAST programming 27128's takes 2 minutes, NORMAL programming takes 14. All possible levels of

Vpp are covered including 25, 21 and 12.5 volts. G8 has an LCD which tells you what you're doing — or

doing wrong. BLANK CHECK, VERIFY and CHECKSUM facilities are included. Good value £395
GANG-OF-EIGHT-PLUS is now available. PLUS what? Well, PLUS an RS232 INTERFACE which lets you

download in INTELHEX, MOTOROLA S, TEKHEX, ASCII, SIMPLE HEX etc.

Oh, yes, PLUS 50 quid too, but you might think it's worth it . ..

(I [VIW.N o] ; VAl SOFTY 2, our intelligent EFROM PROGRAMMER/EMULATOR, plugs into a TV, shows you memory and
EDITORS lets you TEXT-EDIT in HEXIINSERT, DELETE, SHIFT BLOCKS without overwriting or rewriting etc). [talso
calculates ADDRESS-OFFSETS in hex, UPLOADS and DOWNLOADS in SERIAL and PARALLEL, saves

programs on TAPE, and PROGRAMS, COPIES and EMULATES EPROMS 2716, 2732 and 2532. Great

DEVELOPMENT TOOL for PIGGY-BACK SINGLE-CHIPPERS and other small microsystems. TV lead,
ROMULATOR-cable with 24 pin DIL Plug and power supply included, ready to plug-in and use

Z80 DEVELOPMENT TOOLS
MENTA is a Z80 development system designed by DATAMAN for the SCHOOLS COUNCIL. MENTA has a built in
ASSEMBLER and TV hex display: it lets you enter program in hex or mnemonics and execute them FULL SPEED or A
STEP AT A TIME. All the REGISTERS and the STACK are displayed on-screen and you can SEE MEMORY CONTENTS
CHANGING as instructions are executed. MENTA is a microsystem with 24 bits |/O — it can be used as a controller for
ROBOTS and intelligent machines. MENTA appears in GCE syllabusses; a TEACHER'S GUIDE, PUPIL READER and
WORKSHEETS are avaitlable — also CONTRCL MODULES — UNIVERSAL I/0, Ato D, D to A, MOTOR and VARIABLE
SWITCHED INPUT for less than £20 each. A MENTA with TV flylead and power-supply costs

S

MICRODOCTOR is for DIAGNOSIS, finding troubles in microsystems. You just plug into the micro- A

processor socket, READ and WRITE to the MEVIORY and 1/0. MD does CHECKSUMS, RAMTESTS on 1}
memory, checks for SHORTS on the bus, and prints memory in HEX or ASCII. You can also DISASSEMBLE
and print the SOURCECODE In Z80, 6502, 6800 or 8085 mnemonics. i
When your SCOPE or MULTIMETER can't find the problem — consult the MD. When you order say which w - PPy
processor or ask about multiprocessor MD o .. £295 @

I

(=L LTI URM 1.C.T. (Intelligent Connectivity Tester) is the project name for a 40 pin dual-in-line CUSTOM-CHIP
TESTERS developed by DATAMAN.
The chipis called the MT72017 and it will appear soon in BARE-BOARD TESTERS, iDC CABLE TESTERS
and LOOM ASSEMBLY EQUIPMENT all over the world. An EVALUATION-SYSTEM/CONTROLLER for
the MT72017 is available on a EUROCARD and you can BUILD YOUR OWN custom connection-pattern
tester for £295
The controller has full documentation, source-code, circuit diagram, parts-list and a description of opera-
l ton. Each MT72017 tests 26 points and a single controller will handle hundreds of 'em — thousands of
test-points.
MT72017 chip prices: £12.50 (1 to 99) £11.25 (100-999) £10.25 (1000 up). We do not sell
samples of the MT72017 without a controller.

{ LOGIC ANALYSER TA2080 by THANDAR with SPECIAL MODS by DATAMAN which gives RS232 LOGIC
interface and prints TIMING and STATE diagrams — and DISASSEMBLES Z80, 6502, 6800 code on the

screen or printer. ANALYSERS
THANDAR TA2080

EPSONAND NEC COMPUTERS QX 10, HX20 and PX8, PC8800. ALL COMPUTERS are sold witha free COISI:/U':"ERS
bundle of useful software written by DATAMAN.

OLIVETTI TYPEWRITER INTERFACES designed by DATAMAN for ET121 and 221 — cheaper than a i

DAISYWHEEL printer RS232, HPIB (IEEE) and PARALLEL inciuding fitting OLIVETTI
EPROM ERASERS from INTERFACES

If you need more data send for a FREE LIT-PACK and an ORDER FORM or, better stitl, JUST BUY THE PRO-
DUCT AND EXAMINE IT — you may return any item within 14 days for A FULL REFUND (we deduct only
postal charges). Add £2.50 for carriage to orders below £100. ADD VAT TO ALL UK ORDERS. Terms:
cheque with order. Dealers who mean business welcome. Goods normally in stock — TODAY DESPATCH IS
POSSIBLE — please phone us DATAMAN DESIGNS, LOMBARD HOUSE, DORCHESTER, DORSET DT1

1RX. TELEX: 418442. PHONE (0305) 68066.

CIRCLE 30 FOR FURTHER DETAILS.
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CABLE T.V. HEAD END AND REPEATER AMPLIFIERS

CHANNEL CONVERTERS ’
TCUU UHF-UHF Single channel converter. Gain adjustable +2dB—16dB. Maxi-
mur output +26dBmV. Crystal controlled oscillator. Power requirement

SINGLE CHANNEL AUTOMATIC GAIN CONTROL AMPLIFIERS
TAG4863

TAG4063

Gain 48dB, maximum output 63dBmV. Regulator + or — 8dB. Power
requirement 14V 210mA.
Gain 40dB, maximum output 64dBmV. Regulator + or — 16dB. Power
requirement 14V 210mA.

SINGLE CHANNEL AMPLIFIERS

TS$S4663 Gain 28-46dB adjustable. Maximum output 63dBmV. Power requirement

14V 170mA.

Gain lZ-lZ\iOdB adjustable. Maximum output 62dBmV. Power requirement
26mA.

TSS3062

ORIVER AMPLIFIERS

TS1030FM FM driver amplifier. 10dB Gain. Maximum output 30dBmV. Power require-
ment 14V 10mA.

Band I driver amplfier. 10dB gain. Maximum output 30dBmV. Power
requirement 14V 10mA.

UHF driver amplifier. 10dB gain. Maximum output 30dBmV. Power require-
ment 14V 10mA.

Single channel UHF driver amplifier. 10dB gain. Maximum output 40dBmV.
Power requirement 14V 10mA. {Quote channel required).

TS1030B3
TS1030UHF
T$10408

DISTRIBUTION AMPLIFIERS

TE2042 Domestic distribution amplifier. 1 input, 1 output. Gain 20dB. Maximum
output 42dBmV. .
Domestic distribution amplifier. 1 input, 2 outputs. Gain 16dB. Maximum
output: 2 at 38dBmV.

40-860MHz. Gain 20dB UHF. 18dB VHF. Maximum output 46dBmV.
40-860MHz. Gain 28dB UHF, 22dB VHF. Maximum output 46dBmV.

Separate UHF/UHF inputs. Gain 28dB UHF, 22dB VHF. Maximum output
46dBmV.

40-860MHz. Gain 20dB UHF, 18dB VHF. Maximum output S54dBmV.
40-860MHz. Gain 20dB UHF, 18dB VHF. Maximum output 60dBmV.

Gain 85dB UHF, 55dB VHF, 42dB FM. Maximum output 65dBmV.

TE1638

152046
TS2846
TS2845

TS2054

TS2060
TS5565

REPEATER AMPLIFIERS

14V 25mA. (Quote Channels required).
As TCUU except UHF to VHF converter. (Quote Channels required).
As TCUU except VHF to UHF converter. (Quote Channels required)

TCUV
TCVU

TSC3660
TSC3665
TSC3060

QUALITY AT LOW COST

Repeater. Gain 16-36dB UHF, 10-30dB VHF. Maximum output 60dBmV.
Repeater. Gain 16-36dB UHF, 10-30dB VHF. Maximum output 65dBmV.
Repeater. Gain 10-30dB VHF. Maximum output 60dBmV.

TAYLOR BROS (OLDHAM) LTD
LEE STREET, OLDHAM - TEL. 061-652 3221 - TELEX 669911

CIRCLE 34 FOR FURTHER DETAILS.

AFFORDABLE ACCURACY
QUALITY MULTIMETERS FROM ARMON

ANALOGUE

HM-102B2

10ADC Range, 20K0/VDC, Buzzer, Battery Test
Scale . . . i ...£13.00
19 measuring ranges

HM-102R

; Low end voltage & current ranges. Jack for
Audio o/p Voltages............. .£11.00

{ 20 measuring ranges

H-1018

Rugged, Pocket sized meter,

purpose use .

“1 16 measuring ranges

§ Battery, Test Leads and Manual included with

each model

L o

for general

Trade enquiries Invited

FULL DETAILS ON APPLICATION FROM:-

ARMON ELECTRONICS LTD

DEPT A HEROM HOUSE, 1090 WEMBLEY HILL ROAD, WEMBLEY, MIDDLESEX HA® 8AG
TELEPHONE 01-902 4321 TELEX 923985

PLEASE ADD 15% to your order for VAT. P&P Free of

Offer appiicabie to mainiand UK only

DIGITAL

HC-6010 05% Accuracy Standard Model

HC—-5010T 0:25% Accuracy. TR Test Facility
39.30
All models have full functions and ranges and
teature:

3'2 digit0.5" LED display

Low battery indication

Auto zero & Auto polarity

ABS Plastic Casing & Tiit Stand

DC AC 10amp Range

Overload Protection on all ranges

Battery, Spare Fuse, Test Leads and Manual

HC 7030
0.1% accuracy
£39.50
push button
v-vtv-\/

charge. Payment by cheque with order
Please aliow 28 days for delivery

CIRCLE 40 FOR FURTHER DETAILS.

METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London)
138 GRAY'S INN ROAD, W.C.1 Phone: 01-837 7937
Telex: 832301 HARTRO G
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ADVANCED ACTIVE AERIAL

APRS
STAND
163

The aerial consists of an outdoor head unit with a control and
power unit and offers exceptional intermodulation performance:
SOIP +90dBm, TOIP +55dBm. For the first time this permits
full use of an active system around the If and mf broadcast
bands where products found are only radiated from transmitter
sites. The system is developed from broadcast monitoring
arrangements we have had in continuous use for ten years.
® General purpose professional reception 4kHz — 30MHz
@ —10dB gain, field strength in volts/metre to 50 Ohms
ePreselector and attenuators allow fuil dynamic range to be
realised on practical receivers and spectrum analysers
@ Noise —150dBm in 1Hz. Clipping 16 volts/metre.

SURREY ELECTRONICS LTD., The Forge, Lucks Green,

Cranleigh, Surrey GU6 7BG. Tel 0483 275997
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One superb product
deserves another.

You know your product is the
best you can make but today’s
electronic products are crammed
full of components any one of

_ smallest to the largest components; capable of
~=  making simple windings or the most complex;
capable of designing and manufacturing

_a custom assemblies including voltage

which could damage your generation and power modules.

reputation. Weyrad’s products are
In the wound magnetics found in TVs and audio

world, more and more electronics equipment with household

manufacturers are turning to
Weyrad because they find the
expertise, quality and reliability

@ names. In aircraft, ships and
" fighting vehicles. In industrial and
commercial machinery around the

they need. e’ world. In telecommunications equipment and n
They also find the _ the automotive industry.
flexability in manufacture, the ’ Weyrad were Britain’s first wound

pricing they want and the dedication theﬁf‘néed to electronics company to win the coveted standard
help them make a better product. And theyfinda  BSI BS 5750 for its quality control, which gives

company determined to keep its lead in the Weyrad customers unrivalled assurance of
market. manufacturing standards. But then, when you

Weyrad have been in the business of high  make an outstanding product, it’s important to
technology wound mechanics for over 30 years make sure it stays the best, isn't it?
and now with massive resources have a fully For more details of how Weyrad can help
equipped factory and an experienced staff of you improve your products contact our
designers and engineefs capable of making the Marketing Department.

|3

g, L
73 A\
A\
. a | - o - L
HI GH-TEJ CH-WOUND M AGNETTITCS %‘E
Contact the Marketing Dept.,Weyrad (Electronics) Ltd., Lynch Lane, Weymouth, Dorset. Telephone: (0305) 783801 %rs,,go"\
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TESTINSTRUMENTS

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

COUNTERS — TF600 0 600MHz TF200 10H OMHz. TF040 10Hz
40MHz PFM200A IME Jel) TP600 alest
2. TP1000 pre o 1000M

MULTIMETERS - TM351 01% 3" digit L
TM3550 3 T™M354

TM451 Of 412 dig D wit E

V2 dig wi er ter (he

OSCILLOSCOPE  SC110A 10MHz, 10mV sensit CRT with 6n

THERMOMETERS TH301 -50°C 1 C. 1° resolution, TH302 -40°C
110( d -40°F 10 ( re 3

GENERATORS - TG101 200kHz Fun Gen TG102
2MHz Fi on ( cralor. TG105 5Hz to 5MHz Pulse Ge tor. TG501
il Mt

1 Generator. TG502 Mt Wi
r. TG503 0005H MH U 0

LOGIC ANALYSERS — TA2080 8 el 20MHz TA2160 16

ACCESSORIES 2ads. ¢
prob b r sor d
forr
inda Road St ves,
£ )r”‘ ;/ ]

slid. Lo
0480) 64646 Tele

%= thandar
ELECTRONICS LIMITED |

CIRCLE 13 FOR FURTHER DETAILS.

Richardson Electronics(europe) Ltd.

We are the leading suppliers of R.F.Power
Transistors and Electronic Tubes for the
communications and industrial markets.
With our parent company we represent
all the major manufacturers and from our
nine million pounds worth of stock we
can supply virtually any form of tube or
RF.Transistor of American manufacture
or its European equivalent. We can
normally dispatch your requirements

on a same day service.

Send for further information to

Dean Road,Outer Circle Road Industrial Estate Lincoln, England LN2 4DV




Avoiding failure of

sealed nickel-

cadmium cells

Despite using the same basic materials, the life expectancy
of sealed nickel-cadmium cells is in stark contrast to that of
the traditional open or vented type, which have been
known to give in excess of 20 years of service life.
Premature failure is often a complete mystery to the user,
who may see no tangible reason for their demise. Rod
Cooper throws light on the many failure modes, proposes
avoidance tactics and suggests experimental cures.

To understand the main failure
mechanisms of sealed nickel-
cadmium cells it is necessary to
have a grasp of the chemistry of
the basic reactions taking place
inside the NiCd cell and the
chemical properties of the mate-
rials used in cell construction.
The basic reaction is well known:

2NiOOH + Cd +H,0 = 2Ni{OH), + Cd(OH),

l Loy
pos neg  electrolyte
plate plate
Charged state Discharged state

Notice that water is essential to
the reaction, not just a means of
dissolving the chemicals used in
the electrolyte. This important
point is raised later — no water,
no reaction!

It is the reaction during over-
charge that is significant. In a
vented cell, overcharge results in
the electrolysis of water,
hydrogen and oxygen being
released as gases at the negative
and positive plates respectively.
This loss of water is replaced by
topping up. In a sealed cell a dif-
ferent reaction takes place. It is
sometimes stated (even in the
august pages of WW!/) that
hydrogen combines with oxygen
to re-form water, but this is not
strictly true. Oxygen is indeed
formed but instead diffuses over
the cadmium negative plate
where the following reaction
takes place, shown in three steps
for clarity.

Step 1 2Cd+ 0, + 2H,0 ~2CA(OH), + heat

VA A
neg pos  electrolyte
plate plate

Step 2 2Cd(OH), + /4e* - 2Cd + 4(OH)

charge
current

The cadmium that is oxidized to
the hydroxide reverts back to
cadmium metal, the net result of
steps 1 and 2 being the evolution
of heat and excess hydroxyl
(OH) radicals. At the nickel
positive plate:

Step 3 4(OH) - 2H,0 + 0, + de”

Oxygen produced at the positive
has to find its way back to the
negative plate for step 1 to take
place. This it does by diffusing
across the gap between the two
plates.

Of course, these reactions do
not occur as three steps, but as a
circulatory reaction, an equilib-
rium existing between Cd(OH),
in the discharged state and Cd in
the charged state. The position of
equilibrium is determined by
pressure, temperature, physical
layout of the cell, and the amount
of cadmium available for reac-
tion. To enable this reaction to
take place, excess cadmium is
provided by the manufacturer at
the negative plate, and the nickel
positive plate is brought as close
as possible to the cadmium nega-
tive to enable oxygen to diffuse

ELECTRONICS & WIRELESS WORLD MAY 1985

from one to the other without too
much difficulty. Unfortunately
the close proximity of the two
plates brings problems — see fai-
lure mode 3 (part 2).

The overall result of over-
charge is the evolution of heat.
No hydrogen is involved; it has,
in the manufacturers parlance,
been ‘designed out’. If hydrogen
combined directly with oxygen
there would be no need to provide
excess cadmium at the negative
plate, and the two plates could be
made equal. But this is not so.
Naturally, a liquid electrolyte
barrier between the two plates
would impede the diffusion of
oxygen, so the bare minimum of
electrolyte is used. However,
water is vital to the basic reac-
tion. In a vented cell the amount
of water used in reaction is a neg-
ligible part of the electrolyte, and
no problem exists, but in a sealed

by Rod Cooper

Fig. 1. Complete discharge
graph for a sealed cell,
showing what happens when
the cell is reverse-charged in
a battery. Electrolyte
decomposition occurs in both
phases A and B, and results
in permanent reduction of
the cell capacity, so batteries
are to be avoided where
possible — see text for
methods of doing this.

o

VOLTS
o

Phase A
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NICAD CELLS
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Fig. 2. Low-voltage cut-out
circuit is turned on by
pressing push-button PB,.
Relay closes, but Tr, clamps
base of Tr, and holds off the
coil L, of the relay. If voltage
falls below that set by pre-set
pot R, and zener, Tr, releases
Tr,, the turn-off coil L, opens
the relay and the load and
circuit are switched off.
Alternatively, the load may
be turned off by pressing
push-button PB,.

Fig. 3. Reverse-charge
damage illustrated in Fig. 1
can be ameliorated but not
eliminated completely by
adding reverse-biased
Schottky diodes to a battery.
This type of protection is not
needed if cells are discharged
singly, using either a dc/dc
converter to step the voltage
up to a usable level, or low-
voltage components which
work from 1.25V like those
suggested.

+
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cell the water of reaction is a large
part of what little electrolyte is
present.

It follows that removal of what
to the uninitiated may seem to be
very small amounts of water from
the cell results in a large reduc-
tion in cell capacity. The ways in
which water can be removed are
discussed in failure modes 1
and 2.

The material separating the
plates is usually either nylon or
polypropylene, both of which
have good resistance to potas-
sium hydroxide solution used as
electrolyte, while the outer case
is generally nickel-plated steel.
These materials are involved in
failure mechanisms of their own,
as shown in part 2.

Failure mode 1: loss of electrolyte
water due to reverse charging

When cells are connected
together to form a battery, there
is bound to be a cell of lesser
capacity that the rest; it is impos-
sible in manufacture to produce
cells of exactly equal capacity,
even if they are all of one type. In
any case even if a good balance
was possible, unbalance is likely
after a period of operation for rea-
sons which are detailed later.

If such a battery is discharged
fully, the cell or cells of slightly
less capacity than their neigh-
bours will be discharged first and
then driven in reverse until the
rest of the battery is also
exhausted. This causes perma-
nent damage to sealed cells. The
following explanation refers to
the discharge graph of Fig.1.

Readers will be familiar with
the upper part of the curve, the
one most often published by mak-
ers to show their cell charac-
teristics. Itis the lower part of the
curve which is of interest here.
When current is passed in the
wrong direction, oxygen is
evolved at the cadmium electrode
which oxidizes any remaining
cadmium to the discharged state:

2Cd + 0, + 2H,0 — 2Cd(OH), + heat.

This reaction takes place during
phase A. At the nickel electrode,
hydrogen is evolved as gas,
increasing the internal cell pres-
sure. Eventually, the cadmium
available for oxidation runs out
and phase B is entered, where
oxygen is evolved as well as
hydrogen. The pressure in the
cell rises rapidly and in due
course the pressure-release
valve will open to vent gases to
atmosphere. During phases A
and B itis the water of the electro-
Iyte that is consumed. With a
conventional vented cell this is of
no great importance because of
the large excess of water, butin a
sealed cell there is no great
amount of water and the water of
reaction is encroached upon quite
early on during the reverse charg-
ing process. A permanent reduc-
tion in cell capacity results.

Moreover, this process is a
vicious circle — it is the cell that
has been reverse charged which
will be the prime candidate for
more reverse charging next time
the battery is discharged,
because its capacity will have
been marginally further reduced
in relation to the other cells in the
battery. The end result is often a
battery of, say, six good cells and
one completely dead cell. With
encapsulated batteries like the
PP3 and PP9 types this is disas-
trous because the whole battery
has to be scrapped, there being
no really practicable way of dis-
mantling and reassembling the
battery to service the dead cell. In
any case, putting a new cell into a
partly-used battery is asking for
more trouble for the very reasons
under discussion.

Avoidance tactics

Clearly it is possible to prevent
reverse charging by stopping
short of 100% discharge. Unfor-
tunately there are difficulties.
Deciding whereto halt isone. It is
not feasible to monitor the
remaining capacity in individual
cells, so the usual method is to
monitor the total battery and
operate a cut-out at, say, 1 volt
per cell. Thus a seven-cell bat-
tery of nominal 8.75V would be
halted at 7V. Such a voltage-
sensing unit cannot distinguish
between a battery of six healthy
cells at 1.25V each and one com-
pletely dead cell being reverse
charged at —0.4V, and is of
limited value. One could raise the
threshold of the cut-out to 1.1 or

1.2V but this means discarding a
significant part of the battery
capacity. But the technique is
worth considering if capacity is
not all that important to the appli-
cation.

This problem with voltage-
sensing increases with the num-
ber of cells in the battery and cut-
outs of this kind are most effec-
tive with just two to five cells.
Neither are cut-outs universally
applicable; it is no consolation to
know that the battery in your
NiCd-powered handlamp is being
protected against reverse charge
if the cut-out abruptly plunges
you into pitch dark, nor if your
radio transmitter stops working
half-way up a mountainside.
These are cases where half a loaf
is better than no bread!

Of course, extra features could
be built-in, such as a pre-cut-out
alarm or a manual overide, but
human nature being what it is,
the last-mentioned would be self-
defeating and both would
increase the size, complexity and
cost of the cut-out, all these
things being at a premium in port-
able battery powered equipment.
Some voltage sensors introduce a
small voltage drop in the circuit
which may be unacceptable. This
need not be soif a latching relay is
used as the cut-out switch. Sucha
relay uses no power in the on or
off-state and introduces virtually
no voltage drop for all practical
purposes. [ have used the circuit
shown in Fig.2.

Prevention diodes. This method
of avoiding damage from reverse-
charging consists of a reverse-
biased diode connected across
each cell in a battery, Fig.3. If a
current attempts to pass in the
wrong direction through any
given cell it is provided with an
alternative path through the
diode. Referring to Fig.1, such
diodes would have to exhibit a V,
lower than that of phase A to
avoid electrolyte decomposition
at therated current of the load. At
aload current of, say, 0.5 amp, V,
would have to lie in the region of
0.3t00.4V. Thisis atall order for
most diodes.

Schottky diodes can present a
practical proposition, although
they are on the expensive side. A
graph of V; versus current is
shown in Fig.4 for a 1 amp wire-
ended Schottky but this is only a
typical graph and I have found it
necessary to select for low V,
from a batch of devices to get the
best results. Care is also required
in selecting the type of device
because they are primarily
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NICAD CELLS

intended for use in s.m.p.s. and
low V; types tend to have high
leakage currents, low leakage
types tend to have high V,. Lea-
kage current is obviously import-
ant as it must be kept small in
relation to the internal self-dis-
charge of the cell. For a standard
D-cell this self-discharge current
may be of the order of several
hundred pA so the 10pA of this
particular diode at 20°C can be
disregarded. )

Having experimented with
deliberate reverse charging, I
found diodes to be most effective
at higher currents. For example a
C-cell reverse-charged at 0.5
amp can have this current
reduced by a factor of between 5
to 10 with a Schottky diode but
only by a factor of two at 100mA.
So although it is not a perfect
method it does help to delay cell
destruction.

The difficulty with this tech-
nique lies in its practical imple-
menation. Where batteries are
made up using cylindrical cells in
the strapped-together arrange-
ment, the diodes may be inserted
in the gaps between cells. In the
type of battery where the cells are
connected end-on in a common
plastics sleeve it may be neces-
sary to slit the sleeve to make the
connection,  weakening the
assembly in the process. In either
case the presence of soldered
joints where there is the possibil-
ity of electrolyte leakage may be
unacceptable for some applica-
tions. With encapsulated batter-
ies like the PP3 and PP9 it is well-
nigh impossible to incorporate
these diodes. However, it is very
easy to do so where the battery
consists of cells housed in indi-
vidual holders, soitis worthwhile
paying some attention to the bat-
tery compartment when consid-
ering reverse-charge protection
with diodes.

Avoid batteries

By far the best method of avoid-
ing reverse-charge failure is not
to use batteries at all! One way of
doing this is to use a single cell in
conjunction with ad.c./d.c. con-
verter to step the voltage up to a
reasonable level where most of
the present generation of semi-
conductor devices operate.
Clearly such a system has no
reverse-charge failure mechan-
ism, and so does away with vol-
tage cut-outs and protection
diodes. Needless to say, the reli-
ability of the NiCd power source
is greatly improved.

Taking a closer look at this
technique reveals several other
important benefits of both techni-
cal and economic nature. Firstly,
there is only one set of rubber
seals to go wrong with a single-
cell system, whereas there are
many sets of seals on a battery, so
the probability of electrolyte lea-
kage — which will be shown later
as a failure mode — is very much
reduced. Secondly, single cells of
equivalent capacity tend to be
more physically robust than str-
ings of interconected small cells.
This is important in hand-carried
equipment or in vehicle-mounted
applications which can be sub-
jected to very rough treatment,
like being dropped! Thirdly, by
standardizing on one type of cell
and using a range of converters
giving appropriate working vol-
tages for different pieces of
equipment, it is possible to
reduce the inventory of battery
types. This could be of interest if
you have several items of equip-
ment and are faced with stocking
a miscellany of batteries. Also, it
follows that recharging require-
ments are much simplified.
Lastly, a single-cell system can
work out to be cheaper in the long
run, stemming from the fact that
the cost per watt-hour for a single
cell is less than for a battery of
equivalent capacity. For exam-
ple, a PPY of 10.4Wh costs £12
but a super-F cell of 12.5Wh
costs only £9. Allowing for con-
verter losses, these two systems
give about the same amount of
useful engergy, but the single cell
costs 25% less. Of course, the
initial cost of the converter must
be taken into account, but since a
well designed device is likely
to outlive several NiCd cells
the real cost spread over
a period of time will be small|in
comparison.

The lower cost of single cells
makes the carrying of a spare cell
with portable equipment a more
attractive proposition than for
batteries — £24 in the above for a
PP9 and spare, only £18 for a
super-F and spare. Also, if you
are unlucky in having a recharg-
ing accident, a random or prema-
ture failure due to one of the
modes under examination, it is
not then such a hard financial
blow to replace a single cell. The
same argument applies when the
time comes to replace the NiCd
power source due to old age.

Against these benefits must be
set the inefficiency of conversion
from such a low starting voltage
as 1.25V. The voltage drop
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across typical switching transis-
tors and diodes is not so much
less than this figure, so it is notor-
iously difficult to design a conver-
ter with a respectable- efficiency
specification. However, it can be
done using special techniques.
The Texas Instruments TL496 is
a switching regulator 1.c. which
can be used as the basis for such a
converter, Fig.5. Although it is
more efficient operated from two
cells, when it can give 80mA and
8.6V and about 55% efficiency, it
can also operate from a single cell
to give 40mA at about 7V.The
inductance should have a value of
it 40 to 50pH and as low a d.c.
resistance as possible — less than
0.15Q. Achieving this is not diffi-
cult considering the comprehen-
sive data now provided by the fer-
rite manufacturers. An RM5 or
RM6 core is satisfactory. Work-
ing frequency is about 10kH:z.
Some designers may consider it a
disadvantage to have to provide
their own wound component for
L, not being an off-the-shelf
item. For those wishing to avoid
coil-winding, the Verkon V9-a
provides a solution as it is self-
contained dc/dc converter, pro-
viding nominal 9V d.c. output at
currents up to 80mA. The V9-ais
specifically designed to operate
from a single NiCd or other low-
impedance cell, is small enough
to be p.c.b.- mounted, and has a
quoted conversion efficiency of
around 75%.

Another way of avoiding bat-
teries is to design circuitry so that
operation from one cell is poss-
ible. There are several suitable
c-mos op-amps on the market
which can work perfectly well
from 1.25V, such as TLC251,
ICL7611, ICL7622 and also audio
amps like LD502. Although very
useful for certain applications,
the limitations are severe — e.g.
driving relays, meters, leds is dif-
ficult. Nevertheless too many cir-
cuits for portable instruments are
designed for 6 or 9V operation
when they could work from a

single cell equally well, simply
through lack of imagination on
the part of the designer.

Continued Next Month
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Fig. 4. Graph of I, versus V;
for wire-ended Schottky rated
at 1 amp.

Sources of components
Texas switching regulator i.c.
TL496. Quarndon Electronics
Ltd, Slack Lane, Derby.
Osmor latching relay CLA-5.
Electrovalue, St. Judes Road,
Egham, Surrey.

Verkon V9-ad.c./d.c. converter
and wire-ended 1A Schottky
diodes. ]. Biles Engineering,
120 Castle Lane, Solihull, West
Midlands.

