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HARDWARE DESIGN 
MADE EASY 

Livingston Hire puts you a step ahead in board and 
systems level analysis and testing by making the latest 
instruments available when you need them. 

Rental schemes tailored to meet your exact needs mean 
you can meet peak demands and emergencies, without 
affecting normal operations. So you can boost revenue 
and ease pressure on capital budgets. 

Livingston Hire has a sophisticated order handling 
service for fast order turnround and delivery anywhere 
in the UK, and this is backed by full engineering support, 
including in-house instrument maintenance and 
calibration. 
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The Philips PM 3320 digital 
storage oscilloscope 

Analogue bandwidth 200MHz, 
sampling rate 250MS/s for 4ns single - 
shot resolution, and sync clocking for 2 

channels 
Front panel combines direct -action 

keys and soft keys for quick and easy 
operation - over 150 functions 

Semi -automatic mode enables a 
measurement or sequence of measure- 
ments to be repeated without control 
reset 

Automatic mode - remote 
controllable via IEEE -488 (fEC 625 bus), 
RS -232 interlace or over phone line 

Pre- and post -triggering 
Separate text and trace display 

areas 
Autoset function sets timebase, 

amplitude and triggering 

Livingston Hire Ltd., The Rental Centre, 
2-6 Queens Road, Teddington, Middlesex T W11 OLB. 

Tel:r: 
Livingston 

8866. HirTele Fax: 97 
Roundthorn Hire Ltd., 6 Catford Road, Roundthorn 
6431. 
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Tel. 061 998 7900. Telex: 667249. Livingston Hire Scot'and: Livingston Hire Ltd., Peel House, Ladywell East, 

01-977 8866 Tel: 05 6 415757. Telex:27456. 
West 
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Lothian, Scotland EH54 6AG. 
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The Hewlett-Packard logic 
analysis family 
HP 1650A: 80 channels of state/timing 
analysis for the design and test of 8-, 16 - 
and 32 -bit systems. 
HP 16500A: a modular, user -configu- 
rable logic analysis system providing 
digital hardware and software design, 
characterisation and test. Use as a 
100MHz timing and 25MHz state 
analyser; a 100 MHz digitising oscillo- 
scope with up to 8 channels; a 50Mbit 
pattern generator up to 204 channels; or 
a 1GHz timing analyser up to 80 
chánnels. 
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"It's a pretty small battery -powered PROM programmer 

Tools which are convenient get used a lot - that justifies 
their existence. There is no way we could 
explain all the usefulness of S3 here. 
Instead, if you're interested we're 
going to let you see it, use it 

and evaluate it in your own 
workshop. We went to a lot 
of trouble to design Si just 
the way it is - no other , 

PROMI\MER is all CMOS and ' 

all SMT. So we must be con- 
vinced that S. would he a for- 
midable addition to your 
armoury. Now all we have to do 
is to convince you. 

"Such a little thing can't he 
powerful, like a big bench - 
programmer - er - can it?" 
Yes, it can. It is more powerful. S3 leaves 
other prommers streets behind. S3 has 
continuous memory. which means that you 
can pick it up and cant' -on where you left off 
last week. S, has a huge library EPROMS and 
EEI'ROMS. S3 can blots a hundred or more 
PROMS without recharging. S3 also Yorks re- 
motely, via RS232. There's a í)B25 socket on the 
hack. All commands are available from your computer 
(through a modem. eten). Also S3 helps you develop 
and debug microsystems by memory -emulation. 

"What's this memory -emulation, then?" 
It's a technique for Microprocessor Prototype Develop- 
ment, more powerful than ROIL' emulation, especially 
useful for single -chip "piggy 
hack" micros. You plug the 
lead with the 24/28 pin header 
in place of the IZOM/RAM. 
You clip the Flying -Write - 
Lead to the microprocessor 
and you're in business. The 
code is entered using either 
the keyboard or the serial 
interface. Computer -assembled 
tiles are downloaded in standard format - ASCII, BINARY, 
INTELI-IEX, MOTOROLA, TEKI IEX. 
Your microprocessor can it'll/7'L to S.? as well as READ). You 
can edit your variables and stack as well as your program, if 
You keel, !them all in S3. 
S3 can look like any PRO\1 up to 64K bytes, 25 or 27 series. 
Access is Illllns - that's really fast. Memory -emulation is 
cheap, it's universal and the prototype works "like the real 
thing" 

S3 loads its working programs out of a 
PROM in its socket, like a computer 

loads from disk. Software expansion is 
unlimited. Upgrades will come in a 

PROM. Programs can be exchanged 
between users. How's that for 

upgradability? 

"Can I change the way it works?" 
You surely can. We keep no secrets. System Variables can be 
"riddled." Nett programming algorithms can be written from 
the keyboard. Voltages are set in software by DACs. It you 
want to get in deeper. a Developers' Manual is in preparation 
which will give source -code. BIOS calls, circuit -diagrams. etc. 
We expect a lively trade in third -party software e.g. dis- 
assemblers, break -point -setters and single -steppers for various 
micros. \L'e will support a User Group. 

so what?" 
tI "I'm hound to let the battery go flat." 
I. Quite so. But in practice it doesn't matter. S3 switches 

off after a half-hour of non-use anyway. or when the 
battery gets low. You don't lose your data. Then a 

slow -charge 0\ernight or boost -charge for three 
hours will restore full capacity. You can keep using 

it when charging. So there really is no problem. 

"I already have a programmer." 
Pity it doesn't have S3 features. eh? But 
here's a trick worth knowing. If you plug 

S3's EMULead into the master socket of a 
ganger then you get an S3 with gang 

capacity. Isn't production separate 
from development anyway? 

"It looks nice. Will I be 
disappointed?" 

I)ataman tools are designed to 
he used by Engineers. Not 

just sold to Management. 
I -lave you ever been misled 

by some mouthwatering 
ad for a new product? 
Great artwork and ex- 

citing promises which 
feed your fancy? On 
impulse on buy and 

when the thing arrives 
you feel let down. The pic- 

ture looked better. The claims 
are hardly justified: not exactly 

misrepresentation, just 
poor implementation. 
But you've bought it. 
And you're stuck with it. 
It stays in the cupboard. 
most of the time. So how 
about this: buy. S3 and 
use it for up to a month. 
It' you're not still thrilled 
thin you can have your 
money hack. 
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Softy3 is here! 
"Refund in the first month! How can you offer 
that?" 
\L'e trust S3 to tire vow- enthusiasm. We trust you not to use us 
as a tree hire -service. We bet you won't send it back. How 
would you manage without it'? 

"These things cost a fortune and take months to 
arrive." 
We wouldn't get you all excited and then let you down. It Costs 
£495 plus VAT. That includes I' & P, Charger, EMULead, 
Write Lead and a HELP program in ROM. S3 is in stock. Buy 
it today. Use it tomorrow. (That's a fair promise. Hut please 
reserve product by phone or telex to make it come true). 

Warilan 
Lombard House, 
Cornwall Rd. 
DORCHESTER 
Dorset DT1 1 RX. 
Phone 0305 68066 Telex 418442 
If you purchase while this ad is current, you have 28 days to 

examine the goods and return them for refund. Carriage will be 
charged at cost. The right to charge the cost of refurbishment 
of damaged goods is reserved. 
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Component or 
composite? 

If we can disregard for a moment the battle over high -definition standards, then 
without doubt the most contentious issue in television technology at present is the 
question of recording formats. Improvements in camera performance have left the 

video recorder exposed as the weakest link in the broadcasting chain; and everyone 
agrees that the best way to sidestep its shortcomings is to go digital. 

Already appearing in video production houses is the worldwide D1 digital standard, 
by which the luminance and colour -difference components are recorded on the tape 
separately. But DI's big advantage, that its cassettes can easily be replayed in PAL, 
SECAM, MAC or any other transmission standard, is offset by the rather serious 
drawback that it can give its best only in the expensive environment of an all -digital 
studio. For this reason, there has been no rush by the broadcasters to adopt it. 

But now, to dismay in some quarters, comes Ampex with a new format, D2, where 
the signal to be digitized and recorded is the composite video waveform. A machine is 
to be demonstrated in the US at the forthcoming NAB show and PAL versions will be in 
Britain at IBC in the autumn. And Sony, which helped Ampex fine-tune the system, 
can be expected to unveil rival D2 machines. 

Since it was Ampex which, with its quadruplex system back in 1956, made video 
recording workable, the company may be thought to have won the right to impose 
standards on the industry. But eyebrows have undoubtedly been raised by Ampex's 
tactic of presenting SMPTE (America's standards -making body) with a ready-made 
system, instead of adopting the more time-consuming approach of talking it through 
EBU (or other) working parties. 

D2, according to Ampex, is likely to become the workhorse of studio operations and 
post -production, replacing not only the quadruplex machines still used for playing 
commercial spots but also the ageing C format. The new machines will offer a mass of 
attractive features, including low tape consumption, the ability to clone recordings 
digitally, and, most importantly, compatibility with existing analogue equipment. 

What Ampex has done is to force an issue which others have for some years been 
pretending not to notice. For if, as seems almost certain, D2 is a commercial success, 
it will inevitably prejudice the adoption of D1, and with it the move to all -digital 
production. It will replace DI's universality with a recording format geared to an 
obsolescent transmission standard. 

D1 may well survive as the first choice for high -quality work, such as in video 
graphics. But D2 could have far-reaching effects on the evolution of the ordinary 
television studio. For by giving managements the advantages of digital recording 
without the need to buy a whole digital studio, it may prevent us- possibly for ever - 
from attaining that most desirable goal, the general adoption of component coding. 
Inevitably it will hamper the introduction of new transmission methods such as MAC. 

Purists need not worry too much, however. For even if D2 sticks, its lifetime could 
well be curtailed by moves towards high -definition television. And when a standard for 
h.d.tv is eventually thrashed out - if that day ever cones-we shall be able to reopen 
the debate on v.t.r. formats once again, with renewed enthusiasm. 

Electronics & Wireless World is published monthly 
USPS687540. By post, current issue £2.2.5, back issues (if 
available) £2.50. Order and payments to 301 Electronws 
and Wireless 11orld, Quadrant House, The Quadrant. Sut- 
ton, Surrey SM2 5AS. Cheques should be payable to Reed 
Business Publishing Ltd. Editorial & Advertising 
offices: EWW Quadrant House, The Quadrant, Sutton, Su r - 
rey SI112 5AS. Telephones: Editorial 01-661 3614. Adver- 
tising 01.661 3130 01-661 8469 Telex: 892084 REED BP 
G I EEP) Facsimile: 01-661 3948 (Groups II & Ill) Beeline: 
01.661 8978 or 01-661 8986. 300 baud, 7 data bits, even 
parity, one stop -bit. Send ctrl -Q, then EWW to start; NNNN 
to sign off. Newstrade-Quadrant Publishing Services No. 
01-661 3240. Subscription rates: I year (normal rate) 
£23.40 UK and £28.50 outside UK. Subscriptions: Quad- 

rant Subscription Services, Oakfield House, Perrymount 
Road, Ilaywards Heath, Sussex RH16 3DH. Telephone 
04444 59188 Please notify a change of address. USA: 
$116.00 airmail. Reed Business Publishing (USA). Sub- 
scriptions Office, 205 E. 42nd Street, NY 10117. Overseas 
advertising agents: France and Belgium: Pierre Mus- 
sard, 18-20 Place de la Madeleine, Paris 75008. United 
States of America: Jay Feinman, Reed Business Pub- 
lishing Ltd, 205 East 42nd Street, New York, NY 10017. 
Telephone (212) 867-2080 Telex 23827. USA mailing 
agents: Mercury Airfreight International Ltd, Inc., 10(b) 
Englehard Ave, Avenel N.J. 07001. 2nd class postage paid 
at Rahway NJ. Postmaster - send address to the above. 

©Reed Business Publishing Ltd 1988. ISSN 0286-3244 

ELECTRONICS & WIRELESS WORLD 323 



MAKING ELECTRONICS C.A.D. AFFORDABLE 
Z -MATCH PCB DESIGN 

For IBM PC/XT/AT £160 (ex VAT) . 
11 

Ill] Smith Chart Program 
for IBM PC/XT/AT £130, BBC B £65 (ex VAT) 

c,kl.11hr,l, W»l,.nY,..,ek 

Takes the drudgery out of m a.r:r. fi~ ....n,,.,,, 

Matchingproblems. 
.nr'" ,k. ° 

1"' 
,., r- ».<. 

Includes many more . Y:, ,"'; 

features than the standard t"" 

Low cost PCB draughting 
package. // 
Very easy to learn and use. 

Component ,ibrary facilities. ^ 
Smith Chart. Full ;, k,--t--T ¡;;, 
calculation of all °"'"" 
parameters. 
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Write or phone for full details: Ref WW 

NUMBER ONE SYSTEMS LIMITED 

Harding Way, Somersham Road, 

St Ives, Huntingdon, 

Cambs. PE17 4WR 

Tel: 0480 61778 

ANALYSER 11 "'e 7zr 
2 3 + 

7 
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6 

SS SI B 

For IBM PC/XT/AT 

R; 
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A.C. CIRCUIT ANALYSIS :::`'" 1-7-::-;"-"".."-.,"'- 
u_ 

Now analyses coaxial and - 

microstrio transmission - 
lines plus R's, C's, L's, T's, 

Op -amps and Bipolar & 

Field Effect transistors We offer full offer -sales support with telephone 

"HELP HOTLINE" service. 

Software updates FREE within 6 months of purchase. 
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Happy Memories 
Part type 1 off 25-99 100 up 
4116 200ns (Pulls) 1.00 .90 .85 
4164 150ns Not Texas 1.99 1.85 1.75 
41256 150ns 3.50 3.25 3.00 
41256 120ns 3.85 3.55 3.35 
41464 12Ons 3.45 3.20 2.99 
2114 200ns Low Power 1.75 1.60 1.50 
6116 150ns Low Power 2.75 2.60 2.50 
6264 150ns Low Power 4.95 4.75 4.65 
62256 120ns Low Power 9.95 9.25 8.65 
2716 450ns 5 volt 3.20 3.05 2.95 
2532 450ns 5.40 4.85 4.50 
2732 450ns 3.20 3.05 2.95 
2732A 250ns 3.95 3.70 3.50 
2764 250ns Suit BBC 2.85 2.65 2.50 
27128 250ns Suit BBC 4.55 4.25 3.95 
27256 250ns 4.55 4.25 3.95 
27512 250ns 8.45 7.95 7.65 

Low profile IC sockets: Pins 8 14 16 18 20 24 28 40 
Pence 5 9 10 11 12 15 17 24 

Please ask for quote on higher quantities or items not shown. 

Data free on memories purchased, enquire cost for other. 

Write or 'phone for list of other items including our 74LS series 
and a DISCOUNT ORDER FORM. 

Please add 50p post & packing to orders under £15 and VAT to 
total. Access orders by 'phone or mail welcome. 

Non -Military Government & Educational orders welcome for 
minimum invoice value of £15 net. 

HAPPY MEMORIES (WW), 
FREEPOST, Kington, 

Herefordshire HR5 3BR. 
Tel: (054 422) 618 

(No stamp required) 

HART -The Firm for QUALITY 
LINSLEY-HOOD 300 SERIES AMPLIFIER KITS. 

Ultra high quality. Mosfet cutput, Fully integrated Hi -Fi amplifier kits by this 
famous designer Two models. 35 and 45 watts per channel Capable o1 

superb sound quality with greater delicacy and transparency 01 tone than 
most commercial amplifiers. Building ,s very easy with our comprehensive 
building instructions as most components fit on the PCBs and setting -up 
only needs a multimeter. 
K300-35 Total Parts Cost C138 28. Discount Price for Complete Kit f98 79 K300-45 Parts Cost £142 74 Kit 
Discount Price C102 36 
RLH485. Reprints of Original Articles from'HrF News' Ct 05 (FREE with Kit) 

LINSLEY-HOOD SUPER HIGH QUALITY AM FM TUNER SYSTEM 
A combination of his ultra high quality FM tuner and stereo decoder described in ETV and the Synchrodyne 
AM receiver described in "WW' Cased to match our 300 Series amplifiers this kit features a ready built 
pre -aligned FM front end. ohase locked loop IF demodulator with a response down to DC and an advanced 
sample and hold stereo decoder This tuner sounds better than the best of the high-priced exotica but. thanks 
to HART engineering, remains easy to build 
K400 -FM FM Only Kit Comp ete ... ... ... .. .. ... .. £ 134 61 

K400AM/F M. Full AM/FM Kit. .... .. .. .. .. .. f205 92 

STUART TAPE RECORDER CIRCUITS 
Complete stereo record, replay and bias system for reel-to-reel recorders These circuits will give studio 
quality with a good tape deck. Separate sections for record and replay give optimum performance and allow a 

third head monitoring system to be used where the deck has this fitted Standard 250mV input and output 
levels. These circuits are ideal for bringing that old valve tape recorder back to Ide 
K900W Stereo Kit with Wound Coils and Twin Meter Drive ... .. £65 67 
RJS1 Reprints of Orginal Articles. .... .. .. ... CI 30 no VAT 

REEL-TO-REEL TAPE HEADS 
Special offer 01 heads to suit :he Stuart Tape Circuits. Four track stereo format (2/4) Universal mount. ready to 
fix to your base 
998E Erase Head (1 mH) .... ... .. ...... .... .......... ..... .... £7 50 
999R Record/Play Head (11 Omll).... .. ... .. .. f8 50 

HIGH QUALITY REPLACEMENT CASSETTE HEADS 
Do your tapes lack treble! A worn head could be the problem Tape heads 
are constantly improving and lining one 01 our latest replacement heads 
could restore performance to better than new' Standard mountings fit 
most decks and our TC1 Test Cassette will make it easy to set the 
azimuth spot on. As we are the actual importers you gel prime parts at 
lowest prices. All our heads are suitable for Dolby machines 

HX 100 Standard Stereo Pe-malloy Head . C2 49 
HC20 High Quality Permalloy Stereo Head f 7 66 
H516 Sendust Alloy Super Head Quite simply the best 'Longer life than permalloy higher output than ferrite 
lantasrc frequency response metal tape capability . C 14 86 
H0551 4 -Track head for auto -reverse or quadrophonic use Full specification record and play head f 14 60 
Full data on these and other heads in our range are contained in our free list 

HART TRIPLE -PURPOSE TEST CASSETTE TC1 
One inexpensive test cassette enables you to set up VU (Dolby) level head azimuth and 
tape speed without lest equipment. Vital when fitting new heads Complete with instructions f4.66 

Send for your FREE copy of our lists with full details of our complete range of Kits Components PCBs 
Cassette Heads and Decks - Overseas please send 5 IRCs for Arrmarl Post 

5- i ... - ELECTRONIC KITS LTO 
1, Penylan MITI, Oswestry, Shropshire SY10 9AF 
24 hr SALES LINE (0691) 652894 Please add VAT 
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Designing a high-speed 
modem 

Simple f.s.k. modems are no longer adequate for most 
professional communications requirements: more 

complex modulation methods and protocols are 
increasingly being adopted. This article shows how a 

V.22N.22bis modem works. Subsequently the author will 
illustrate the implementation of these standards with a 

practical hardware example. 

Because of the restricted bandwidth of 
national and international telephone 
networks, there is an upper limit to 

the data rates that modems can achieve. In 
most countries the recommendations of the 
CCITT (Comité Consultatif International 
Télégraphique et Téléphonique, an agency of 
the UN) are used as a basis for selecting 
frequencies and speeds. 

The lowest speed commonly in use is 

covered by recommendation V.21, which is 

for an asynchronous f.s.k. system of up to 
300 baud full duplex (i.e. capable of sending 
and receiving simultaneously at up to 300 
bits per second). Frequencies used are 

11801 Iz (space) and 9801 Iz (mark) on chan- 
nel 1 and 185011z (space) and 1650Hz (mark) 
on channel 2. The terms mark and space date 

from the very early days of telegraphy, when 
the pen either made a mark on the paper or 
left a space. Channel 1 is used by the calling 
(or originating) modem and channel 2 by the 
answering modem. 

The highest speed available with simple 
f.s.k. is covered by recommendation V.23, 
which is an asymmetric duplex system with a 

forward channel capable of up to 1200 baud 
using 2100Hz (space) and 1300Hz (mark). 
This spread of frequencies leaves a small but 
usable bandwidth for a 'back' or engineering 
channel on 450Hz (mark) and 390Hz (space) 
having a maximum speed capability of 75hitfs. 

Primarily. V.23 is used in half duplex 
systems where the back channel carrier is 

ignored and the clear to send (cis) signal is 

merely a delayed version of the request to 
send (Itrs) input, the delay being used to 
enable the channels to he turned around and 
settled ready for the new transmission. The 
exception to this is when the system is used 
in viewdata applications, such as British 
Telecom's Prestel service, where the 1200 

baud forward channel is used to send pages 
of information out to the subscriber, who 
uses the 75 baud hack channel to request 
page numbers or to call for information. 
When Prestel was first introduced a simple 
numeric keypad was sufficient. This in- 
cluded keys for 0 to 9 (for page number 
input) and * to precede page numbers or 
commands and # to terminate or execute 
commands. However, with the advent of 

KEVIN J. KIRK 

extra services on Prestel and other viewdata 
networks, and more especially the use of 
two-way interaction via full alphanumeric 
keyboards (such as in telex traffic), the back 

channel has proved far too slow. In addition, 
many personal computers (such as the IBM 
and Amstrad PCs) cannot transmit and 
receive simultaneously at differing rates and 
so a software or hardware spooler is required 
to slow down the outward transmission. This 
has led to the provision of higher speed links 
of up to 2400bit/s full duplex - usually with 
error detection and correction, such as 

Vascom or T -link. 
Many other datahases are now capable of 

working at up to 2400bit/s. British Tele- 
com's Packet Switch Stream (PSS) and 
International Packet Switch Stream (IPSS) 
services operate at up to 1200bit/s full 
duplex. BT Gold uses PSS and so is also 
capable of up to 1200bit/s full duplex; access 

at 2400bit/s has just been announced. 
Although modems for these higher speeds 

cannot make use of conventional f.s.k., they 
must still produce a data signal that is 

capable of being accepted as 'speech' but 
stays within acceptable limits of errors and 
drop -outs. 

This requirement led in 1979 to the 
CCITT's recommendations V.22 and later 
V.22bis (bis denotes a secondary related 
recommendation) which cover speeds of up 
to 1200bit/s full duplex (V.22) and 2400bit/s 
full duplex (V.22bis). 

These recommendations have been 
adopted as standards in many countries 
including the United Kingdom and as such 
they form a benchmark for truly interna 
tional communications. 

However, to round out the picture the 
other main recommendations and their uses 

are summarized in Table I. 

DESIGN CONSIDERATIONS 

According to the CCITT recommendations 
for V.22, a modem will have the following 
characteristics: 

Full duplex operation on two -wire p.s.t.n. 
and point-to-point leased circuits. 

Channel separation by frequency division. 
Differential phase -shift modulation with 

Table 1: main standards recommended on the CCITT 
for high speed data transmission. V.22 and V22bis are 
dealt with in detail in Table 2. 

V.26 (V26bis) 

24005it/s asymmetric duplex (75 baud back channel) 
with fallback to 1200bit/s. Forward channel uses 
four -phase modulation of a 1800Hz carrier at 2400biV 
s and two-phase at 1200biVs. The back channel uses 

f.s.k. as for V.23. This modem does not contain a 

scrambler and is only capable of handling synchro- 
nous terminals. (US equivalent Bell 201.) 

V.27 (V27bis. V27ter) 

V27 and V27bis provide 4800biVs full duplex over 
leased lines with V.27bis having a fall -back to 2400biV 
s. V27ter provides 4800biVs half duplex over public 
switched telephone network (p.s.tn.) two -wire circuits 
with a fall -back to 2400biVs. All have an f.s.k. back 
channel of 75biVs. The forward channel uses eight - 
phase modulation at 4800bit/s and four -phase at 
2400biVs. V.27bis and V27ter modems contain adap. 
tive equalization with V.27 containing a manual equaliz- 
er, however, V27 is recommended only for high quality 
leased lines meeting CCITT recommendation M1020. 
This modem contains a scrambler. 

V.29 

This standard allows 9600biVs full duplex over leased 
lines and 9600bit/s half duplex over the p.s.tn., with 
possible fall -back to 7200 and 4800biVs. It uses 

eight phase modulation and amplitude modulation. At 

480Cbít/s the amplitude modulation is turned off. 
under which conditions it is similar to V.26. It may be 

multiplexed to provide one 7200 and one 2400biVs 
charnel, or one 4800biVs and twc 2400biVs channels. 
or four 2400biVs channels. It has a scrambler and 
adaptive equalization. 

V.32 

Full duplex 9600bit/s trellis -coded modulation over 
p.s.tu. systems. 

V.33 

Capable of working up to 14.4kbiVs full duplex on 

four wire leased lines using trellis -coded modulation. 

V.35N.36 

Wideband 48kbiVs modem working over the 60- 

108kHz band. 

V.37 

Synchronous modem with a signalling rate exceeding 
72kbit/s using the 60-108kHz band. 

Note V.22 covered formerly the standard signalling 
rates for p.s.tn. modems (now V.5). V.22bis covered 
standard signalling rates for modems using leased 
lines (now V.6). 
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synchronous line transmission at 600 baud 
(nominal). 

Scrambler included. 
Test facilities included. 

V.22bis is very similar except that in addition 
it uses amplitude modulation to double the 
data speed. To meet these requirements V.22 
employs four -phase shift keying (d.p.s.k.) of 
a 120011z tone (originating modem) or 
240011z (answering modem). In the latter 
case there is provision in the recommenda- 
tion for an 1800Hz guard tone which en- 
sures compatibility with the telephone net- 
work's requirements (it is transmitted at 
4-6dB below the power level of data sig- 
nals). Note that in certain countries (notably 
Sweden) a 550HIz guard tone may be used 
instead of or in addition to the 1800Hz tone. 
The CCITT does not specify a level for this 
guard tone. 

ti 

Status 

Self test 
error 

detector 

Data 
decoder 

Decision 
logic 

Er or 

generation 

Fig.1. Block diagram of the Rockwell mod- 
em chip set. 

To meet total power transmission limits, 
the power level of the data carrier in the high 
channel will be about 1dB lower than the 
lower channel. 

D.p.s.k. (delta phase shift keying) is a 

synchronous transmission system that uses 

phase changes on a carrier frequency to 
convey digital information. 

This means that if the incoming data from 
the terminal is asynchronous then it first 
must be converted to synchronous form. 
This is achieved by using an elastic buffer 
which enables the modem to compensate for 
speed differences on the data train arriving 
from the terminal. Allowable error rates are 
1200bit/s ±0.01% on the synchronous link 
(between modems) and +1% or -2.5% (or 

Jitter 
tracker 

Descrambler 

Sync to °sync 
converter 

in certain circumstances +2.3% or -2.5%, 
the difference usually being selectable by a 

hardware or software link on many propriet- 
ary chip sets) on the asynchronous link to 
the terminal. The converter works by adding 
or subtracting stop bits at a maximum rate of 
one stop bit per nine consecutive characters. 
In addition if the converter detects between 
N and 2N+3 bits of start polarity (where N is 

the number of bits per character in the 
selected format) the converter will transmit 
2N+3 start bits. If the converter detects 
more than 2N+3 start bits then it will 
transmit these all as start bits. This stream is 

passed on to the receiving terminal via an 

(circuit 104 of the RS -232 link) to achieve 
synchronization. If the modems drop out of 
synchronization, they will regain it from the 
following stop to start hit transition. This is 

referred to as the break signal. 
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SCRAMBLING 

After conversion, the synchronous hits are 
scrambled. This scrambling process is not 
for data security purposes, as it is self - 
synchronizing. Instead, it serves to ensure 
that the transmitted energy is spread 
throughout the passhand. especially during 
quiet periods when no data is transmitted. 
This ensures that the receiving modem can 
demodulate the incoming signal coherently 
and recover the transmit clock. Also it allows 
the adaptive equalizer to update continously 
and lock on to the optimum equalization 
curves. A glance at Fig.2 will reveal that to all 
intents and purposes the scrambler and 
descrambler are identical: they consist of 17 

shift register stages (tapped at stage 14) and 
a pair of half adders (exclusive -or gates). 
Therefore the data sequence is effectively 
divided by the generating polynomial in the 
transmitter, thus: 

f),= I); e Ds.X-14 ® Ds.X-17 

where I)s is the output data stream from the 
scrambler: Di is the input data stream to the 
scrambler: ® denotes modulo 2 addition 
and . denotes binary multiplication: and 
where mark=logic I and space= logic 0; and 
where the shift register clock rate is 12001 Iz. 