Fig. 5. Circuit to step up
1.25V to about 7V at 40mA
using the TL496 as a step-up
dc/dc converter. See text for
inductor details.
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CIRCUIT MODELLER for CP/M & MS DOS

by Harcourt Systems

AVAILABLE I" An engineering package for CP/M* and MS DOS* microcom- AVA".ABI.E I"

puters to carry out accurate, fast designs of linear circuits.

s‘x WEEKS CIRCUIT MODELLER can find voltage gain, phase shift, Zi, SIX WEEKS

and Z,,,, for most linear electrical and electronic circuits. The

TRANSIENT limits of capacity are set by the microcomputer RAM, which TRANSIE"T

must be at least 60 KBytes. This gives a capacity of 32 nodes,

101 resistors, 101 capacitors, 101 inductors, 31 mutual induc-
ANALYSIS MODELLER [N sl i b A i ANALYSIS MODELLER

sources.
Features include:
ADD & EDIT to construct and alter circuit o
LOAD & SAVE to save and recover circuit from disk ©
GAIN to display gain and phase
ZIN to display input and output impedances
BW to find centre frequency and —3dB Av points
of circuit
SEARCH to find frequency corresponding to given
gain
PRINT to print synopsis of circuit diagram sufficient
for its precise reproduction.
Operating Speed

CIRCUIT MODELLER is an all-compiled package with seven
overlays in which the inner two loops of pivotal condensa-
tion are written in Z80 assembler. This means that whereas
microcomputer CAD is usually slow, CIRCUIT MODELLER
can solve a four hybrid-pi amplifier in a few seconds.
Graphics
PLOT .is an extension to CIRCUIT MODELLER enabling an
ordinary 132 column printer to plot both dB gain and phase
angle against frequency for the circuit. A log/log plot is
obtained with automatic axis scaling.
Themselves designers of high performance electronic equip-
ment, Seasim Controls have recognised the importance of
CIRCUIT MODELLER which they are making available in
association with Harcourt Systems.
Prices: CP/M 80 version — £160 + p&p + VAT,
MS DOS & PC DOS versions — £214 + p&p + VAT. Order, or
send for more details from SEASIM CONTROLS LIMITED
The Paddocks, Frith Lane, Mill Hill, London NW7 1PS

Telephone: (01) 346 9271 — Telex: 21189
*CP/M is atrademark of Digital Research

*MS DOS is a trade mark of Microsoft

CIRCLE 16 FOR FURTHER DETAILS.

HRANMEIL=S

MORE THAN JUST
ONE STEP UP

HM208 £1200.
Dual Trace, Digital Storage 2mV - 20 V/cm 5
20 MHz Bandwidth  Algebraic Add, Invert e

X-Y, Component Tester 4 x |k Stores,
20 MHz Clock, Roll, Refresh, Pre-trigger.

T e
-. -

M e
HM605 £515. e
Dual Trace 1mV —-20V/cm
60 MHz Bandwidth  Algebraic Add, invert
X -Y; Single Shot Delay Sweep,
Var Hoid-offt Component Tester, 14kV CRT

HM204-2 £365.

Dual Trace 1mV - 20 V/cm

20 MHz Bandwidth  Algebraic Add. Invert
X -Y:Single Shot  Delay Sweep,

Var Hold-off Component Tester

HM203-5 £264.

Dual Trace 2mv -20 V/cm

20 MHz Bandwidth  Algebraic Add. Invert
X-Y Component Tester

i -
lez 527
')'ﬁﬂia-, ‘)

2 Year Warranty

HARAMELS
FOR THOSE WHO COMPARE

74—-78 Collingdon St. Luton, Beds, LU1 1RX
Tel: (0582) 413174 Telex 825484

CIRCLE 35 FOR FURTHER DETAILS.
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Sampled-data servos

— a new analysis

Prior to computing servo performance Dr
Taub considers the reverse of sampling:
conversion from a sampled-data signal to a
continuous signal

When the error signal in a servo
loop is of sampled-data form,
then at some point before it can
be used to drive the plant it has
to be converted back to continu-
ous form. The point at which this
conversion takes place depends
on the type of compensator used.
In the case of a compensator
designed to work with sampled-
data signals e.g. one using digi-
tal®, charge-coupled device or

*“Compensators based on digital tech-
niques are often called ‘controllers’.

switched-capacitor techniques, it
is done at the compensator out-
put, whereas with compensators
designed to work with continuous
signals it is done in two stages, a
sampled-data stage followed by a
continuous-signal stage, in which
case conversion is carried out at
the interface between the two.
The circuit which carries out
the conversion is generally
known as a ‘hold’ circuit, and var-
ious types exist. In the simplest
and most widely used type, the
output between one sample and

16 %
/0
A
// y
124 -[7"-4—;_ \‘ oc=(
e L =05
A
‘. | S i oc =]
08 oy
A
i \
“\
0l XY — e
%\ PSR N
s D e
E 4 N BATRAN
0
T = T
0 1 w Z 3
Ws
180 N . -
\ \ \
\ \ \‘
\ \
120 Y Y 5
\ \ A
! \
\ AY
60 Al \;
A A
v \ hY
o \ \
@ BN oma A
E NN N, W NN 3
N 2\ We A\
A Y ‘-\‘)
-604—— 3 J
\\
=120 ) A
“\\ \ s
R S I\
. <, v
A v 2
_180 AJ = [y g \‘ - “ A =

the next is held constant at a
value proportional to the weight
of the sample most recently
received. Typical input and out-
put signals are shown in Fig.15
(a) and (b). In mathematical
terms one can say that the output
between one sampling instant
and the next is described by a po-
lynominal equation of zero order;
hence the circuit is known as a
‘zero-order hold’ circuit.

In amore complicated arrange-
ment the output immediately
after the sampling instant is pro-
portional to the weight of sample
just received, but it then changes
at a uniform rate proportional to
the difference between that sam-

by D.M. Taub
M.Sc., Ph.D.

Fig.15. Input and output sig-
nals of zero-order hold cir-
cuits: the hold circuit con-
verts a sampled-data signal
back to a continuous signal.
Input at (a), output of zero-
order hold (b), and output of
first-order hold (c).

Fig.16. Response of a hold
circuit to a unit-impulse

input.

\ZT

TIME

Fig. 17. Gain characteristics of various hold circuits, amplitude

above, phase below.
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TUTORIAL SERIES

Since 1950, Matthew Taub has
been continuously engaged in
development work on digital
electronics. After five years with
Ericsson Telephones Ltd (now
part of the Plessey Group),
where he worked on electronic
switching in telephone
exchanges, he went to Leo
Computers Ltd (now part of ICL),
contributing to the development
of the mercury delay-line store
and input/output section of the
LEO 2 computer. He joined IBM
UK Laboratories Ltd in 1957 and
is now a Senior Technical Staff
member. Areas of work at IBM
included magnetic core logic
circuits, computer architecture,
read-only and magnetic disc
techniques, and circuits for c.r.t.
displays. During the past two
years he’s been active on the
working group developing Future-
bus multiprocessor systems.

He has 22 publications in
journals, a further 26 in the IBM
Technical Disclosure Bulletin,
and is named as inventor or co-
inventor on 27 patents. The
published work earmed him a
PhD degree from Cambridge
University in 1982, Previously
he’d studied electrical
engineering at University
College, Nottingham, gaining the
B.Sc (Eng) degree in 1945, and
after a short period with Ferranti
went on to carryjout research
into noise phenomena in
electron tubes at the Cambridge
University Engineering
Laboratory, for which he
received the M.Sc. degree.
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ple and its predecessor. The
input signal of Fig.15(a) then
produces an output as shown in
Fig.15(c). In this case the output
the output between sampling
instants is described by a first-
order equation, giving this circuit
the name of ‘first-order hold’.

The zero-order hold can be
regarded as a limiting case of the
first-orderhold, in which the con-
stant of proportionality governing
the rate of change of output is
zero. Higher-order hold circuits
are possible, but are not import-
ant in practice.

Gain characteristics of hold circuits

The gain of zero and first-order
circuits can be covered in a single
analysis. To produce the output
described above, the response
a(t) to a unit impulse at the input
(i.e. a sample of unit value) must
be as shownin Fig. 16. The factor
of 1/T in the amplitude is neces-
sary for consistency with the
sampling process assumed in the
(April issue): a continous signal
of unit value gives rise to samples
of weight T, which on reconver-
sion to a continilous signal, pro-
duces unit value again. Positive
values of o represent the first-
order case, and o = 0 the zero-
orde case.*

The gain characteristic is found
by taking the Laplace transform
of a(t), as follows (see ref.5, sec-
tion 3.4).

H(s) =f a(t) e—='dt
(o]

(X_ —st
£<1+T>e dt+

.31
The gain at real frequencies is
found by setting s = jw, which
gives

1—eiTe
H
w) = JTw 1+
l—e"jT‘” T
ol =— — g /Tw
[ij ) ]

..3.2

* Textbooks generally restrict the term
‘first-order hold’ to the case where a. = 1,
and Kuo (ref.6) describes circuits in which
0 < a0 <1 as ‘fractional-order’, but this is
a misnomer.

The modulus and phase angle of
this function are plotted in
Fig.17.

In the zero-order case where o
= () this last equation reduces to

Ly 1— e
Hy(jw) iTw

and using equations 2.1 and T
= 27t/w, this becomes

Ho(](.l)) _ e—-Jw n Slﬂ w Tf
(U n

..3.3
APPENDIX

Effect of using unit impulses in
sampling waveform

To keep the mathematical expression
as simple as possible, it has been
assumed in the main text and in the
programs, that the sampling wave-
form consists of impulses of weight T
(part 2), and that on conversion back
from a sampled-data signal to a con-
tinuous signal, the output immedi-
ately following a sample of weight T
has unit value. In practically all the
published literature,  however,
sampling is assumed to be done with
unit-weight impulses. Therefore to
relate the material presented here to
other publications, the principal equ-
ations for unit-weight sampling
pulses are given. The equations are
numbered as in the main body of the

text but with the prefix U to indicate
unit-weight impulses.

Gain of first-order hold circuit:

—p—Ts
H(s) = 1+
1—¢e ™
4o ————— . o—Ts
.U3.1
Gain of zero-order hold circuit:
T sm%ﬁ,_n
Hy(s) = wn
..U3.3

REFERENCES

1. ].J. Distefano, A.R. Stubberud and 1.).
Williams. ‘Feedback and Control Systems’
(Schaum’s Outline Series, McGraw-Hill,
New York, 1976).
2. M. Healex ‘Principles of automatic con-
trol’. (Hodder and Stoughton, London,
1975).
3.M.K. Haynes. Magnencrecordmgtech—
niques for buried servos’. [EEE Transac-
tions on Magnetics. Vol. MAG 17, 1981 pp
2730-4
4.N.H. Hansen. ‘Head-positioning system
using buried servo’, ibid pp 2735-8.
5. P.A. Lynn. 'Introduction to the analysis
and processing of signals’ (Macmillan,
London, 1973).
6. B.C. Kuo. ‘Analysis and synthesis of
sampled-data control systems’ (Prentice-
Hall Englewood Cliffs. NJ, 1963)

7. A.M. Tropper. ‘Matrix theory for clectri-
mlen)gmeenngstudenls (Harrap, London,
1962

8.S. Goldman.
and electrical transients’,
New York, 1949).

9. D.M. Taub.  ‘Programs for computing
sampled-data servo performance’. IBM
Technical Report no.12.199, (IBM United
Kingdom Laboratories, Hursley, May
1982).

‘Transformation calculus
(Prentice-Hall,

ELECTRONICS & WIRELESS WORLD MAY 1985

wwWw americanradiohistorv com



D.c. supplies

from a.

Constructing a stabilized power supply

An important step in studying a
topic is when the experimenter
puts theory into practice. And as
lab. or bench type power supply
designs seem to be unendingly
popular, here is another, which
can supply some 80 watts at
13.8V.

There is a “chicken and egg”
situation in such designs as that
shown in block form in Fig. 1. For
example, what transformer rat-
ing (in VA) is required, when we
donot yet knowther.m.s. secon-
dary currents? These currents
through the rectifiers are known
and these depend on the source
resistance R;. R; will only become
known when the size, and there-
fore wire gauge and turns on the
transformer  windings,  are
known. . . !

‘From expenence’ (an expres-
sion nearly as famous as ‘it can be
shown’) an R, of about one ohm is
common for such power levels as
used here.

21 volts

R, will be
6 amps

= 3.5Q

on full load. Therefore T, will be
about 5.6ms from Fig. 3 (part 3).
Equation 11 (part 3) then yields
I,.. = 6.3A for one half, therefore
the total r.m.s. current is /2 X
6.3 = 9 amps. This, together
with the total r.m.s. voltage of
40V across the secondary gives a
required rating for the transfor-
mer amounting to 360 VA.
(Equation 10 would give this
directly, because from the trans-
former’s point of view, it is feed-
ing a bridge rectifier).

Now the d.c. power in the load
plus dissipative pass elements is
40V X 6A = 240 watts. There-
fore the transformer utilisation
factoris 360/240 = 1.5, meaning
that it has to be about one and a
half times bigger than you'd

C.

think. The iron in the transformer
used for the practical design had a
centre limb area of 2.9 square
inches, so that it can handle (2.9
X 6.9)2 = 395VA, which is com-
fortably within the requirements.

You would expect the peak vol-
tage (no load) across the smooth-
ing capacitors with a 20 volt half
winding secondary to be 20 X
1.414 = 28 volts. With R, ~ 1
ohm we would lose about 6 volts
at full load, so themeand.c. level
at the input to the series regula-
tors would be ~ 22V. Then we
have the peak ripple voltage to
consider. Using equation 12 (part
3)

3 6(10 —5.6)x1073
! 2X1072

= 1.32 volts

This shows that the troughs in the
supply to the regulators will reach
a low of 22 — 1.32 = 20 volts,
say. Therefore with the 20—
0—20 r.m.s. transformer we will
not be able to reach the full + 20V
output on full load of 6A. Hence
the ‘spec.” judiciously says
‘reduced load at the top end’.

The completed unit yielded
transformer secondary voltages
of 20.3V and rectified d.c. vol-
tages on the smoothing capaci-
tors of 27.3V with no output load
current drawn. When 6A was
taken, the capacitor voltages
dropped to 21.2V and the peak
ripple voltage was measured as
1.25 volts.
There are many integrated blocks
from the i.c. designers that give
excellent performance, including
thermal shut down and current
limiting. The three-terminal
adjustable type, such as the 317,
are particularly versatile. The
317 is already dated, but is still
very popular.

The design shown in Fig. 2
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uses it to control the positive sup-
ply, together with shunt booster
transistors to up the current to
5-6 amps. The common 2N3055
is used for this. In effect, the
2N3047 plus the 2N3055 act as
one much larger p.n.p. device —
but is overall cheaper for the
power handling capability. The
‘current division’ resistors (1ohm
and 0.250hm) at the input share
out the current to the 317/
2N3055 in the ratio 1:4. The 317
limits at just over an amp, so the
whole control leg limits at approx
5 to 6 amps if the output is short
circuited.

The single variable resistor
(4.7k) on the ‘var’ terminal of the
317 can reduce the output to 1.4
volts minimum. To reduce the
output to zero requires a bias of
—1.4 volts on its tail end. This
—1.4 volts is obtained across the
two forward biased silicon diodes
as shown in Fig. 2. The 6A diode
gives one junction drop to com-
pensate for the base-emitter drop
in the 2N3047, and is generously
rated. The other components
around the 317 comply with the
maker’s recommendations (1).

Once the positive line is stabi-
lised, it can be used as a reference
level for the negative line. Any
change in this line’s output vol-
tage is divided down and tapped
off the wiper of the lk ‘balance’
potentiometer, amplified,
inverted by the operational
amplifier and (with lots of current
gain) fed back via the compound
emitter follower to ‘cancel’ most
of the onginal change.

By the time we have 6 amps
going through the 2N3055s, the
hy; is reducing. This point was
offered as cnticism to E.J. Hatch
with his very high demand on the
2N3055. I agree with this and the
result is an increasing demand on
the driver transistor, the 2N3054

by K.L Smith
Ph.D.*

* University of Kent at Canterbury
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FIELD ELECTRIC LTD

3 SHENLEY RD, BOREHAMWOOD, HERTS.
TELEPHONE 01-953-6009
EY/OFFICIAL ORDERS/OVERSEAS ENQUIRIES WELCOME
OPEN 6 DAY’S A WEEK 9.00am/5.00pm THUR. 9.00am/1.00pm

ALL TRANSFORMERS 250 PRIMARIES

LAMBDA 9-0-9V 60AMP £25.00

C LYONS 250V 10AMP 1SOLATING 46.00

12-0-12V 80AMP 30.00

WODEN 11V 80AMP 35.00

WODEN 7 6V 120AMP 40.00

WgDEN 27V 30AMP o 25.00

WODEN 60-0-60V 60AMP ISOLATING 115.00 : :

GOODYEAR 115V 50AMP ISOLATING 115.00 The latest version of this

PLEASE RING FOR C/P AMATEUR RADIO best-seller from the RSGB.
T An up-to-date and

ALL P.S.U. 200-250 V.A.C. INPUTS . .

SWITCH MODE P.S.U. C/P 2.00 UNLESS STATED CALL BOOK comprehensive guide to all

3.5V 10AMP D.C. £12.50 UK and Eire callsigns —

ADYANCE Y Sl o en 1985 EDITION and all in one book.

5V 40AMP D.C. 40.00 There are more then

5V 60AMP D.C. 20.00 53,000 callsigns listed in

EQSNEIEIE gx SSRA&PDDCCM&(WXSZ M/M 'E’g-gg this expanded edition, and

6V 40AMP D C. e 40.00 more efficient production

FARNELL 24V 5AMP 35.00 techniques have allowed us

FARNELL 12V 10AMP 35.00
FARNELL FAN COOLED MULTI-RAIL SWITCH MODE

+15V AT 15AMP — 5V AT 1AMP + 12V AT 4AMP — 12V AT 1AMP 28.00
GOULD MULTI-RAIL SWITCH MODE NEW

to keep the cover price to a
very acceptable level. The
Call Book includes lists of

5V 40AMP — 12V 4AMP + 15V 11AMP C/P 6.00 75.00 RSGB affiliated societies,
GOULD NEW & BOXED 6V 40AM£ - - §0@ groups, and specia|
GOULD PMA47 12V 3AMP DC LINEAR 16.95 callsigns, plus the latest
COUTANT 0-7V 7AMP D.C. LINEAR NEW & BOXED 19.95

RSGB repeaters list.
Most addresses given are
the locations of the

COUTANT ESM LINEAR MULTI-RAIL
5V 13AMP D.C. +12V 1.5AMP OR +15V 1.5AMP
12V OR 24V 2AMP UNREGULATED COMPLETE BOOK CIRCUIT DIA. NEW

BOXED C/P 6.00 40.00 stations, thereby giving the
VOLTEX LINEAR MULTI-RAIL + 12V 600M/A + 5V 1AMP D.C. 11.25 VHF/UHF enthusiast an
P.C. SUPPLY + 5V 1AMP D.C. TOROIDAL T/X REGULATED 6.95 1 2 easy reference for beam
WE ALSO BUY EQUIPMENT SURPLUS TO REQUIREMENT. directions. The Call Book
SEND LIST OR PHONE first app_e_a_red at the NEC
ALL PRICES INC VAT 15% UNLESS STATED Exhibition, and is now

readily available.

NOW IN STOCK:
COLOUR MONITORS Amateur Radio Software

“Written especially for the RSGB, this extremely useful new

RGB INPUT 230 V A C book will have immediate appeal to all amateurs who want

to make use of their home computers. There are many

1 9” SCREEN programs, listings and full instructions on how to make the
best of both worlds.
Author Dr John Morris G4ANB says there is hardly an

MED'UM RESOLUT'ON activity in amateur radio where a computer cannot be used.
Many subjects covered include vhf contests, scoring,
component values, propagation predictions, where to point
£55.00 INC. VAT your antenna for moonbounce or satellite working, cw, and
much more besides! How to write your own programs, and use
the sottware to its best advantage is what this book is all about.”

RING FOR DETAILS OTHER RSGB PUBLICATIONS

Radio Amateurs’ Examination Manual .............. R £3.46.
1985 World Radio TV Handbook ............................ £poa.
e e e VHF/UHF Manual ... £9.52.
Microwave Newsletter Technical Collection................ £6.15.
A Guide to Amateur Radio.......................co £3.52.

2B ELECTRONICS & | Morse Code for Radio Amateurs .............................. £1.48.
5 Howtopassthe RAE ....................................... £3.08.
g Test Equipment for the Radio Amateur ..................... £5.77
: ; Microwave Newsletter Technical Collection................. £6.15.

The RSGB is the national society representing all UK radio amateurs.
Membership is open to all interested in the hobby, including listeners. The

An PrOd UCtlon Querles Society publishes a range of books, log books and maps for the radio ama-

teur. A large selection of other radio and electronics books are also

Please phone s?ocked, a full list is a\!ailable on request. Contact th.e membership ser-

vices section for more information about amateur radio, the RSGB and its

Brian Bannister on N ‘“"c_f‘,ﬁfid“?n-_é’::‘t'i"#.’e;‘bﬂi
01-661 8648 RSGB Publications

Cranborne Road, Potters Bar,

or Jackie Perry on ortfordshire EN
01-661 8649 Hertfordshire EN6 3JW
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POWER SUPPLIES

+ve series pass

Oto*20V

RA1

Fig. 1. The diagram shows
how positive and negative
lines can be obtained from a
centre tapped transformer
secondary in conjunction
with a bridge rectifier. The
negative line is referenced to
the stabilised positive supply.
Simple volt-amp meter
switching to monitor the
output is illustrated.

Fig. 2. the practical circuit
shows all the design points
discussed in the text.

here. If the hy; drops to ~ 10 (asit
might with I ~ 10A) — then the
poor old 2N3054 could be called
on to deliver more than an amp!
(Therefore this could be the
device to fail first). The circuit
will manage 6A fairly well, as the
hpg for the 2N3055 is still well
over 20 and the base drive there-
fore ~ 300mA. The 2N3054 can
supply this and its own hg should
be ~ 70. Therefore the base drive
from the BC177 collector is
required to be about 4mA — well
within the capability. Finally
there is no difficulty driving the
BC177 from the 741.

One other point is that we fall
into the habit of saying ‘an on sili-
con junction drops about 0.7
volts’. This is not necessarily true
for the power devices used here.
For example, the V,, given for a

2N3055 at I, = 6A is 1.7 volts.
The 2N3054 might very well drop
a further 0.9 volts at ~ 300mA.
Finally there is the V., for the
BC177, which is about 0.6 volts.
There is one more junction drop
at 6 amps — that across the
resistor labelled ‘R’ on Fig. 2. At
6 amps, ‘R’ is chosen to drop just
one small signal silicon ‘on’ vol-
tage to turn on the BC109 current
limited transistor. Therefore the
minimum voltage differential
from source to output terminal
mustbe, 1.74+0.94+0.64+0.7 ~
4 volts at 6 amps. The differential
available in the practical design
operating at 13.8 volts output is
21.2 — 13.8 = 7.4 volts. Which,
on the above argument, is suffi-
cient.

When the current limit transis-
tor turns on, current is shunted
away from the base of the
2N3054. The output voltage
rapidly collapses and the op-amp
rapidly saturates. The current
remains at 6A. However, all the
available supply voltage is across
the 2N3055, whose resistance
has been raised, and maximum
dissipation is occurring in it. In
fact the thermal lag will safeguard
the devices for atime, but the dis-
sipation is actually greater than
P g for them, so prolonged
shorting would probably result in
failure. . .

Power dissipation and heat sinking

As I stated in article 1, the series
regulator is a dissipator of surplus
power and plenty of heat will be
generated. The 2N3055 can dis-
sipate 117 watts absolute maxi-
mum, but the mounting base
temperature T, for this must be
25°C. In practice, the mounting
base temperature will be greater
and power derating must be
applied. The derating must
reduce the dissipation to zero at a
]unctlon temperature T, of 200°c.
This is the absolute maximum
junction temperature allowable.

In order to remove the heat
from the base-collector junction,
it has to flow through the thermal
resistance of the path, junction to
mounting base. The [EC 148
symbol convention for this is
Ry, j.mp Which is rather heavy on
subscript use, but descriptive. .

The mounting base (which is in
effect, the case) then warms up.
Further heat removal must be
arranged from the mounting base
to the heat sink. This has a resist-
ance, R, ... Finally, the heat
sink must dissipate the heat
arriving, into the ambient sur-
roundings. This resistance is
written Ry, aob-

Thus the total thermal resist-
ance from the junction to ambient
is,

Tr2
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R, jamb thj-mb + Rm mbn T
R,

th h-amb

The direct heat loss from the
mounting base to the surround-
ings has been ignored in my argu-
ment, so has the (much smaller)
contribution to the heat produc-
tion by the dissipation at emitter-
base junction-

The TO3 package 2N3055 has
an Ry ;, of 1.5°C per watt. If a
mica washer with thermal grease
is used between it and the heat-
sink, then an R, ., of 0.5°C per
watt should be obtainedc. It only
remains to establish a value of
R, ., for a suitable heatsink to be
chosen, by an argument like the
following.

If you remember your basic
physics, then a TO3 case on a
mica washer and heat sink is sim-
ply a Lee’s disc situation, except
that the shape is far from a disc. If
P, is the power dissipated by the
2N3055, then the temperature of
the mounting base, the junction
and the thermal resistance is
related by
T =T,

PLO[

Similarly the flow of heat to the
ambient surroundings is given
by
thj-mb i th mb-h + Rth h-amb
T' — Tamb

-l amb

B

R, jmb

tot

Therefore as all the numbers are
known except R, ..., this canbe
calculated. As an example, if the
present power supply is intended
to operate continuously at 13.8
volts at 6 amps output (although
In a communications system
there will be an “on/off” diversity
factor), then the 2N3055 on that
side must dissipate (21.3-
13.8)X6 = 45 watts. Therefore

)

200 — 20
Rth h-amb T

= 2°C per watt

I chose a 110mm length of extru-
sion 30D. The thermal resistance
of this sink is 1.3°C per watt at 45
watts dissipation. Therefore the
T, and T, values reached at a
T,., of 20°C are 100°C and 168°C
respectively. On a 6A at 13.8V
soak test, the case of the ‘nega-
tive’ 2N3055 reached ~ 90°C.
The above calculation does
show up the fact that the heat dis-
sipation is not sufficient for sus-
tained short-circuit conditions —
or a continous maximum current
drain at low output voltages (less
than 8 volts. . . ). A larger heat

-0to 20V
to meter

oV
+0 to 20V
- to meter

sink would alleviate these limita-
tions,

Construction

The circuit details and printed-
circuit layout are shown in Fig. 2
and Fig. 3 (a) and (b). Each heat
sink has the dimensions
mentioned above. In my unit,
simple voltmeter and ammeter
switching was incorporated to
indicate the output quantities,
(see Fig. 1).

Performance

Figure 4 shows the results
obtained under load for the two
outputs. The ranges over which
good stability is obtained is
clearly seen. The limitations pre-
dicted for the high output (20V)
shows up. The negativeline regu-
lation (given a constant positive
line) is

Load
regulation — V?ZOI,, X 100
_ 13.86 —13.79
13.8 X 6
=0.08%
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Fig. 3. The printed circuit
design is show at (a), with
component layout at (b).

This is better than the positive
side, which is 0.57%. For the test
“to extremum” the current limit
resistor ‘R’ was shorted.

Fig. 4. The test results on the
bench are shown here. The
sharp drop-off in the positive
output shows the capability
of the 317 chip.
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.Electronic technology
MProves €very year
Electrical power does not.

The quality of electronic equipment is increasing every year. but the quality of electrical

power is decreasing. Computer technology is continuously experiencing a high rate of|growth

while power utilities in the U.S. are already failing to meet peak demands for'power

b

The sophistication of electronic equipment requires clean power to operate smoothly.
It is the user’s responsibility to protect his equipment against these probtems

Sola power protectors are the simplest, most effective and economical way
to eliminatelthese problems by cleaning and stabilizing your power just
before you use it. The Minicomputer Regulator provides ultra-isolation
and'regulates voltage for small microprocessor based systems such as

CRT terminais and POS systems. CVS. a sinusoidal constant
voltage transformer. blocks out brownouts. transients and voltage
spikes for instrumentation applications. Solatron/ Acuvolt
conditions power and regulates voltage for large computers and
industrial equipment. All these products are UL listed

Guard today's technology against yesterday's electricity with Sola

{ = ] power protectors
-BANNER

[EURDPE] LTD

The Power
Protectors

28 LURKE STREET, BEDFORD MKA40 3HU. ENGLAND

PHONE  0234-40094 TELEX: 826431

CIRCLE 11 FOR FURTHER DETAILS.

ANSFORMERS EX-STOCK

MAINS ISOLATORS

50/25V or 25-0-25V

30/15V or 15-0-15V
2x15V Tap Secs. Volts
availabie 3, 4,5,6, 8,9,
10,12, 15,18, 20,24, 25.27
300or 15-0-15V

3ov 15V Price P&P
05 1 335 136
1 2 464 1.48
2 4 734 169
3 6 850 1.45
4 8 10.15 1.99
5 10 1255 219
6 121420 2.3
8 16 19.00 23
10 20 2192 2.4
12 24 2436 2.6
15 30 27.96 3.2
20 40 3742 51
AUTOS

105, 115, 220, 230, 240V

INVERTERS
12/24V DC-240VAC
00W ... £65.15
250W . 817270
500W . £19619
1000W . £396.72
2000W. ... £779.90
4000W £1160.00
CDNSTANT VOLTAGE
TRANSFORMERS 1%

$pike-ree stable mains
250VA ...