This means that if the number of shift 
registers is N then the resulting hit sequence 
representing a semi -random character will 
he 2N-1 hits long and the maximum num- 
ber of identical sequential hits will he less 

than N. In addition. to ensure that remote 
loop 2 is not instigated by a scrambler 
lockup. circuitry must also he included to 
detect a sequence of 64 consecutive Is at the 
scrambler output (Ds) and if detected the 

circuit must invert the next input hit to the 
scrambler (D,1. This circuit will be inopera- 
tive during handshaking (where detection of 
Is is required for synchronization purposes) 
and during the instigation of a remote loop 
2. In the interests of clarity this detection 
circuit is not shown in Fig.2. 

Data is recovered in the receiver by multi- 
plying the demodulated data sequence by the 
generating polynomial. thus: 

1)0=Ds(1+X t4+C-17) 

where D is the output data stream from the 
descrambler and I), is the demodulated 
scrambler data stream. Note that some 
modem designers include a further circuit at 
point I) to detect a sequence of 64 consecu- 
tive Is at the descrambler input and then, if 
they are detected. invert the next output 
from the descrambler. This circuit must not 
begin to operate until after the handshaking 
process is complete and as such is hest 

implemented in d.s.p.-based modems. This 
scrambling process suffers from one major 
disadvantage in that any single hit errors will 
be multiplied by three with the first error 
occurring during the recovered hit sequ- 
ence, the second at the first shift register tap 

(14 clock pulses later) and the third at the 
end of t he shift register chain. 

MODULATION 

After the scrambler chain the resultant data 
hits are paired to form di -bits 00, 01, 10 and 
II, with the left hand hit of each di -hit being 

- Shift registers- 

Scrambler 

64 is 
detector 
circuit 

+ 

DS 

- Shift registers - 

64 is 
detector 
ercuit 

Do C 

14 stage 

De -scrambler 

3 stage 

H 

Fig.2. V.22 modems use a form of data scrambling to even out the transmitted energy 
spectrum. 

Modulator De -modulator 

Fig.3. Quadrature-locked oscillators are used to permit product demodulation: this 
enables two baseband signals to occupy the same carrier space. 

the one occurring first in the data stream. 
These di -bits will he used during modulation 
to form phase changes of 90° (00), 0° (01), 
180°110)0r 270°111). 

Note that the phase to binary assignations 
do not follow the natural order (i.e. 00=00. 
90°=01. 180°=10 and 270°= 11): this is to 

minimize errors due to phase inversion of 
one of the carrier oscillators. 

V.22bis differs only in that the data chain 
is broken into four sequential hits, called 
quad -hits. with the first two bits heing used 

to determine the phase changes as before 
(i.e. in relation to the preceding signal 
element) and the last two hits being used to 
modulate the amplitude of the carrier to 

form a further division of the quadrant. As 

this is essentially the only difference be- 

tween V.22 and V.22bis a special training 
sequence is provided during the V.22bis 
connect sequence. Plain 600hit/s transmis- 
sion in V.22 is carried out without di -bits. 
using a 90° phase change to represent 0 and a 

270° phase change to represent 1. 

I lowever, V.22 and V.22bis are similar in 

that transmission is carried out at the 

optimum rate of 600 baud. Di -hits are passed 

to the complex modulator, which consists of 
two transmitters of identical frequency hut 
90° out of phase (in quadrature to each 

other). In mathematical terms, if we have 

tsso haseband signals Vm1(t) and \ mall) we 

can use a complex modulator (Fig.3) to 

produce modulated carriers: 

Vitt 1=Vm1(ticosw,. 

\'7(t)=Vm-,(t)sinw, 

where w,=2Tri,(t). creating sum and differ- 

Teble 2: CCITT V22 modes 

M)de Speed 
1 12CObit/s synchronous 
2 12C Obit/s start -stop (8.9.10 or 11 bits per 

character) 
3 600bitssynchronous 
4 600bit/s start -stop (8.9.10 or 11 bits per 

character) 
5 Asynchronous mode 1200 bit/s start stop 

or2.0obit/s anisynchronous. 

1 In moce 5 :he modem always transmits data at a 

faster rate than it receives it from the terminal. 
Permitted rates are: 

0.3013iVs and 1170.1204bit/s in to 1205bit/s 
0-3053it/s and 1190.1221bit/s into 1223bit/s. 

2 A V.22 modem will normally offer either modes 
1. 3 or 4 or a combination of modes 2 and 5, the 
required version being decided according to the 
h ndshake sequence on the p.s.tn. link. 

3 Bell 212A is the nearest US equivalent and 
tillers in tha: it has no 600bit/s fallback. can only 
accept eight or nine -bit length characters and has 

or ly ove -speed (+1% to -2.5%). However it has 

score additional features: for example, it can 
detect originating modems in answer mode and 
w II automatically disconnect on receipt of a 'long 
gate' (essertially a space lasting between 3.8 and 
4.)7 seconds). As a matter of interest many 
computer bulletin boards running in the UK are 
using Be I 212A rather than V.22 (probably unbek- 
nown to the system operator, since many higher 
steed modems automatically detect and select 
Bell 212). This means of course that true CCITT 
V22 -only modems (or those with hardware select 
lies), st.ch as the Thomson 7515, will not work 
properly through no fault of their own. Symptoms 
of this :ondition are continuous errors, most 
n.ticeable during the quiet periods when every 
eighth bit is missing: depending on the receiving 
terminal, this usually produces l/r or 3/4 signs on the 
screen. For this reason our design will be capable 
of working or both Bell 212 and V.22. 
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Fig.4. Characteristics of the raised -cosine 
filter. This filter also removes unwanted 
harmonic contentfrom the modem output. 

ence frequencies about the carrier frequen- 
cy, thus: 

V,=V1(í)+V,It) 

=Vmi(tcoscu +Vm_,(t)sina,. -15 
> 

Demodulation is a relatively easy matter á 
because similar quadrature-locked oscilla- 

IX 
tors are used to permit product demodula- - '20 

-9 
-10 

tion to take place (Fig.3). The advantage of 
this system of modulation is that it enables 
two basehand signals to occupy the sane 
carrier space. I-lowever, the disadvantage is 

that if phase lock is lost then severe crosstalk 
will occur between the two modulating 
signals. 

The output of the modulator is usually fed 
to a low-pass filter (especially in d.s.p. based 
modems) to remove harmonic content and 
to a fixed compromise filter that performs a 

raised cosine function (Fig.4). This gives an 
output with a frequency spectrum equiva- 
lent to the square root of a raised cosine with 
75% roll -off. Group delay characteristics are 
given as ± 100µs over the frequency range 
800-16001Iz (low channel) and 2000- 
28001-Iz (high channel). In d.s.p.-based mod- 
ems this is the point where digital to ana- 
logue conversion takes place. Similarly, in 
many single -chip V.22 modems this is where 
the signal is transmitted to a duplexer. 
sometimes referred to as the hybrid, which 
performs the four -wire to two -wire conver- 
sion (modern transmit and return, modem 
receive and return). 

IIANIISI IAKING 

For correct operation of adaptive equalizers, 
and to ensure synchronization, a handshak- 
ing sequence is called for in V.22. 

This sequence 
detects carrier: 
adjusts automatic gain control circuits: 
sets timing synchronization: 
converges the adaptive equalizers, if 

fitted: 
synchronizes t he descramhler. 

This training sequence is crucial and must 
he strictly adhered to. Figure 5 illustrates 
the V.22 connection sequence: Fig.6 covers 
V.22his. Note that the Si hit pattern is the 
only difference between V.22 and V.22his 
and so I shall describe only V.22 in detail. 

ORIGINATING MODEM SEQUENCE 

After 155ms (±50ms) of unscrambled Is 
from the answering modern have been de- 
tected, osR is turned on. The originating 
modem will then remain silent for a further 
456ms (±10ms) after which it transmits 
scrambled Is for equalizer convergence on 
the receiver. Similarly. the answering mod- 
em will transmit scrambled is, after which 
hoth modems will go into data mode. 
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Fig.5 (above). V.22 modem connect sequence (1200bit/s). Three -figure numbers refer to 
RS -232 (now properly EIA-232) circuit numbers. 
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ANSWERING MODEM SEQUENCE 

On connection to the line the modem will 
transmit 2100Hz for 3300ms (±700ms) to 
disable echo suppressors. Following this it 
transmits unscrambled Is to permit coarse 
timing and equalization convergence. It 
detects a chain of scrambled Is for 270ms 
(±40ms) and then transmits its own chain of 
scrambled Is. Lastly it waits for 765ms 
(±10ms) prior to raising CTS and going into 
data mode. 

RECEIVING MODEM 

Since many of the structures required for 
reception have already been covered in the 
transmit section, only the compensatory 
devices need to be described here: that is, the 
filters and amplifiers. 

Following the line interface and hybrid, 
the first stage of reception depends on the 
actual modem device set being used. Ideally 
the stage would consist of a bandpass filter to 
exclude both low -frequency noise such as 

mains pick-up and high -frequency line 
noise, which will become more common as 

high frequency control signals are in- 
creasingly adopted: hence the requirement 
in BABT's regulations for high frequency 
spectral emissions below 1MIIz to be at a 

level below -70dB. The filter must also be 
tight enough to limit the energy from the 
transmit section. It would be followed by a 

heavily damped a.g.c. circuit to compensate 
for line fading etc. The heavy damping 
should allow of course for the amplitude 
modulation of V.22bis. Thus any signals 
received over -43dB will he passed to the 
demodulator and any below -48dB will be 
damped, allowing 5dB of hysteresis. 

The demodulator itself will recover the 
timing (probably using a phase -locked loop). 
It would be followed by (in d.s.p. modems) or 
preceded by (in many single chip devices) an 

automatic adaptive equalizer to help com- 
pensate for continously variable and fixed 
line amplitude and delay characteristics. 
Some devices (such as the 'I homson 7515) 
offer only a fixed compromise equalization 
as this is all that is called for in V.22; however 
our design will feature both types. This 
equalization resembles that of a thermo- 
couple linearizer: it produces a complement 
of the line amplitude and delay characteris- 
tics which when cascaded with the incoming 
signal will produce a fiat response. which is 

why in d.s.p. based modems adaptive 
equalization is easier. The linearization 
algorithm may be continually applied or 
result codes may he fetched from look -up 
tables. 

In his next article, the author will present a 

detailed description of an advanced 6501 - 
based intelligent modem covering V.22/ 
V.22bis. 

Kevin Kirk received his basic training in 
the Royal Air Force. (laving worked world- 
wide for a variety of computer companies he 
is now senior design engineer with Anglo 
Computers. 

Anglo Computers Ltd is a design house 
specializing in the custom design of 
computer -based products. with a special 
emphasis on data communications. 
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Now you can select from the world of test and 
measurement equipment as never before ... 
instantly. 
Today you can directly access a stockholding of 
£110 million worth of the highest quality second 
user equipment from over 50 of the world's major 
manufacturers ... and a//at a price you can 
afford and trust. 
Our product range itself is enormous ... these 
are just a few examples: 

ANRITSU, MB9A Tripod for MR - 534A _£200 
ANRITSU, MP 534A Antenna £400 
GOUCD. 4030 20MHz Digita Storage £950 

Scope 
HP, 26318 HPIB, 180cps. 132 

column Printer 
As 2631 B but with 
Graohics 
Thermal Printer with 
Graphics 
150cps. 80 column 
Thermal Printer 
Lasertet Printer 

- LAN Analyser 
2 Pen Plotter, HPIL 
Interface 

MARCONI, 2305 Modulation Meter 
OLIVETTI, M24-256 Personal computer 
PHILIPS, PM2521 Digitai Multrmeter 
PHILIPS, PM3305 4 Channel, 2MHz 

sample D.S.O. 
PHILIPS, PM3315 125MHz clock D.S_0 
PHILIPS. PM8252A 2 Channel Chart 

_Recorder 
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A.m. quality 
radio 

I read with great interest the 
paper "Putting the quality hack 
into a.m. radio" by J.L. Linsley 
Hood ín the October 1986 issue. I 

want to make two comments. 
In the paragraph referring to 

band-pass coupled i.f. transfor- 
mer design, the author says 

(p.17) "...for critical coupling the 
coupling factor (k) should he the 
reciprocal of the mean Q value 
for the two coils". Actually, Q is 

not of the coil alone, but of the 
loaded tank. Q=100 is a typical 
value for a 455kHz i.f. coil, hut 
the dual -gate mosfet output re- 
sistance can he of the order of the 
coil's parallel resistance, and the 
resultant Q may become, say, 65. 
In this way one designs a critical 
coupling and the result is under 
it. 

Figure 2 (p.17) represents the 
amplitude response curves only 
for the circuit shown in 
(Fig.1(a)). If both resonant cir- 
cuits are tuned on the same 
frequency fa and the coupling 
factor k is increased, then the 
circuits from Fig.1(b) to (e) be- 

have like this: one peak of the 
amplitude response remains 
practically on fo while the other 
peak moves to the right(Fig.1(b)) 
or left (Fig.1(c), (d), (e)). 
Tesu lon-Constantin, 
Polytechnic Institute of Iasi, 
Romania. 

Open letter to a 
school leaver 

With regard to the possibility of 
our offering you employment, I 

regret that we are a very small 
company, specialising in indust- 
rial consultancy in the field of 
linear electronics, and we have 
no vaacancies at the moment. 

I lowever, if we had, bearing in 
mind the nature of our work, we 

would only be interested in en- 
gineers having a considerable 
degree of existing industrial ex- 

perience, and able to make de- 

sign contributions in such fields 
as identifying spectral distribu- 
tion changes in noise; quantify- 
ing the ionic mobility character- 
istics of semi -colloidal fluids; or 
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the reception of radio transmis- 
sions in the sub -microvolt level, 
with signal bandwidths down to a 

small fraction of a I iz - to take a 

random selection from recent 
design commissions. 

Since our main effort in this 
case is a combination of back- 
ground knowledge, inspiration, 
calculation and circuit design it 
would not be easy for you to help 
without a considerable amount 
more practical and theoretical 
training. 

This brings me hack to the 
point I most wish to make, as a 

piece of well meant advice. Get 
yourself some better qualifica- 
tions. Turgid studies are a bore, 
but so is digging up a piece of 
uncultivated ground ani a con- 
verting it into fruitful soil. You 
are still young enough to be able 

to embark on higher academic 
training, and acquiring useful 
scientific and technical know- 
ledge is a vital task for you in the 
next few years. If you waste time 
it will soon be too late. 

Sure, it is nice to earn a bit of 
money, but the amount you will 
learn in any company, doing the 
sort of bozo jobs which the 
young and unqualified hired 
hands are usually given, is not 
going to help you very mach. 

Believe me, I have spent fifty 
years in electronics and I have 
seen the realities of the work; 
young trainees don't learn as 

much as they hope - unless they 
are both inspired and inquisitive, 
and have tolerant employers - 
simply because the people who 
could tell them things are too 
busy doing their own thing to 
want to take time off explaining 
or answering questions. 

Try to get to university, or 
some other higher training in- 
stitution, and do a course in 
electronics, and aim for at least 
an upper second in a B.Sc., and 
then add an M.Sc., or Ph.D. to it. 
Then you will find jobs easy to 
get, you will be treated with 
respect and you will be allowed to 
do useful and challenging work, 
not just stuck with poking com- 
ponents into the holes of a p.c.b. 
whose function you do not know 
(and nobody will tell you) or 
fetching and carrying or tidying 
up behind some lordly young 
'boffin' who thinks it a privilege 
that you are allowed to breathe 

the same air that he uses. 

In the world of today, paper 
qualifications are everything. 
Whether you are useful or not 
only arises after that. 
J.L. Linsley Hood, 
Robins (Electronics), 
West Monkton, 
Somerset. 

Neural 
simulation 

Mention of both Pavlovian con- 
ditioning and electronic simula- 
tion of neural networks in John 
Wilson's January Research Notes 
("Who wants a human compu- 
ter?") brings to mind some early 
British work in this field long 
before the days of software and 

v.I.s.i. 
In the early 1950s Dr W. Grey 

Walter, of the Burden Neurolo- 
gical Institute, Bristol, built a 

number of electronic functional 
models of neurophysiologícal 
processes to see if they gave any 
insight into what actually goes in 

the brain and central nervous 
system. As an example I enclose 
photocopies of some pages from 
his book The Living Brain (Duck- 
worth, 1953) describing an elec- 
tronic analogue of the con- 
ditioned reflex. The circuit uses 

three thermionic valves and a 

neon tube. 
The device can be trained to 

give a response (relay operation) 
to a stimulus (a sound signal) 
which is not the natural or nor- 
mal stimulus (a light signal) 
eliciting that response. In other 
words it learns that 'sound' 
means 'light'. Training is done by 
presenting the two stimuli more 
or less together (the sound be- 

fore the light) about fifteen or 
twenty times. The resulting be- 
haviour of the circuit is anogous 
to Pavlov's dogs being con- 
ditioned to salivate in response 
to the abnormal stimulus of a 

bell being rung, even after the 
natural stimulus to salivation - 
food- is no longer present. 

To achieve this result the de- 
vice uses three analogue mem- 
ory functions with different de- 

cay times and one And gate. 
Tom Ivall, 
Staines, 
Middlesex. 

Flow charts 
With Ross and Pratt's criticisms 
of Sweeney's flow diagrams 
(October and November Feed- 
back) in mind, consider these 
examples which are some part of 
a larger machine. The examples 
could be called machine parts, 
assemblies, modules, processes, 
subroutines, programs or some 
such similar name. 

Readers familiar with digital 
electronics will recognize Fig.1 
as an RS flip-flop. Even when 
viewed from such a distance that 
the printed characters (R, S, etc.) 
are not clear, the figure is still 

Fig.1 

Fig.2 

R- 

S 

DEFINE U1 AS 7400 
BEGIN 

C := U1, 13 

t2 := U1, 11/U1, 10 

A := U1, 9 

D' = U1, 8/U1, 7 

ENO 

readily recognizable by its char- 
acteristic shape. The viewer is 

using the same mechanisms that 
allow them to recognize a partly 
obscured person's face at a 

glance. In this case, I would 
guess that the recognition takes 
place in less than a quarter of a 

second. 
Now who has recognized what 

Fig.2 is? Well, it is a "pseudo - 
code" description of what would 
(almost) perform the same func- 
tion as Fig.l. In my particular 
dialect I have chosen to call the 
inputs C for clear and A for 
assert. Did that throw anyone 
off? 1 don't think it would make 
much difference in Fig.1. And 
how about the fact that there is a 

bug in Fig.2; can Messrs Ross 

and Pratt find it inside of a 

minute? 
A description of a machine 

part such as Fig.1, along with 
another one hundred similar 
parts, can be drawn on a single 
A4 size page and still be readily 
understood. A circuit diagram 
for a television set has about this 
density of information and is still 
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easily read. One hundred times 
Fig.2, listed as most programs 
are, would extend to over ten 
pages and be as clear as mud. 

What I am saying is that real 
life practical experience has 
shown that for detailed work 
diagrams are more easily under- 
stood than verbal descriptions 
such as Fig.2. I have chosen a 

"hardware" example because 
hardware engineers are in no 
doubt as to what is the best way 
to communicate their informa- 
tion; they use diagrams such as 

Fig.l. 
But should Ross or Pratt ob- 

ject that my hardware example is 

not relevant to software (i.e. 
computer programs, etc.) then 
consider that software is nothing 
more than a description of how 
to set up some particular piece of 
hardware. For instance, Fig.1 is a 

software description of a 1 bit 
variable, it has subroutines with- 
in it, the Nand gates, and it itself 
can form part of a bigger prog- 
ram, the whole machine. 

Now Ross and Pratt suggest 
that this subroutine (Fig.]) is 

hest described by a language 
"like English" (Pratt). But in- 
stead of writing the description 
as in normal English, they insist 
that by writing it in a wavy line 
down the page then suddenly, 
miraculously, it will acquire 
some "structure". The same 
structure, I guess, that makes it 
so recognizable in Fig.1. Well, 
looking again at Fig.2 you will 
see that I wrote it in a wavy line 
down the page hut, to me at least, 
it still seems a lot less structured 
or recognizable than Fig.l . 

The great tragedy of the com- 
puter industry today is that this 
cult of the wavy line holds an 
unwarranted influence over the 
development of the hardware. 
This is because the departments 
of wavy lines have always man- 
aged high profit margins, due to 
minimal capital overheads and 
the customer's general ignor- 
ance of wavy lines, and so have 
been favoured by the industry's 
captains over the hardware de- 
partments. This has lead to the 
present condition where the 
hardware's potential is fettered 
by the requirement to conform 
to the wavy line method of opera- 
tion (i.e. the von Neumann bott- 
leneck). 
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When computer designers 
realise that programming with 
wavy lines is just silly, and start 
instead to program with dia- 
grams, I can guarantee that 
there will be an increase in the 
performance of the machinery. 
A. Medes, 
Dee Why West, 
Australia. 

Atomic fission 
Thank you for publishing Carl D. 
Adam's article "Electromagneti- 
cally induced atomic fission" in 
the January edition of EItW. I 

look forward to seeing Adams' 
work progress from theory to 
reality. 

I have been working in a some- 
what different area to Adams, 
concentrating on the feasibility 
of 'electronically' interfering 
with the periodicity of radioac- 
tive decay rather than stimulat- 
ing neutron fission. 

As a physicist and electronics 
engineer, I am fully aware of the 
military implications of this field 
of research (Star Wars, for inst- 
ance) but its potential for era- 
dication of long-lived radioactive 
waste paralleled with the de- 
velopment of an extraordinary 
range of new power sources (par- 
ticularly for space travel) cannot 
he put aside. 

I believe radioactive 'avalan- 
ching' might be accomplished by 
the imposition of several 'keys' 
which exploit known atomic 
phenomena to elicit the required 
response. Naturally, I do not yet 
intend to reveal the specific proc- 
edures used to accomplish the 
desired result, but my keys in- 
volve the use of selected radioiso- 
topes prepared in a number of 
specific configurations. These 
elements will be subjected to 
external excitation, partly elec- 
tromagnetic - but other excita- 
tion keys will he inserted into the 
nucleus to initiate and control 
the avalanche! 

I am well aware of the health 
problems posed by this project. 
The test rig alone requires thick 
shielding and monitoring appar- 
atus. And the technique for pre- 
paring and installing the 
radiosotope poses some unique 
handling difficulties (albeit re- 
solved). 

As ever, the main difficulty is 

cost. The entire project will take 
more than a year to construct 
and require an investment of 
£400,000: a small price for a 

'clean' planet and a ticket to the 
stars! 
C. Bruce Sibley, 
Waddington, 
Lincoln. 

Carl Adams, in his colourful arti- 
cle in El !W, January, 1988, p.15 
suggests that an abundant and 
inexpensive energy source may 
soon he attainahle if only we 
come to terms with the role the 
ether plays in causing atoms to 
have a stahility characteristic re- 
lated to standing wave condi- 
tions. By irradiating atomic nuc- 
lei with precisely tuned electro- 
magnetic waves there is the pos- 
sibility that fission can occur 
without the use of neutron bom- 
bardment. 

Nuclear physicists will deride 
this idea, but there is an aspect 
that they will overlook, which I 

wish to mention by way of feed- 
back on what Carl Adams says. 

As EI%W readers well know, 
EM waves at light and X-ray 
frequencies arise from electron 
regrouping in atoms. When we 
consider restructuring of atomic 
nuclei the EM waves produced 
are at the much higher frequen- 
cy associated with gamma rays. 
In a sense, the tuning idea sug- 
gested by Carl Adams already 
features in tests using the Moss- 
bauer Effect, but with an entirely 
different purpose in mind. In 
these tests gamma rays are emit- 
ted and absorbed by atomic nuc- 
lei and Doppler tuning caters for 
the recoil loss effects. We well 
know that radioactivity can be 

used to generate power, but so 
far this is not achieved by con- 
trolling the radioactivity by tun- 
ing an EM wave. The question, of 
course, is how this can be accom- 
plished. Carl Adams' article aims 
at fostering research with this 
object in mind. 

To add impetus to this pro- 
position I remind readers of my 
article in ltW October, 1982. p. 

37 which speaks of an ether 
oscillating at the natural fre- 
quency at which wave energy 
creates particles in electron - 
positron pair form. This frequen- 

cy is the limiting threshold fre- 
quency of gamma rays, being 
typically more than ten times 
that used in Mossbauer tests. The 
ether therefore can be said to be a 

source of ultra -tuned EM waves, 
which could interact resonantly 
with certain atomic nuclei. 

From my own studies of re- 
sonant interactions hetweeen a 

structured ether and matter, I 

came to realize that there are two 
species of atom that are driven 
into instability by the near - 
tuning of their standing wave 
modes with the ether oscilla- 
tions. These are promethium 
(atomic number 61) and tech- 
netium (atomic number 43), 
which are singled out for reso- 
nance because these atomic 
numbers are close to 137 divided 
by V5 and by a, respectively. 
Note that 1/137 is the fine - 
structure constant and that the 
square of 137 is the ratio of the 
electron annihilation frequency 
to that of the motion of the 
electron in the hydrogen atom 
(atomic number 1). 

Technetium and promethium 
are the two missing atoms in 
abundance tables. They are at 
least one thousand times more 
scarce than any element in the 
atomic number ranges 1 to 42, 
44 to 60 and 62 to 83. Yet the rare 
earth samarium, which sits next 
to promethium with an atomic 
number 62, is ten thousand 
times more abundant than gold. 
In short, if the atomic elements 
represented radio stations each 
signalling at a different frequen- 
cy, the transmissions from tech- 
netium and promethium are the 
ones that would be suppressed, 
owing to resonance with the 
channel reserved to the ether 
itself. The interaction would ren- 
der these two elements unstable 
and divert their energy into 
forms operating at different fre- 
quencies. 

I see this as support for the 
view expressed by Carl Adams, 
namely that the stability of 
atoms can depend upon their 
resonant interactions between 
the ether and EM waves de- 
veloped within those atoms. 
t I. Aspen, 
Department of Electrical En- 
gineering, 
University of Southampton. 
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Instrumenta 
tion amplifiers 

In his article on instrumentation 
amplifiers (February, 1988. pp 
123-5) Dr Lidgey provides a use- 
ful analysis of their properties. 
I lowever, his conclusion, that an 
instrumentation amplifier has 

no significant advantage over the 
simple, standard, single -op -amp 
differential amplifier, is absurd. 

In the real world, differential 
amplifiers are used to amplify 
differential signals in the pre- 
sence of common -mode signals 
and interference. The signal 
sources involved are rarely con- 
siderate enough to have zero 
output impedance (indeed the 
commonest such source - the 
bridge sensor - has a substantial 
output impedance which varies 
with the value of the quantity 
being measured). 

The gain and c.m.r.r. of the 
three op -amp instrumentation 
amplifier is barely affected by 
variations of source impedance 
whereas, as Dr Lidgey's own 
equations show, the gain and 
c.m.r.r. of the "simple, standard, 
single -op -amp differential 
amplifier" depend critically on 
the accuracy, and matching, of 
its input resistors - which can- 
not but be affected by the source 
resistances driving them. 