For step-up or down | AVOs & MEGGERSs
VA Price pap | 8Mk6(latest)  £138.70
20 5.08 1.49 | DA211 LCD £68.40
150 7.3 1.69 | DA2000 LCD £72.80
250 8.96 1.76 | DA117 AUTO £157.00
1833 ;ggg g gg Megger Gen  £116.40
1500 58 5% Batt Megger £85.5
2000 4434 220 | TT169 Transistor Tester
3000 7522 510 £61.30
5000 11341 0A P&P £2 VAT 15%
CASED AUTOS 240V cable] WW MODEM PROJECT
I/P 115V USA skt outlets Transformers T1,72
VA Price pep| £6.90 pairinc VAT, P&P
gg ;gz Igg METAL OXIDE "W
150 1270 199 5% RESISTORS £1/100
280 1547 278| 12.20,33,47,75, 390,430,
500 2538 290|500, 560, 1k, k1. 1K3,
1000 35.43 3.97 | 16, 1k8, 2k, 3k, 3k9, 15k,
2000 63.49 4.76 | 16k, 24k, 27k, 39k, 56k,
3000 91.14 0A |82k, 100k, 110k, 120k,
130k, 150k, 200k, 220k,
EFDUCA1TIONAL METERS 270k, 300k. P&P 20p.
ront finger screw
‘terminais 78x98mm BEJDGE H‘E‘((I)BI\?EHS 7
0-10ADC - :3.95§ 50 28 20 :
.50 p&p oV .45
0-30V DC - £3.98 35A 100V £2.60
PLEASE ADD 15% VAT T0 S0A 100V £3.20
ALL ITEMS AFTER P&P 12.5A 500V £3.40
BARR RON ]
ord Workshop
DI Hoad pndon E1

CIRCLE 41 FOR FURTHER DETAILS.

Pri/Sec 120V x2 2x25V Tap Secs Volts
(60-1000VA Tap Secs) | available 5, 7, 8, 10,13,
VA Price p&p | 15,17, 20, 25, 30, 33, 40.

20 6.11 1.70 [ 20-0-20 or 25-0-25V
3 B s 25y e Pap
00 647 236|051 A%
250 1992 277 , 4 912 194
350 2468 284 | 3 6 1036 196
500 30.64 310 | § 8 1480 222
1000 5565 470 | ¢ 12 1891 230
1500 71.79 595 | ¢ 16 2675 286
000 8638 6351y 30 3143 320
3000 12192 0A | 15 20 3799 336
400/440 to 200/240V CT
VA Price P&P
60 9. 1.90
100 11.88 2.10
200 16.47 2.36 60/30V or 30-0-30V
250 19.92 2.52 | Pri 2x120V. 2x30V Tap
350 24.64 2.84 | Secs. Volts available
500 30.69 310 | 6, 8,10,12 16, 18
1000 55.65  4.20 | 20, 24, 30, 36, 40, 48, 60
2000 86.38 5.50 | 24-0- lo-anv.
o B, on | 24024 0r 30 o.auv.
6000 240.19 0A | 60V 30V Price P&P
05 1493 158
; 2 751 160
2412V 61 12-0-12V 3 ; 13:32 5?8
2X12V Secs. Pri. 240V | 3 8 1591 231
12V 24V Price P&P | 5 10 2011 236
03A 15 253 90| 6 12 2295 2.78
1 05 345 130 8 16 32.26 3.20
2 1 446 136 (10 20 3755 347
4 2 515 1.70 {12 24 4328 368
6 3 807 176
8 4 943 1.82
10 5 1031 205
12 6 1143 2.15
16 8 1362 233
20 10 18.33 266
30 15 22.79 2.85 MINIATURES
60 30 46.67 4.50 |SecV  Amp Price P&P
83 4t 5376 550 [3-0-3v 0.2 3.26 .96
6x2 TAx2 312130
0-0-9 0.;3 2.72 .96
: 9x2 0.33x2 2.53 .96
%648V.Pri2x120V |5, 5o 353130
Secs2XIMV 1500  1axe 448231
60,72.84,96.36-0-36 15x2 2x2 253 96
or 48-0-48V 12:0-12 05 311 96
72/96 36/48V Price P&P [20x2  .15x2 3.551.30
05 1 564 127 |20x12
2 4938 152 (15202 9A 434170
3 6 18.68 252 [1527x2 5  5.881.70
5 10 3324 336 |15-27x2 1A 7.66 50
6 12 42.38 3.68 |0-CTx15V.5  2.66 .96
8 16 46.23 398 [0-CT-15V 4A  7.281.08
72

OFF THE SHELF POWER
FROM DANNELL

Laboratory PSU 2302

@ Dual PSU 2 x 30v/240V AC

@ Built in pulse generator

@ Fixed voltage/Current supply 5V/1A

Photomultiplier PSU DM4
@ Highly stable voltage to 3kV
@ Very low ripple and noise

@ Remote control input

ey

Switched Mode PSU's
25 Watts to 55 Watts
@ Single outputs

@ Dual outputs

@ Triple outputs

For Comprehensive Data Pack & Price List Circle 23

Another Quality Product from Dannell
SALES DESK & 0376 47415
Dannell Electronics Limited

Unit 27 Business Centre, Hay Lane, Braintree, Essex CM7 6ST
Telephone: Braintree (0376) 474 15 Telex. 995801 GLO TLX-G-D14

CIRCLE 23 FOR FURTHER DETAILS.
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Power suppl

Ies

Our brief introduction to supply technology is
followed by information on a wide range of
current bench supplies.

On hearing the words power sup-
ply, one immediately forms an
image of a box containing a mairis
transformer, bridge cell and cap-
acitor. After all, the majornty of
instruments and appliances still
use this well-worked formula
albeit with a few enhancements
like a three-terminal regulator
i.c. — the conventional linear
power supply.

But a power supply need not
necessarily supply d.c. More
importantly, other techinques for
converting mains power have
progressed significantly in recent
years because of the need for
smaller units and higher effi-
ciency. These efficient power
supplies vary considerably in
design, but they all use power
switching of one kind or another.
Despite what some designers
might say to obscure the issue,
being regulated by switching cir-
cuits 'they are all |switch-regul -
ated supplies.

The two basic types of switch-

ing regulator are primary
switching types, in which mains
voltage to the primary winding of
a transformer is switched, and
secondary types which switch
output from a transformer secon-
dary winding. Unlike linear
regulators, which are essentially
power dividers, a switching cir-
cuit designed as a power
converter can give an output vol-
tage which is higher than its input
voltage.

Primary switch-regulated sup-
plies are smaller and more
efficient than secondary types,
mainly because they only need a
small high-frequency isolating
transformer. Their drawbacks
are the need for high-voltage
medium-frequency switching
power transistors and the fact
that a large part of the circuit is at
mains potential. Regulation is
obtained by feeding back output
voltage to the mains switching
circuit so mains isolation is
required between the transfor-

ELECTRONICS & WIRELESS WORLD MAY 1985

mer primary and secondary and
in the feedback circuit.
Switching regulators are not a
new concept, but they have not
been common until recently.
Component prices have had
something to do with this but the
components concerned are now
widely available and reasonably
priced. Good switching regula-
tors require fast power
transistors and diodes, high-
quality smoothing inductors and
high-frequency capacitors. The
main reason for the switching
regulator’s slow appearance is
probably complexity. A reliable,
electrically quiet switch-regula-
tor is difficult to design.
Television sets have had
switching regulators in them for
some years now. Our tv-repair
expert calls them ‘the service
engineer’s nightmare’, which
helps to confirm their complex-
ity. They took over from a most
inefficient power source — a pot-
ential divider — and power

www._americanradiohistorv.com

PSNATIE FowEn summ v Lag 3300 ‘-i
}

consumption in large colour tv
sets has quartered. Obviously
using semiconductors instead of
valves has allowed this power
reduction, but comparing like
with like, a potential divider sup-
plying 12V at 1A in a modem set
would waste more power than
one supplying 200V at 1A in an
older valve tv. Efficiencies of
around 90% are possible using
switching regulators.

There are applications though
where switching regulators will
not be seen for a few years yet.
High-fidelity power amplifiers
are possibly the best argument
for linear power supplies. A
switching regulator here would
cause switching noise directly in
the amplifier, it could cause r.f.
noise problems, and its regula-
tion would be worse than that ofa
linear supply because of the
amplifier’s widely varying current
demand, especially during music
transients.

Linear supplies have a wide
dynamic range and their ineffi-
ciency is not so much of a problem
with modern push-pull power
amplifiers. They are also more
able to withstand abuse than
switching regulators and there
are numerous ways of protecting
linear supplies against short cir-
cuits.

When a switching regulator
starts up, extremely high cur-
rents must be switched by the
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% % NI-CAD BARGAINS * *

Ex-equipment but Jittie-used, re-chargeable Nickel-cadmism
batteries at fraction of L.P.

DEAC Type 1000DK 6 Cell Button:stack {7.2v)

Measures 2:x2" Diam. Capacity 1AH. Price each

£3. - inc vat (pp 25p)

DEAC Type 6000KZ 3 Cell Button-stack (3.6V)

Measures 1ix1]" Diam. Capacity 600mAH. Price

each £1.50 inc vat (pp 25p)

% STEPPER MOTORS w %

Brand new stock of "ASTROSYN' Type 20PM-
AUSS5 stepper motors. 28V DC. 24 steps per rev.
15 oz-in torque @ 100PPS. Body length 2%
diameter 2°°, shaft Ya'' diam x 4Va"’ spirally
threaded. Weight 160z. Price each £11.50(p&p
50p). Connections supplied. INC VAT

We are agents for the Pantec range of instruments
ncluding  the tamous "BANANA'  meter
illustrated. FULL ONE YEAR GUARANTEE
LOWEST U.K. PRICE onty £25 inc VAT & carriage
Brief spec as follows 20Kohm/V.DC. 10Kohm/
V.AC. Resistance x1,x100.x1000ohm. § range
DC.V 3 range AC.V. DC Current to 2.5A. Send
s.a.e. for full specifications !

1051 Multi-lunction digital valtmeter (DC) with Options fitted
for AC Volts and Resistance. Total list 1s over £2200. Littie
used condition. £750.

* % CROSS—HATCH GENERATORS » *

L)
LABGEAR COLOURMATCH CMG6004PG.
UHF television pattern generators |
giving cross-hatch, dot and greay scale ¢,
patterns, Fully tested and guaranteed
NOW JUST £20 inc VAT & p&p :
LABGEAR COLOURMATCH CM6010RG Gated Ranbow colour
pattern generators. Cross-hatch/dot & gated rainbow (RG8)
colour bar patterns £65inc
UNAOHM E0684 PAL Colour-bar & pattern gen £275+

KORTING 82512 PAL/NTSC Colour & patterngen 275+
Mait Order customers please add £2.50 postage each item

RALFE - ELECTRONICS

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

‘0SCILLOSCOPES" -

TEKTRONIX 454 Duai-trace 150MHz sweep delay
TEKTRONIX 453 Dual-trace 50MHz sweep-delay
TELEQUIPMENT D75 Dual-trace 50MHz Delay
TELEQUIPMENT D63 15MHz Dual & Ditferential
TELEQUIPMENT DMB3 as above + STORAGE
SONY/TEK 335 35MHz Dual-trace portable
HEWLETT-PACKARD 1707A Dual-trace 75MHz
HEWLETT-PACKARD 141 20MHz Storage

£650
£500

454 £650
PR ey

1000 WATT AUDIO AMPLIFIERS

H& HPROFESSIONAL AUDIO POWER AMPLIFIER MODEL S500-D available ex-stock in superb. little-
used condition at vastly reduced price. Specification includes Dual-Channel 500+ 500W. THD
0.005% IMD 0.02%. Output impedance 2.5-16ohms Frequency response: +1db 10Hz-20KHz
{NB For industrial applications these amps’ can be configured to DC response). Farced air cooled
disstpators for reliability and cool operation. Size 19° Rack mount x 3 57 Kt

PRICE JUST £275 inc val & handbook. Carriage + £5.

* 125W MAINS INVERTERS »

12V DC Battery Input to 230V AC. Output @125
watls crystal-controlled  50Hz time-base
oscillator, futly enclosed in blue-stee cases '
with integra! 13A socket. Dimensions approx.
4x6x10" BRAND NEW. £60 inc VAT &
Carriage.

MAINS CONDITIONS

Small guantities available of the following
constant-voitage transtormers at surplus

prices
ADVANCE MT140A. 230V 150W

£20 + vat (pp £2)
GOULD 'ECVN' 220V 250W

£45 + vat (pp £3)
GOULD ‘TCVN' 220V 1500W '

(NB.: List price over £700.)
MARCONI
TEST
EQUIPMENT

it sms W]

Fully re-conditioned test equipment,
90-day guaranteed.

TF99SB/5 AM/FM SIGNAL GENERATOR
0.2-220MHz £!
TF1245 Q-METER WITH OSCILLATORS
1246 & 7

TF2002 AM/FM SIGNAL GENERATOR
01-72MKz £55¢
TF893A AUDIO POWER METERS TD 10W

TF2905 SINE SQUARED PULSE & BAR
GENERATOR £25
TF2604 ELECTRONIC VOLTMETER  £150

£95 + vat (pp £5)
CETRONIC 'REGUVOLT' 220V 3KW
£350 + vat (pp £10)

EOOYSTONE Communicallons recelvers
770R/1 Covering 19-165MHz &
770U/2 Covering 150-500MKz

COMPANIES PLEASE NDTE That we would be very pleased to receive your invitation to tender
for your surplus or redundant equipment. Contracts offered for factory contents removals on

regular basis

CIRCLE 49 FOR FURTHER DETAILS.

* COMPUTER PERIPHERALS »

1.6MB 8" FLOPPY DISC DRIVES — New
Stock

BRAND NEW At a surplus price, Fully Shugart compatible ‘MFE
CORPORATION' Model M-700 DOUBLE-SIDED industry standard 8"
Floppy disc drives. Oouble-density, up to 1.5MBytes. Power
requirements +5V and + 24v @ 11A  240V. AC 50Kz
LOWEST PRICE EVER. £160 — INC. VAT. CARRIAGE & HANDBOOK

DRE 4000A DRIVES

Data Recording Equipment Model 4000A 5 + 5 MB Top-
Ioading disc drives in stock. Brand new including futl
technical manual. Few remaining £250 each + VAT
SHUGART 8" Flexibie disc drives modei SA800
Condition as new £150 + VAT (Including postage and
handbook copy)

* MULTI-RAIL LINEAR PSU’s »

Recent stock of brand new COUTANT ESM-Series Power Supplies at
surplus prices. Model ESM15.2 giving requlated, stabidised DC
putputs 5V @ 15A and +12V to £15V @ 1.5A each and an un-
stabilised 24V @ 2A 240V AC input, Measures 5xBx11". Fully
enciosed. (n oniginal cartons with handbooks, £45 each + VAT (+
carriage £5)

COUTANT LINE SUPPLIES:

MODEL ASA2000. 5V. 20A £35

MODEL ASC300. 24v. 2A. £20
{inc vat. pp £4 & £2 respectively)

* SWITCH-MDOE POWER SUPPLIES

Fully tested and quaranteed PSU's now at LOWEST EVER PRICES
Manufactured by FARNELL, GOULD/ADVANCE

S5V@ 10amps £18

5V@20amps £20

19V@ 15amps £35 HELETTRALKARD
12V 16A(110Vin) £20 NDCIGH00A,
5V@60amps 35 Brand new. £125.
12v@15amps £40

All prices now include VAT, packing and posting

* CENTRIFUGAL BLOWERS *

TORIN' Type U6281. 230V Cap'Start (supplied). very powerful
(200w, 3,000 rpm) centrifugal fans for large rack coeling of
enclosure pplicat Overall di 20x12¢ms
outiet 6x4 cms. BRAND NEW. Surplus stock. €15 eachinc. VAT, p&p
£1.50.

* INSTRUMENT COOLING FANS

All fans available ex-stock and GUARANTEED
230V 10W 5-Blade 3:x3ix1" NEW

115V 13W 5-Blade 3;x3;x1* NEW

115V 4]xdix 11" 5-Blade NEW

115V 7W 4;" 3-Blade WHISPER

230V 40W Papst 350M/Hr. Ex-equip.

All prices include VAT (pp  50p}
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AC-DC Power Su

Input 200-250V. 50Hz or 100-120V 6
Output 1:0-30V. 25A. D.C. Output 2:0-70V. 10A. A.C. Output
3:0-250v 4A AC.

ALL CONTINUOUSLY VARIABLE

Other units are also available with outputs of:
0-60V 12A  0-120V6A 0-240V 3A
Fixed output models, 12, 24 or 50V

AC-AC Frequency Changers

For changing 60Hz AC mains to 50Hz or 50Hz mains 10 60Hz. Input

100-127V or 200-250V, 50 to 400Hz, Single Phase. Output 100-127V

or 200-250V, Single Phase. Six different models are available; 60,

120. 200, 300, 500 or 1000VA. Also $pecial fixed/variable frequency
models available.

DC-DC Converters

Isolate DC input from DC output. To provide DC output levels
different than that of DC input

VALRADIO POWER LIMITED
AK INTERNATIONAL BUILDING, LAWRENCE ESTATE,
GREEN LANE, HOUNSLOW, MIDDX TW4 6DU.

ENGLAND. Tel: 01-570 5622
TACKLING POWER SUPPLY PROBLEMS SINCE 1937

CIRCLE 24 FOR FURTHER DETAILS.

Shgn P 9

i,

&plies

Zto order.

First Castic Power

sy FOR PRICE

types

MAINS ADAPTORS
POWER SUPPLIES — LINEAR/SWITCHMODE
DC/DC CONVERTERS — BATTERY CHARGERS

Manby Electronics Ltd, a subsidiary of FIRST CASTLE ELECTRONICS PLC,
specialise in the design and production of a wide range of power supplies
From simpie plug in Mains Adaptors to complex multi-output Switch Mode

RING (050782) 8031

TELEX 56268

for a 24 HOUR quotation
(slightly longer for unusual designs)

FOR QUALITY
FOR SERVICE

7 DAY SAMPLE SERVICE FREE OF CHARGE

MANBY ELECTRONICS LTD.

MANBY PARK,
LOUTH, LINCS,

TEL (0507 82) 8031

TELEX 56268

CIRCLE 66 FOR FURTHER DETAILS.
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POWER SUPPLIES

Further reading

Regulated Power Supplies by
Irving M. Gottlieb, Sams,
£18.50. The third edition of
this book contains
information about switching
and linear supplies and
includes plenty of
applications ideas.

power device until the output fil-
ter capacitor is charged. At
switch on, input to the switching
circuit climbs from zero and the
pass transistor can cope with
charging the output capacitor
(some switching regulators have
a ‘soft-start’ circuit which allows
the capacitor to charge slowly at
switch on). If the output is
shorted however and the pass
transistor survives, it will almost
surely fail when the short is
removed as the power circuit has
to charge the output capacitor
from zero with a fully-on input
voltage. Any protection circuit
included must be very fast as the
switching rate of most supplies is
between 20 and 40kHz.

Linear regulated power sup-
plies are also more practical in
applications requiring vanable
voltage and current, such as a
low-voltage bench power supply.
Switch-regulators, although tol-
erant of input fluctuations, do not
lend themselves to variable
output. Efficiency in a switch-
regulated supply can fall rapidly
when the load falls outside design
parameters or when one circuit is
used to give different output vol-

tages.
So far only linear and switching
power supplies have been

mentioned. An often overlooked
form of power supply (possibly
because of its price) is the ferror-
esonant transformer, which has
been around for 50 years. It offers
around 1% regulation, between
80 and 90% efficiency, inherent
short-circuit protection and tran-
sient filtering, and an almost
square-wave  output  which
requires little smoothing when
rectified. The so-called constant-
voltage transformer makes for a
low component-count supply and
lends itself to computer power
applications because of its rejec-
tion of mains faults.

Basically, this type of transfor-
mer has a secondary or tertiary
winding (or combination of the
two) which, in conjunction with a

Characteristics of bench power supplies available on the UK market.

KAKE TYPE 0/pY 0/PI  RIPPLE R-LOADX R-LINEXL O/PR FLCLCVLCV I C PRICE REMARKS
Bang & SN16A 30 1 100pv 0,05 0.15 0,005 ¢ # % # & & overload protected
Dlufsen 30 1 100pV  0.03 0,13 0.005 + & & & # # .
3 3 30pv 0.135 0.003 # # & & + #
SN17 30 2 <100pv - 0,015 0,01 0,002 # + % & L
SN18 ] 1 <100pv 0,013 0.01 0.002 + & ¢ ¢ *
Beha N6303 30 <1ox 2 <1 0.005 + & ¢ #digitdl Dva #ay be used separately
NG6306 Double version of above
Ber tan 214 1900 1584 13aV¥ 0.005  0.001 t t Prograssatle
215 3000 JeA 15av 0.005 0,001 t t *. 0/ps switchable + or-.
203A-01R 1000 J0aA 10wV 0.005  0.001 + b
205A-50PN 50000  0.3aA 2V 0.003 0,001 % Pragrasmed. Analogue, binary
or GPIB
Coutant LC&0 30 2 v €0.05  <0.01  0.01 t + & digital 143 Dva can be used externally
18R <1mh €0.01 Y30k
LCTa0 Dual version of LC&0 290  Outputs track
Daren DPN4 3000 48R <10av 0.0t 0.001 + Remate control.
For photoaultipliers.
Eleanic 212 25 3 SaV 0.01 0.01 + A.c. outputs 4-24V at SA
213 5 3 SaV 0.01 0.01 + b
301 23 10 Sav 0.01 0.01 t '
2302 3 2 1a¥ 0.01 0.01 t A.c o/ps. 1Hz t.t.1. pulse gen
30 2
Ifixed) !
300 5 10 +
30 0.1 t
&a.c
12a.c.
Delta SH3S40 35 40 10av v eV 0,05 ¢+ [ T Soft start. Remote sensing.
2364 238A 258R OV protected. Prograssable.
SM6020 &0 10 108V Sav eV 0,01 ¥ o or ot Soft start. Reaote sense.
ar Prograased by 0-3V.
30 20 3004 7088 708A
EK30-10 30 10 sV 108V 1aV t [ Prograssable. Protected.
JaA 10ah Ish
E015-2 15 2 0.1 20V 18V 0.t t LK t
E030-1 30 1 0.1 v v 0.1 t ot L3
E0303 30 3 0.1 4aV 2av 0.1 # ot t
E060-0.6 &0 0.6 0.1 Bav 4oV 0.1 L] (3] *
E0300-0.1 300 0.1 0.5aV  20aV 108V 0.01 ¢ t +
E018-0.6D +/-18 +/-0.6 0.1aV SaV SaV 0.1 + (3 + For op-amps. Tracked.
Electrenic  HCC7.5-30 7.5 30 100V 0.1 0.1 ¥ LONE IR B ] Soft start.Prograsaable.S.c.r.
Heasurements Other acdels up to:
HCR300-0. 9300 0.9 650V + LA I I 1
Farnell £30/1 10 0,3 (laV €0.03%  <0.02%1 0.04 & + B9  Switch-selected V range.
or
{5 1 Overload protected
£30/2 30 1 102
or
15 1
ET30/2 30 1 191 Dual outputs
30 1
or
13 2
15 2
L50/03 50 0.3 <lav <0,01%+2aV 0.1 [ t 121
Other sodels to:
Liz2710C 12 10 . r . B LA # 260 Crowbar protected.
030/2 30 2 {2V <0.01%+2av 0.002 + #digital 145 Digital meter usable
0.01%+10A externally
D30-21 30 2 + wdigital 281 Dual unit
30 2
D30-4 30 4 + wdigital 265
D160-1 100 1 # adigital 260
TOPS 1 4-4 1 (2aV 0.1%+5aV .05%+2aV <0.05 * 104  Overload protected.
12-17 0.2 No seters-cal. pats.
12-17 0,2 0.05%+2a¥
TOPS 2 4-4 3 t 176 "
12-17 1
12-17 1
TOPS 3 4-6 4 {2aV 0.02%+3aV ,05%+2aV # digital 219 Digital metering. Over-
3-17 1 voltage protection.
3-17 1
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POWER SUPPLIES

NAKE TYPE 0/PV 0/P1  RIPPLE R-LOADY R-LINEZ O/P R FLCLCVCCV I C PRICE RENARKS
T5v70 70 H aw 0.01%+1aV .012+1aV .05 t ot 530  Switch-selected output.
or
35 10 Reaote sensing.
E350 350 0.2 <GV €0.5%  <0.1% t ot ¥t 333 Overload protected.
HEWLETT Much too large a range to accoasodate here. From JOK to several kW. Single and sultiple outputs. sisple
PACKARD bench types and cosplex, prograsmable instrusents. Small part of range as follows
62148 10 0.1 2000V daV 4aV 005 ¢ LR ] t 6200 & 6209 autoseries, auto-
500u  750pA parallel,autotracking,
prograsaable.
62008 20 1.5 G 4y 4aV .02 t LI ] t Single, dual range
or 2508 230pA
40 0.73
62168 23 0.4 : 4aV/.504 4aV/.50A 02 L3 t
62068 30 1 ' 4av 4V 04t )
or
60 0.5
62188 50 0,2 " 4av 48V/500ph .04 ¢ ot [} Single.dual range output
print 62128 100 0.1 ¥ Brv * 08 % LI +
62098 320 0.1 1av 2V 2aV/200ph ,02 % [ ) t
6205C 20 0.6 20000 4V v 025 + 1 t Programsable, autotracked
or
40 0.3
and
20 0.6
or
40 0.3
62344 25 0.2 2000V 1V fav LI I | t
25 0.2
Hunting Seriesb30 1-10k  0.025  ¢0.05%  <€0.031 <0.02% L) 1789 Switched mode,high voltage
Hivolt b aodels to to  reacte control, aonitar.
5-50k  0.005 2025
Series 50k 0.08  (0.05% 1% 0.02% L 4 B590 External high voltage
4000 to to  discs.
150k 0.024 11661
Series  2,5-25k 0.08  <0.02% 0.05%  0.02% 4467 Separate h.v.systes
2000 to to
20-200k 0,01 86824
Keithley Several prograsmable current and voitage sources, plus:
7 3k 0.006 3.5aV  0.005% 0.001% t Overload protected.
Kepco Very large range of instruaents--susmarized only
BOPS0-2M +/-30  +/-2 18V 0.001%  0.0005% 0.0005 + LR N I | BPIB programsable. 4-quadrant
12a0dels to 0.5m4  0.002% 50k volts/current stabilized
BOPLOOAN +/-100 +/-4 ° : : ' t [ 2K K I |
MPS620M 6 3 0.1av  0,01%  0.01% t LI Resote sensing.
20 1 ' . 0,051 L] LR ] 20V ouputs track.
20 { : : . ot (3]
Kikusui PADL/LP B 20 0.5aV  .005X+18V.005%+1aV t LIRS I 634  Overload protected.
SeA N T 1A to  Remote prograsaing.
48 nodels  to Series or parallel.
PADLk-0,2 1k 0.2 0.5V 0021458V .0021+5aV + 1863
0.0588 0.1sA  0.1#A
PAE35-10 35 10 0.28V  lav 1aV + ottt 875 Programsing speed up to
1aA 208 0.5aA 35v/us
3 avdels to to
PAE33-30 15 30 0. 4aV laV 28V L] E 20K IR I ) 1575
SaA JaA 1ah
PAC?-10 7 10 0.5a¥ 0,031 .005%+l1aV L] EINE I I ) 428
8 models to oA 18A to
PAC110-1 110 ¥ * ¥ > t LI I 400
PABB-2.5 B 2.5 0,5av . 021428V .02%+2aV t LI I A 143 Simple bench supplies.
17 sodels to to
PAB3S0-0,2 350 0.2 . " 2 + + %t 184
PDM1B-2.5 +18 2.5 0,358V .005%+2aV .00SX+laV ) LI I I Dual tracking,tand- can be set
-18
5 nodels to
7034 +60 0.5 0.5av  JaV JaV + (BRI
-60
Lasbda LA-200-V 16,5 4 508V 20aV 20mV t 1 149 T.t.,1. on/o#f. Protected.
LA-300-V 16.5 7 0 0 ) t L] 173
LA-250-V  32.5 2 J . L ¥ L] 149
LA-330-v 32.5 3.3 ' ’ v ] (3] 173
LB 701 1.3 270 15aV AX+10aV SL+6aV LK | 4450 Programmable. Rack or bench
CLVE 12+108A  11+6mA
76

capacitor, acts as a tank circuit.
The core is separated magneti-
cally into two sections by a
magnetic shunt; the section with
the tank circuit is resonant at the
mains frequency and saturates,
but the primary section does not.
Energy is transferred between
the two sections proportionally
with input level and output load to
provide constant voltage. The
resonantor is not strictly an LC
one as it involves magnetism in
the core, hence the term ferrore-
sonance.

Glossary

Automatic recovery. Some supplies
need resetting after being over-
loaded. One which returns to normal
output when the overload is removed
has automatic recovery.

Bipolar supply. Usually used to
describe a supply whose output can
travel from positive to negative and
vice-versa, rather than one with sep-
arate positive and negative outputs or
one with transistor drivers.

Bridge circuit. This term not only
used to describe a diode configuration
In a rectifier circuit but also a bridge
driver circuit in switch-regulated sup-
plies.

Brown-out. This is an input voltage
level at which the supply still func-
tions, but not necessarily within its
speafication. Derived from the
American term for the practice of
dropping mains voltage to reduce
demand.

Common-mode output. Current
through an impedance connected
between the ground terminal to which
the supply output is returned and a
separate ground terminal.
Complementary tracking. Some
supplies may be connected together
so that the outputlof one tracks the
output fof the other.

Converter. In some applications, a
d.c. supply higher than the one avai-
labe is required. Rather than use a
separate power supply, ad.c.-to-d.c.
converter is used to step up voltage
from the existing supply.

Crowbar protection. For expensive
circuits sensitive to overvoltage, such
as found in a computer, crowbar pro-
tection is often used to sense an over-
voltage condition and drag down the
supply using a shunt element like a
thyristor to biow the fuse. Itis a cheap
means of protection for situations
where overvoltages might occur. If
overvoltage will occur, a less terminal
means of shutdown is preferred.
Current mode. Some supplies have
linear and adjustable current limiting
and are designed to run indefinitely
with the current limiting on. As load
increases, voltage drops propor-
tionally while the current-limit point
is exceeded. This mode has numer-
ous applications like zener-diode, led
and diode testing, and can even be
used to estimate the size of a large
capacitor. Such a supply can also be
used as a constant-current load for
experimentation.
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Primary-type switching

regulator using p.w.m. and High-v‘o[fclge power devices ~ Small
pushpull diving transistors. o e T
Being high-frequency \

components, the mains !

transformer and filtering ]

elements are much smaller L \

than usual. This type of

regulator is highly efficient ) N

but mains isolation is s

required both in the

transformer and feedback

loop. Some primary switching

regulators use a single-ended pw.m circuit -
dnige stage. Mains isolation voltage
required somewhere
CVT, constant-voltage transformer, inkieeaaddeietil
see text.
Digital control. Many supplies are  "E TYPE 0/FV  D/PL  RIPPLE R-LOADY R-LINEX O/PR FLCLCVCCV I C PRICE RENARKS
now capable of being controlled dig- Dther sodels in 704 series up to 300V at 94 4500
itally either by a dedicated controller LES 7.5 57 10aV .021+2aV 02142V t & digital 1179 Remote sense. Switched mode.
or by a computer through say a GPIB 0.51 . 514504
interface or a slower RS232 serial Dther models in LES range up to 60V at 144 1500
link. Digital control is used in auto- LK . 7.2 500gv  0.15%  0.15% t ¢ % & ¢ 980 Programmable
matic testing, process control and in 100 108
laboratories. Much of the power-con- Other models in LK range up to 60V at 22.34 2740
trol circuit may be digital, even
though the supply may actin the same LP 20 1 300pY  0.1%+laV t ¥ % % ¢ 745 Single, dual and triple.
way as a conventional linear one. In 0 Y Programsable
this case analogue-to-digital and digi- to to
tal-to-analogue converters are used. 0 0.13 0% 840
Dual tracking supply. A supply with 0 OIS 3eA
interdependent positive and negative 10 18 295
output voltages. fo to
EMI. Electromagnetic interference is 250 ” 485
generated by switching supplies. ‘
WthOUt gidequate screening ?“d f‘l' LA 0 '8 0705140, 5aV # t & t digital 505 Prograssable. Single and dual.
tering, this can affect surrounding cir- i to A0 & :
R K ! uto series/parallel.
cuits, the mains supply and the power 250 0.072 2500 1ah 570
supply output. 190 2.6 70
Ferroresonance (see text) to to
Foldback limiting. Protection cir- 120 1.5 885
cuit which actively reduces current
supply as overload increases. This 20 1.36 850
avoids overheating the supply and 20
damaging any circuit connected to it to to
during overload, but unless the sup- 250 0.1 940
ply has a separate linear current regu- 250 0.1
lator, it cannot be used in constant-
current applications. L7 7 135 104V 02%+2aV 02420V 1725 Prograssable. Switched sode.
GPIB (IEEE488, IEC625-1, HPIB, ta to or or to
etc.,). More and more supplies 60 19.3 15V 0.32 0.3% # % # digital 1823
designed for computer control are
becoming available. GPIB — for gen- 1 0 3360
eral-purpose interface bus — is a to to
widely used standard means of con- 60 4 3420
Zssllrr;%sltnsr;r;g?:éfu::rsaUCSZ”;EU?Z Linstead  § 10 gg ; (300 .01 <0.005 ¥ ¥ 306 Resote sensing.
drawbacks are that it is quite expen-
sive to implement and that the stand- Su 8 . S € -8E * g
ard does not define how the control  gyipi0c priszs 4 0.5 LSV CA0aV 0.0t 0.02 k¢ ¥ % + 137 Remote prograsaing and sense.
software should be written (see our (Imh ek (2,508
March issue). PEISSS 20 2 (laV <L0s <0010 C ¢ bk v 29
_Inverte;. An apparatus for convert- ah G <0.051
ing d.c. into a.c. Often used for pro- PEIS37 40 1 da¥ (5eY <0011 ° P oe s ¥ 239
viding mains voltage from a car bat- (128 (Gaf €0.051
tery either in remote areas or locally PE1S38 75 0.5 (lay (258Y  <0.01% °* R
for battery back-up. Unlike the unin- (1ah (3ah €0.05%
terruptible power source, an inverter PEIS3? 20 [ (v (‘v <001 [ IR AN I3
does not necessarily switch in auto- (288 (4ah €0.05%
matically, and even if it does, at least PEIS40 40 3 (laV (18av  <0.01%7 ° LI I N i
a few mains cycles will be lost. (1eA Anh <0.05%
Line regulation. Expression of a PEIS4L 75 1.6 (lay  (30a¥  <0.011 PoE ot 373
supply’s tolerance to input-voltage (ah - (e €0.031
fluctuation. Assuming constant load PELS42 7 3 <0.5aV  (7.5a¥  <0.052 ° U U 41l
conditions, line regulation is the out- L.5aa - Chad <0.5%
put-voltage maximum deviation mea- 20 ! N 200V Q.03 et
20 ! €0.58F  <(4nA €0.5%

sured while varying the load from
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" RECHARGEABLE BATTERIES

Dry Fit Maintenance FREE by Sonnenschein.

A300 07191315 12v 3 AH same as RS 591-770 NEW
€13.95 A300 07191202 6-0-6 1.8 AH same as RS 591-

382 EX EQUIP £4.99 Miniature PCB mount

Mah as RS 591-477 NEW £1.00 SAFT VR2C 1.2v "C"

size NICADS in 18 cell ex equipment pack Good
- gasily sphit to single cells £10.50 + pp £1.90

HOT LINE DATA BASE

DISTELO

THE ORIGINAL FREE OF CHARGE dial up data base
1000's of stock items and one off bargains
ON LINE NOW - 300 baug, 1ulld§lex CCiTT tones. 8 bit

3.6v 100

condition )
word, no parity

EX-STOCK INTEGRATED CIRCUITS

2732 ex equip £3.25. 27128 - 250ns NEW €1
6116-200 £4.50,6116-250 £3.95,

6264LP-150 £22.00. 4164-200 €3. 50,4864-1
4116-300,£1.20,2114€1.75. 6800 £2. 50,68

68A09 £8.00, 68809 £10.00, 68BO9E £|4.50.
DBOBSAH-2 £12.00, DB086 £20.00, Z8OA £2.99.

MAINS FILTERS

2.00. Cure those unnervinghang ups and data glitchescaused
by mains interference

50 £4.00, SD5A As recommended by ZXB1 news letter matchbox

21 £1.00, size up to 1000 watt ioad ES.95

L2127 compact comptetely cased unit with 3 pin fitted

sncket up ro 750 watts £9.99

COOLING FANS H
Keep your hot parts COOL and REL!ABLE

A Major company’s over production problems, and a special

with our range of BRAND NEW professional
cooling fans.

ETRI $8XUOt Dim. 92 x 92 x 25 mm
Miniature 240 v equipment fan complete with

fi uard £9.95.
Grgu JB-3AR Dim 3" x 3" x 2.5" compact
very quiet running 240 v operation. NEW£6.9
BUHLER 69.11.22. 8-16 v DC micro
miniature reversible fan Uses a brushiess
servo motor for extremeg high air flow,
almaoat silent running and guaranteed 10.000
hr ife. Measures only 62 x 2 x 22 mm
Current cost £32.00. OUR PRICE ONLY
£12.95 compliete with data.
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v
at £10.50. 1000's of other tans Ex Stock

all tor Details Post & Packing on all tans £1.69

BUDGET RANG
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 cof use on
BBC micro. Even where MINOR screen
burns MAY exist - normal data displays are

un. ted.

afected  1000's SOLD TO DATE
12" KGM 320-321, high bandwidth input.
will display up to 132 columns x 25 tines
Housed in attractive fully enciosed
brushed aliov case B/W only £32.9§
24" KGM large screen black & white
monitor fully enclosed in light alioy case
tdeal SChoglé'OShops' clubs etc

NLY Carriage £10.00

DATA MODEMS

Join the communications revolution with
our super range of DATA MODEMS with
prices and types to suit all applications
and budgets!!

Most modems are EX BRITISH
TELECOM and are made to the highest
standard for continuous use and reliability.
RS232 interfaces are standard to all our
modems, so will connect to ANY micro etc
with an RS232 serial interface.

DATEL 2B see SPECIAL OFFER centre of
this ad
MODEM 134, 300 baud. Compact unit only
2" high and same size as telephone base
Standard CCITT tones, CALL mode only
Tested with data ONLY £45.00 + PP £4.50.
MODEM 20-1, 75-1200 baud. Compact unit
for use as subscriber end to PRESTEL,
MICRONET or TELECOM GOLD. Tested with
data. £39.95 + PP £6.50.
MODEM 20-2. same as 20-1 but 1200-75
baud £99.00.
TRANSDATA 307A 300 baud acoustic
coupler. Brand new with RS232 interface
ONLY €49.95
DACOM DSL2123 Multi Standard Modem,
switchable CCITT or USA BELL 103 standard
V21 300-300. V23 75-1200. V23 1200-75 or
1200-1200 half duplex.
Auto answer via MODEM or CPU. CALL or
ANSWER modes plus LED status indication
Dim25 x85 x9 BRAND NEW fully
guaran(eed ONLY £268.00 + PP £4.50.

ATEL 2412 Made by SE LABS for BT this
two part unit 1s for synchronious data links at
1200 or 2400 baud using 2780/3780
protocol. Many teatures include Auto answer,
2 or 4 wire working etc. etc. COST OVER
£800. OUR PRICE £155.00.

DATEL 4800, RACAL MPS4800 high speed
good condition £285.00 CARR £10.00
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Anderson Jacobson
AJB10 VIDEO -
DISPLAY TERMINAL

Made by one of the USA's
largest peripheral manufacturers
the AJ510 Professional VDU
terminal has too many
features to include in space
available - just a few are:
internal Z80 cpu control, very
readable 15" non glare green
screen, 24 lines by 80 characters,
128 ASCI| character set with lower

case and grapbhics, standard RS232 interface, Cursor
addressing, numeric key pad etc. Supplied in good
TESTED second hand condition with full manual

\ £225.00 + carr £10.00. Data sheet on request.

BULK PURCHASE enable TWO outstanding offers.

COLOUR MONITOR

SPECIALS

‘SYSTEM ALPHA’ 14" Multi Input Monitor.

Made in the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has all the features to suit your immediate and future
monitor requirements. Two types of video input, RGB and PAL Composite Video,
allow direct connection to most makes of micro computers and VCR's. An internal
speaker and audio amplifier may be connected to your system's output or direct to
a VCR machine, giving superior colour and sound quality. Many other features
include PIL tube, Matching BBC case colour, Major controls on front panel,
Separate Contrast and Brightness - even in RGB mode, Two types of audio input,
Separate Colour and audio controls for Composite Video input, BNC plug for
composite input, 15 way ‘D’ plug for RGB input, modular construction etc. etc.

This must be ONE OF THE YEAR’S BEST BUYS!!!

Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST - ONLY £149.00 + Carr.

DECCA RGB 80-100 Monitor.
Little or hardlg used manufacturers surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard of!! Our own interface, safety
modification and special 16" high definition PIL tube, combine with the tried and
tested DECCA 80/100 series chassis to glve 80 column definition and picture
uality found only on monitors coshnﬁ TIMES OUR PRICE. In fact, WE
UARANTEE you will be delighted with this product, the quality for the price has to
be seen to be believed. Supplied complete and ready to plug directo to a BBC
MICRO computer or any other system with a TTL RGB output Other features
include internal audio amp and speaker, Modular construction, auto degaussin
34 H x 24 D, 90 day guarantee. Supplied in EXCELLENT condition, ONLY £99.
+ Carr. Also available UN-MODIFIED but complete with MOD DATA. Only £75.00.

Carriage and Insurance on monitors £10.00

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 for 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!!

® 300 baud fult duplex w 2 ® CALL. ANSWER and AUTO modes

® Full remote control & @ Standard RS232 serial interrace

@ CCITT tone standards MOW ONLYZ -~ @ Built in test switching

@® Supplied with full data = £29. 95 ® 240v Mains operation

® Modular construction . . @ 1 yearfull guarantee

@ Direct isolated connection - ﬁ ® Just 2 wires to comms. ine

Order now - while stocks last. Carriage and Ins. £10.00

250 SUPER PRINTER SCOOP

’R‘”D ”‘w NTEh;E[')‘o Everything Printer” al a price that will
c‘”ma”'c‘ paraliel nrm:'eaza::vddﬁzi?gv?&tu':g='ﬂ%s
= 73%2 ORIC. Edz‘rs:a”b‘?%rg;gga‘::}md ?yupa;l o;ﬂh full
NIGNODEE‘NITION ml;g\gl PROPORTIONAL SP.

r WOR ESSOR applications 80-132
columns. single sheet, sprocket or roll

r handling pilus

much mose. Available ONLY from DISPLAY ELECTR ?4

at the ridicuious price of OWLY £199.08 + VAT Compiete Mth

‘L‘ tull manual etc. Limited quantity -Hurry while stocks last
Options. Interface cable (specity) for BBC. ORIC.

DRAGON or CENTRONICS 36 wa £12.50. Spare ribbon
£3.50 each BBC graphics screen dump ulility program £8.60
T

Carnage and Ins. £10.00 + VAl
HUNDREDS OF PRINTERS *
EX STOCK FROM £489.00. cail Sales Office for Details.*

1 only large CALCOMP 1036 AO 3 pen drum plotter and
offline 915 magtape controller. Good working order.

ADD VAT TO ALL PRICES £2500.00.

EX STOCK

DEC CORNER

PDP 1140 System comprising of CPU
124K memory + MMU 186 iine RS232
intertace. RPO2 40 MB hard disk drive.
TU10 9 track 800 BPI Mag tape drnive, dual
rack system, VT52 VDU etc. etc Tested
and running £3750.00

BA11-MB 35" Box. PSU. LTC £385.00
DH11-AD 16 x RS232 DMA

interface £2100.00
DLV11-J4 x EIA interface €310.00
DLVII-E Serial. Modem support  £200.00
DUP11 Sych. Serial data i/o £650.00
DQ200 Dilog - muiti RK

controiler £495.00
D211-B 8 Iine RS232 mux board £€650.00'
KDF11-8 M8189 PDP 1123+ €£1100.00
LA36 Decwniter EIA or 20 ma loop £€270.00
LAX34-Al LA34 tractor feed £85.00
MS11-JP Unibus 32 kb Ram £80.00
MS11-LB Unibus 128 kb Ram  €450.00
MS11-LD Unibus 256 kbRam  £850.00
MSC4804 Qbus (Equiv MSV11-L)

256 kb £499.00
PDP11/05 Cpu, Ram. /0, etc. £450.00
PDP11/40 Cpu, 124k MMU £€1850.00
RT11 ver 3B documentation kit £70.00
RKOS5-J 2.5 Mb disk drives £650.00
KL8JA PDP 8 async 1/0 £175.00
MIBE PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard

current loop €175.00
VT52 VDU with RS232 interface  £250.00

1000 s of Ex STOCK spares for DEC

PDP8, PDP8BA, PDP11 systems &

peripherals Call for details All types of
Computer equipment and spares wanted
tor PROMPT CASH PAYMENT.

: : All prices quoted are for U.K. Maintand, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum CreditCard order£10.00. Minimum BONA FIDE account orders from Government Depts., Schools. 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 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

32 Biggin W

Upper Norwood, London SE19 3XF

Y,
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 |
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ERS — PRINTERS — PRINTERS — PRINTERS

PRINTERS — PRINTERS — PRINTERS — PRI

SUPER DEAL? NO — SUPER STEAL"

The FABULOUS 25CPS TEC Starwriter

sRAND, 10N + VAT==
JRANC W AT ONLY £095 7 7077
Made to the very highest ( ——
spec the TEC Starwriter
P1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality Micro-
processor electronics
offer full DIABLO/QUME \a fract:
command compatability 4 ITfaction
and tull control via CPM Wordstar etc
‘Many other features include bi directional
printing, switchable 10 or 12 pitch, tull width 381 mm paper handling wit? upto
163 characters per line, friction feed rollers for single sheet or continuoL s paper,
internal buffer. standard RS232 serial interface with handshake.
Supplied absolutly BRAND NEW with 90 day
and dust cover. Order NOW or contact sales office for more information.
Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tracto: feed
£140.00. Spare daisy wheei £3.00. Carriage & Ins, (UK Mainland) £10.00.

ROFESSIO KEYE

An advantageous purchase of brand new surpius allows s great QWERTY, ‘uli travel,
chassis keyboard offer at fractions of their onginat costs.

ALPHAMERIC 7204/60 full ASCII 60 key, upper, lower + controi key, parzllel TTL
output plus strobe. Dim 12" x 8" +5 & -12 DC. £39.50.

DEC LA34 Uncoded keyboard with 67 %uallty, GOLD, normally open switches on
standard X Y matrix. Complete with 3 LED indicators & i/o cable - ideal micro
conversions etc. pcb DIM 15" x 4.5"£24.95  Carriage on keyboards £3.00.

66% DISCOUNT -

COMPOMENTS
EQUIPMINT

uarantee and FREE daisy wheel
Clal

Due to our massive bulk purchasm? programme which enables us to bring you the best possible

bargains, we have thousands of

C.'s. Transistors, Relays. Cap's, P.C.B.'s. Sub-assembtes,

Switches. etc. etc. surplus 1o our requirements. Because we don t have sutficier t stocks of any

one item to Include (N our ads. we are packing all these items into the 'BARGA/N PARCEL OF A

LIFETIME". Thousands of components at-giveaway prices! Guaranteed to be worth 1

at least 3 rimes what you pay. Unbeatable vajue'' Sold by weight.  *

2.5kis £4.25 + pp £1.25
Okls £10.25 + pp £2.25

[ 5
20,000 FEET OF ELECTRONIC AND COMPUTER GOODIES

5kis £5.90 + £1.80 <3
20 kis £17.50 + £4.75

standard RS232
¥ switchable rates of 110, 200 and 300

GE MODEL 30

A large purchase of these stand alone
terminal units offers an EXTREMELY LOW
PRICE for a professional printer for direct
connection to your micro. The printer has a
serial interface with

baud. Upper and lower case characters
are printed by a matrix head with charac-
ter widths up to 132 columns. Unit accepts
standard fan fold sprocket fed paper from
4" to 9.5”. Many other features such as
numeric keypad, electronic keyboard, auto
motor on/off and FREE floor stand.
Supplied in good S/H working condition -
complete with manual ONLY £95.00
CARRIAOGE & INS. £10.00

EXTEL PRINTERS

EX NEWS SERVICE compact, guality
built 50 column matrix printer, type AE11.
Unit operates on 5 BIT BAUDOT code
from current loop, RS232 or TTL seriat
interfaces. May be connected direct to
micro, or comms receiver via simple filter
network to enable printing of most world
wide NEWS, TELEX and RTTY services.
Supplied in tested second hand condition
with 50 and 75 baud xtals, data sheet and
large paper roll. ONLY £49.95,

Dimensions 15" D x 5" Hx 10" W

CARR £6.00 Spare paper rolls £4.50 each

GE TERMIPRINTER

A massive purchase of these desk top
printer -terminais enables us to ofter you
these qualiz 30 cps printers at a SUPER
LOW PRICE against their onginal cost of
over £1000. Unit comprises of full QWERTY,
electronic keyboard and printer mech with
print face similar to correspondence quality
typewriter. Vanabie forms tractor unit
enables full width -~ up to 13.5" 120 column
paper, upper ~ lower case, standard R$232
serial interface, internal vertical and
horizontal tab settings, standard ribbon
adjustable baud rates, quiet operation plus
many other features. Supplie compiete
with manual. Guaranteed working £/39.00 or
untested £85.00, optional floor stand £12.50
Carr & ins £10.00.

1/0 TERMINALS -
hl

FROM E£195 + CAR. + VAT\‘\_‘ :

Fully fledged Industry standard ASR33 data

terminal. Many features including ASCIi

keyboard and printer for data I/O auto data

detect circuitry. RS232 serial interface. 110

baud. 8 bit paper tape punch andreader for

off line data preparation and ridiculously

cheap andreliable data storage. Suppliedin

good condition and in working order

Options: Fioor stand £ 12.50 + VAT

KSR33 with 20ma loop interface£125.00 +
Sound proof enclosure £25.00 + VAT

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

D.C. POWER SUPPLY SPECIALS

Experimentors PSU Ex-GPO. All silicon electronics. Qutputs give +5v @ 2 amps

+12v @ 800 ma -12v @ 800 ma +24v @ 350 ma and 5v floating @ 50 ma.

Dim 160 x 120 x 350 mm. All outputs are fully regulated and short cir:uit proof.
Supplied in NEW or little used condition. Complete with circuit.

Only £15.50 +2 £2.50 pp o .

FARNELL 5 Volt 40 amps. Type number GB-40A. This miniature switching PSU

measures onlr 160mm wide 175mm deep and 90mm high, yet delive-s a massive
y

40 amps!! Ful

regulated and smoothed with over voltage protection etc. 120 or

240 volts AC inpuf. Supplied BRAND NEW and boxed with circuit at a fraction of

the current list price. Only £130.00 + £3.00 carr & ins.
LAMBDA LMCC 5V BRAND NEW 240v AC input with 5 volts DC at 3to0 10

amps fully reguiated output. Completely enclosed unit measures only 9" x 4" x 5"

£29.99
LAMDA LMCC5V 110v AC input with 5 volts DC at 8 to 10 amps fully regulated

outgut, Sli%hﬂy smoke damaged, hence ONLY £10.85 )
PERIPHERAL SYSTEM SUPPLY. Runs almost any system. Fully cased unit

supplied in a brand new or little used condition. Qutputs give 5v @ 11 amps "+"

15-17v @ 8 amps =" 15-17v @ 8 amps and “+" 24v @ 4 amps. All oulputs are
crowbar protected and the 5 volt output is fully regulated. Fan cooled Supplied
tested with circuit. £55.00 + €8.50 carr.
1000's of other POWER SUPPLIES EX STOCK -
CALL SALES OFFICE FOR DETAILS

ULTRA COMPACT 300 BAUD

'ACCOUSTIC MODEM — COUPLER

A Major manufacturer's over production and a bulk buy
EwW

special enables us to offer this BRAND N

TRANSDATA 307A ultra compact, BT AP?ROVED,

300 baud full duplex accoustic modem &t a fraction of

manufacturers list price. The unit operates on the

standard CCITT V21 frequencies witnh R§232

interface via 25 way ‘D’ skt.

Combine the adjustable cup system, which

fits almost any phone with the benefit of
“No jacks or phone cables” and ¢ light
' weight of onl

1.2 Kg and you have a truly

portable modem!! Supplied camplete with
data, 90 day guarantee and ready to use.

ONLY £49.95 + £3.00 pp

DUAL DISK DRIVE/
WINCHESTER CASES

Very smart, fully enclosed case unit
custom made to accept two full
height 5%" floppy disk drives or two
5% winchesters such as the
RHODIME RO200 or TANDEM
series etc. An internal switched
mode PSU supplies all the required
voltages to enable you to plug in
your drives and go!!

Other features include mains filter,
internal cables with standard drive
connectors, space for internal PCB,
standard fan cut out and mounting,
air filter. Overall dimensions
2B8cmWx30cmDx19cmH

ONLY £55.00 + £6.00 CARR.

PROFESSIONAL 6 FOOT
19" RACK CABINETS

LARGE 19" equipment cabinet. Totally

enclosed with locking front and rear

doors. An internal sub fram 63" high is pre
driited for standard 18"
equipment etc. Other
teatures include internal

. 12" cooling fan, two-

|tone blue and grey

A1/ finish with alloy trims.

41 Mounted on 4 heavy
duty castors, mains
panel etc. And ata
current cost from
IMHOFS of over
£500 A snip at ONLY
€125. Supplied In NEW

/1 or iittle used condition.
Carriage £22.00.
Ext. Dim 72.5"h x
235"w x 26"d

SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing value contents
include transistors, digital, linear, |.C.'s tnacs,
diodes. bridge recs, etc etc. All devices
uaranteed brand new full spec with manu-
acturer's markings, fully guaranteed.
50+ £2.95 100+ £5.18
TTL 74 Serles A gigantic purchase of an
"across the board range of 74 TTL series
1.C's enables us to offer 100+ mixed
"mostly TTL" grab bags at a price which two
or three chips in the bag wouid nnormally
cost to buy. Fully guaranteed all I.C.'s full
spec. 100+ £6.90 200+ £42.30 300+ £19.50

NORTH STAR HORIZON

Pro $100 system with dual 5" floppy
drives, software, manuals etc.
€850.00 Call sales office for details

LOGICAL KEYBOARD
Heavy duty unit in attractive satin alfloy
case. 55 full travel keys are laid out in'a
logical format of:

Making a very useful keyboard, ideal for
persons untamiliar with or confused by the
standard QWERTY layout. All keys generate
the equivalent ASCII outputs and various
control codes shown in data. A 7 bit latched
parallel TTL output with strobe enables
direct connection to any similar micro port
etc. Many other features such as internal
240v to 5v PSU, MAINS ON/OFF switch.
Suﬁpllad In NEW or tittle used condition
with data,

ONLY £25.95 Post and packing £4.50

) EQUIPMENT, CABLE, CONNECTORS, HARDWARE, MODEMS, TELEPHONES, VARIACS, VDU’S,
PRINTERS. POWER SUPPLIES, OPTICS, KEYBOARDS etc. etc. Give us a call for your spare part. -

requirements. Stock changes almost daily.

maon’t forget, ALL TYPES and QUANTITIES of electronic surplus purchased for CASH
CIRCLE 76 FOR FURTHER DETAILS. '
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LINSLEY-HOOD

300 SERIES AMPLIFIERS

(\ ~ (\ L8 LA

35 Watt Complete Kit. MosFet O/P .
45 Watt Complete Kit. MosFet 0/
Reprints of Original Artictes from “Hi-Fi News'

.. £8350
£1no VAT.

LINSLEY-HOOD 100-WATT MOSFET
POWER AMPLIFIER

The very latest amplifier design, published in "Wireless World’
by the renowned John Linstey-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

Compiete record and replay circults for vary high quality low
noise stereo cassette recorder. Circuits are optimised for our
HS16 Super Quality Sendust Alloy Head. Switched bias and
equalisation to cater for chrome and faric tapes. Very easy to
assemble on plu%m PCBs. Complete with tull instructions.

Complete Stereo Record/Play Kit . £25.26
YU Meters to suit £2.30 each
Reprints of original Articles . .. 75p. No VAT,

STUART TAPE RECORDER CIRCUITS
Complete Studio quality record/Play electronics to
obring that old valve machine back to life. Full details
inourREPRINT ........... ... £1.30{NoVAT).

PW WINTON STEREQO AMP

Super HiFi Mosfet Amplifier Kit giving 50 Watts per
channel at .014% distortion, housed in attractive
wood veneered cabinet. Full Kit is normaily £109.

DGS001 2-MOTOR,
SOLENOID CONTROLLED
CASSETTE DRIVE.

‘Fuily solenoid controlied _-
cassette mechanlsm

suitable for Hi-Fi or 5
digital use. With a logic P Vf
control board the deck
can be operated by
iightweight touch
controls or output from a
micro. Ideal for
applications under

automatic control such \Jf

as telephone answering

machines, data loggers,

automatic background music systems, remote control recorders
and microcomputer program and data storage. Two motors and
three solenoids control all functions including search in fast
forward and rewind.

Standard fittings inciude reed switch for auto off, 3 digit counter,
stereo R/P and erase Head.

Overall size 176mm X 130mm X 75mm.

DGS001 Cassette Mechanism. £37.25 Quantity prices on
request.

INF140. Full technical specification and drawings €1.

AM VARICAP DIODE BARGAIN Super wide range SMV2012
varicap diodes in matched sets to eliminate tracking errors!
Matched pair only 25p. Matched 4 only 60p.

SET OF 4 COILS to use with above to make long, medium and
short wave AM tuner. Normally 30p each. OUR lP;RICE FOR THE
SET ONLY 55p

INF10 Application circuit using coils and matched pair of
SMV2012 varicaps. 35p

168A IF Transformer . 30p
CFUA455F2 IF Filter . . . 50p
Suitable PC Board £1.50
Push Button PC MounungWavechange Switch. £1.60

COMPLETE STEREO TUNER MODULE
Three band LW/MW/FM Stereo Tuner fully assembled on PCB
165 x 85mm. Supplied with Ferrite rod aerial and band switch
fully wired. Facility provided to drive tuning meter and stereo
LED. Only needs 12v DC supply. FM sensitivity. 2.5uV. Price
only £7.99 inc. VAT and post.

STEREO 10W POWER AMPLIFIER MODULE
Ready built and tested music centre power amplifier module
compiete and ready to use. Mains input 220/240v with power to
spare for tune and tape deck. Size 190 X 110 X 65mm. ONLY
£8.90 plus Vat and Post.