Dr Lidgey's conclusion is so at 
odds with both basic electronic 
design (which seeks to minimize 
the effects that uncontrolled ex- 
ternal variables may have on a 

circuit's performance) and with 
the everyday experience of in- 
strumentation amplifier users 
that I am concerned about the 
failure of Electronics & Wireless 
World's technical referees to 
highlight the error before pub- 
lication. 
James M. Bryant, 
St Marks. 
Cheltenham. 

F.J. Lidgey makes two serious 
omissions in his article contrast- 
ing operational and instru- 
mentation amplifiers in your 
current issue. In discussing the 
problems of maintaining resistor 
matching to better than 1% over 
temperature, and the lifetime of 
the circuit, he ignores the ready 
availability of inexpensive ampli- 
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fiers of both the types that he 

describes. manufactured in 
monolithic form with laser - 
trimmed resistors which have 
excellent accuracy and stability, 
and in concluding that the three - 
operational -amplifier instru- 
mentation amplifier (INA) offers 
no significant c.m.r.r. advantage 
over the single operational 
amplifier circuit. he overlooks 
the drastic degradation of the 
latter's performance by even low 
values of signal source impe- 
dance. 

For the last 6-8 years, this 
company (and others) have 
manufactured inexpensive 
monolithic INA's in which the 
critical resistors consist of laser - 
trimmed SiCr films deposited on 
the amplifier chip. These resis- 
tors, which are matched to 
0.005% (50ppm), have tempera- 
ture coefficients matched to ab- 
out 1ppm and long-term stability 
better than 20ppm. Is it not 
excessively academic to discuss 
the problems of matching dis- 
crete resistors to 1% without 
mentioning such products? 

Furthermore, in ignoring the 
applications of differential 
amplifiers with high c.m.r.r. - 
the majority of which involve 
signal sources, such as pressure 
cells and strain gauges, which 
have appreciable resistance - Dr 
Lidgey's conclusion that the 
three -operational -amplifier INA 
has no significant advantage over 
the simpler circuit, while true 
for amplifiers driven by stiff vol- 
tage sources, is dangerously mis- 
leading. The two circuits have 
comparable c.m.r.r. only when 
driven by very low impedances - 
in practical applications only the 
three operational amplifier INA, 
whose c.m.r.r. is substantially 
unaffected by the source impe- 
dance driving it, can be used. 
R.E. Davies, 
Senior Applications Engineer. 

Moving -coil 
head amplifier 

A new audio amplifier design in 
ElVW is always of interest, so the 
moving coil head amplifier in the 
December 1987 issue is most 
welcome. 

The circuit described showed a 

clever way to eliminate the large - 
value capacitor in the feedback 
loop. In the context of moving - 
coil amplifiers, the size of the 
capacitor is so large that elec- 
trolytics are the only practical 
solution. Every competent audio 
engineer knows that the inclu- 
sion of electrolytic capacitors in 
the audio signal path will 
seriously distort its sound quali- 
ty due to dialectric absorption 
and other factors. In circuits 
where electrolytics have been 
used, it is often possible to im- 
prove their sonic performance by 
bypassing them with lower -value 
capacitors which will have much 
lower inductance. This measure 
can also be applied to power 
supplies, where the 100001.1.F re- 
servoir might be bypassed by a 

better -quality 1001.1.F electroly- 
tic, a 11.i.F polypropylene and a 

IOnF polystyrene. Their effect is 

improved reproduction of the 
higher frequency part of the 
music. 

I notice that the design makes 
no reference to the specification 
of components used. In my ex- 
perience the quality of the car- 
tridge loading resistor le.g. R1 in 
Fig.6) has a significant effect on 
the performance of the cartridge. 
A typical retail price of £ 10 for a 

pair of bulk -foil resistors with a 

temperature coefficient of 4 

ppm/°C may at first seem a lot of 
money, but is small compared to 
the cost of some of the cartridges 
listed in Fig.1 of the article. In 
sonic terms, its effect may well 
he greater than that of spending 
an extra £10 on a higher -priced 
cartridge. Many people who have 
tried these resistors on my re- 
commendation have been de- 
lighted with the improvements 
in sound quality. 

I fail to understand the au- 
thor's comment on the cost of 
the 2SB737. Its base resistance is 

only 251, so one 2SB737 will 
replace three 2N4403s. I believe 
my business, Audio Kits Preci- 
sion Components, is currently 
the only British supplier which 
advertises both devices. Curious- 
ly, in my latest list the price of 
the 2SB737 is exactly three times 
that of the 2N4403. 

If any of your readers should 
he interested in building this 
head amplifier Audiokits will 
shortly be preparing a price list 

of parts used together with re- 
commendation of how to im- 
prove the sound simply by fitting 
components manufactured to 
higher standards of quality and 
reliability. 
Graham Nalty, 
Borrowash. 
Derby. 

I should like to thank Mr Sage for 
his kind remarks about my arti- 
cle on moving -coil preamp 
stages. However, I would like to 
take issue with him on some of 
the points he subsequently 
raises. 

There are good reasons for not 
quoting weighted and RIAA- 
equalized noise figures in dis- 
sertations on electronic design. 
Firstly, they tend to give an 
over -optimistic view of signal-to- 
noise ratios, and have a long and 
disreputable history of abuse in 
the field of hi-fi specmanship. 
Typically, RIAA equalization 
would improve the noise data 
quoted by roughly 13dB. (The 
maximum I.f. boost of an RIAA 
stage with respect to midband is 

actually a maximum of 18dB, not 
30dB as quoted by Mr Sage). 

Secondly, the resulting 
measurement is one step further 
removed from the results of 
Johnson -noise calculations. In 
low -noise design such calcula- 
tions must be kept firmly in 
mind, usually by deriving a noise 
figure that shows how much 
noisier the circuit is than the 
theoretical minimum that the 
input source impedance allows. 
It is perhaps surprising that the 
concept of noise figure is not 
more widely used in audio de- 
sign. 

Thirdly, if there is doubt as to 
the frequency distribution of the 
noise being measured, weighting 
and equalization introduces a 

whole new set of possible in- 
accuracies. While I cannot speak 
for the BC650 or the ZTX655, I 

can assure Mr Sage that neither 
the 2N4403 or the 2SB737 show 
noise distributions with frequen- 
cy that are markedly eccentric. 
and I do not understand his 
contention that unweighted 
measurements are not even us- 
able for comparisons. 

Moving on to the topic of 
using resistors as experimental 
source loads. I believe that, for 
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m.c. applications, this is valid. 
An m.c. cartridge consists of 
relatively few turns of very fine 
wire, and its electrical analogue 
is that of pure resistance plus a 

very small inductance. The latter 
can be neglected for setting opti- 
mum collector currents, as at 
these impedances noise is a very 
flat function of IC, and there is no 
question of "fine-tuning" for 
minimum noise. My experience 
is that it is very difficult to obtain 
meaningful noise data when us- 
ing a real cartridge as a source 
load, due to intractable problems 
of hum pickup, which are not 
completely solvable even with 
the liberal application of 
Mumetal. 

I have not found myself that 
VCe has a significant effect on 
noise performance in this sort of 
application. Linearity is certainly 
not a problem, as there is a 

negligible a.c. signal on the col- 
lector. 

I was disappointed that, at the 
end of a constructive letter. Mr 
Sage disinterred the unhappy 
myth of sound degradation in 
electrolytics. I am at a loss to 
understand why he states that 
this has been demonstrated 
many times, when to my know- 
ledge it has never been demons- 
trated at all. 

Some members of the Subjec- 
tivist Tendency have exhibited 
"differential" test setups that 
have yielded the unsurprising 
information that capacitors have 
finite loss factors, but since this 
is a linear phenomenon no-one 
has ever been able to point out its 
relevance to audio design.* It is 

never helpful to make unsup- 
ported assertions, and I am still 
bemused as to why the standards 
of scientific proof should be so 

lax in the field of high-fidelity. 
As to hypothetical t.h.d. de- 

gradation at very low levels, (pre- 
sumably thought of as some sort 
of capacitor crossover distortion) 
the simple fact is that it does not 
happen. In a recent JAES paper'. 
1 demonstrated that large -value 
electrolytics generate no trace of 
distortion (certainly less than 
0.01%) at signal levels as low as 

0.2 mV. This really is one of the 
great non -problems of all time. 

To return to the m.c. head 
amp, the use of a large (220 µF) 
input capacitor is essential for 

FFEEDBACK 

minimal noise, and also to pre- 
vent time -constant interaction 
with the servo integrator. Bear- 
ing this in mind, adding local 
feedback networks for individual 
transistor biasing yields an un- 
duly complex circuit, and also 
seems to give no benefit in ulti- 
mate noise performance. I real- 
ise that putting transistors in 
parallel and letting current - 
sharing take care of itself is not 
normally wise, but in this ap- 
plication it does work. 

Finally, a word in defence of 
the TL072. It certainly makes a 

poor m.c. preamp, hut it finds a 

niche in professional audio, giv- 
ing moderate gain at medium 
impedances with moderate 
loads. The equivalent input noise 
is about -105d6µ under these 
conditions: in other words a 

TL072 operating at 10dB of gain 
would have an output noise of 
-95d6µ, comparable with the 
noise floor of 16 -bit digital audio. 

The use of T1,072s in motor- 
way construction is not recom- 
mended as the top of the dil 
package provides a poor grip in 
the wet. One solution, of course, 
would be to lay them upside 
down... 
Douglas Self, 
Forest Gate, 
London E15. 

'Enthusiasts of debate will enjoy the 
Great Capacitor Controversy of 1986. 
fought out in the correspondence 
columns of HiFi News & RR between 
August 1985 and July 1986. My own 
feeling is that I won this one on 
points. 

Reference D.R.G. Self, "Ultra - 
Low -Noise Amplifiers and Gra- 
nularity Distortion." JAES 
November 1987. 

Words and 
pictures 

Dear Editor-well read, 
The nail - it could be said, 

with neither fear nor dread, 
was hit full -on the head! 

What a timely and much needed 
editorial - please 'tilt' further. 
Send copies to all those who 
purport to he careers masters 
and lecturers whose responsibil- 
ity it is to place graduates on the 

first rung of the industrial ladder 
but who, when requesting inter- 
views, have the temerity to send 
out letters which typically con- 
sist of 10 or more single - 
sentence paragraphs, each of 
which takes a maximum of two 
lines on an A4 page. 

Then there are the organisers 
of the local M.S.C. scheme, who 
write letters in which what is 

supposed to be the opening sent- 
ence is, in fact, a phrase. They 
have never been taught that a 

verb is a 'doing' word and that a 

sentence must possess one 
together with a subject etc. 

The other problem is that 
typewriters - electric or manual 
- and word processors cannot 
spell. If, at school 'open nights' 
one has the audacity to ask the 
teacher of English why he or she 
did not correct the wrong spell- 
ings which occurred in so and 
so's essay the answer is usually 
that such criticism would only 
serve to demoralize the pupil. 
Whatever happened to the effec- 
tive psychology of the edict 
"write -out 50 times!" 

By coincidence, a letter from a 

college, a copy of which is en- 
closed (identity of source re- 
moved of course), arrived on the 
writer's desk at the same time as 

the EIIW and, although it is one 
of the better examples of such 
missives, it does serve to illus- 
trate your point, in that it is 

disjointed and has no 'flow'. If 
the writer of that letter spoke in 
the manner in which he wrote, 
he would probably sound some- 
thing like a Dalek. 
Allen Bennett, 
Allen Bennett Controls Limited, 
Sheffield. 

Turing 
In the November, 1986 issue of 
EtlWyou published an article by 

Tom Ivall on Turing's famous 
paper "On Computable Num- 
bers,..." 

In this paper there is a very 
disturbing contradiction be- 
tween the specification for his 
machine on the one hand and its 
attributed properties on the 
other. 

On p.230 his opening sentence 
read "The 'computable' numbers 
may be described briefly as the 

real numbers whose expressions 
as a decimal are calculable by 
finite means." On p.231 he re- 
peats this, adding "....the justi- 
fication lies in the fact that the 
human memory is necessarily 
limited." On p.250 he refers to 

...the physical system consist- 
ing of the computer and his 
tape." 

We can see that what Turing is 
studying is the single physical 
system which may take on the 
following evolutionary forms: 
(a) human computer with finite 
human memory; 
(b) human computer with finite 
tape; 
(c) mechanical computer with 
finite tape; 
(d) electronic computer with fi- 
nite storage. 
His paper antedates (d) by some 
ten years. However, (d) gives 
useful confirmation that this sys- 
tem is finite in both parts; for 
who today would claim that he or 
she could build an infinite com- 
puter or provide it with infinite 
storage? 

Unfortunately, and probably 
through defective maths, Turing 
goes on to deduce that irrational 
numbers, like e, are computable: 
that is to say computable in full, 
or expressible in positional nota- 
tion with absolute precision. To 
do this, a Turing machine would 
certainly need an infinite tape, as 

is widely recognised; indeed, The 
Encyclopaedic Dictionary of 
Mathematics says "'l'he tape is 
infinite in both directions." 

In my view, the mathematics 
of Turing's day has included un- 
detected error, as shown by this 
outrageous inconsistency as to 
the length of Turing's tape. If it 
takes fifty years to detect this one 
particular error, how long will it 
take present day mathematics to 
detect and correct them all? 
H.L. Fisher, 
Harpenden, 
Herts. 

Floating bridge 
Will Mr R.M. Brady, who was at 
Trinity College in 1980, and who 
wrote an article on the floating 
bridge amplifier in the Septem- 
ber and October issues of 1980, 
please contact the editor? - Ed. 
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Frequency measurement 
Design of counter -time instruments has changed radically 
in recent years. The latest techniques used in frequency 

meters are described. 

n the past decade the humble frequency 
counter has quietly undergone a revolu- 
tion. Ten years ago a typical instrument 

contained several hoards of t.t.l. and a 

similar quantity of analogue circuitry. Pro- 
ducts from many manufacturers looked and 

performed much the same. a neat row of 
push buttons for range selection sitting 
underneath six, seven or eight -digit I.e.d. 
display. The 1970s saw the introduction of 
simple. by today's standards, small -scale - 
integration, hotly pursued by I.s.i. and 
microprocessors in the 1980s. The range of 
products increased enormously as did the 
faci Iities offered. 