AUTOMATIC 10—CASSETTE AUTO PLAYERS
Suitabie for background music systems. Lenco type PAC10
ptays each casette forward and backwards before changing to
the next. Any cassette may be rejected at the touch of a button.
Mains powered, Wood finish case with perspex top cover, piay
through any high quality stereo amplifier system. Orinally over

(.4

HIGH QUALITY REPLACEMENY
CASSETTE HEADS

‘G

Do your tapes lack treble? A worn head could be the probtem.
Fitting one of our replacement heads could restore performance
to better than new! Standard mountings make fitting easy and
our TC1 Test Cassette helps you set the azimuth spot-on. We are
the actusl importers which means you get the benefit of lower
prices for prime parts. Compare us with other suppljers and see!
The following is a list of our most popular heads, all are suitable
for use on Dolby machines and are ex-stock.
HC20 Permalloy Stereo Head. This is the standard head lmed as
orl inal equipment on most decks 1
190 High Beta Permalioy Head. A hard- wearmg hlgher per
formance head with metal capability
HS16 Sendust Afloy Super Head. the best head we can imd
Longer life than Permalioy, hlgher output than Ferrite, fantastic
frequency response .
HQ551 4-Track Head for auto-reverse or quadrophonic uss. Full
specification record and playback head.. o
Please consult our list for technical dats on these and o(her
Speciat Purpose Heads. :
MA481 Latest version Double Mono (2/2) Record/Play head.
ReplacesR484 | .. ... £8.90
SM166 Standard Mounting 2/2 Erase head Companble with
above or HQ551 4 Track head.{ £5.90
H524 Standard Erase Head. Semi doubve gap, hlgh effi-
cigncy £1.50
H561 Metal Tape EraseHead.Fulidoubie gap ...£4.90

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables 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 magnetlsatlon causing noise
on playback.. .

Curved Pole Type for lnaccesslble heads . £4.85

Send for your free copy of our LISTS. QOverseas please send 2
IRCs to cover surtace Post or 5 IRCs for Airmail

Please add part cost of post, packing and insurance as follows:

INLAND OVERSEAS

grgers lCIE‘)O(O {{129 52%) Please send sufficient to cover
rders to &

Orders over £50 — £1.50 SagdacejorrAirRostiss)

SPECIAL OFFER, NOW ONLY £89. Reprint of
descriptive articles 85p (No VAT)

£500 each! Our price lor ex-demonstration modeis only £230. required.

One only Brand New £310.
ik

Personal callers are always very welcome but
please note that we are closed all day Saturday

24hr SALES LINE
(0691) 652894

ALL PRICES EXCLUDE VAT
UNLESS STATED

E.M.S. POWER

SYSTEMS

Solve all your Power Problems by contacting

E.M.S.

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

power problems.

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

wave systems.

E.M.S. also manufacture chargers which range up

to 60 amps.

For further details please contact:

E.M.S. Manufacturing Limited

Chairborough Road
High Wycombe
Bucks
Tel: (0494) 448484

LYONS INSTRUMENTS LIMITED
WARE ROAD, HODDESDEN,
HERTS EN11 9DX

Attention is drawn to the Guildline Digital
Platinum Resistance Thermometer the
cost of this £1780 and not £2760 as
previously, wrongly, stated in Electronics
& Wireless World, March '85 issue.

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: IntelligentGreen 12° VDU with
3micros and 64K store. RS232. Programmable. .. Only £199 .

new or £149 S/H + £15 P&P & = —

Open Chassis VideoMonitorsfromaboveVDUs .. ......... .
.............................................. £40+7,00 p&p

Multirail Switching PSUs fromaboveSvaAtav+24v. ... &~ .

£25+£1.50

Data General 6012 VDU’s very attractive display working RS232

with integral 73 key k/b either dumb terminal mode or page

buffered. ... Only£120.00+ £15.00p&p

Centronics 306 Line printers: Professional fast (120 cps),

superb quality 80 column printer. Paralleli/f. .. .. ONLY£99+ £15.00 P&P
Osborne Executive Portable CP/M system with codles of software. Twin floppy

AFIVES o £900+€15p&p
Diablo 630 Daisywheel printer. OEMi/f.. . NEW£599+ L15P&P
Calcomp 565 Drum Plotter, 10thou steps. .. ONLY £450+£10P&P

BECKENHAM PERIPHERALS LTD

We also buy

Callers welcome )
redundant peripherals

by appointment 01-466 5582
34 Rodway Ro-d Bromley
Kent BR1 3JL

CIRCLE 36 FOR FURTHER DETAILS.
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POWER SUPPLIES

maximum to minimum. It is
expressed as a percentage.
Operating area. Supplies with wide
output-voltage ranges can often sup-
ply more current at higher voltages
because dissipation in the linear regu-
lating circuit is lowest. Rather than
giving a fixed rating of, say 0-30V at
5A, some manufacturers provide an
operating area graph of current ver-
sus voltage.

Regulation, seeload/line regulation.
Remote sensing. Specifications for
power supplies don't take into
account the leads connecting the sup-
ply to the load. With long leads and
high currents, voltage drop can be
significant and output impedance of
the supply increases. Remote sensing
is used to minimize these effects.
Normally, voltage is sensed at the
supply output terminals and fed back
to the control amplifier which pro-
vides regulation. Remote sensing
involves taking the voltage sensing
lines out directly to the load.
Resolution. Smallest voltage or cur-
rent increment which an adjustable
supply can repeatably be set to.
Response time, When subjected toa
step or transient load, a supply takes
time to respond. It is likely that
response times in current and voltage
modes will be different.

Ripple rejection. In a regulating cir-
cuit, ripple rejection is the ratio of
r.m.s. input ripple voltage to r.m.s.
output rnipple voltage.

Shunt regulation. A shunt regula-
tor, a good example of which is a
zener diode, stabilizes voltage by act-
ing as a load whose impedance rises
rapidly as voltage falls below a certain
level and vice-versa. With no load, a
shunt regulator draws high current,
and with full load draws very little cur-
rent. Unless load is constant, shunt
regulators are inefficient. Their
advantage is that they are unaffected
by output short-circuits.
Suppressor. This term is used for
any device used tofilter out unwanted
noise or transients. These include LC
mains filters, metal-oxide voltage
dependent resistors, which can be
found over the mains input or d.c.
output, high-speed silicon suppres-
sors, which are like a zener diode but
able to withstand extremely high cur-
rents in short bursts, and simple cap-
acitor suppressors, which may be
found almost anywhere in a supply
circuit.

Settling effect. When load on a sup-
ply changes, it takes time for the sup-
ply to reach thermal equilibrium. This
is the settling effect.

Transient response. Like power
amplifiers, power supplies take time
to respond to transient load vana-
tions. A supply’s transient response
is difficult to quantify and is probably
best expressed in an oscillograph.
Some manufacturers express tran-
sient response in terms of time taken
for output voltage to recover to within
a certain tolerance for a given step
load change.

Zero-crossing switch. Some sup-
plies only allow the mains to switch on
at the voltage zero crossing point.

KRKE TYPE o/PV 0/P1 RIPPLE  R-LOADY R-LINEX O/PR FLCLCVCCY 1 C PRICE RENARKS
Pawerbox 2000 4-6 3 10aV 108V y11} 0,008 & & & & #
40 £.25 v 0,031 0.05%
3600 4-b 3
40 1.25  As 2000 but with 20V output
20 2.5
3535 +/-11~16 1 0.1% 0.2% 0.02 ¢ ¢ L] 11-18V outputs track.
4-b 3 25aV 20V
3525 L 3 Iav 0.25% 0,152 0.002 L] t 23V outputs track.
25 1 Jav 0,250 0,05% 0,003
25 1 n . " »
§B15-20 15 20 508V 0,05 0.05 €0.001 o4 Switched aode.
to
5B2501,25 250 1,25 ° . " * ¢ '
Powerline  LABSO1 30 t sV 0.05%  0.03L  <0.013 ¢ LI | Prograssable. Analogue or
00p0 0.5 0.9% 3-70k digital
Nodels with cosmon characteristics:
LABS02 30 2 # f 20K K I )
LABSOS 30 5 [ [ 2 2
LABSIS 1§ 10 # [ 2N I
LABSI0 30 10 [ E I I I}
LAB702 70 2 [} E I 2N I
LABS2t 30 1 [ [
30 t
LABS2Z 30 2 3 [
30 2
LABS32 30 2 % [
12-15 0.5 (3]
12-45 0.3 (I
4.5-5. 3§ [}
1c 20 0.5 [ [}
20 0.5 [ *
4.5-5. 3§ [ ]
LABS20 30 20 [ I I |
LABS30 30 30 E I TR I}
LAB6IG &0 10 [}
LC302t 30 2 v 0.1% 0.1% €0,015 + # t For educational use.
LC1S4t 1§ 4 . . * . + + +
Lcsot2 30 1 = 2 ' 3 + + +
LC1522 1§ 2 " d . 4 + + t
LC&01 60 t ’ ’ . ' + L] +
LCIS13 1§ 1 ' ’ . . + L] L]
Racal-Dana 9231 3 11 (la¥ €0.01%  <0.,01%  0.005 ¢ ¢ digital Resote sensing. Protected.
92318 Dual 9231
K unit 3 3.3 Can be cosbined with other units
9232 3 2.2
92320 Dual 9232
Radford Ni4 6000 InA 0.05%  High source .| + 130 E.h.t. supply
Hipack  12a.c. 3A unstabilized
LABS? 25 8 # 100  Nuffield instrusent.
300 0.1 unstabilized variable
25a.c 8
6.%a.c. 3
122.¢. b
NS9 25 8 unstab. L] 90 Nutfield instrument. Step
25a.c, 8 variable
NS9C 25 10 + t 130 Continuous
25 10
Takasago  6PO7-10 7 10 <500p¥  €0.005% <0.005% + LI I A ]
Models from above to 1000V at 0,5A (6P01000-05) with cosmon characteristics.
Kust be ordered with 220V input if needed
Thurlby PL310 30 1 (lay 0,011 <0,01% <0.005 & & & # digital Resote sensing
PL320 30 2 * . . ’ E I I I I
PLISA 13 4 \ . ' - LINE 2 I Qutputs can be combined in
series or parallel
Range of dual and triple units based on above
PL3206P 30 2 6PIB controlled. Based on
PL320
Tise 9810 32 1 (2aV 0.052  0.05% 0,005 595  6PIB resote and local
Electronics 9809 1 1.1 (2a¥ 0,052 0.05%  0.005 L] 825 '
or
+i-33
Neir 4000-30-1 30 { 28V 0.05%  0.01%  <0.01 & & & # digital 115
1nA 104 0.1% )30k
4000-30-2 3¢ 2 ’ ' . . + ¢ ¢ # digital 150
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DEWSBURY

POCOMTOR AFR 2000
RTTY ALL MODE

ELECTRONICS

® Special namow band quadrature discriminator for all used
LF shifts from S0 to 1000Hz

® Simple and quick tuning with 16 fine LED bar indication

® Extremely simple operating

® Curent-saving 8 bit C-Mos microprocessor

® Development and manutfactured in Switzerland

PREOHRTON AP0 FEATURES AND APPLICATION:

RYTY AL MOBE ] The POCOMTOR AFR-2000 RTTY ALL MODE DECODER allows the simple and easy writing of the
e s usual teletype codes as BAUDOT, ASCi including 200baud press service). ARO. FEC Collective, FEC
Selective (SITOR/AMTORI and the FEC procedure used for secret services, which drffers from the usual
CCIR recommendation 476 2 The POCOMTOR AFR-2000is a complete teletvpe decoder with builtn
new quadrature discriminator for automatic adapting and processing of the normal strft oftsets of SOHz
to 1000 Hz. The POCOMTOR AFR- 2000 is the first RTTY reception device on the consume area thai
fully automatically determines the received baud rate and synchronizes thereon, without being
necessary as yet usual to test the baud rates and phase (Normal/Reverse} in question in a troublesorme
way. {tis now only required to call up the automatique-routine and atter a short time for the signal
® Fuily automatic rec ramzmg of ARO, FEC-Collective and FEC reception of about 1010 15 seconds the synchronization is reached and the text can be written
Selective (SITOR/A In the mode ARQUFEC. 1.e. during synchronous character transfer (without start and stop bit} the buitt in
® Fully automatic searching and synchronizing in Baudot mode ntefligenc: Fy finds out by itself whether it is an ARQ or FEC signal. whereby it is additionally differentiated
according to Baud rate and phase; indication of baud rate and between FEC-Collective and FEC-Selective. To balance signal phase moves there is a steady adaption
phase of the microprocessor controlled sampling, as 10 pre+unning characters and 1o after-unning
characters.
The technology of the POCOMTOR AFR- 2000 RTTY ALt MODE DECODER corresponds to the highest
requirements. lts extraor mzeperfonnmraoowinmbamamednmarfunnon!hnoasy
way. Choosing the POCOMTOR AFR- 2000 you take the most modem receiving device on the market.
Its for that you receive more and have t0 tune less. it has never been thus easy to receive radio teletype.

SPECIAL FEATURES:

® ‘Manual preselecting of all Baudot and ASCIl speeds

® Optimum microprocessor controlled signal reception with
16’000 (sixteen thousand) samples per second and steady re
phasing on forward and backward run of signal

Dewsbury Electronics offer a full range of Trio Equipment always in stock.
We are also stockists of DAIWA-WELTZ-DAVTREND-TASCO TELEREADERS-MICROWAVE MODULES
ICS AMTOR-AEA PRODUCTS-DRAE-BNOS

- Dewsbury Electronics, 176 Lower High Street, Stourbridge, West Midlands. guc=g
Telephone:Stourbridge (0384) 380063 /371228. Open Monday thru Saturday.
Instant H.P. subject to status, Access, Barclaycard and real money.

CIRCLE 53 FOR FURTHER DETAILS.

Versatower:

A range of telescopic towers in static
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1 CHANNEL
VHF WALKIE TALKIE 250mW/9v
KIT No 626

Description

A lightweight, small handie talkie
with main advantage its VERY
LOW comsumption. . .

A typical 9v battery will last for
several hours. Can be used
between 140 to 165Mhz just
changing crystals or trimming a few
coils. P.c. board dimentions:
80X55mm.

All transisters used are bipolar for
low cons. Also, two special IC’s, the
one in flat pack version for limited
space.

Specification

RECEIVER

Sensitivity: 0,25uV

First IF: 10,7Mhz

Second IF: 455khz

Crystals used: carrier: 3

~— 10,7=crystal frequency.
Audio out: 300mwW

Power consumpt.:15mA
(sq.open).

TRANSMITTER

RF out: 250mW (can be
increased to 1W)

Crystals used: osc.frequency
X2=carrier.

Power cons.: 48mA(300mW).
32R speaker used also as
micro.

C & A ELECTRONIC O.E.
PO Box 25070 Athens 10026
GREECE Tel:5242867. Tix:210798 CAGR

CIRCLE 65 FOR FURTHER DETAILS.

and mobile models from 7.5 to 36
metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with CP3 Chapter V; part 2;
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile
environments demand the ultimate in design, quality
and reliability.

Suitable for mounting equipment in the fields of:
Communications

Security surveillance — CCTV

Meteorology

Environmental monitoring

Geographical survey

Defence range-finding

Marine and aero navigation

Floodlighting

Airport approach lighting

Further details available on reque;;t

22

STRUMECH ENGINEERING LIMITED
Portland House, Coppice Side, Brownhills
Walsall, West Midlands WS8 7EX, England
Telephone: Brownhills (05433) 4321

Telex: 335243 SEL.G.

CIRCLE 38 FOR FURTHER DETAILS.
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NEW PRODUCTS

E.h.t. multiplier

A new design for high-voltage
multiplier provides an e.h.t.
supply up to 30kV for c.r.ts
from an input voltage of
between 5 and 5kV. The unit
uses single-cell silicon diodes
and is claimed to provide
improved regulation when
compared with split diode
systems. They will operate over
a wide temperature range and
are rated for continuous
operation at an ambient
temperature of 55°C. It is
housed in a flame-retardent
plastic case with epoxy resin
seals and is approved to BS415.
Edicron Ltd., 1 Wesley
Avenue, London NW10 7BZ.
EWW213

Static locator

A pocket sized static electricity
locator is designed and made in
the UK. The EVL9 has three
ranges; 1kV, 5 and 25kV and
uses leds to indicate the
presence and polarity of static.
A simple conversion table is
provided to calculate the field

strength. The battery powered
instrument may be used in such
static-sensitive environments as
computer rooms, electronic
component assembly areas,
hospitals, laboratories etc. It
costs £109.75 inclusive from
Technotrend Lté., The Town
House, High Street, Chobham,
Surrey GU24 8AF. EWW218

Low-cost wire stripper

At a price claimed to about a
third of any comparable tool,
the TC1017 is a self-adjusting
wire stripper and cutter suitable
for most types of wire of
diameters from 0.5 to 5mm.
The tool operates in one
continuous action by griping the
wire and then cutting and
removing the insulation by the
sliding action of the blades. A
pressure adjustment is provided
for wires with particularly tough

or soft insulation but in practice
there is little need to use this.

Incorporated into the tool is a
pair of cutting blades so that
cables may be cut to length and
trimmed before stripping.
Graduations along the jaw of
the stripper enable measured
lengths to be stripped. Trade
price £4.30 from B&R
Electrical Products Ltd.,
Temple Fields, Harlow, Essex
CM20 2BG. EWW219

Camera for screen graphics

Computer graphics displays as
well as tv images can be easily
and quickly reproduced with the
Datacam 35 colour recording
camera. It uses 35mm
Polachrome film and an
Autoprocessor can be used to
produce and mount slides
without the need for any
darkroom facilities, or they can
be processed normally. Another

camera, the Datacam 1,
produces 3 by 4in colour prints
instantly by using Kodamatic
Trimprint colour film. Two
versions are available of each
camera suitable for use with a
12 to 13in screen or a 19 to
21in. Dicoll Data Systems Ltd.,
Bond Close, Kingsland Estate,
Basingstoke, Hants RG24 0QB.
EWW222
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NEW PRODUCTS

Lowest-cost modem

The cheapest multi-standard
modem yet 1s the Demon,which
for a v.a.t.-exclusive price of
£49.95 gives access to dial-up
databases on both the 300 baud
and viewdata standards. And a
front-panel push-button allows
selection of the corresponding
American modes.

Most other controls,
however, are implemented in
software to avoid the cost of
switches. At present the
Demon, which was first
announced last autumn as the
Unicom modem, is available
only in a version for the BBC
Micro. The software is supplied
in eprom at an extra £20. The
data connection to the computer
is via the serial port, which
doubles as a control line: mode
selection is carried out by
keying the RTS line.

The software offers a number
of attractive facilities: Prestel
telesoftware downloading, user-
to-user file transfer with the so-
called CP/M protocol, auto-
dialling, auto-answer and auto-
scanning mode selection. One
feature of its design is that all
functions are controlled by
means of ‘star’ commands.
Users can incorporate these in
their own software to make do-
it-yourself computer bulletin
boards.

Bt

But a drawback of the
software control is that there is
no quick way of discovering the
status of the modem. And the
user cannot check whether a
call has succeeded, since the
unit has no telephone extension
socket. Another problem is that
although the rom is said to use
‘legal’ system calls only, it
seems to conflict with certain
other packages — for example,
Addcomm and the Computer
Concepts graphics extension
rom.

Versions of the Demon are
planned for several other
computers, including the
Amstrad CPC464, Apple I, ZX
Spectrum and Commordore 64.
The Demon Modem has not yet
received BABT approval.

Demon Electronics Ltd., 182
Royal College Street, London
NW1 9NN.

EWW210

GPIB for Apricot

A plug-in card together

with a disc library of driver
subroutines provides a full
implementation of the IEEE-488
interface bus for the ACT
Apricot personal computer. The
card enables users of the
computer to program and
access data from such sources
as automatic test stations, test
and measurement equipment
and signal interfaces such as
Microlink. The software allows
the IEE-port to be used from

Microsoft controller functions,
which include: secondary
addressing, parallel data
transfer in eight bits, serial and
parallel polling, status tests
from software, remote line
control and data transfer at
20Kb/s. The p.c.b. plugs
directly into the backplane of
the computer or may be
connected through a lead if
required. Electroplan Ltd., PO
Box 19, Orchard Road, Royston
Herts SG8 5HH. EWW205

Terminal software
for Spectrum

A cassette program, Spacenet,
will allow Sinclair Spectrum
owners to use their VTX5000
Prestel modems with ASCII
services such as Bulletin boards
and commercial databases
which are not accessed through
Prestel. The modem speed is
still fixed at 1200/75 but most
databases and an increasing
number of bulletin boards are
providing services at this data
rate. Once connected to a
service all control characters
can be sent for editing or
cancelling various functions.
Program transfer is possible in
both directions using

Xmodem principles. Copies of
the screen can be saved and
reloaded into the computer as
can any software received by
the system. Local echo is
provided as an option.

Another program, Specterm,
provides similar functions and
allows all known Spectrum
RS232 interfaces to be used
with a modem and will
communicate even with
Spectrum-incompatible
computers. The software
manufacturer tells us that BBC,
Tandy and CP/M computers,
amongst others, have been
used to store Spectrum data.
Each program cost £5.95 from
Stephen Adams, 1 Leswin
Road, London N16 7NL.
EWW207

Comal for the BBC

Latest in a flurry of recent
language releases from
Acornsoft is a version of Comal
for the BBC Micro. Comal,
which has been described as a
half-way house between Basic
and Pascal, is widely used in
educational computing in
Scandinavia (where it
originated) and the
Netherlands. It has also won
official approval in Scotland and
the Irish republic as the
recommended language for
secondary schools.

Comal is an interpreted
language. For the beginner it is
as easy to pick up at the
keyboard as Basic, yet it does
not share that language’s
tendency to engender untidy
programming habits.

On paper, a Comal listing
looks much like its Basic
equivalent: most of the key-
words are the same (though the
tokens used for program
storage differ), there are the
same variable types and the
program lines are numbered.

Comal’s practical advantage
lies in its powerful control
structures. For example, in
addition to the Repeat-Until
loop (which is executed at least
once) it has the useful While-do
loop, which is not executed at
all if on entry the exit
conditions are already met.

For decision-making, Comal has
Case-when for use where the
course to be taken depends on
the value of a variable: a neat
alternative to complicated If-
then statements.

String-handling is made
exceptionally easy by the sub-

string specifier, a simple yet
strikingly effective device which
by-passes the cumbersome
LeftS, Mid$ and Right$. Filing
commands are comprehensive,
yet plainer in their meanings
than their Basic counterparts.
Each program line entered at
the keyboard is checked for
syntax errors by the editor,
which echoes any faulty line
with the error marked. When
the program is listed, loops and
other features are indented
automatically to emphasise the
structure, making the flow of
control easy to follow.
Keywords are displayed in
upper case letters, variables
and procedure names in lower-
case, and the editor inserts
certain formal details of syntax
where they have been omitted.
Execution speed is a little
slower than BBC Basic — by
about 15% according to Acomn
— though that still makes it
faster than most other eight-bit
Basics. However, Comal’s
special features make it possible
to write compact code which is
also much simpler to de-bug.
Acomnsoft’s Comal conforms
to the Comal-80 standard
published in 1982. It includes
many extensions specific to the
Electron and BBC Micro such
as sound and graphics
commands, which have the
same syntax as their BBC Basic
equivalents. The language is
supplied in a 16K rom for
£49.85 including v.a.t.,
together with a clear and well-
written 440-page manual, also
available separately at £10.
Acornsoft Ltd., Betjeman
House, 104 Hills Road,
Cambridge CB2.1LQ. EWW211
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AUDIO - VIDEO - DATA

A superb range of innovative loading
and duplicating technology

» Worldwide -

the leaders

Tape Automation Ltd, Unit 2, River Way, Harlow, Essex CM20 2DN.
Telephone (0279) 4429486, Telex 265871 MONREF G quoting Ref: 84: AULOO1.

EUROPE * USA * JAPAN * UK * INDIA

CIRCLE 21 FOR FURTHER DETAILS.

Nowfrom V31 -PORTASOL
Portable Gas Soldering Iron

ORYX — market leaders in soldering irons and acces- pocket portable (173 mm) and independent of any
sories introduce the revolutionary PORTASOL. This new  external energy source. PORTASOL is powered by
approach to catalylic soldering iron technology is truly ~ ordinary cigarette fuel and one filling lasts for 60 minutes
continuous use.

| Adjustable temperature .
Small, light and can ) 7N equivalent to electric Ease of soldering for
be carried in the top Powered by ordinary Flint ignition system soldering irons 10 to engineers, hobbyists,
pocket. cigarette lighter fuel. built into the cap. 60 Watt. repair men etc.

T === WL.s=  =———0 . __esagy_—— gy s - _J_——_ = ]

To: Greenwood Electronics, Portman Rd, Reading Berks RG3 1NE.

* Portasol makes an ideal and

Please send............. (gty.) PORTASOL at £17.25.1 enclose
hand | ] 5 :
- lrgrr:wgd?arﬁaslsnatvailable for use cheque/P.O./cashforf................... or debit my Barclaycard l
anytime anywhere. M ON i g w et ACCeSSNO. ..o, Expiry date.............
* Portasol meets all safety
standards. NAME e e
* No problem with statics.
* Adjustable temperature for ADDRESS l
sensitive components. l
ORDER WITH THIC COUPON TODAY S A R = st Ediw s

I DN N SN I G S S e .
CIRCLE 51 FOR FURTHER DETAILS.
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NEW PRODUCTS

Low-cost logic analyser

Claimed to be by far the best in
price to performance ratio, the
Thurlby LA-160 at £395 offers
16 data channels, expandable to
32, and a 2000-word acquisition
memory. The state domain
display shows the data in any of
five formats: binary, octal,
decimal, hex or mixed. A full
16-channel timing display is
available by connection to any
conventional oscilloscope. The
maximum clock rate is 10MHz
for the LA-160A or 20MHz for
the LA-160B.

Comprehensive trigger
facilities include 230bit trigger
width, the ability to set the
trigger word in any display
format, selectable trigger hold-
off and a trigger arm input with
variable delay. Data can be
capture synchronously or
asynchronously using the clock
of the circuit under test or an
internal clock with 16 selectable
frequencies. Two clock
qualifiers enable data to be
captured selectively, e.g. on the
read cycle of a processor bus.

The instrument is
microprocessor controlled
through a front-panel keyboard
with all the set-up information
being stored in permanent
memory. A non-volatile
reference memory is also
included. This can be loaded
from the acquisition memory
and allows reference data to be
stored for comparison.
Extensive software facilities
include word search, block
memory compare, word-by-
word comparison and stop on
equality or non-equality
acquisition modes. A built-in
RS232 interface enables the

CLOCK= EXT

CLOCK FNABLES= 11

LOGIC= NEBATIVE

NEMORY= AQU

Loc

DATA
348 5 & 7

THILM L ™

CLOCK POLARITY= POSITIVE

.9 10 11 12

L_#3 A efad

TRIGGER  BIN= XXX

TRIBGBER ENABLES= 110

ARM DELAY= ON

D1S

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0011
0011
0011
0011

=3 —

IXX 0011 0016 HEX= XX32
1 TRIGGER ARM= |

TRIG HOLD-OFF= OFF

BINARY HEX ASCLI
Do

0001 (001 1101 011D '
0010 0001 1110 021E o
0011 0001 1111 031F “
0100 0010 0000 0420 “

0101 0010 0001 0521 -2
0110 0010 0010 0622 &
0111 0010 0011 0723 d
1000 0010 0100 0824 .$
1001 0010 0101 0923 8
1010 0010 0110 0A28 4
1011 0010 0111 0827 ~
1100 0010 1000 0Cz8 A
1101 0010 1001 0029 .
1110 0010 1019 0E2A 4
{111 0010 1011 0F2B 4
0000 0010 1100 102C .
0001 0010 1101 1120 o)
0010 0010 1110 1228 od
0011 0010 1111 132F o
0100 0011 0000 1430 .0
0101 0011 0001 153! Bt
0110 0011 0010 1632 .2
0111 0011 0011 1733 3
1000 0011 0100 1834 .4
1001 0011 0101 1935 .5
1010 0011 0110 1A36 b
1011 0011 0111 1837 W7
1100 0011 1000 1C38 .8
1101 0011 1001 1039 9
1110 0011 1010 1E3A .
1111 0011 1011 1F3B i
0000 0011 1100 203C {
0001 0011 1101 213D =
0010 0011 1110 223 ")
0011 0011 1111 233F £?
0100 0100 0000 2440 $@
0101 0100 0001 2541 14
0110 0100 0010 2642 4B
0111 0100 0011 2743 'C
1000 0100 0100 2844 (D
1001 0100 0101 2945 13
1010 0100 0110 2044 #
1011 0100 0111 2847 +6
1100 0100 1000 2048 WH
1101 0100 100! 2049 -I
1110 0100 1010 2E4A J
1111 0100 tot! 2F4B X
0000 0100 1100 304C oL
0001 0100 1101 3140 ]
0010 0100 1110 324 N
0011 0100 1111 334F 30
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contents of the acquisition
memory to be dumped to a
computer and printed. Options
include high impedance input
modules, expansion units, an
IEEE488 bus analysis connector
and a direct printer interface.
The LA-160 is truly portable,
weighing less than 1.8kg.

Thurlby believe that its low
cost makes it suitable for each
engineer to be allocated one,
rather than the usual queue to
use the lab’s only instrument.
The low cost also makes it
available to educational
establishments and service
departments who hitherto have
been unable to afford a logic
analyser. Thurlby Electronics
Ltd., New Road, St. Ives,
Huntingdon, PE17 4BG.
EWW215

Glass-less relay

The changeover contacts on the
SDS RS family of reed relays
can switch 240V, 1A and up to
40VA. The relay does not use
the conventional glass envelope
for the reed element, but
instead uses the coil body which
is encapsulated inside the relay
housing. The coils are polarized
and 160mW of power is suff-
icient to achieve high contact
pressure.

Polarizing also enables lat-
ching relays with one or two
coils to be produced in a pack-
age only 20 by 10 by 10.2mm.
For use in telecommunications,
telemetry, instrumentation and
control systems. They are
sealed and magnetically
screened. SDS Relais Ltd., 17
Poters Lane, Kiln Farm, Milton
Keynes MK11 3HF. EWW221




NEW PRODUCTS

Bug hunter

A device for detecting and
locating clandestine radio
microphones is the Ranger
surveillance receiver. It
improves over earlier systems
by being able to operate in the
presence of strong local radio
signals, it can detect power line
bugs without being connected
to the power line, it can locate a

bug to within a few centimetres
and needs no specialist operator
skills. An average rcom can be
‘swept’ in abour two minutes
and the sweep covers a
frequency range from v.1.f. to
several GHz. It also checks all
likely modulation methods. The
device is portable and operates
from rechargeable batteries.
Datong Electranics Ltd.,
Spence Mills Lane, Bramley,
Leeds LS13 3HE. EWW217

Designed for high speed data
storage on 0.25in tape, the
D99RWO1 has nine channels
designed for eight-bit words and
a parity bit. The manufacturers
point out that this method
eliminated the need to buffer
incoming signals before writing
to the tape in serial format for
subsequent reconversion to
parallel on read output. There
are also audio applications with
the use of NAB audio cartridges

Nine-channel tape head

and could be used, for example
for the ‘jingles’ in popular radio
The volume production version
has a head gap of 100microns, a
nominal inductance of 2.7mH
providing an output of up to
4mV with a tape speed of 15ips
and a data rate of 3200Hz.
Other versions can be built to
meet customer specification.
Monolith Electronics Ltd., 5
Church Street, Crewkerne,
Somerset TA18 7THR. EWW223

Tantalum
capacitors

Of particular use in timing
circuits where high stability,
high reliability and low
dissipation are important, the
Mepco Electra range of metal
cased solid tantalum capacitors
is available. The 40SS range can
also be used in decoupling,
blocking, bypass and filtering
applications. They are
manufactured using porous
sintered tantalum anodes with
tantalum oxide dielectric. They
feature very low d.c. leakage.
Voltage ranges are from 6 to
100V in preferred capacitance
values from 0.1 to 330pF, at
10% tolerance. Greenwood
Electronics, Portman Road,
Reading, Berks RG3 INE.
EWW216
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A low-cost professional Logic Analyser

the new Thurlby LA-160

16 data channels, expandable up to 32
2,000 word data acquisition memory
Non-volatile reference memory
Powerful search and compare facilities

from £395 -vat

Clock rates up to 20MHz

Data state and logic timing displays
Binary, octal, decimal or hex formats
Hard-copy data print-out option

An essential instrument for today’s electronics

An oscilloscope and logic probe
are not enough to unravel the
complexities of today's electronic
equipment. A logic analyser is
now the essential tool for digital
electronics work both hardware
and software. With prices

Thurlby LA-160 with performance
exceeding many high-cost
analysers but at a price measured
in £100s.

The LA-160 enables digital infor-
mation to be precisely recorded

and then examined in detalil either
as a data state display or as a
logic timing diagram (via the
user’'s own oscilloscope).

measured in £1,000s, however,
many engineers have been denied
the use of one. Until now!
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Innovative design and high volume
production using the latest com-
ponent technology provide the

lb #2& Thurlby Electronics Ltd., New Rd.
/I Thur Z ‘. St.Ives, Huntingdon, Cambs. PE17 4BG

designed and built in Britain  Tel: (0480) 63570 Tlx: 32475

Contact us now for a full colour
technical data sheet.

CIRCLE 79 FOR FURTHER DETAILS.

The world’s most advanced low-cost bench multimeter!
Thurlby 1905a £325.var

A complete high performance bench DMM

® 5% digits; 0.016% acc; 1uV, TmQ2 , 1nA,

® Full ac and current functions as standard

A sophisticated computing and logging DMM

® Linear scaling with offset; null/relative

® Percentage deviation; running average

® dBV, dBm general logarithmic calculations

& Limits comparison; min and max storage

® 100 reading timed data logging

® RS232 and IEEE-488 interface options

Thurlby Electronics Ltd N Za
Now Rond, St Ives, Cambs. PE17 48G /II Thurlbﬂ;/;,,s
Tel: (0480) 63570 designed and built in Britain

from Hitachi ®

more speed, more memory, more features

The new Hitachi VC-6041 combines a 40MHz A-D converter with 8K
words of acquisition memory to provide ultra high resolution capture
of high speed transient events.
A wealth of state-of-the-art features includes signal averaging, roll
mode, variable pre-trigger, post storage expansion to X100, digital
voltage and time readout, pen recorder output, and a GPIB data option.
If your application is a little less demanding choose the VC-6015, it’s
the easiest 1o use digital storage ‘scope around. It has dual channel storage
at IMHz clock rate, 2Kk word memory, variable pre-trigger, X10 post
storage magnification and a tull pen recorder output, yet it costs only
£1,450.
We hold the complete Hitachi ‘scope range in stock for immediate
availability. Ring us now to get full specifications and prices or to
arrange a demonstration on (0480) 63570.
Thurlby-Reltech Instruments, 46 High Street, Solihull, W .Midlands, B91 3TB
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SOME IDEAS NEVER SELL... =S

but our new innovations do! Nt

Crotech ‘scopes are chosen for use throughout the electronics
industry and in education for their reliability and ease of use.

. and they're affordable too!!
LIKE THE 3132 DUAL TRACE 'SCOPE

The innovations. . .

Component Comparator
Triple Qutput DC Source
plus. . .
20MHz Bandwidth
2mV/div Sensitivity
40ns/div Timebase
TV Frame and Line Trigger
Add and Subtract
X — Y mode

.. and very affordable

For free details call:

Crotech Instruments Limited

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

% A
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ROM THE
INNOVATO

UK Designed and Manufactured Power Supplies

HIGH EFFICIENCY, SWITCH MODE. RUGGED, HIGH PERFORMANCE LINEARS.

45 Watts 1 off 15-35

1 off
4 Outputs 176x108x42mm | £66.50 Watts | Industry Standard Chassis | £29.72
60 Watts 1 off
30-75 1 off
4 Qutput 197x10 £74. ‘

S 2l XSO i 85 Watts | industry Standard Chassis | £51.38
120 Watts 1 off 50120 -
5 Qutputs Eurocard Si £110.00 - °
(stalrjmdgr%) Hrocardsize Watts | industry Standard Chassis | £76.38

(OVP, EMI Filter, Case, Power Fail options available) (Dual and Triple Outputs also available)

NDALE tiectronics e @
NDALE i 5. ©
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BULGIN

Power Supplies

The Bulgin Power Supplies range includes both fully designed customised and
standard products; including units for BT applications, ali available at competitive
prices for OEM quantities.

Encapsulated EPS range. Twelve Models, P.C.B. or chassis mounting various input/
output voltages.

Low Cost Switched Mode QSM range. Dual input voltage various output
combinations from 30 to 130W and up to 300W.

DC-DC Converters, DC range. P.C.B. mounting, six
types, various input/output combinations up to 5W.

Open Frame Linear OFL range. For 32"
and 54" disc drive and general applications.

Eurocard Linear ECPS range. User selectable
input/variable output. Conform to DIN
mechanical standards.

Eurocard Switched Mode ESM
range. Conform to DIN mechanical
standards, dual input voltage/multipie
outputs. Available for base mounting as
TSM range.

Uninterruptible Power Supplies,
UPS range. Three models rated 120vA, 250vA
or 500vA giving hold-up time of up to 20
minutes at full load when the mains fail.

Full technical literature on request to the

Power Conversion Division,
A. F. Bulgin & Co. PLC, Bypass Road, Barking, Essex IG11 0AZ
Telephone: 01-594 5588 Telex: 897255

CIRCLE 94 FOR FURTHER DETAILS.

| = COMPONENT PACKS =

All Brand New except where marked
Price: £1 per pack
Order 12 you get one extra FREE
Please add £1 post if order under £20

- 5 13 amp ring main junction boxes 35 - 4 Dbattery operated madel motors

5 13 amp ring main spur boxes 36 2 air spaced 2 gang tuning condensors

25 13 amp fuses for ring mains 37 2 sofid diaelectne 2 gang tuning condensors
§ surface mounting switches 38 - 10 compression trimmers
3 flush switches intermediate type 39 1 Long & medium wave tuner kit
5 inflex fing switches 40 4 » 465 KC IF transformers
4 in flex hne swithces with nsans 41 8  rocker switches Y0a mains SPST
2 B0 watt brass cased elements 42 6 rocker switches 10a mains SPDT
2 mains transformers with 6v 1a secondaries 43 - 5 rocker switches 10a SPDT
2 mains transtormers with 12v Ja secondaries 44 rocker switches 10a SPDT
1 extension speaker cabinet for 6" speaker 45 1 24 hour time switch mains operated
5 octal bases for reiays or valves 46 1 6 hour clockwork time switch

12 glass reed switches 47 2 2 tever switches 4 pole changeover up and
4 OCP 70 photo transistors ditto down _

25 assorted gemanium transistors 0045 etc 48 - 2 Bvoperated reed switch relays

4 tape heads, 2 record, 2 erase 49 - 10 neon valves - make good night ights

2 ultra sonic transmitters and 2 ditto receivers 50 - 2 x12vDC or 24v AC 4CO relays

2 15000 mid computer capacitors Sl x 12v 2C 0 very sensitive relay
2 (d.r simdar ORP 2 52 1 % 12v 4C 0 relay
5 diff micro switches 53 2 mains operated relays 3 < 8a changeovers
2 mains interfarence suppressors (second hand)
2 25 watt crossover units 54 - 10 rows of 32 gold piated IC sockets (total 320
1 40 watt 3 way crossover unit sockets)

-250 screws and self tappers 55 1 locking mechanism {with 2 keys)
1 of each wafer switches — 6p 2 way. 4p 3 56 1 miniature Uniselector with circuit for eféctric
way. 2p 6 way, 1p 12 way ligsaw puzzle

2 tape deck counters 57 5 dolls house switches
1 6 digit counter 12v 58 2 telephone handsets
1 6digit counter mains voltage 59 2 flat soienoids - to Make current transformer
1 BOAC in flight stereo unit (s.h.) efc - .
2 NICAD battery chargers 60 5 ferriterods 4° x5° - 16° dia
1 key switch with key 61 5 ferrite slab aerials LW & MW
2 humidity switches 62 4 200Q ear preces
2 aersol cans of ICI Dry Lubricant 63 1 Mullard Thyristor trigger module

96 = 1 metre length colour-coded wires 64 - 10 assorted knobs ; spindles

65 - 5 dift thermostats

Most items available in quantity at good
discounts. Access & Barclay cards welcome

® N.B. ELECTRONIC SUPPLIES =
34 America Lane, Haywards Heath, Sussex RH16 3QU
(24hr phone ordering 0444 454563)

Tuesday 30th April 1985

Test equipment including:-

TEK 308 data analyser, leader function and signal generators HV probes,
video head checkers. oscilloscope calibrator. FM stereo generator (all new).
Fluke 3010 logic tester marconi signal generators. power meters,
voltmeters. HP spectrum analyser TEK 491 spectrum analysers ICE DMMS
bryans and HP recorders,

Computer equipment including:-

53 Anderson Jacobson printers, 80 DEC terminals VT100, VT101. \'T102,
VT131, VT125 VT180, DEC LA 34 and 100 printers 7 rainbow 100A + P.C's.
Modems. Texas, Motorola and Intel development systems. Wayne-Kerr
Datum Artworker CAD PCB Design System Honeywell 101 28 track tape
recorder. MAD-1 256K computer systems with floppies and hard disk 110 in
all. Altos 20MB and 40MB computers. HP printers. displays etc. 15 Tally
printers. 25 Mellordata terminals. 12 Diablo printers. Zilog 8000 computer
system. Olympia scriptwriter. Qume terminals. Superbrain and Osbourne
computers. TEK 4662, 4112A, 4112B, 4661 and 4114B.

Accoustic couplers. 9 Westward 3219 terminals (new). Professional 350
computer. 43 Newbury data terminals. Altos 8000, 286-10, 5-5, 5-15
computers. Pheonix 12" monitors. DEC RX-180 dual disk drive (new)
Tallgrass 20420 and 12MG. 89 IBM 3178 C10 and C80 terminals (all new)
9 TI terminals (new). Anadex printers. 2 Alcatel paternoster automatic
assembly machines. General and surplus components and equipment, LC's
etc.etc.

Suitable entries still accepted.

Catalogues from the auctioneers below price £1.50 inc.
viewing one week prior and on morning of sale 8am-5pm

Industrial Auctions Limited
Bromyard Road Industrial Estate
Ledbury

Herefordshire

HRS8 1LG

Telephone 0531 5456 Telex 35686
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NEW PRODUCTS.

Precision inductors

A range of high stability, high
Q, presicion inductors has been
produced by Oxley. They
feature an alumina former on to
which is fused a thick, high-
conductivity silver alloy. The
terminations are silver plated
copper and are bonded with a
high melting point solder which
will not melt when normal
solder is used in p.c.b.
assembly. With values from
0.045 to 1.83pH and a standard

tolerance of +5%, the inductors
may be used as reference
standards in instrumentation, to
reform clock pulses in high-
speed digital communications,
precision LC oscillators and
many other tank circuit
applications where long-term
stability is required. Oxley
Developments Co. Ltd., Priory
Park, Ulverston, Cumbria LA12
9QG. EWW214

Upgraded tracker ball

The RB2 computer input
tracker ball is now available
with improved speed and
temperature specification.
Known as the RB2/CAD
controller, it is available as a
standard model, with enhanced
specifications or it can be
‘customized’ with vanious
options for quantity users. The
standard tracker ball comes in a
case with three user-definable

function keys making it ideal for
positional control applications
such as c.a.d. word processing,
robotics, graphics etc. A
version is available with a
standard RS232'-/interface
communications module. The
one-off price for the RB2/CAD
from Marcom starts at about
£70. MEDL Power Division,
Carholme Road, Lincoln LN1
1SG. EWwW227

ELECTRONICS & WIRELESS WORLD MAY 1985
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Toroidals to order

Adding to their existing
facilities for transformer
prototyping, MS Components
can now offer a similar service
for toroidal transformers. Using
Micro-controlled winding
technology, prototype toroids
can now be delivered in seven
to ten days from the receipt of
an order. Primary/secondary
combinations are possible

between 15 and 500VA with an
output tolerance of +3% at
rated load. Mounting kits are
included in the price quoted at
the time of ordering. The
transformers have a maximum
operating temperature of 105°C
and are flash tested to 4.5kV.
MS Components Ltd, Waring
Street, London SE27 9LH.

Battery charger for u.p.s.

A modular battery charger for
use with uniterruptible power
supplies has been developed by
Avel-Lindberg. Working with
systems that have a nominal
supply of 24V, the charger can
supply an inverter with a low-
npple d.c. and the necessary
float charging current for the
batteries to a maximum of 40A.
Phase-control thyristor circuitry
can control the float voltage to a
preset level, and boost the
voltage and output current limit
modes of operation. The boost
charge facility may be used with
vented lead-acid batteries but
should be disconnected if

sealed batteries are in use.
Mains'input voltage may be selected
and the charger can cope with a
10% voltage variation on the
mains. The unit is designed to
comply with various r.f.i. and
safety standards; the output is
short and open-circuit
protected, and will operate over
a wide ambient temperature
range. Matching inverters,
static switches and alarm/status
inducators are available to
complete a u.p.s. system. Avel-
Lindberg Ltd., South
Ockendon, Essex RM15 5TD.
EWW208
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8C114 0.1 BC549A 040 | BF196 0.1 BUBOY 225 | 35ARS 060 D14-340KA 45.00 M36-141W 75.00 STEREO_HEAD 295 |
BC116A 015 | BCS50 014 | BF197 0.1 BUY6B 170 | 25C495  0.80 D16-100GH es00 | M36170LG 75.00
BC117 019 BC557 008 | BF198  0.16 MJ3000  1.98 | 25C496  0.80 DI6;I00GH/E5 3,00 N aahaTon Yo ELECTRO-OPTICAL [
BC119 024 BCS578  0.08 | BF199 014 MJE340  0.40 | 25C1096 0.80 D16-100GH/67 gs.00 | M3BI0IGH 65.00
BC126 025 BCS58  0.10 BF200 040 MJE520  0.48 | 2501106 2.50 D16-100GH67A 75.00 M38-103GR 65.00 9524H 25.00 |
BC139 020 BCY33A 160 | BF241 015 MPSA13 029 | 25C1172Y 2.20 D16-100GH/79 89.00 M38-120W 65.00 9677M 2200 |
ggm) 0.31 ‘ BD115  0.30 BF245 030 m:?;%z g.gg | 2561173 118 D1‘6-1OOGH/79A 75.00 namzow;\ 65.00 P4231BAM 19.00
Bciaz o1 | eDi2ep 059 Sreol o | MRE0A 4395 | 55C1307 10 313-1888:97 ::'g: M3B- 121G %00 WIREWOUND|RESISTOR :
y 0.28 2 R H a . R !
BC143  0.24 BD131  0.42 ] BF280 028 | Mnracs 2430 | 25C13e4 050 D21-10GH 65.00 M38-121LA 65.00 ' S _
BC1a7A 012 | 8DI2 042 Be2yl 026 RF454 23.50 | 25¢1449 0.80 D21-10GJ 69.00 M38-121WA 65.00 4 Watt 2R4-10K  0.20 -
BC147B 012 BD133.  0.40 | BF273 018 MRF455 17.50 | 25C1678 1.25 D21-10LD 69.00 M38 1226w 65.00 : }
BC14BA 009 | BD135 030 | BF3ss 034 | MRFa75 250 | 25C1909 145 DG7-5 55.00 M3g-140LA esco | 1 Walt R47-22K  0.20
BC1488  0.09 BD136 030 | BF337 029 | MRF477 10,00 | 25C1%45 265 DB7.6 35.00 M38-141LA 85.00 11 Watt 1R6-15K  0.25
BC149  0.09 80137 032 | BF3 032 | OClw 250 | 25C1953 0.95 DB7-36 55,00 M38-142GR 8500 | 174 :
BC157 0.2 BD138 030 | BFss 037 | 0QC23 150 | 2SC1957 0.80 DG7.32 45.00 M3ggiaava, 85.00 Watt T1R-15K  0.30
BC158  0.09 BD13® 032 | BF362  0.38 0C42 075 | 25C1969 1.95 DG13.2 45.00 m35'34°"3‘ 65.00
BC159  0.09 BD140  10.30 | BF363  0.65 Ca4q 0.75 | 25C2028 115 DH3-91 55.00 MRS 65.00 VALVE AND CRT BASES
| BDa 110 | BFIT 025 | OC4S 055 | 25C2029 195 DH7 91 45.00 38-341P31 8500 | BSD | 5.50 | B138 0.50
BDISOC 029 | BF34 019 | OC70 045 | 25C2078 145 DP7.5 35.00 M38-344P39 65.00 |B7G 0.25 | B14A 3.00
BD1s3  0.66 | BFa22 032 | OCT! 055 | 2SC2091 0.85 DP7.6 35.00 Ma0-120W 59.00, | B7GSKTD 025 | 12PINCRT 0.95
ED1s 963 | Brass 032 | OCBI 080 | 25C2098 2.5 DN13.78 35.00 A 3g120M/0] 85.00 | ggg 150 | NU L
| BD166 055 | BF4sa 036 | R20088 145 | 25C2166  1.95 £15.101LC 49.00 Ma3-12LG/01 65.00 0 VISTOR| 2.95
8D779 072 | B8F4EY 036 | R20108  1.45 2283” 0.80 F16-101GM 55.00 m:}%g&% 65.00 gg: 070 |OCTAL 035 \
8b183 070 | BFas7 o068 | R2322 058 | 25C2371 038 F16-101LD i 85.00 035 |SK610  35.00
80201 083 | BF5%5 023 | R2323 066 | 250234 050 F21-130GR oaiog M47,25GR/22 8500 |B9IASKT  0.40 | UXS 175
8b202 065 | BFSs7 025 | R540 248 | N2 . 195 E2 T30l 5Ty MS50.120GH 65.00 | B9G 0.75 | UX7 e |
| BD2035 078 | BFR39 023  __RCA16334 0.50 | 3SK88 0.9 oG B0 M50-120GR 8500 | o8 adltcans ot
TvI06—oqa T NwE 500 | LI 1 : " T -
M Bvics o0 033 1 iz i _%ECEA%I;TPUT“RANSFORMEHS EWTMULTIPLIERS VARICAP TUNERS PUSH BUTTON UNITS
33 | INago i 9
AAND 008 | BY223 @090 | INaoes  oo% | pECCATTOOMONO 7o | T Evem s ELCIAy /s MULLARD - 888 | DECCA ITT.CVC206WAY  7.95
ER1AS g-:g | 83298-400 0.22 | IN4005  0.05 DEECA 1730 8.95 | PHILIPS G8 550 6.96 u32i g'gg ITT CVC5 7 WAY 1019
BA1S 016 Bzss00022 | INaoO? 0.8 DECCAZ230 825 | RANK T208 691 U322 825 | PHILIPS G8(550) 6 WAY 14.49
BAIS4  0.06 l BYX36-150R 0.20 92 1 GRUND| : ORN:30003500 757 [FS - —
! IN44d3 0. G 1500 15.45
PAISE IO || Byxsecooricied | INeads 010 | GRUNDI 1898 6510, 2222 5011-601143.45 | THORN 9000 Ho POTENTIOMETERS 20MM QUICK BLOW FUSES
167 030 | BYX556000.30 | INs402 014 |I!TTCVC20 ) 8.20 | UNIVERSAL TR i STANDARD VERTICAL POTS 042
oA Rolod : i i IPLER 545 | tm 100MA 8p each
A BYX71-600 110 | IN5403 012 |MTCVC30 INVERTICACROTS 012 | 200MA — SAMP B
Raxiey Roocqllh Bzysscaotoias | s 013 PHILIPS G8 T SANDARD 5p each
H 48 450 | INS407  0qe | PHILIPS G3 5 E HORIZONTAL POTS 012
87151  0.79 Cs108B 8.45 18 {en i 20MM ANTI SURGE
i IN5408 0. ILIPS G11 MIN, HORIZONTAL POTS 012 FUSES
gngg 8'}? g:g., oios) (s 0411): :‘éﬁns 2 ELECTROLYTIC CAPACITORS ESEEEE?ENCE PRE-SETS 030
5 0 0.05 1TT923 015 T20A DECCA 3 285 | oG 0.48 | 100MA —BOOMA 154 h
BY133 0.15 QAR \ b = A 0{400-400/350V) 2.85 - - p eac
BYles 045 | Ones o9y | 112002 010 TELEFUNKEN 7114 o | DECCA 700 400/380V) 299 SHDEREhE 2a L1 SR LIS
BY176 1.20 0A202 010 (——-———————| THORN 1590 X {200-200-400-350V) 3.55 SPARES & AIDS
BY17s 063 | wzioR 500 (ZENER DIODES| THORN 8000 GEC 2110 (600/300V i
BY182 0.55 IN23B g0 |En N APOUR O THORN 9000 95 ) - FOAM CLEANSER b PUSH PULL MAINS SWITCH
BYi84 0.35 IN23C 500 | BZX6! Series 0.15 | THORN 9800 y i FREEZE T 0. (DECCA, GFC, RANK, THORN
BYI9 040 | INZ3ER 500 | BZv88Sories 0.10 | IHORNMAINTRANSFORMER SWITCHOLEANER : PYE
3000/3500 1 s i E IF GAIN MODULE
PHILIPS G11(470/250V) 2. WD40 e ANODE CAP (27kV}
92
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PHONE P. M. COMPONENTS LTD TELEX

0474 813225 SELECTRO
N HOUSE, WROTHAM ROA
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI3%QY Pl?neggl\}lP