Today. instruments can he grouped 
roughly into three categories, the simplest 
and least expensive offering basic frequency 
measurement only. instruments with both 
time and frequency measurement. and 
microwave counters. 

To appreciate the benefits that modern 

Gatetime 
selector 

Fig.1(a). In the basic frequency coun- 
ter, the input signal is squared up by 
the amplifier and Schmitt trigger and 
counted for a pre -determined gate 
time. Resolution is ±1 input cycle. 

Fig.1(b). The accumulated total de- 
pends on the time relationship be- 
tween the input and gate signals. In 

this example either two or three 
counts are recorded for a true input of 
two. 

R.A. PAGE 

technology has brought. it is helpful to 
review the operation of a basic frequency 
counter. 'I he input signal. Fig.11a), is first 
subject to a degree of conditioning (amplify- 
ing. filtering) before being applied to a 

Schmitt trigger with the intention of produc- 
ing a well-behaved pulse train at the same 
frequency as the input, over as wide a range 
of input levels as possible. The main gating is 

controlled by a signal derived from the 
divided -down output of a reference oscilla- 
tor, and the gated pulses counted by a chain 
of decade dividers whose contents are latch- 
ed into the display at the end of the gate 
period. The lack of synchronism between the 
input and reference signals produces a ±1 
count uncertainty in the measured total. 
Fig.1(b), and the effective resolution be- 

comes the reciprocal of the gate time. i.e. a 

one second measurement will resolve the 
input to 11-Iz. 

For frequency measurement the input 

Display 

=10 

2 counts 

Gate 

Schmitt W.- -2 rL 
Input trigger 

Fig.1(c). Basic period counter is the re- 
verse of (a), the input signal period defines 
the gate time over which the timebase 
clock pulses are accumulated. Resolution 
is ±1 clock pulse. 

Reference 

3 counts 

Display 

Decade count 

Reference 

signal is counted for a fixed gate time. If the 
input signal is fixed. fed from a reference 
oscillator. the counter will display a measure 
of the gate pulse length, i.e. a time measure- 
ment. Fig. 1(c). For this reason, most 
general-purpose instruments can offer both 
frequency and time measurement for little 
increase in hardware complexity. and are 
known as 'universal counter -timers'. 

SIGNAL CONDITIONING 

The analogue input circuitry of a frequency 
counter has to meet a demanding specifica- 
tion. From an input that can have virtually 
any waveshape. have frequency components 
anywhere from 10Hz to 500M1-Iz or more, 
and range from less than 10mV to 250V. it 
has to produce a constant -amplitude pulse 
train with no extra transitions than those 
resulting from the input. No-one has yet 
produced one circuit to do this with any 
degree of success. and the usual solution is 

to split the frequency range into convenient 
hands. 'convenient' meaning those the de- 

signer would like rather than anything 
related to use or application. Typical ranges 
are 10Hz to l01511-Iz. corresponding to the 
operating limits of c.m.o.s. 51k11 -1z to 
100MHz (t.t.l. and e.c.l.1. and 50 to 500MI-Iz 
(highs -speed e.c.l.1. Even so, switchahle 
low-pass filters are often provided in an 

attempt to combat unwanted high frequency 
signals This noise can (and often does) ruin 
any attempt at measuring a "real" signal (as 
opposed to those that come out of signal 
generators). 

To overcome the very wide dynamic range 
requirement. automatic gain control sys- 
tems are commonly employed to amplify or 
attenuate the signal so that its peak -to -peak 
value is just greater than the hysteresis band 
of the Schmitt trigger. These work well and 
overcome many noise -related problems. On 
logic -derived signals. however, they may 
actually accentuate noise. as the effect of 
a.g.c. is to reduce the slew rate. In this 
particular case a clipping circuit would 
perform better. Also. most frequency -only 
counters are permanently a.c.-coupled. 
which causes problems with asymmetric 
waveforms such as pulses. The trigger point 
often ends up on the ringing and overshoot 
part of the signal. This is one instance where 
"progress" is not necessarily a good thing: 
there is not much you can do to an automa- 
tic counter that is obstinately measuring the 
third harmonic of your signal. Manual 
adjustment of the trigger level/sensitivity 
control of an older counter would usually 
produce the required reading. Counter - 
timers invariably have more comprehensive 
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Extra counts due 
to noise 

(a) No a.g.c. f \ 
control of the trigger point, as accurate 
measurement of time intervals necessitates 
this. 

SIGNAL CONDITIONING FOR 
TIMING MlE\SURE.MENTS 

The signal -conditioning requirements for 
timers demand a lot more flexibility than 
those provided for frequency measurements. 
For greatest accuracy it is vitally important 
that the input circuits trigger on the right 
part of the signal waveform. Most, if not all, 
timers feature a trigger level control that is 

used to position the trigger point anywhere 
within the input range of the instrument. 
The more comprehensive instruments allow 
this to be set digitally both via the front panel 
and remote programming. They may also 
allow the trigger circuits to act as digital 
voltmeters and measure the amplitude of the 
input signal. This leads naturally to the 
instrument being able to choose its own 
trigger levels, and make automatic measure- 
mentsof pulse width, rise time, etc. 

This is not the whole story. however. The 
actual trigger point depends not only on the 
trigger level set. hut also on the slope of the 
input waveform and the hysteresis band of 
the trigger circuit (some hysteresis is always 
necessary to ensure noise -free transitions). 
This can lead to significant errors, Fig.3. 
One solution is to make the hysteresis hand 
as small as practical. with all the attendant 
inaccuracies caused by noise, Fig.4. A more 
elegant answer is to use hysteresis com- 
pensation. Fig.5, which entails moving the 
trigger point setting depending on the slope 
of the input signal such that the actual 
trigger point occurs at the same voltage. 

Many 'real world' signals are derived from 
mechanical systems with a lot of contact 
bounce. A 'trigger hold -oil feature disables 
the trigger circuits for a pre-set time after 
the first active trigger signal and prevents 
spurious edges from prematurely ending the 
measurement interval Fig.6. 

Timing measurements often require two 
input channels. a start channel and a stop 
channel. For highest accuracy they must he 

identical and of as wide a bandwidth as 

possible. Modern instruments tend to use 
some form of hybrid circuit, usually thick 
film, as it is the simplest way to overcome 
variations due to layout and to minimize 
Circuit strays. The input impedance of tim- 
ing channels is standardized at 1M and it is 
essential to minimize the input capacitance 

Fig.2. If the peak -to -peak noise signal exceeds the hysteresis band 
or sensitivity of the counter, unwanted counts will be recorded, (a). 
Automatic gain control effectively increases the hysteresis band to 
remove the spurious counts. 

¡µriy,,,n. 
" 

Hysteresis band 

iñr-y¡yiy, -YLlC' ° rriVi N"WnlrdWi1. r"H'r 
.T 

11111114 (b) With a.g.c. 

Fig.3. For timing measurements, the hys- 
teresis band must be kept small to avoid 
timing errors caused by the slope of the 
input signal. The trigger level is different 
for positive and negative -going edges. 

Fig.4. Too small a hysteresis band intro- 
duces additional complications due to 
premature triggering on noise peaks. 

Desired trigger point 

Actual trigger point 

rl ti0t 

in order not to degrade the pulse response. 
This is a difficult job when controls such as 

a.c.-d.c.-coupling selection and input atte- 
nuators must be incorporated. 

DIGITAL, COUNTING 

The digital half of a frequency counter is a 

strong contender for integration. The first 
step forward was to integrate all the count- 
ing decades, division stages, and display 
decoding and driving onto one low power, 
low -speed (5-100M11z) custom I.s.i. chip. 
This had to he driven by a number of 
high-speed counter chips at the "sharp end". 
The major manufacturers had reached this 
level by the late seventies. Lacking in any 
sort of processing power, this generation of 
instrument had the accuracy and resolution 
limitations of earlier products, and re- 
mained unchanged for several years. 

The upper frequency limit of such an 
instrument is usually set by either the main 
gate or the first decade. The simplest instru- 
ments can reach 100MHz, using either e.c.I. 
or one of the newer t.t.l. to c.mos techno- 
logies. To go much beyond this, two routes 

Actual trigger 
points Hysteresis 

band 

Set 
trigger 

level 

True pulse width 

Measured 
pulse width 

0", 
\*.1 

can he followed. The most straightforward is 

the prescaling technique, in which a high- 
speed divider chip (- 10 or =16) is placed in 
front of the main gate. This allows operation 
up to ICI Iz and beyond. The emerging GaAs 
technology extends to at least 4G11z. The 
only penalty of prescaling is a loss of resolu- 
tion (or an increase in measurement time) 
proportional to the division factor, which 
mayor may not he important, depending on 
application. The resolution can, however, be 

improved by interpolation. 
The second method is to use a faster gate 

and a first decade. This may sound simple 
enough, but to maintain a ± 1 count accura- 
cy places severe demands on the gate signal 
generation circuitry. Even at 500N I Iz, the 
gate signal must he accurate to better than 
Ins, and its rise and fall times even faster. In 
practice, commercial instruments using this 
technique have reached 500-600MIIz, and 
have remained at this limit for several years. 

The next development, resulting in the 
'counter on the chip' arrived in the introduc- 
tion of microprocessors and much faster 
custom I.s.i. This allowed nearly all the 
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counting circuits to be integrated, and pro- 
cessor control allowed the measurements to 
be manipulated in ways that increased re- 
solution several times. 

RECIPROCAL COUNTING 

The ± 1 count uncertainty in a conventional 
frequency measurement becomes an embar- 
rassment at low frequencies; a 1 -second gate 
time produces a resolution of 11 Iz which at 
100IIz is a 1% uncertainty. A reciprocal 
counter measures the period of the input 
and computes the corresponding frequency 
to a far greater resolution. For example. 
assume an instrument has the fairly com- 
mon reference clock of 10MIIz. A 1001-1z 

input signal producing a 10ms gate time will 
result in the accumulation of 105± 1 clock 
cycles. I lence the resolution has increased to 

1 in 105 and for a much shorter gate time. By 
averaging several input periods the resolu- 
tion can be improved still further. 

This ability, combined with processor 
control, has resulted in a new facility: the 
measurement time can be continuously 
varied to obtain the desired resolution, it is 

no longer necessary to select ranges in 
decade steps. Obviously, the resolution is a 

function of the ratio of input frequency to 
clock frequency: this technique is therefore 
limited to relatively low frequencies. 

INTERPOLATION 

The other method of increasing resolution is 

by interpolating between successive clock 
pulses to produce the same result as a much 
higher clock frequency. The technique re- 
quires the use of some very high-speed 
processing circuitry. The time difference 
between the opening and closing gate edges 
and those of the input signal define the 
charge time for a dual -slope integrator, 
Fig.7. This is then discharged at one - 
hundredth of the charge rate. The discharge 
time is measured by normal means and the 
processor does the necessary number - 
crunching to add each fraction of a clock 
cycle to the result measured in the normal 
way. l'o put some numbers to this, a basic 
IOMHz clock gives results equivalent to a 

IGI Iz clock, i.e. nine -digits of resolution in 
one second. 

FLEXIBILITY AND 
PROGRAMMABILITY 

The advent of microprocessor control sub- 
stantially changed the appearance of the 
modern counter. Most instruments sport a 

mini -keypad with enough function and faci- 
lities to satisfy everybody. Mathematical 
functions enable the display of not just 
frequency. but frequency offset, drift, either 
fractional or in parts per million, rotational 
speed, and even statistical data such as mean 
and standard deviation. Timers can compute 
pulse width, rise and fall time, duty factors. 
phase, frequency ratio, and even display the 
peak positive and negative voltages of the 
input signal. 

The increasing use of automatic test 
systems. both in production and in the 
laboratory, has made remote programming 
facilities highly desirable. Most instruments 
today offer this in the GPIB format and some 

mates -compatible instruments are becom- 
ing available. The speed of measurement of 
such instruments can become extremely 
important in an a.t.e. system, particularly in 
a production environment when many 
measurements have to be made and the 
overall test time has to be kept to a mini- 
mum. Even in the r&d laboratory, high- 
speed measurements allow a lot of statistical 
data to he accumulated, which the design 
engineer could not obtain in any other way. 

MICROWAVE MEASUREMENTS 

Instruments able to measure microwave 
frequencies are specialized pieces of equip- 
ment and are many times more complex and 
costly than low frequency counters. Indeed, 
all microwave counters contain at least one 
I.f. counter within them, and some as many 
as three. 

TRANSFER OSCILLATOR 
TECHNIQUE 

The transfer oscillator technique is probably 
the oldest method in use, Fig.8. In its 
modern form, operation is controlled by a 

microprocessor, but this is not essential. 
The basic system comprises a phase -locked 
loop that locks to a subharmonic of the 
microwave signal. The voltage -controlled 
oscillator typically 200-300MHz and sam- 
pling mixer combination effectively gener- 
ate a comb of v.c.o. harmonics, one of which 
produces a beat signal in the i.f. band (about 
1001\111z). The i.f. signal is compared with a 

signal derived from the counter's main 
frequency reference and the error signal 
locks the v.c.b. 

To find the harmonic number N, the input 
signal is simultaneously fed to another 
sampling mixer driven by a signal slightly 
offset from the main v.c.o. The resulting i.f. 
is mixed with the main i.f. to produce a 

difference frequency proportional to the 
harmonic multipler N, and the original 
offset frequency. The microwave input sig- 
nal is then calculated by measuring the 
v.c.o. frequency by normal means, multi- 
plying by the harmonic number N and 
adding or subtracting the i.f. To maintain 
resolution, multiplying by N means extend- 
ing the gate time by the same factor. For 
example, a measurement at 20G1 -1z using a 

v.c.o. at 200MI iz takes 100 times longer 
than a conventional measurement. 