M8223  4.50
A SELECTION FROM OUR MB273 480 | Qs1202 395 | ULBa 085 | 3AT2 335 [ 6BCB 100 | 6UUB
STO M8225 as1203| Nansyll foris™  3s0 1) 382 300 | 6BDA 1! 250 | 125J7 060 | 833A  60.00
CK OF BRANDED VALVES Mool g || Gsizns| Jrssh fon 300 | 384 Joo | SBD4 130 ) misec  4ss 125N7GT 185 | sBea 450
A T e i 1.05 uus 9.00 | g 415 12SR7 2.50 8724
A1714  18.50 TR ME1402 2950 | Q31207 0.90 | over oot 1l 387 450 | 6BE6 072 | 6K7G 200 | 12SQ7GT 150 | B73 37'50
A834 78 ME1501 14.00 | Q51208 0.90 3824 10.00 | 6BFS 160 | 6K8Y/G 3 0.00
| 50 | EBFBO 066 | EM1 900 | MHs e || @ i UYBS 070 | 3% 2400 | 6BGEG  3.00 20 || 103 320 | 884 550
B VB e ema G BEOGIE SR SR EaODBR um B OWCL I m B 3
oo 85 095 | EMSO i N - 250.00 d i 6KM8 250 | 13D9 20 | 931A i
Aot weY | EBFES 030 | ey a0 | M 430 1 asin 150 | v238A/1K amze 150 | SBHB 150 | ks 29 oot b 954 %oa
A2293 650 | EBF93 095 9.70 B 550 | Qs1212 3.20 3C4 100 | 6BJE 1.20 5 2.50 00
A3 3750 | EBLY e EMB4 1.85 MU4 150 | QS1213  5.00 295.00 | 3C23 19,00 6BK4 400 | 6L 2.50 13DR7  2.95 955 1.00
A2792 2750 | EBL21  2.00 Emg? ;g r'r327|-100 125.00 | QS1215 240 | V240C/2K | 3C45 2400 ggt(gA :'?55 t&}g ;12 1;;5’:‘ 115.100 | 1?5& ‘;3
. 1 i I .9 1 !
:2900 150 | EC52 0.75 EN32 15.00 N78 13'352 8313%18 2230 \/'1410/1'(2 ’ ScBe 150 | 6gms 0.58 6L6GC  2.95 14577 3,'33 ‘ 1619 2.50
d0a2 2400 | ECT0 1T5 | ENST 110 | OAZ oss | Q s 195.0 ICNIA 250 | epne  1es | GL6GCIGE)3es | 17owaa 295 | jeze 399
A3 d EC80 9.50 EN92 4’50 oA i V0312 4.95 | Y] .00 3Cs6 035 | cone 165 | gLt ye0 d ' 1626 ey
Acraliooitonty R Moo | Estnso 1498 | O3 7% | Gveeds 2;'§3| ’ oo | 8 2 | SBN6 185 | cioao  os0 | e 953 | 205w 4%
: . ESU872 2500 | OB2 0.85 : V339 1.50 | 68NB 395 | 6LF6 7.50 : 3.95
ACT22 69,75 | ECB8 1.00 Evst . Qvos 100 3.50 306 450 - 1803 1.60 3545 4
N ma DI am e a0 e (B 4B E5, omidk im) mwersw | oM in
AEE 3390 | Ecer 1B | Fves  NTsop) focs 1% | Qvaizsesoo | VPAG | 450 S I §BLIGTA 3.95 | N7 250 | jeas 90| -0
ATkl R am BRe 3% SR IR QEIDES wmww e XV EER i T
ARP34 125 | EC97 110 EYg? g:gz 8&58 3.00 | R10 4.00 ‘ VRI0OT 2,00 3EJ7 195 | ggsg 495 | 6P25 4.00 | 20a2 1080 | 4313C 400
ARPI 1281 piatio 1200 | veson SE0 | OMe 175 | R 1200 | VRIOS/C 150 IWaGT 250 | SBRE 215 | GP26 400 | 20D1 070 | 43280 .00
ATPa 250 | ECC32 350 | Evao2 o ORP43 250 | R17 150 | VR160/30 115 485518 11500 | 20 215 | 6p28 200 | 20F6 380 | 2642 9.50
ECC33 350 70 | ORPS0 395 | R18 25 H 5 4-65A  59.00 S7 550 | 6Q7 1.20 5651
AX50  5.50 : €235 075 | QRP93 1200 50 | 250 | o8 S ) 20 | 2001 0.95 250
wo shlgin am HROEE g R ROMR wm xS0 SR BR R BR % G tn @ IR
i o EZa1 i : -2 150 - - i 15 | 20P3 0.60 1.95
Az 250 | eccar soecl | 70 275 | et 250 | Riy 5500 Wt aso | 4I0A esoo Sewr 120 | 6saa 150 | 20Pa 15 | s 32
Bba%o ero0 | ECcsr oss | E28 oZ | PCoe 878 | Rarimemasy | wWite 300 b WEEE oas | S3A7GT 135 | 2P 15 | 207 %
: 0. £290 150 i . w729 10 b - 65C7 150 | 21LU8 2560 4.50
85510 ggggl ECCa2 Philips : EZo0, 1% | ke 073 | AG3250A 350 | W73 1% J dbze 15 | SBXTGT 330 | 65G7 135 | 2481 3950 \ 5692 350
8 4 ¥ - - X24 100 25.00 6 " 6SH?7 135 | 25L6GT 175 75
CiIK 00 | cccas o3 | Fwamoo 295 | pCy 1.10 3500 | X66/ | ac2s 2s00 | SBZ7 295 | g5 25806 | 5704 350
o 2100 | ECCBIBrimar. | GS5/1K 900 | bosgs  1ae | BK2KIE 6250 | Xooxes 435 | 4CBe 195 | ach e oSkl Y38 | 2% 194 | 578 .15
8 ooy 1. G180/2M 9.00 | pccaa “23 RK-20A 12.00 | XC24 150 | 4CX2508 6C6 280 | 6SK7GT 135 | 30C17 040 | 5728 250
C1126 70,00 ECC83Philips | G240/2D0 9.00 PCCES 054 RL16 1.50 [ XC25 0.50 EIMAC 4900 | 6C8G 150 | 6SL7GT 0.88 | 30C18 1.48 5726 1.50
134 32.00 1. GC10B 1750 | PCCan o030 | oLl 1200, XPwa7 150 4CX250BM 6C11 Jao | 8SN7GT 135 | 305 095 | 5727 195
i 3200 | Eecces  os0 | GCIOD 1750 | pCCI 070 RPY13 250 ‘ XFWS0 150 | EIMAC 7500 | 6C15 250 | 8597 135 | 30FL1  1g0 | 3743 2.50
CiMBA 115.00 | ECC5 060 | GCI0/48 1750 | pcCiay 070 RPY43 2550 | XG2-6400 4CX250K Sela 220 | ess7 1ss | 30FL2 135 5750 1.85
Criso a0y ECCB6 275 | GC10/4E 17.50 PCCBO5  0.70 RPYB2  2.50 135.00 EIMAC  95.00 | 6CA4 G958 | 6UaGT 175 | 30FL12 095 5751 2.95
I o ECC88  0.95 GC12/48 17 50 PCCBO6  0.80 RR3-250 15.00 XG5-500 22.50 4CX125C 125.00 | 6CA7 150 U8 115 | 30FL13 130 §763 4.95
B 200 | ECCot 200 | GOBSW 600 | pcEm 080 RR3-1250 35.00 | XL15v 150 | EIMAC 6CB5 335 150 | 30FL1A 125 | S814A 326
CCA 2607 ECCl0 072 | GDT120M 5.00 | PCFs0 065 RS613  45.00 | XL62BFT 7.50 | 4CX350A 95.00 | gCge 9> | eveGr 135 | 30UT 045 | 5B29WA 650
CC3L 030 EcCias 078 | GEl0 800 | pCra2 0B RoG> a9s | Xhoaz | 2ao | 4D26  75.00 | ecoeca asg | SXeN 100 | 30015 o0 | o636 5.50
TV Nos Prices ECC801S 3.50 GN4a 6.00 PCFB4 085 RS688 5215 ‘ XR1-1600A 4GS7 2.25 6CF6 -50 6X4 150 ' 30L17 0.60 5678 750
Y Nos Price ’ ECCB03S 350 | GN1O 1500 | PCF86 120 | Seras 2090 noso | aGvr 22 | &CES 150 | 6xsoT 100 | 30PAMR 100 | 5840 3.50
D63 o120 ECCBO4 0.80 GR10G 4.00 PCFEY 040 S6F33 2895 | XR1-3200A 4J52 75.00 | 6CHg - 6XSGTY  1.00 30P12 1.00 5842 11.00
D831 520 | ECC2000 1200 | GSI0C 1650 | PCF200 180 Sty jasoog 50 | Giieon aeay | 6013 695 | 6X8A 2325 | 0P8  0.60 | 5847 g0
Buomm EAIR SRR M R ok he | wewll smosm e SR8 M8 D gn 20
K g 12. PC k 99.5 20 9.50 : TA7 2.50
DASO o 450 | EChBs 170 | OTIC 1400 FErso0 040 | S109/1K 1500 | vs03 sooo | sasam a0 sored 1 | 787, 280 | 3Pz oo | 986 1395
A 0-73] ECF200 1.85 | GTICS/S13.00 | PCFB02 0,60 | s130 5.95 Y65 695 | DAI63K 10.00 160 | Jpg Yo | 30pL1a 175 | 5894 3950
oARsL X ECF202  1.85 GTE175M 8. | Pcrecs 1o S130P 5.95 Y602 12.00 | s5A170k 625 6CM7 2.95 787 RIsy 314S6A  6.50 5899 4.50
670 2.62 ECFBO1 085 GTR150W 1.00 PCFBO6  1.00 | SC1/8¢0 5.00 | YD1100 75.00 S5A-180M  9.00 6CS6 0.75 2C5 380 33A/158M | 5963 175
DETOF  maogl, Eckso Wejpof | JoUZ0 - 43500 | rcrecs 190 | scutico 6.00 | viioe0 26500 | SA206K 10.00 6CWa 650 | 7ce 2550 19.50 | 595 228
OCo o120 ECF8OS 250 | GUSO 1750 | PCH200 12 | scw1200 500 | Y1020 2900 | J4ME 215 565 100 | 7E7 2oe | 35A5 a0 | 6005 1.85
0 0o | ECFBU6 1025 | GXU1  13s0 | PCLe? ¥30 | scini00 00 | Y1070 195.00 | 2ANS 120 Sos 250 | 77 S0 | BLeoT 200 | F032 16.00
- ECH3 250 | GXU3 2400 | PClel 250 | S€1/2000 9.00 YLI07t 195.00 | SAR4 200 | 60DC6 235 | o000 350 | 35we 0.70 6021 3.66
o] i - 14.50 PC i 45.00 27 8 2.50 N by 4.50 95
DEHS g:-gg Eg:g 1.00 | GYso1  1.20 Pc’[gg 3:32 SPa1 500 | zgézc ,;(2,3 | s5B.110M 1000 [ 6DQ5 6.50 | ;va 250 | 40KD6 5350 | g0s9 3.75
DETIS 2850 | ECHE1 088 | GvBG2 100 | PCL80 080 | Spa2 300 | 2359 900 | SB-254M 1450 | one 250 | 42 695 | 6060 225
DETZS  goeodl| Echss ol (GzooR oy | PClaoe o9y | SP4B 495 | Z5055 1500 | oo-255M 19.50 o8 139 0 250 | 47 600 | 6062 450
DET25 2200 | ECH2000 1.50 6Z3] 1.0 | PDSO0 350 | SS501  35.00 Z520M 400 | 5B8.256M 9.00 | 0OW4 215 , 8BQ5 195 | 50A5 1.50 6063 2,00
Ots  BoladY. Ecing . M Gz32 1.00 PD510  3.65 ST11 150 7521M  8.00 5B-267M 9.00 | 6EA4 495 | BFQ7 195 | 50C5 0.95 6064 3.25
DFg1 .70 | ECLA2 80 | G233 450 | PE1.100 6909 | STV280/40 77000 300 | 5B:258M 145 6EAT7 2.50 | 1002 125 | soCD6G 115 | 9067 1.95
OFo2 ey | Foiaz 38| Gz 235 | pENas 200 . 7749 oo | 2 12500 | EEAB 250 ‘ 1007 2550 | S0EHS 150 | o072 4.20
DF36 065 | ECLEA o34 | SZ3@UL 385 | PENAODD 250 | sTvag0/80 Ioay 130 | sRaGB aso | €EB8 75 | 1OF1 075 | 500v6 295 | oso =~ 850
DF97 100 | ECLBS 088 | oan 4.50 [ PENAS  3.00 19.95 | Z80OU  3.00 SR4GY 350 | 6EMS  2.5¢9 | 10GK6 195 | 52KU 200 | So8owa 850
DH63 1.20 ECL86 0.80 HAA91 1.00 PEN4SDD 3.00 Su4a2 4.95 Z803U  18.95 ‘ 5T4 595 | 6EM7 2.50 | 10P14 250 53CG 15.00 J 6096 2.85
DH77 0.90 | ECL8O - HABCSO 090 | PENaE 2.0 T82.5:300 ZA1000  12.50 sU4G 250 | gey7 ’ 10P18 078 | 615p . 6132 10.00
D 056 | EFaA. 200 BCS0. 075 | PEOSAON . 85.00 | ZA1001 150 | SU4OB 250 | gp, 195 | jolp1 100 | oeaq  3e0 | o1, 250
DH149  2.00 | EF39 199 | Hecor  oso | 4200 | TB2:300 4500 | ZA1002 150 5V4G 1.25 ssve 175 | 10LD12 065 | 75C1 Jo0 | Gues a9
ois  Foeoal Lertd 1o | nre3 075 | prizoo 03 | TB3/2000 201080 soe | 5Y3GT 135 7295 | 1163 5500 | gy 50 | 6157 230
DK92 120 | EF42 : HF94 150 | pLoi el E=v ZOin 200 | 5zaGT o5 | 6EWE 150 | 1246 3.95 8.50 | 6158 320
DKS2 220 EFA2 3% | Hkso 105 | P38 095 | TBL23ue | ZMlopo aes | 402 070 | SEWT 480 | 12a0 .95 | 84 300 | 6201 645
DL35 250 | EFss 30 | HK 350 | pL3s 19 | o 100: 0 7M1021 8,00 6A/203K 9,00 | 6F1 200 | 12468 150 85A1 650 | 620F s
DL63 100 | EF70 4% | Mi230D 400 | Pl 072 7M1023  7.95 | 6A7 495 | 6F5 e [RizArs] Bioo (B Mustq| feom 250
DL70 250 | EFT 150 | HLal 350 | PLBIA 072 | TDO3.10F | ZMi0a1 1400 688G 150 | 6F6 250 | 12AT8 095 | sony ‘350 | 6287 2.25
Oi73 50| EFp 139 | Higzoo 350 | pez oes 1F 600 | ZMi0B2 900 | BACT 200 | 6F6G 230 | BAD  ae | el 270 | exso 200
DL91 150 | EF73 100 | o 0.70 PLB3 6.52 TD3-12  4.00 ZM1084 10.00 6AF4A 250 | 6F7 5.50 12ATIWA 250 900V = 6360 4.50
DL92 0.95 | EF80 0 L92 150 | pirss 0.7 D ZM1177 900 6AF9 415 | 6F12 T30 | 12AUB 150 250 | 6386  14.50
DL93 110 | EF83 §55 | HL133/00 350 | Fgs 078 | IDDF 330 | Zmiu202 ssioo | 6AGS 150 | GF13 130 13A07 0385 | oyae 4900 | 6oas 50
Dlsa 250 | EF85 050 | hes 400 | pLos 100 | TRzs 150 | M3 400 | SAGT 195 | 6F1d 300 | 12av6 195 | 2AC 1950 | 6950 1095
DIS6 2850 | EFBs 228 | NS 190 | pL302 100 TSPa 700 | Zug oo | BAMS 250 | 67 275 | 124V J% | PV 23 | eess 60
BLslo 1350 | Eresspecl . | R ead0 | PLMS 1250 | TTs 3495 | 143 450 | 6AJa 200 | 6F21 2550 | 12AX4GT 1.00 1 650 | gg70 1150
DLS16  10.00 Quality 315 | -7A  60.00 PLE00O 110 ‘ T 45.00 1AC6 1.20 6447 2.00 6F23 0.60 12AX7 0.65 6887 9.50
DM70 195 | EF8 ' 150 | Koas  ooo | PLSM4 1S y 1B3GT 195 | 6AKS 150 | 6F24 125 | 12AX7WA 250 68838 9.95
DM160 275 | EF91 Yos | KRe3 4500 | Psos ays | 122 4300 | qmpp  golpp | BAKE 250 | 625 135 | 12a¥7  3l9s 6973
DY51 150 [ EF92 215 KT8C 7.00 | PL503  4.85 TT106  57.00 1824 14.95 6ALS 0.80 | 6F28 125 | 128278 185 108C1 150 | 39 5.95
DNeisr oes | Bl g | K1 350 | pise a5 | TTROIMA 1826 JaSs | gama 3325 | e 12 | 12BaA 350 | la0cs  1ee e
Ov802 072 | EF32 085 | Nyae e | P80z - 5.8 Ns00 | 1BC2A 250 | 6AMs €00 | 6r33 w700 | 12BA6 150 2150 | 7032 oo
EFoe 186 | KTas 400 | pL8o2T 350 | Ty2-125A85.00 | 1CI 2 6AME 150 | 6FGs  ves | 12886  yss | 120CL 208 2.00
EsiL 1200 | EF97 090 | K143 400 | pig0 295 | TY4-400 70 16 230 | 6aNs 25 | 6rQ7 295 | J2BHIA 250 550G 2500 | 2098 250
EoL. 2000 EH3i 0ep | KI&l 400 | prSess 2050 | Tves 00 1 158 250 | 6ANBA 2665 | 6G6G 95 | 2BOA 250 | 1eseT  as0 | 7167 395
ES3CC 380 | EFB3 o085 | K13 200 | PY32 0.60 e 1FD1 o | eAGs 175 | ooneA  oee | 12BY7A 275 274A  15.00 | 7189 2.35
€83F  5s50| EFBa o5 | KTGOOSRAM i pv33 e | et | Pty B oads,  ous GoHoA 080 | pcas 195 | doaa  1oes 7183 750
E EF7. - PY81 y 5 [ i I X
SOSE|Eh IR ey DR SR o mel o e R OBEGG b b e |85 TV T
EBacc 80| EF32 380 | KIeGGECIA®s | pves 070 | wg nes | N2 aso | EASS 130 | sGy; g | 12DWaa 3so | 43U 200
EB8CCSiemans | EFBO0  11.00 PY88 0.65 u2a S6 2.50 7247 2.95
Specisl 6.8 | EF805S 1350 1095 | PYS00A 195 | U25 200 | INSGT 250 | 6asiG 450 | COWe 250 | 12DW7 250 7360 13.50
ooecal 84| EBoes 1as0 K781 7oo | pvaoo ore | U 0.90 P28 25.00 6AT6 o3s | eH1 9.50 | 12E1 1795 | 705A 8.00 | 7462  15.00
E90F Jor | EF812 oss KT88USA 10.95 | PY801 079 | U37 3'” i 070 | 6AT8 175 | BHIN 310 | 12614 2800 | 708A 8.00 | 7475 4
B 1| erLzo0  1so | KT88GLion18.95 Ua1 Sooml o 100 | 6AU4 200 | SH6 101 26Ny “3es | 7ISA 600 | 7322 52
E92CC 395 | EHS0 0.72 | KT67 9.00 QB3-300 5495 | Usp g 8 140 6AUS 095 | 6H6GT 195 | 12HG7 450 715C 45.00 | -00
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Sowter
Transformers

With 40 years' experience in the design and manufacture of several hundred
thousand transtormers 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.O. Isolating Test gpecmcahon Tapped 'mpedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers {al 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, Ampii
fier to 100 voit ine transformers {from a few watts up to 1,000 watts}, 100 volt line
transformers to speakers, Speaker matching transformers (all powers}, Column
Loudspeaker transformers up to 300 watts or more

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

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES.
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients in the COMMONWEALTH. E.E.C.. USA, MIDDLE EAST  etc
Send for our questionnaire which, when completed, enables us to post quota-
tions by return

E. A. Sowter Ltd.

Manufacturers and Designers
E.A. SOWTERLTD. (Established 1941) : Reg. No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk
P.0. Box 38, Ipswich, IP1 2EL, England
Phone: 0473 52794 and 0473 219390
Telex 987703G Sowter

CIRCLE 86 FOR FURTHER DETAILS.
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ISSUE PUBLICATION
DATE DATE FEATURE

July. 1985 June.21st VDU's

Sept. 1985 Aug.16th Communication
Receivers

For more details regarding
advertising
Contact Bob Nibbs
01—661 3130

Its easy
to comp

about
advertlsements.

But whlch

ones?

Every week millions of
advertisements appear in print
on posters or in the cinema.

Most of them comply with
the rules contained in the
British Code of Advertising
Practice.

But some of them break the
rules and warrant your
complaints.

[f you're not sure about
which ones they are, however,
drop us aline and we’ll send
you an abridged copy of the
Advertising Code.

Then, if an advertisement
bothers you, you'll be justified
in bothering us.

The Advertising
Standards Authority.
If an advertisement is wrong,
were here to put it right.

ASA Ltd, Dept 2 Brook House, Torrington Place,
London WCI1E 7HN

This space 1s donated in the interests of high standards of advertising.
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DISPLAYED APPOINTMENTS VACANT: £19 persingle col. centimetre (min. 3cm).

Advertisements LINE advertisements (run on): £4.00 per line, minimum £25 (prcpayableg .
accepted up to 12 BOX NUMBERS: £5 extra. (Replies shouid be addressed to the Box Number in the
noon April 29th for advertisement, ¢/ o Quadrant Housc. The Quadrant, Sutton, Surrey SM2 4AS).

June issue PHONE: IAN FAUX, 01 661 3033 (DIRECT LINE)

Cheques and Postal Orders payable to BUSINESSPRESSINTERNATIONALLTD. 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: 0638 742244
(till 8Bpm most evenings) or write (no stamp needed) to

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
FREEPOST, The Maltings, Burwell, Cambridge. CB5 8BR. 2ol

MEDICAL RESEARCH COUNCIL
INSTITUTE OF HEARING RESEARCH

SOUTHAMPTON CLINICAL OUTSTATION

RESEARCH OFFICER
IN ELECTRONICS

(RO/SRO)

A vacancy exists for a research officer with
experience in electronics at IHR Southampton. The post
will be based at the Institute of Sound and Vibration
Research at the University, but will also relate to the other
half of the team’s activities, at the Royal South Hants
Hospital.

The research is on clinically applicable aspects of
hearing and deafness, advanced testing techniques, and
the use of signal averaging equipment by computer for
which a very high level of technical support is required.
The appointee will be required, with minimal supervision
to design and construct new equipment involving
transducers and interfaces. There will also be a little
general technical support for the research team including
calibration, repair and servicing work. A general
clectronics background is needed and a knowledge of Z80
CP/M systems and of digital interface techniques would
be advantageous. For further information about the post
please contact Dr. A.R.D. Thornton (Tel: 0703 37946).

The appointment will be made on the Research
Officer grade (£6483-8492) or Senior Research Officer
grade (£8574-10,938). The MRC has a pension scheme

and generous leave allowances.
(2566)
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CALIBRATION/
SERVICE ENGINEERS

¢ £8,250 + Overtime + July Review

Bradley Electronics is one of the leading organisations in
the electronics industry, We provide a range of advanced
electronic equipment and engineering services 1o MoD,
Industry and the Health Care market.

Our Repair and Calibration laboratory, the largest of its
type in the UK. provides a comprehensive service for
commercial and military organisations, with its full facilitics
lor maintaining and calibrating all types of electronic
equipment.

Opportunities exist tor Engineers to work with a wide
variety of equipment. including Multimeters. Oscilloscopes,
Navigation Systems and Electronic Counter Measure
Systems. Ability 1o trace, diagnosc and rectify faults in these
complex equipments is essential. Education to a minimum
of C&G/TEC or equivalent is required, together with
considerable practical knowledge and experience in
electronic testing, servicing of radar, and
telecommunications equipment. Experience of this nature
gained in the Services will be of particular value.

The Company is located close to the underground. bus
routes and the North Circular Road/M]1. The salary and
conditions package available is consistent with the
Company’'s membership of a large, successtul Group with
considerable resources.

For full details please call our Personnel Manager,
Roger Loughney, on 01-450 7811. Or write to him at
Bradley Electronics Limited, Electral House,
Neasden Lane, London NW10 IRR.

Bradley Electronics

(2560)
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Appointments

cUT THIS OUT!

Clip this advert and you can stop hunting for your next
appointment. We have a wide selection of the best
appointments in Digital. Analogue. RF, Microwave. Micro-
processor, Computer. Data Comms and Medical Elec-
tronics and we're here to serve your interests.

Call us now for posts in Design. Test, Sales or Field
Service. at all levels from £6.000-£16.000.

(D “lechnomar

Engincerng & Technical Recruitment
11 Westbourne Grove, London W2. Tel: 01-229 9239.

r-------- N N B N N N N |

CAPITAL APPOINTMENTS LTD
THE UK's No. 1 ELECTRONICS AGENCY

If youhave HNC/TEC or higher qualifications and are
looking for a job in design, test, customer service, technical
sales or similar fields:

Telephone now for our free jobs list
We have vacancles in all areas of the UK
Salarles to £15,000 pa

01808 3050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF

(291)
e ———

----_—-J

CRANLEIGH SCHOOL
An independent HMC board school of 580 pupils
requires a teacher of ELECTRONICS and PHYSICS for
September 1985.
The successful candidate who should have a degtee
in Physics or Engineering will join thriving
Departments offering courses in both subjects to A
Level. There are excellent opportunities for project
work. All help will be given to candidates from
industry.
Accommodation available. Salary above Burnham
scale, and other benefits.
Applications, with full ¢.v. and names of two referees,
to The Headmaster, Cranleigh School, Cranleigh, —
Surrey GU6 8QQ.

(2561)

Philip Drake Electronics is a successful and growing company that has
now established itself as the leading U.K. supplier of studio
communications equipment and programme quality sound
distribution modules to the Broadcasting industry.

An increasing workload has lead to a requirement for the following
personnel;

PROJECT AND TEST ENGINEERS

Project and test engineers are required to work in the Systems
Engineering Group which primarily deals with the custom design,
manufacture and test of studio talkback and intercom systems.

Project Engineers should have a suitable engineering qualification
and at least two years experience of system/project engineering with
professional analogue equipment. The work includes detailed system
design, liaison with customers, and technical support for production
and test.

Test Engineers shold have analogue experience but have the ability
to adapt to digital technology. The job entails test custom built
equipment from prototype circuit boards to complete studio systems
and providing after sales service and support. The post is one which
provides excellent opportunities for advancement within the systems
group.

TECHNICIAN/JUNIOR ENGINEER

An opportunity exists for a Technician/Junior Engineer to join our
product development team. The successful candidate will be involved
in all aspects of design from concept to production. He/she will work
primarily with analogue circuits although there will be involvement
with digital circuits. An ability to work with minimum supervision is
essential and it is expected that the successful candidate will be
qualified to TEC or degree level although ability is more important.
Experience of the professional audio industry would be an advantage.

SOFTWARE ENGINEER

We are currently looking for two suitably qualified software
engineers to strengthen our development team. The successful
candidates would be required to write software in PASCAL and
ASSEMBLER for the MC68000 family and must be able to work on
their own initiative with minimal supervision. The ability to
communicate ideas clearly is essential.

In addition to attractive salaries, the company offers a non-
contributory pension scheme, BUPA membership and a pleasant
working environment in newly constructed premises in Welwyn
Garden City.

If any of the above positions appeal to you please apply in
writing including your current CV or phone Jenni McCoy on
Welwyn Garden City (0707) 333886 for an application form.

Philip Drake Electronics Ltd.,
37 Broadwater Road,
Welwyn Garden City,

Herts AL7 3AX.

(2565)

CDOV\th“th |
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ELECTRONICS ENGINEERS

The future of underwater acoustic
designisin West London

At Dowty Electronics Communications Division we
are determinedto advance our position ameng the
leadersin underwater acoustic design. We see ourselves
as making a major contribution to: creatnveengmeenng
through our insistence on the highest standards and by
providing the lqjest facilities.

Now we are lookmgfor like-minded electronics
engineers - professionals who insist on standards of
-excellence beyond the accepted and whoare ¢ontinually
szriving to improve on their own best..

itthese attitudes appeal to yos and you like working
in small specialised teams evolving the future of
underwater acoustic design, we have vacancies at alf
levels for profassionals with at least 2 years’ experience
imone or more s these disclplines:

DIGITALDESIGN

=signal processing for sonar related systems.
- signal decoding and interface systems..

ANALOGUEDESIGN

- radiofréquency applications.

~low freguency audio circults, filtars, hybrds
~low frequency h@h power aydlo amplifiers

LINKING EVERY
SPHERE BY CREATIVE
ENGINEERING

ELECTRONICS & WIRELESS WORLD MAY 1985

~audio multiplexing circuits

SYSTEMS DESIGN

- sonar systems, underwater datalinks

SOFTWARE DESIGN

- developmentof mathematical modelsof sonarand
underwatar systems

TRANSDUCER DESIGN

- underwater tiansducer design fabrication and

measurenients

Check where your future lies

Why not discuss informally the oppcrtunities with our
designteams. &t cur weli-equipped West London
headquarters?s Prespects for électronic engineersizwe
never beenbefter and you can expect ahighly
competitive szlarr and benefits.

For full=r discusslon, please contact Gavin Rendal,
on 01-578 0081 du-ing office haurs up uatil 6.00 pm.
Alternatively, writa to him with full CV, quoting
reference 85/01 to Dowty Electromcs L'mited,
Communications Division, 419 Bridport Road, Green-crd
Midd|esexUBS 8UA.

(2556)
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Appointments

Telecommunications

Then change your job!

1) TEST CALIBRATION ENGINEERS
To work on a variety of micro based
instruments and A.T.E. Windsor
£12,000+

2) REMOTE CAMERA EQUIPMENT
Test engineers to work on high speed
digital systems to £10,000. Surrey.

3) TECHNICIAN ENGINEER For
maintenance of VAX pdpll and {light
simulation systems. Middx. To
£11,000.

4) DATA PROCESSING EQUIPMENT
Customer service engineer to work on
PDP8 and PDP11's, printers and
graphics displays. £12,000 + car.
Berks/Bucks.

5) MARINE SERVICE ENGINEER To
maintain a variety of marine
communications and navigation
systems. Surrey. To £10,000.

6) DEVELOPMENT/TEST ENGINEER
To design and support a variety of
medical systems. £10.000. Berks/
Middx.

Engineering
Technicians

Openingsin Servicing and Maintenance
Upto£8,873

Our business is to install and
maintain the communications .«
equipment used by the Police £ - a . ‘
and Fire Brigades in England N
and Wales - some of the latest
you will find in operation
anywhere.

We have a number of vacan- will norm-
cies at our Service Centres in various  ally be in-%
parts of the country, for Telecommuni-  volved. Reg-
cations Engineering Technicians with istered disabled %
practical skills in locating and diagnos- persons can of ™"
ing faults in a wide range of equipment  course apply.

Hundreds of other Electronic
and Computer vacancies to £12,500
Phone or write:

Roger Howard, C.Eng., MLEE., M.LER.E.

from computer-based data transmission The Home Office is an equal CLIVEDEN CONSULTANTS

to FM and AM radio systems. opportunities employer. . Ty O B"‘""‘;:sao,
The work provides excellent Salary will be on a scale £6501

opportunities for extending your techni-  to £8873 a year with generous leave m

cal expertise, with specialised courses  allowance and pension scheme.

and training to keep you up to date on Good prospects for promotion.

developments and new equipment. If you are interested in working |

There are also opportunities for day  with us, please write for further DESIGN AND

release to gain higher qualifications. details and an application form, DEVELOPMENT

Applicants, male or female,

quoting reference WW/3 to: ENGINEER

must be qualified to at least City & Miss M Andrews, Home Office, Experienced engineer required to join
Guilds Intermediate Telecommuni- Directorate of Telecommunica- P CalE e RS T

. . esign and manufacture of telecomms
cations standard and possess a tions, Horseferry House, Dean products for BT and other PeT
current driving licence. Some Ryle Street, London SW1P 2AW. authorities.

Applicants should have experience in line
equalisation equipment, filters, SMPS
and automatic testing using
microprocessor techniques.
Qualifications to degree or HNC with
suitable experience. Attractive salary +

(2557) usual benefits to right person.

Directorateof
Telecommunications

Home Office

Application to include current c.v. to:
Kenton Research Ltd. Europe Trading

ELECTRON'CS TECHNICIAN_ Estate, Erith, Kent DAS 1QL.

Telephone: (032 24) 419 33
The electronics and computer services department of (2519)
Inco’s refinery in North West London is concerned with
the construction and installation of process control
equipment and the maintenance of bought in hardware.

A vacany now exists for a suitably qualified person with

demonstrable practical and logical ability to assist with the § SCOTTISH OFFICE
e i W —— DIRECTORATE OF

tarting salary wi e Dased on qualifications an TE IIDJ
experience. £8000 — £9000. Other benefits include non- WIRELESS %%gg%[%IAI\IIC?gIS(glNS £8.873
contributory pension and life cover scheme. Subsidised (£6, - ’ )
canteen, sports and social club, car park, 23 days holiday. (CURRENTLY UNDER REVIEW)
Please write or telephone for an application form to: Applications are invited for 2 posts of Wireless Technician in the Central
D.J. Booker, Personnel Officer. Services Department of the Scottish Office. The posts are based in East
inco Europe Ltd., Bashley Road, London NW10 6SN. Kilbride and Edinburgh. » » ‘
Tel: (965) 6031 Candidates must have a sound theoretical and practical knowledge of radio

‘ communications systems both fixed and mobile, in the frequency range H F to

2567) 2 GHZ. They must also be able to use test equipment and simple machine
| INCO EUROPE LIMITED tools. A sound basic knowledge of digital techniques would be an advantage.

They should have a minimum of 3 years appropriate experience and should
hold an ordinary National Certificate in Electronic or Electrical Engineering or
a City and Guilds of London Institute Certificate in an appropriate subject or a

. qualification of higher or equivalent standard. Some assistance may be given
The Publishers take all with re-location expenses.

reasonable care to ensure that

lassified advertisements are A valid UK driving licence is essential.
. : Application forms and further information are obtainable from Scottish Office,
8"‘;‘“’ ";‘v‘:&‘;m‘:;“:‘m"b‘:‘fy Personnel Division, Room 110, 16 Waterloo Place, Edinburgh EH1 3DN

(Quote Ref PM PTS) 1/4/85 (031-556 8400, Ext. 4317 or 5028).

i robmmgm .Whi:::ey T tons Closing date for receipt of completed application forms is 10 May, 1985.

ore el
particularly if they involve large THE CIVIL SERVICE IS AN EQUAL OPPORTUNITY EMPLOYER.
sums of money. (2519) (2572)
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Appointments

HAMPSTEAD HEALTH
AUTHORITY

ROYAL FREE HOSPITAL
MEDICAL PHYSICS
DEPARTMENT

ELECTRONICS
TECHNICIAN

Salary: Grade Il - £8802 - £10711
or Grade 11 £7492 - £9367

A Senior Technician is required to join a

team looking after a wide range of

sophisticated medical equipment at this

modern hospital near Hampstead Heath.

The post offers an excellent opportunity
to gain experience on equipment such as
linear accelerators and computer
controiled radiotherapy machines etc. A
good knowledge of electronics is
essential and an HNC full Tech or
equivalent qualification and 3 years
experience is needed for the Grade IIf
post.

Experience with the above equipment is
not necessary as training will be given.

For job description and application form
please contact the Personnel
Department, Royal Free Hospital,
Hampstead, London NW3. Telephone
01794 0500 ext 4286

Ciosing date: 10 May 1985
(2559)

Electronics Engineer

Ann Electronics Engineer is
required by a small but expanding
company manufacturing equipment
for the Security Industry. An engineer
with practical ability annd both
annaloguc and digital experience is
required for devc% opment of new
products, improving existing products,
design and building of test equipment
occasional assistance with testing and
general technical assistance to the
management.