Important specifications peculiar to mic- 
rowave counters are sensitivity, a.m. and 
f.m. tolerance, multiple signal discrimina- 
tion, acquisition and measurement time. 
Acquisition time is the time the counter 
takes to find the signal and prepare to make a 

measurement. High modulation tolerance 
and good multiple signal discrimination 
allow measurements to be made on fully 
loaded microwave links, it being undesirable 
to take the equipment out of service. The 
transfer oscillator counter offers the best 
sensitivity of any microwave counter (typi- 
cally -40dBm), due to the main phase - 
locked loop having a narrow bandwidth, 
which rejects noise associated with the input. 

Unfortunately, the f.m. tolerance is poor 
(less than IOMFIz pk-pk), as the loop is 

unable to lock onto wide deviation signals. 
Modular automatic test equipment 

Hysteresis band 
moves for negative 
going signal 

Fig.5. Hysteresis compensation is the solu- 
tion to the problem in Figs. 3 & 4. By moving 
the hysteresis band automatically, the 
actual trigger level remains fixed. 

Fig.6. Trigger hold -off is used to overcome 
the problems of noise or contact bounce. 
Attempts to measure the signal shown at 
(a) will result either in extra counts or the 
short interval in (b). Trigger hold -off uses a 

monostable period, (c), to inhibit the signal 
during bounce time to produce the re- 
quired measurement (d). 

(a) 

(b) - 

(c) 

(d) 

(e) 

(fl L 

Fig.7. Analogue interpolation increases the 
resolution of a timing measurement to well 
beyond the natural limit of the timebase 
period. The time difference between the 
'start' signal, (a), and the next active clock 
edge used to open the gate, (c), is con- 
verted into an analogue voltage by the 
integrator, (d), which is then discharged at 
1% of the charge rate and the discharge 
time is measured, (f). The result is divided 
by 100 and added to the conventional 
measurement 
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Fig.8. In a transfer oscillator, the primary 
loop is locked onto a subharmonic of the 
input signal and the harmonic multiplier is 

determined by the second mixing chain. 

When locked, Fin= NF,±i.f.r (primary loop) 
=N(F+Fo)±i.f.2 (secon- 

dary loop) 

from which N = 

Tolerance to a.m. and multiple signal discri- 
mination can he very good, and depend on 
the a.g.c. 

If the p.l.l. is replaced by a looser 
frequency -locked loop. the f.m. tolerance 
can he improved substantially at the expense 
of some loss in sensitivity, as the loop 
becomes more noise -sensitive. 

I fAlt,v1ONlC I IE'fEItOUl'NE 
TECI INIQUE 

Another popular architecture for microwave 
counters uses the harmonic heterodyne 
technique. The input signal is again mixed 
with a harmonic of the local oscillator. Fig.9. 
hut in this case the I.o. is produced by a 

frequency synthesizer locked to the counter 
reference, and the i.i is allowed to vary over 
a wide range (20-100M1-Iz). In operation the 
lo. is rapidly swept over its full range until 
the processor has calculated the hest fre- 
quency to set the I.o. to, in order to give a 

suitable i.f. The harmonic number can he 

calculated in three different ways. One way is 

to use a second mixing chain in the same way 
as the transfer oscillator, as implemented in 
the 2440 series from Marconi Instruments. 
This results in a system with a ven' fast 
measurement time: as the I.o. is locked to 
the counter reference there is no need to 
increase the gate time. The i.f. signal is an 

exact down -conversion of the input. 
A second method is to step the I.o. a small 

amount and measure the resulting i.f. shift. 
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Fig.9. Harmonic heterodyne counter func- 
tions as a heterodyne receiver, except that 
the I.o. runs at a subharmonic of the input 
frequency. The harmonic multiplication 
factor can be determined by varying the 
I.o. frequency slightly and measuring the 
change in the i.f. 

'I his appears to he the same as the first 
approach with half the hardware but with a 

small increase in measurement time due to 
the second (low resolution and high speed) 
i.f. measurement. Unfortunately, the penal- 
ty associated with the cost of savings of the 
single -mixer approach is loss of f.m. toler- 
ance. Any hint of coherence between the 
input signal's Lm. and the I.o.'s stepping rate 
will result in an incorrect reading. To over- 
come it the I.o. must he stepped in a random 
or pseudo -random mariner. and the i.t. shift 
averaged over a number of readings. Good 
f.m. tolerance to 50MIIz can he obtained 
with acquisition time up to a second. 

The third method of determining the 
harmonic number is to precede the counter 
with a tunable handpass filter. usually im- 
plemented with yttrium -iron -garnet tech- 
nology. A yig component is electrically 
tunahle over the full band of interest with a 

bandwidth of about 20MI-Iz. If the tuning 
voltage is generated by the processor. the 

Counter 

F 

Gate 

II counter 

Gate 
generator 

Processor 

J 

Display 

input frequency is immediately known to 
within 20MHz and the processor can esti- 
mate the correct harmonic number. The 
technique is very powerful: it results in good 
acquisition time (200ms). automatic ampli- 
tude discrimination. and the possible pro- 
gramming of frequency limits such that the 
counter will look fora signal that may not be 
the largest in the hand. The problems are 
high cost, weight. power consumption and a 

natural limit on f.m. tolerance. 
Microwave counters can offer features not 

seen elsewhere, such as input power 
measurement and source locking. Input 
power is normally measured via the i.f. and 
tends to he rather inaccurate due to a high 
(and variable) input v.s.w.r. In source lock- 
ing the counter is connected to the output of 
a low stability source and derives a control 
voltage related to the input frequency which 
is fed hack into the f.m. input of the source. 
The result is a signal source with 
synthesizer -like stability. 

R.A. Page is principal engineer with the micro- 
wave counter group at Marconi Instruments. St 
Albans. 
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REMOTE MONITORING 
& CONTROL STATIONS 

* Digital & Analogue inputs, Solid State & Relay outputs. 

* RS232 interface option for solitary stations. 

* RS485 Multidrop interface option allowing distribution 

of up to 16 stations. 
* Microprocessor watchdog for increased reliability. 

* Straightforward ASCII communication protocol with any 

host PC using a serial port. 

* IP55 or IP65 sealed enclosure. 

* Low cost RS232 to RS485 converter unit. 

LARGE FORMAT 
ALPHANUMERIC LED 

DISPLAYS 
* Character heights - 6.5cm or 10cm. 

* Variable brightness - choice of lamp colour. 

* Sturdy metal cabinet - antiglare acrylic screen. 

* Range of sizes - commercial or IP65 sealed. 

* RS232, parallel or multidrop RS485 interface. 

* Customisation service available. 

For further information contact: 

CONTROL & DISPLAY TECHNOLOGY LTD 

BROOKSIDE, S. KILVINGTON, THIRSK, N. YORKS Y07 2N1. 

TEL: 0845 22918 

ENTER 29 ON REPLY CARL) 

lr 
EMBEDDED 
COMPUTER 

TDS 
9090 

A powerful control computer based on the new Hitachi 

6303Y and high level language Forth. 100mm x 72mm. 

30K bytes RAM, 161K dictionary RAM/PROM, 256 bytes 

EEPROM, 16K Forth. You can attach 64 key keyboard, 

LCD and PC bus peripherals. Built in are interrupts, 
multitasking, time of day clock, watchdog timer, full 

screen editor and symbolic assembler. 32 parallel and two 

serial ports. Single power supply and low power 3mA 

operational mode. 

1 off £194.95 including manual and non-volatile RAM. 

Triangle Digital Services Ltd 

100a Wood Street, London E17 3HX 
Telephone 01.520-0442 Telex 262284 (quote M0775) 

ENTER 26 ON REPLY CARD 
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MULTIMETERS 

TM357 £39 + VAT 

3.5 digit 0.4" LCD hand-held. 0.5% basic accuracy; 30 ranges. 

TM358 £65 + VAT 

3.5 digit 0.5" LCD hand-held. 0.5% basic accuracy; 31 ranges. 
Conductance and h,E measurement. 

TM452 £138.50 -r VAT 

4.5 digit 0.4" LCD hand-held. 0.05% basic accuracy; 31 ranges. 

Conductance and frequency measurement. 

TM355 £89.50 + VAT 

3.5 digit 0.5" LED bench/portable. 0.25% basic accuracy // 29 ranges. 

TM356 £95 + VAT 

3.5 digit 0.5" LCD bench/portable. 0.25% basic accuracy; 
29 ranges. 

TM351 £115 + VAT 

3.5 digit 0.5" LCD bench/portable. 0.1% basic accuracy; 
29 ranges. 

thondoi 
ELECTRONICS LIMITED 

toe ; xi.to.i 

Q iJi..11111Q1 

Thandar Electronics Limited. 
London Road, St. Ives, Huntingdon, 
Cambridgeshire PE17 4HJ, England. 
Telephone (0480) 64646 Telex 32250 Test. 

THE LOGICAL CHOICE 

ENTER LOON REPLY CARD 
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The observer in science 

Afather said to his son, who suffered 
from double vision, "Son. you see two 
instead of one." 

"I -low can that he?" replied the boy. "If I 

were seeing double. there would appear to be 

four moons up there instead of two." 
This little story' illustrates two points 

about how we observe the physical realities 
of the world. First, it shows that we have 
difficulty in getting past our primary sense 
data. Consequently we consider that our 
own personal consciousness of the world is 
the world. There is an objective reality out 
there which is perfectly represented by our 
experience. Secondly, perception involves a 

rational process that always tries to organize 
and make sense of the raw data. In the story 
the son already possesses the a priori con- 
cept of number - an ability to count, the 
knowledge that four is twice two - and he 
applies this rational process to the sense 
data. 

Psychologists study human perception in 
much detail hut physicists and engineers 
tend to ignore it, even though perception is 

absolutely central to all their observations 
and discoveries. Or so it would seem, to 
judge from some of the discussions pub- 
lished in E&lilt' on the nature of physical 
phenomena like electromagnetism. The 
empirical data from experiments are gener- 
ally agreed upon. and any inductive errors 
made in interpreting the data are usually 
exposed and eradicated, but it seems that the 
writers are not always aware of how far the 
subjective penetrates into the apparently 
objective. 

For example, the primary fact of human 
consciousness, with its directive and inten- 
tional qualities. is generally so much taken 
for granted as to he almost eliminated from 
descript ions of what is going on. The French 
phenomenologist Maurice Merleau-Ponty 
puts it dramatically: "Scientific points of 
view, according to which my existence is just 
a moment of the world's existence, are 
always both naive and dishonest, because 
they take for granted, without explicitly 
mentioning it. the other point of view, 
namely that of consciousness. Through con- 
sciousness, from the outset, a world forms 
itself around me and begins to exist for me.' 2 

Ths sounds a hit like a had -tempered swipe 
at science. but it really draws attention to a 

fundamental problem in the whole philoso- 
phy of the subject. From the time of Galileo 
and Newton the so-called 'hard' sciences like 
physics have been spectacularly successful. 
This is because of their exactness. Natural 
phenomena can he precisely measured and 
described by laws or mathematical equa- 
tions. Equipped with this deterministic body 

- too much taken for granted 

TOM IVALL 

of knowledge, we can predict how man-made 
objects using matter and energy will behave. 
Thus the great edifice of modern technology 
arises. Its overwhelming presence, and ever- 
increasing list of achievements, is a perma- 
nent validation of the exact sciences that 
gave birth to it. 

Measured on this scale, the life sciences 
(biology, ethology, anthropology, psycholo- 
gy, sociology etc.) have been less successful. 
Only where physics or chemistry have pene- 
trated some way into biology - for example, 
molecular biology - have fundamental dis- 
coveries been made in this area. These 'soft' 
sciences are often accused of being too much 
inclined to woolly thinking, unsubstantiated 
theories and vague generalizations. Some 
physicists adopt a slightly sneering attitude 
to them. Reacting to this criticism, the life 
sciences have tried to justify themselves by 
accepting and borrowing the methodology 
of the exact sciences- introducing statistics 
and mathematical models, for example. Re- 
grettably, this has sometimes been done for 
cosmetic reasons, to make the research 
seem worthy and solid through precision 
alone, even though precision may be 
irrelevant. 

What Merleau-Ponty and other phe- 
nomenologists have been concerned to point 
out in this situation is that the 'hard' 
sciences with their precision do not have a 

monopoly on truth. The truth that characte- 
rizes the life sciences is in noway an inferior 
form of truth to that of the exact sciences. 

You, dear reader, however much you may 
he devoted to the objective knowledge 
obtained by science and technology, would 
not consider it a superior truth to the facts of 
your own birth and inevitable death, your 
actions and experiences. your sensations, 
thoughts, feelings, desires and convictions. 
These are all intensely real. If you were 
desperately thirsty and somebody said to you 
objectively "It's just your body that requires 
liquid" you would be rightly affronted at this 
denial of, or decision to ignore, your intense 
awareness. 

Life and consciousness are obviously pre- 
requisites for knowledge. The life world that 
we experience is presupposed in the objec- 
tive world that the physical sciences are 
working to reveal. 

TI IE GREAT DIVIDE 

But phenomenology is not just a defensive 
attempt to boost the truth of the life sciences 
at the expense of the others. It is much more 
genuinely a serious effort to bridge the gap 
between subjective experience and objective 
description, between empiricism and 
rationalism, that has complicated our search 

for true knowledge since the earliest times. 
Its founder, Edmund Ifusserl (1859-1938), 
was a mathematician who was also in- 
terested in psychology and philosophy. Thus 
he studied mathematical and logical struc- 
tures (among other things) as they man- 
ifested themselves, as phenomena, to hu- 
man consciousness. His method, appropri- 
ate to a mathematician, was to 'bracket' all 
existing presuppositions, theories and other 
conceptual apparatus for picturing the ex- 
ternal world and to concentrate exclusively 
on directly experienced phenomena, 
attempting to describe these phenomena as 

accurately as possible. 
Thus phenomenology was an attempt at a 

fresh start in the acquisition of knowledge. 
Boldly it claims that there is no division 
between appearance and reality (e.g. be- 
tween the colours that appear to us and the 
'colourless' electromagnetic waves that are 
the physical events responsible tor them). 
Husserl and his followers considered that 
Kant's distinction between phenomena 
(what are perceived) and noumena (the 
things -in -themselves) was a pointless exer- 
cise. However, this rejection of the notion of 
things -in -themselves was not a denial of the 
objective reality of the world, only a rejec- 
tion of this puzzling idea in the search for 
knowledge. 