Applicants should have some
years expernience and possess HNC/
HND minimum qualification.
Applicants should write, enclosing full
C.V.to:

Mr. D.G. Wills,
Aro Dynamics Westmorland Road.
Kingsbury, London NW9 9RR
(2564)

MAINTENANCE
ENGINEER

Required by busy London
Studio complex. Digital and
Analogue tape machines +
state of the art consuls. We
need someone bright,
practical and hardworking
who responds well to
pressure in a creative
environment. If you can
keep your head when all
about you are losing theirs,
write to: Box. No. 2571

c/o Electronics and Wireless

World,
Quadrant House,
The Quadrant, Sutton, Surrey.
SM2 5AS

(25714

TECHNOLOGY
TRAINING

Fundamental to future success

in advanced electronics

GEC Avionicsisone of the world’s most innovative and
successfuldesigners of airborne and surtace-based
electronic and radar systems.

Top quality training is fundamental to future success
in our competitive industry. We have already invested ina
modern technology training centre for technicians,
technician engineers, apprentices and graduates and are
now investing in the following high-calibre personnel.

Technology Training Officer

Your task is to develop new course material for specialised
ficlds. Responsibilities include overall planning;
programming; course development; day-to-day control of
the centre; and some lecturing.

GEC AVIC

You must have electronics lecturing/training
experience in a similar centre, College of Further
Education or armed forces training establishment.

Apprentice Instructor

Over 100 apprentices undergo instruction in the
application of tools and techniques at the centre. Your task
isto help plan and implement 1st year Craft and Technician
training programmes, recommending the mosteffective
means of ceveloping apprentices” Craft and Electronics
skills to TEC standards.
Time-served and with an HNC orequivalent, you
must be energetic, resourcetul and communicative.
Lecturing experienceis preferred, but training will be
provided.

We offer exceptional working conditions, an attractive
salary and comprehensive benefits including relocation
assistance ifappropriate.

ICS
For further detaits please telephone or send your CV to
Malcolm Howard, Assistant Personnel Manager,

GEC Avionics Limited, FREEPOST, Elstree Way,
Borehamwood, Hertfordshire WD6 1BR. Telephone
01-906 6230. Alternatively telephone our 24-hour
answering service on 01-207 3455. Please quole reference
GA/85-007.

(2563)

CAPACITY AVAILABLE SERVICES

FREE P.T.H. PROTOTYPE of the finest quality
with EVERY P.C.B. artwork designed by us. Com-
petitive hourly rates, and high standard of work.
Halstead Designs Limited, 34, High St., Halstead,
Essex. Tel. (0787) 477408/474554. (2126)

VALVES, PROJECTOR Lamps, 6000 types, list
75p, world wide export. Cox radio (Sussex) Ltd.,

QUICK TURNROUND FOR
PCB REPAIRS
Let Jaecrow check-and-repair your
boards on ATE, quickly and accurately,
UK and overseas. Phone 01-680 9191
for full details, without obligation.

(%E%s?%%%'zsgm e [Blisse 8‘5‘3‘1‘; : Jaecrow Systems Services, 29/31 Lower
Witliama P.C.B. Artwark, asl Westbaurne, Coombe Street, Croydon, Surrey CR9
H""!ybﬂnr"\- Ev&-ham Waoren WHT SPT 1Lx Ouote re{ EW585
| (2471)
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Computers
in engineering and broadcasting

PRO(igAMS
PROGRAMME

BBC Bush House, London

Bush House is the broadcasting centre of BBC External
Services. From 50 studios we broadcast radio programmes in
36 languages, 24 hours a day. Its facilities represent some of the
most advanced broadcasting technology currently available.

To support our operations, we make extensive use of
computers. Our Electronic Distribution System, comprising a
digital processor and over 200 peripheral terminals, is used to
co%lect, edit and distribute the text of News and Current
Affairs programmes. The Control Room uses a processor
controlled switching system to route programmes to trans-
mitters, throughout the world, via lines and satellites. The Test
Room utilises sophisticated Test equipment and micro-
computers for the acceptance, modification and repair of the
wide range of advanced broadcast equipment used in Bush
House studios.

Our increasing involvement with leading-edge technology
means we require more Engineers to operate, maintain and
develop our electronic systems, both hardware and software,
in both EDS and Test Areas.

Qualified to degree level in Electronics or equivalent, you
must have good knowledge of electronics, analogue and
digital techniques, an understanding of processor concepts
and knowledge of programming at assembler level. Normal
hearing and colour vision are essential.

Salaries are currently under review — additional allowances
are paid for shift work, nights and weekend working together
with a London Weighting Allowance.

Applicants with a bias towards digital electronics to work in
the EDS area, or those with practical test experience with an
interest in professional audio equipment, should write, clearly
indicating their preference to:

The Engineering Recruitment Officer, BBC, P.O. Box 2BL,
London W1A 2BL, quoting ref: 85.E.4019.

BIBJC|

We are an equal opportunities employer.

(2569)

WANTED

WART OF READING
* MICROCOMPUTERS STE“O WYKEHAM ROAD When replying to classified
* PERIPHERALS READING RG6 1PL advertisements,readersare
* INSTRUMENTATION TEL NO: 0734 68041 recommendediotake steps
For fastest, best CASH offer, phone, TOP PRICES PAID FOR . P
COMPUTER APPRECIATION ALL TYPES OF SURPLUS toprotectiieikinterests
Oxford (0865) 55163 co;f,f,'!rgg‘émgﬁm’ before sending money
Telex 838750 COMPONENTS etc. (2519)
92) ANY QUANTITY.  (2616)

SMALL SELECTION ONLY LISTED
RING US FOR YOUR
REQUIREMENTS WHICH MAY BE
IN STOCK

Poriable Battery or Mains Oscilioscope. SE Laboraio-
ries 111 Dscilloscope — Solid State — General pur-
pose — Bandwidth DC to 18/20MC/S at 20MV/CM —
Dual Channel =

Rise time 19NS — Calibrated Sweep — Calibrator —
Display 10CMSxBCMS — Power AC — 95 Volts to 100-
190 Volts to 260 or 24 Volt DC battery — Size
W.26.5CM — H25.5CCMS — 56CMS Deep —
WT11.4KGS — Carrying handle — Tested in fair condi-
tion with operating instructions £120.00

Latest Buik Government Release — Cossor Oscillo-
scope CDU150{CT531/3) £150 only. Solid stale general
purpose bandwidth DC to 35MHz al 5MV/CM — Dual
Channel — High brightness display (8x10cm) Full
delayed time base with gated mode — Risetime 10NS
~ Illuminated graticule — Beam finder — Calibrator
1KHz squarewave — Power 100 — 120v.200v — 250
volts AC — Size W 26CM — 41CM deep — WT 12.5K.G.
carrying handle — colour biue — protection cover front
containing poiarized viewer and camera adaptor plale
— probe (1) — Mains |ead. Tested in Fair condition with
operaling instructions — £150.00.

Communication Recievers. Racal 500KC/S to 30MC/S
in 30 bands 1MC/SWIDE — RA17 MK11 £125. RA17L
£150. RAT17E £200. New Metal Louvred Cases for
above £25. All receivers are air iested and calibrated in
our workshop — supplied with dust cover — operation
instructions — circuit — in lair used condition. Racal

y isers {Decade freq g } MA3508
Solid Staie for use wilh — MA78 — RA217 — RA1218
Elc £100 to £150. MA250 — 1.6M{/S to 31.6 MC/S
£100. MA1350 for use with RA17 receiver £100.
MA259G Precision frequency slandard 5MC/S —
1MC/S — 100KHz £100 to £150. Panoramic Adaptor
RAG6 £150. RA137 and RA37 £40t0o £75 LF convertors
1010 980KC/S. RA218 Independeni SSB unit £50 RA9S
$SB-ISM Covertor £50. RA121 $SB-ISB convertor £75.
EC964/7K Solid state — single channel — SBB —
mains or battery — 1.6 to 27.5 MC/S and 400 to 535KHz
£100 with manual Plessey PR155G Solid State 60KC/S
— 30MC/S £400. Creed 75 Teleprinters — Fitted tape
punch and gearbox for 50 and 75 bauds — 110volts AC
supply — in originai transport tray sealed in polythene
— lik new £15EA. Redifon TT11 Audio Teleprinter con-
vertor receiver solid stale — supply 110 or 240AC —
Made for use with above leleprinter enabling print-out
of messages recieved from audio inpul of communica-
tion receiver £15 with circuitlested. Redifon TT10 Con-
vertor as above bul includes transmil facilities £20.
Dscilloscopes — stocks always changing Tektranix
465 — t00MC/S £750. FM Recorder Sanghmd Sabre
111 14 channels £350. Transtel Mairix prinjers —
AF11R — 5 level Baudot Code — up 10 300 Bauds — for
printouton ptain teleprinter paper £50 to £100. Trans-
lel AH11R — Asabove butalso 8 level ASC11 (CCITT No
2 and CCITT No 5) Like new £100. Army field tele-
phone sets. Type f — L and J — Large quantity in stock
£6 to £15 depending on type and quantity P.O R. Don
10 Telephone Cable — half mile canvas containers
£20 Night viewing infra-red AFV periscopes — Twin
Eyepiece — 24 volt de supply £100ea. Original cost to
government aver £11,000ea. Sfatic invertors — 12 or
24 voltinput — 240 volt AC sinewave output — various
wattages P.0.R. XY Ploters and pen recorders various
— P.D.R. Ferrograph series 7 Tape recorders mono
£100, stereo £150. Signal Generalors various —
TF995/A3 £60. TFB01D/8s — 10MC/S t0 485MC/S £90
TF144H/A4 £90. TF1060/2 £60. HP6O6A — £90 £140
HP608 £50 HP614A £100 HPG18B £100 HP620A £100.
Marconi TF1064B/5 £100 TF791 Deviation mefer £100
TF833A Power meter £50 Aerial mast assembly 301t
high complete with 161t whip aerial to mount on top -
quyropes - insulators - Base and Spikes etc , in heavy
duty carrying bag - new £30. Racal frequency counter
Type 836 £50 Tektronix plugs-ins — 1A1 £50, 1A2 £40,
1A4 £100 ME50, All items are bought direct from H.M
Government being surplus equipment: Price is Ex
works. S.A.E. for enquiries. Phone for appointment
for demonstration of any items  Also availability or
price change. V.A.T. and carriage extra

EXPORT TRADE AND QUANTITY
DISCOUNTS GIVEN
JOHNS RADIO (0274) 684007
WHITEHALL WORKS,

84 WHITEHALL ROAD,
EAST BIRKENSHAW, BRADFORD
BD11 2ER

WANTED: REDUNDANT TEST EQUIPMENT
RECEIVING AND TRANSMITTING EQUIPMENT -
VALVES — PLUGS — SOCKETS SYNCHROS
ETC

(2743)
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CREATIVE ENGINEERS
EXPERIENCED IN ELECTRONICS
OR lNSTRUMENTATlON"

HEERN \ -

—THEN MAKE
THE JAGUAR CONNECTION...

. to do so you’ll need to be amongst the best in your field but if you are you’ll be joining a team of
dedrcatec professionals who are totally committed to keeping the name Jaguar at the forefront of
advanced automotive engineering excelience.

ELECTRONICS DESIGN AND
DEVELOPMENT ENGINEERS

The design and development of electrical components and full systems is a challenging brief. It demands a
high level of self motivation to meet project deadlines through inspired project management within the
company and by close liaison with component suppliers.

A degree in electronics is therefore essential as is considerable electronic/electrical engineering experience
preferably gained in an automotive environment.

INSTRUMENTATION ENGINEERS

The perfection of Jaguar Cars requires sophisticated measurement techniques both on experimental test rigs
and in davising dynamic vehicle tests.
This is where your challenge begins.

To meet it you'll need to be capable of preparing transducers, processing circuits and recording equipment or

a background in software for control applications.
Proven technical ability in the instrumentation/electronics field is therefore essential as is a high level of
self motivation,
Salaries are necotiable and could be up to £11,000 inclusive of bonus and the benefit package is as you would
expect from a major employer.
Make the Jaguar connection now by writing in confidence with full C.V. to:

Mark Hails,
Officer, Organisation and Personnel Planning,
Jaguar Cars Limited,

Browns Lane,

Allesley,

Coventry CV5 9DR

We are an equal opportunity empioyer.

JAGUAR

(2555)

ARTICLES FOR SALE CAPACITY AVAILABLE.

DRIOTWICH STANDARD
FREQUENCY RECEIVER

ACCURATE
RELIABLE

Outputs, TMHz, 10MHz
Phase locked crystal oscillator. Complete
with ferrite rod aerial, usable throughout
U.K. Now available in updated version.
185.00

Q.C.C. WORKS, WELLINGTON CRESCENT
'NEW MALDEN. SURREY  01.942 0334 & 2988

£
R.C.S. Electronics, Wolsey Road, Ashford,
Middx. Phone 53661. (2656)

ELECTRONICS & WIRELESS WORLD MAY 1985

FM BROADCAST EQUIPMENT

A special range of high quality
transmitters, power amplifiers,
stereo encoders, UHF repeater
links, compressors, antennas
etc.

Built to high specifications at an
economic price. VHF/UHF data
and telemetry systems (MPT
1309) available ex-stock.

Full catalogue available.

Cyberscan international, 3 Eastcote
View, Pinner, Middx HAS 1AT.
01-866 3300

(2542)

{30mins from Liverpool Street St}

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, excelient rates.

*Wiring & Assembly
PCB assembly, wiring and cabie forming. Flow soider-
ing facilities available.

wTast
Full test facilities available.

One or all services available.
Please telephone Chelmsford
(0245} 357935, or write to HCR
Electronics, The Industrial Unit,
Parker Road, Chelmsford,
(1169)
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Appointments

DESIGN/
DEVELOPMENT
OPPORTUNITIES

Cambridgeshire

Cathodeon Crystals Ltd (a member of the CEl Group) is a
leading Manufacturer of precision components for the
Telecommunications industry.

The Company is currently involved in a number of new
projects and is seeking to expand it's Development department
as part of it's planned growth.

Filter Designer

We are looking for an ambitious Electronics Engineer to
work on the development of high performance Crystal
Filters. We are interested in hearing from persons with
practical experience of Filter design who have the drive
and ability to see the projects through to the production
stage. Those without previous Filter design experience
would be considered as trainee engineers provided

| they have the appropriate skills.

Graduate Engineer

Instrument Development

A Design and Development Engineer is required to be
responsible for the development of a range of high precision
X-ray measurement machines from conception to production
stage.

The post is of a multidisciplinary nature and is likely to appeal
to those who have an interest in, or experience of, equipment
design, precision machines, software development, electronics.
Specific experience in these desciplines is less important than
an analytical approach to problem solving and the ability to
work to strict deadlines. Ideally candidates should be a
graduate in a scientific descipline.

Being part of a major Group the company is able to offer a
range of employment conditions normally associated with a
large employer.

Salary will be commensurate with the importance of this
position. Relocation assistance is availabe where appropriate.
If you are interested in either position, please contact
Christina Moon, Personnel Manager, Cathodeon Crystals
Ltd, Linton, Cambridge, CB1 6JU. Tel (0223) 891501.

(2568)

CATHODEON

== CRYSTALS

WANTED

SURPLUS

We offer good prices for test equipment,
components, redundant computers,
PCB’s connectors. Immediate settle-
ment,

TIMEBASE
94 Alfriston Gardens
Sholling, Southampton SO2 8FU
Telephone: (0703} 431323
{1832)

E C COMPONENTS

We buy large and small parcels
of surplus I/C, transistors, capa-
citors and related electronic
stock. Immediate settlement.
Tel: 01-208 0766
Telex: 8814998
(2491)

WANTED

All types of surplus electronic
components and equipment.

We specialise in factory clearance.

SGS Electronics,

The Vineyard, Bowley Lane,

Boddenham, Herefordshire

HR1 3LF. Tel (056) 884 532
(2541)

WANTED

SURPLUS ELECTRONIC
COMPONENTS AND
EQUIPMENT
We also welcome the opportunity to quote for
complete factory clearance

B. BAMBER ELECTRONICS
S STATION ROAD, LITTLEPORT, CAMBS.
Phone: Ely {0353) 860185
{2483)

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and
electronic scrap and quan-
tity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO

86 Bishopsgate Street
Leeds LS1 4BB
0532 435649

(9956)

TO MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.
LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,

DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc

CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA-
MICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE,
CABLES, SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFOR-
MERS, 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}

WANTED

CIRCOLEC

THE COMPLETE ELECTRONIC SERVICE
Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering
Service.

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)

SERVISCOPE

EAST STREET, FARNHAM, SURREY.
TEL: 0252 722666
CONTACT: G.P. SKINNER
A SELECTION OF TELEVISION AND
ELECTRONIC COMPONENTS FOR DISPOSAL

68 PF Ceramic Cap TEC 1500 Earth Strip UHG Tuner
470 PF Puise Ceromic 12K PHIL G8 Focus Control

PYE 731/728 — Mains Switch PHIL G8 UHG Tuner

TEC — 8000/8500 Therm Cut Out VRRistor — £299/DC/p348

GEC — 1040/Therm Cut Out TEC 1400 Mains Dropper

IN4002 PHIL 210 Frame Out Put Transformer
8C308B PHIL G8 AFC Assembly

8D137 PHIL G8 — Vision Selectivity Assembly
8C307 PHIL G8 — Vsion Gain Assembly

BAX 13 PHIL G8 — Sound Selectivity Assembly
TAAG66] PCF80

PHIL 210 — Brightness Knob PL36

PHIL 210 — Volume Knob EF184

TEC 1500 — Brill/on-off Knob
CATHODE RAY TUBES COLOUR
A51 — 110X/A51 — 220X A67 — 120X A56 — 120X

ALL AT KNOCK DOWN PRICES
— FOR A DETAILED LIST PLEASE APPLY TO
0252-722666

{2533)
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ARTICLES FOR SALE

QUARTZ CRYSTALS OSCILLATORS AND
FILTERS of all types. Large stocks of standard
items. Specials supplied to order. Personal and
export orders welcomed — SAE for lists please.
OEM support thru:- design advice. prototype
quantities, production schedules.

Golledge Electronics. Merriott, Somerset TAl6
5NS. Tel: 0160 73718 (2472)

ENCAPSULATING EQUIPMENT FOR coils,
transformers, components, degassing silicone
rubber, resin, epoxy. Lost wax casting for brass,
bronze, silver, etc. Impregnating coils, transfor-
mers, components. Vacuum equipment, low cost,
used and new. Also for CRT regunning metallis-
ing. Research & Development. Barrats, Mayc
Road, Croydon CRO 2QP. 01-684 9917. (9678}

Apolio Sciibemaster X-Y, micrometer
calibrated, table £89. Metals Research
Macrotome, diamond cutters, accessories
etc., £275. Stanton Electronic Balance
single pan £150. Advance Twin Stabilised
Power Supplies £59. Wayne-Kerr Universal
Bridge £98. Ignition Analyser Unit/
Diagnostic manual £39. Low-voltage
Electroplater for rust prevention/
rectification £39. Microscope with
micrometer table £89. Miscellaneous
stabilised power supplies £18-£45. Avo In-
Circuit transistor, diode, thyristor tester
£25. Philips RM/AM/Sweep generator £89.
Creed Teleprinter £75. High Intensity Fibre-
Optic Light Supply, twin lamps. twin
outputs each £35. Hughes Micro-Spot
Welding Head £69, ditto-Sippicam £35.
Chart Recorders. Audio Generator Audio
Analyser. Wow/Flutter Meter. Digital
Calibration Voitmeter, five gdigits, DC/AC
plug-ins £85. Infra-Red Analyser Heads
£30. Four-Phase Signal Generator £85.
Pulse generators. Sweep Generators., etc.
etc.

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. E'}]mc (25323

CAPACITY AVAILABLE.

TW ELECTRONICS LTD

THE PCB ASSEMBLERS

More and more companies are investi-
gating 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:

(2016)

040 376236

SHEETMETAL FOLDERS vice or bench
model. 24" X 16G £45. Leaflet 01-890
7838 anytime (2558)

WAVEGUIDE, Flanges and dishes. All standard
sizes and alloys (new material only) from stock.
Special sizes to order. Earth Stations, 01-228
7876, 22 Howie Street, London SW11 4AR.(2099)

SERVICES

DESIGN AND MANUFACTURE. Control
systems, paging systems, security equip-
ment, etc. Also artwork, prototype PCB’s,
PCB  assembly, procurement, chassis
assembly and wiring. For high quality work

Blenheim Industrial Park at competitive prices contact: Phasor Cir-
l;urfv' sl:(lEPdsgus'I‘.}"l! cuits, Unit 18, Enterprise Workshop, 76
e Linden Slrect, Leicester. Tel. 0533
Telephone: 0284 3931 (1466} 735825, (2563)

@® Rate £4.00PER LINE. Average six words per
line. Minimum £25 (prepayable)

® Name and address to be included in charge if
used in advertisement

@ Box No. Allow two words plus £5

@® Cheques, etc., payable 10 “Business
Press International Ltd.” and cross “& Co.”

We offer:

a strong computing theme.

Engineering or Applied Physics.

ENGINEERING

CB1 1PT

TECHNOLOGY

ARE YOU MAKING THE MOST OF YOURSELF?
WHY NOT EXTEND YOUR TRAINING IN ELECTRONICS?

CNAA BSc in ELECTRONIC ENGINEERING

A four year part-time degree course for those working in industry.
involving attendance for one full day each week of the academic
year. The course is based upon modern electronic engineering with

Entry qualifications: HTC or equivalent in Electrical and Electronic
BTEC HND in ELECTRICAL AND ELECTRONIC

A two year full-time course which combines an up-to-date
technological education with a considerable ‘hands on’ experience
of a wide range of modern equipment and techniques.

Entry qualifications: One pass at ‘A’ level in an appropriate subject.
or a BTEC Certificate or Diploma or equivalent.

For further details contact the Department of Engineering,
Cambridgeshire College of Arts and Technology, Cambridge

Telephone (0223) 352973 or 352979
CAMBRIDGESHIRE COLLEGE OF ARTS AND

{2502)

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 SM25AS

DESlGN 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. (656)

TURN YOUR SURPLUS i.cs transistors etc. into
cash, immediate settlement. We also welcome the
opportunity to quote for]_ﬁ)}linlglete factory clear-

ance. Contact COLES: 0. 103
South  Brink,  Wisbech, Cambs 0945
584188. (9509)

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)

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
Falkner on 53661. (2637)

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION ..

ELECTRONICS & WIRELESS WORLD MAY 1985
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COMPUTER APPRECIATION

16 Walton Street, Oxford OX1 2
Tel: Oxford (0865) 55163 Telex: 838750

IBM PERSONAL COMPUTER Model XT, with single floppy & 10MB Winchester AS
NEW £2,700.00
UNITRON Modei 2200 microcomputer. APPLE Il/e & CP/M compatible machine with 6502 & 780
processors, B4kbyte memory, detached keyboard with numeric pad and floppy disc interface.
BRANDNEW &BOXED L £350.00
COMPAQ PLUS. IBM PC COMPATIBLE portable computer with 10MB hard disk, single floppy
disc, 840k bytes, graphics, comprehensive software etc. ASNEW £2,900.00
ROCKWELL AIM 85/40 single board 6502 deveiopment system with display, keyboard, power
supply and cassette recorder £525.00
PHILIPS P2000 SYSTEM comprising, 48K Z80 processor with integral tape drive, twin 51" floppy
discdrives, HONEYWELL Model 1 32 120cps matrix printer. Runs CP/m £850.00
OLYMPiA BOSS MICROCOMPUTER, small Z80 based business system with 80 col screen, 64k
byte memory, twin 51" fioppy disc drives, HONEYWELL Modei L 32 120cps matrix printer. Runs
CP/M . £550.00
MANNESMANN/TALLY Model MBOMC matrix printer. Withmicroprocessor control, 200cps bidi-
rectional 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, 132 col. 165¢ps, bidirectional printing with self test. In
good ex-demo condition £225.00

ITT Model 350 TEL EFAX Facsimile transmitter/receiver. Microprocessor controlled (8085) CCITT
Group 2 machine for transmitting documents over an ordinary phone line. BRAND NEW AND
BOXED £350.00
TEKTRONIX Mode! 4601 hard copy unit for 400 senes graphics terminals £95.00
TEKTRONIX Model 611 graphics storage display. For use with any DAC computer output. £160.00

FACIT Model 4020 high speed paper tape reader. Paraliel TTL interface £225.00
FACIT Mode! 4070 PAPER TAPE PUNCH. BRAND NEW £350.00
CALCOMP Model 563 AO drum plotter 0.1mm stepsize £650.00
CALCOMP Model 763 A0 plotter. As above, but high speed P.O.A.

CALCOMP Model 1036 AO graph plotter. High speed 3 colour plotter with Type 915 magnetic
tape unit for optional off-line use, & selectable for 7/9track, 800/1600b.p.1 etc P.O.A.
C.1.L. Model 6000, 2 pen AO high speed graph plotter P.O.A.
HEWLETT-PACKARD Model 75C portable computer £350.00
HEWLETT-PACKARD Model 85 desk top computer with integral graphics display, printer & tape
drive. Includes printer interface (82949A), ROM drawer {82936A), 18K expansion (82903A) &1/0
ROM {15003) £850.00
GOULD-BRYANS Model 50000 graph plotter. 380mm x 280mm plotting area with 0.1m resolu-
tion and vector plotting speed of 35cm/s. Withintelligent controller providing 112 character set at

4orentations RS 232 interface. NEW £985.00
HEWLETT-PACKARD Model 41C calculator with printer £125.00
GENERAL DATACOMM{IAL) Mode! LDM-1 privateline modem £150.00

GENERAL DATACOM Model TDM 1240 4 line statistical multiplexer as used with above modem.

280 controlled. Manufactured 1981 £150.00
SONY U-matic video recorder with stereo sound £150.00
DEC LSI-11/23 processor with MMU £500.00

Please note: VAT & CARRIAGE extra on all items * Visitors by appointment, please * Technical manuals are

DEC boxes & power supplies. Various models available (BA11TMF. SB11AA, BA1T LX) allwith 22 bit
addressing or easily modified & various optional processoss etc P.O.A.

available from us for many items stocked
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Hungary: Ms Edit, Bajusz, Hungexpo Advertising Agency,
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Telephone: 225 008 — Telex: Budapest 22-4525
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Italy: Sig C. Epis, Etas-Kompass. S.p.a. — Servizio Estero, Via
Mantegna 6, 20154 Milan.
Telephone: 347051 — Telex: 37342 Kompass
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CIRCUIT BOARD DESIGN
WITHOUT THE TEDIUM

SMARTWORK lets the design engi-
neer create and revise printed-
circuit-board artwork on the IBM
PC or compatibles.

Forget tape. Forget ruling. Forget
waiting for a technician, drafts-
man, or the CAD department to
get to your project. SmMARTWORK
software turns your IBM PC or
compatible into a professional;
high quality drafting tool. It gives
you complete control over your
circuit-board-design — from start
to finish.

What makes smARTWORK so
smart is that it understands elec-
trical connections. Conductor
spacing is always correct, lines
do not become too narrow, and
connecting lines do not intersect
other conductors. sMARTWORK
can automatically find and draw
the shortest route between two
conductors. Or you can specify
the route.

smARTWORK is the only lowcost
printed-circuit-board artwork
editor with all these important
advantages:

® Complete interactive control
over placement and routing

® Quick correction and revision

® Production-quality 2X artwork
from pen—ond-ink plotter

® Prototype-quality 2X artwork
from dot-matrix printer

® Easy to learn and operate,
yet capable of sophisticated
layouts

® Single-sided and double-
sided printed-circuit boards
up to 10X16 inches

@ Multicolour or black and
white display

® 32 user selectable colour
combinations; coincident
points may be displayed in
contrasting colours

® Can use optional Microsoft
Mouse as pointing device

System Requirements

® |BM PC, XT or compatible
with 192K RAM, 2 disk drives
and DOS 2.0

® |BM Colour/Graphics Adapter
with RGB monitor or B& W
monitor

® Epson MX-80/MX-100 or FX-
80/FX-100 dot-matrix printer

® Houston Instruments DMP-44
pen-and-ink plotter
(optional)

® Microsoft Mouse (optional)

The Smart Buy

At £895 (+VAT) smARTWORK is
exceptional value, particularly
when compared to conventional
engineering workstation costs.

Write to the address below or use
the enquiry card for more infor-
mation on sMARTWORK. Or call
Richard Lambert on 0524 381423
to arrange a FREE demonstration
or to discuss your reguirements.

Starter kit comprising of: SAM
2001 PC, monochrome monitor,
FX-100 dot matrix printer, DOS-
2.0, sSmARTWORK, 1 Year on-site
maintenance and much

morel. L.} L. Ll .1} £3995.00
Starter kit plus 10M hard disk
drive £.0.0. L4 40008 £4995.00
Colour monitor................ £395.00
Microsoft Mouse.............. £149.00
Pen and ink plotters

frome a4 .1 b L L £1795.00
SMARTWORK ...........leee £895.00

SMARTWORK Demo: disk....£10.00

10% Discount on all Orders
processed and paid for
before 28th February 1985.

Note: All prices exclude VAT
and are subject fo change
without notice.

Terms: Strictly CASH WITH
ORDER.

Conguin Software, 20 Morecambe Road, Lancaster LA1 SJA

Phone: 0524 381423 circLez2FoR FURTHER INFORMATION



Spof On!

Time has been our business since 1974.
Precision has been our aim.

We have experience in display,

code generation, off air time,

off air frequency and

frequency standards.

Single units to the largest system.

ARDEA. WERNER CURTH
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Our time is at your disposal.

European Electronic
Systems Limited,
Woodham Mortimer Place,
Maldon, Essex. CM9 6SW.
Telephone: 024541-5911
Telex: 995917
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