INTERPRETING SENSE DATA 

In attempting to 'bracket' preconceptions 
and empty forms, the phenomenologists 
have recognized that mental interpretation 
gets to work at an early stage in our 
observation of the world. The observer can't 
help being an interpreter as well. This 
process occurs on two levels: the psycholo- 
gical and the epistemological. 

After consciousness comes perception, in 
the ascent to objective knowledge. In 
perception the raw data from our sense 
organs is interpreted by the brain automati- 
cally, without any deliberate thinking. Here, 
a great many psychological studies of 
perception have demonstrated how bias and 
distortion can occur in this process. Such 
investigat ions have revealed the influence of 
motivation (both short- and long-term), 
interest and values, training, social and 
ethnic factors, success and failure in tasks, 
pain, taboos, anxiety, personality type and. 
of course, pathological mental states. 

In specialists like scientific research work- 
ers, a particular problem is selectivity of 
perception. The British psychologist M. U. 
Vernon comments ". . . . the effects of 
knowledge and experience are in themselves 
liable to produce selective perception and 
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the funnelling of attention to objects and 

events about which special knowledge and 

experience have been acquired. The con- 
sequence is that no two observers may 
perceive a given scene in exactly the same 
manner, and that they may disagree con- 
siderably as to its nature and contents."; 

Figure 1 provides an example of the 
automatic interpretation and organization 
that the brain always tries to apply to raw 
sense data on the basis of existing know- 
ledge. The drawing is deliberately perverse. 
It 'represents' an impossible object. We feel 
frustrated in trying to make sense of it 
because our past experience of real objects 
and perspective drawings is useless in the 
attempt at total recognition, even though 
there is a visual plausibility about the two 
ends of the picture. 

In the practice of science, of course, any 
differences in perception between individual 
observers are screened out by rigorous 
methods of checking and repetition of ex- 
periments by different persons. The validity 
of a result therefore depends on consensus. 
But there is always the 'bottom line', the 
inherent characteristics of perception of 
Homo sapiens, which must he accepted as 

contingent and arbitrary, belonging to a 

particular stage of evolution. Logically there 
could be other modes of perception. 

OBSERVATION AND EPISTEMOLOGY 

On the epistemological level, the interpreta- 
tion of what we observe in the world becom- 
es a philosophical matter. Here we are 
confronted by the permanent divide, men- 
tioned above, between the rationalists, who 
stress conceptual reasoning at the expense of 
direct experience, and the empiricists, who 
do the opposite. Both sides contain strong 
subjective elements and both have grave 
weaknesses. 

Rational ism has a tendency to open-ended 
theorising without sufficient discipline from 
the brute facts. Empiricism, abjuring theory 
as much as possible, tends to end up with a 

rag -bag of disconnected empirical data 
which cannot be organized to make sense 
because of the absence of a conceptual 
framework, a unifying hypothesis, into 
which to fit them. 

In modern science this fundamental 
dichotomy comes out in the difficulties of 
finding conceptual models that conform to 
the experimental data. There can be disputes 
about the validity of the conceptual model 
and about the reliability of the experimental 
data. See, for example. Dr Louis Essen's 
article on relativity in the February issue, 
pp.126-127. Ultimate truth is impossible in 
this approach to knowiedge, simply because 
the world is one thing and a mental model is 

another: they can have a parallel congruence 
hut never he identical. This is the division 
between subjective experience and objective 
description which phenomenology has tried 
to avoid. 

Rationalism is generally considered to 
have started with Plato's theory of 'forms' or 
'ideas', later to he called universals. The 
forms are entities known only to the mind. 
They are the only true realities and quite 
separate from the objects of sense percep- 
tion, which are considered not to he real. 

Examples of forms are: red, animal, courage. 
motion. A form is single, immutable, com- 
mon to all material objects called by its name 
(e.g. animal) and more perfect than any 
particular example. A form exists indepen- 
dently of human beings' knowing it. It also 
exists independently of particular examples, 
e.g. the form courage exists regardless of 
whether there are, or ever have been, any 
courageous acts. The form pre-exists the 
particular. 

The things we actually perceive in the 
world have the properties they do because 
they 'partake' of certain forms. Thus a 

tomato 'partakes' of the forms: red, round, 
weight and others. Mathematics deals in 
forms such as number and set. These are 

universals because they are not particular 
entities found in the natural world. 

This rationalist approach to knowledge 
was carried on and developed by Descartes, 
Spinoza and Leibnitz. Central features of 
their ideas were summarized in a previous 
E&WW article by the author4. In particular, 
Descartes was mainly responsible for the 
subject -object dualism which is characteris- 
tic of scientific thinking and procedure: the 
human observer outside of and detached 
from the thing observed. 

Empiricism is totally different. Associated 
mainly with the British philosophers Locke, 
Berkeley and Ilume, it stresses that all 
knowledge must come from experience. 
Here 'experience' means both perception 
through the sense organs and reflection or 
introspection on the raw data. For Locke, for 
example, things and events in the world give 
rise to 'ideas'. These 'ideas' - in contrast to 
Plato's - are the objects of sense experience 
and are applied to a mind which is like a 

"white paper, void of all characters, without 
any ideas." 

The cul-de-sac which empiricism runs 
into is the consideration that if there are any 
entities other than those of sense experience 
we don't really know if they exist because we 
can't perceive them. A striking example of 
this dead-end in empiricism is I lume's 
famous analysis of causality. This has already 
been discussed in E&ltly . I lume's conclu- 
sion is that cause -and -effect do not belong in 
the physical world but are only a concept in 
the human mind. In nature things just 
happen. The observer sees a 'necessary con- 
nexion' between events which occur regular- 
ly together in time and space. But necessity 
is purely a mental concept. It operates, for 
example, in logical reasoning but not in 
nature. It cannot be perceived. Hume's 
analysis can't be faulted, even today. but it 
seems to go against common sense. It is a 

good example of subjectivity (here the no- 
tion of necessity) penetrating into, and being 
part of. the apparently objective (causality in 
nature). 

Science uses both rationalism, in propos- 
ing hypotheses, and empiricism, in obtain- 
ing experimental data. Immanuel Kant is 

therefore rightly hailed as the foremost 
philosopher of science because he showed 
the possibility of a synthesis between the 
twob. At the time, in 1781, it was revolution- 
ary. The mainspring of this revolution was 

Kant's proposal that, rather than deriving 
our concepts from observation, as was then 

Fig. 1. This drawing demonstrates the auto- 
matic interpretation that normally takes 
place as part of perception - by deliber 
atel/ frustrating it 

commonly held to be the case, we actually 
make our observations conform to pre- 
existing concepts - that is, to a priori 
concepts independent of all sense data and 
experience. In short, we construct a world 
out of appearances. A more precise explana- 
tion of this constructivism is given in the 
box. 

TI 1E OBSERVER AS ACTIVE AGENT 

What is important in the present context is 

the subjective content in Kant's approach to 
how knowledge is acquired. The concept 
comes first, as a product of consiousness. 
The observer uses it actively, as a possible 
structure into which he tries to fit evidence 
from the world, rather than passively wait- 
ing for nature to write something on Locke's 
"white paper" of a mind without concepts. 

This insight may have been connected 
with the fact that Kant was also a great moral 
philosopher. Ile had been impressed by the 
laws of physics formulated by Newton and 
others, and he wished to believe in their 
objective validity. But, at the same time, as a 

believer in God and the existence of the soul, 
he also wished to maintain the primacy of 
free will, and the possibility of autonomous 
moral decisions, over the determinism im- 
plicit in the the laws of physics. 

He therefore had a conflict of beliefs to 
resolve. In particular he wanted to attribute 
causality not to blind determinism but to a 

concept of the free human mind (see box). 
This internal conflict could have led, in some 
way, to the mental jump of proposing the 
then revolutionary idea that we make 
observations conform to concepts instead of 
the other way round. 

Kant makes explicit what he thinks was 
happening instinctively or unconsciously in 
the minds of all scientists from the ancient 
Greeks onwards. At some early time, he 

thinks, there was an intellectual change 
from mere "blind groping" to producing 
properties of objects "by a positive a priori 
construction." After mentioning discoveries 
of scientists such as Galileo and TorricelIi he 

says: "They learned that reason only per- 
ceives that which it produces after its own 
design; that it must not be content to follow, 
as it were, in the leading -strings of nature, 
hut must proceed in advance with principles 
of judgement according to unvarying laws, 
and compel nature to reply to its questions. 
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Empirical zone Rational zone 

Analytic 
judgements 

Synthetic o_priori judgements 

CONSTRUCTIVISM. Kant showed the possibility of what he calls synthetic a priori judgements. In his 
scheme, statements which are rational but contain no new knowledge are called analytic judgements (e.g. 
"AFB so B< A" and "a bald man is a man"). These are represented as the small right-hand circle. They are 
tautologous rearrangements, as found in logic. Being in no way dependent on sense perception of the 
world, they are also a priori judgements (large r.h. circle). 

In contrast to this analytic a priori kind, there are other judgements which do depend on observation of 
the real world. These are represented by the small l.h. circle and are called a posteriori judgements. 
Because they are not analytic (internally self -validating as discussed above) they must be put together, or 
synthesized. from other. external knowledge and are therefore called synthetic (large I.h. circle) a 
posteriori judgements. 

Kant's major contribution was to show that some judgements could be both synthetic and a priori, as 
indicated by the overlap of the two large circles. Being a priori, they have their own internal truth and don't 
depend on empirical observations for their validity, but they are nevertheless applicable to our sense 
perceptions of the world. As such, according to Kant they give Objective validity to our empirical 
observations. Casuality is one example of a synthetic a priori judgement observations of related events 
conforming to an a priori concept of cause -and -effect In this way we construct a world out of appearances. 

For accidental observations, made according 
to no preconceived plan, cannot be united 
under a necessary law Reason must 
approach nature with the view, indeed, of 
receiving information from it, not, however, 
in the character of a pupil, who listens to all 
that his master chooses to tell him, hut in 
that of a judge, who compels the witnesses to 
reply to those questions which he himself 
thinks fit to propose."6 

Modern scientists also get answers which 
depend on those questions, put to nature 
through specifically designed experiments, 
that they think"fit to propose." 

Nowdays in modern physics the inter- 
dependence of the observer and his/her 
experiment is well understood. The very 
presence and activity of the observer can 
modify what is observed. The physicist Pauli 
once commented: "I can choose to observe 
one experimental set-up, A, and ruin B, or 
choose to observe 13 and ruin A. I cannot 
choose not to ruin one of them." The idea of 
man split off from nature and observing it 
from outside is increasingly being seen as an 
artificial one. Rather, the activities of the 
observer and the things or events observed 
are seen as being linked together in a single 
on -going process or complex of matter and 
energy. 

This view is very much in accord with the 
idea of Dasein advanced by the modern 
German philosopher Ileidegger7, a pupil of 
1-Iusserl. Dasein can be roughly translated as 

'being there' or 'presence in the world'. 
Instead of the observer being isolated and 
locked up inside his own skin and his own 
ego, he is already out there in the world, 
acting in it, whether he himself thinks so or 
not. I-Iis presence in the world is analogous 
to a field in physics, or to a discrete object 
with a boundary in the Newtonian sense. 

In everyday terms Dasein is rat her like our 
way of using a hammer or screwdriver, or 

some very familiar instrument or machine. 
\Ve don't think explicitly and self- 
consciously of all our actions while handling 
it, that we are monitoring and controlling it 
through our sense organs, nervous system, 
muscles etc. The hammer becomes almost 
part of us while we wield it. Our 'field' 
encompasses the hammer and its effects. 
Indeed the psycho -physical feedback loop 
controlling it must necessarily pass through 
part of the world outside of us. Analogously 
our field of influence extends out into the 
world beyond the sharply -defined limits of 
the body and mind as traditionally under- 
stood. 

So I leidegger's idea of Dasein destroys 
completely the old Cartesian dualism of 
mind distinct from body, subject from ob- 
ject, and observer -from the thing observed. 
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Network 
management 

through quality 
analysis 

Many network protocols are so good that, 
with retransmission of corrupt data, there 
appears to be no fault on the network until 
there is a major breakdown. A new instru- 
ment is designed to overcome this by keep- 
ing a qualitative check on an Ethernet 
system. It does this by combining a network 
analyser with a waveform analyser and a 

digital time -domain reflectometer. This is 

claimed to 'reach the parts of a network that 
other instruments cannot measure'. Net- 
work Quality Analyser (NQA) can test a 

system or station while it is running. It 
measures such key parameters as network 
bias, jitter, d.c. and a.c. signal components, 
fall time and bit rate. These are graphically 
displayed on the instrument's screen, along 
with a comparison of the IEEE 802.3 net- 
work specification. It can thus diagnose and 
locate anomalies on the system before they 
become faults, and also indicate trends. 

Automatic monitoring of the network is 

possible with the NQA setting off an alarm if 
a parameter drifts out of specification or any 
other defect arises. 

Conventional network -analysis techni- 
ques monitor the system as a whole. They 
can quantify network and node usage and 
provide a network map of the traffic, perhaps 
indicating the source of any delays because 
particular stations are very busy. Indications 
of network efficiency can be gathered from 
analysis of the traffic. NQA includes such 
monitoring facilities but perhaps its piece de 
resistance is the patented digital time - 
domain reflectometer which can he used on 
a 'live' system. This is particularly useful for 
diagnosing cable and cable -join faults, and 
again can identify potential trouble spots 
before they bring down the network. 

Physically, all is housed in a desk -top unit 
with a c.r.t. and a floppy disc drive. All 
commands are entered through the touch - 
sensitive screen with a menu system. There 
are no front -panel controls. The price of 
£ 15,000 reflects the complexity of the equip- 
ment but Logic Replacement Technology, 
the manufacturers, claim that NQA is worth 
installing on networks with 20 or more 
stations. A saving in down -time at a hank or 
financial institutions could repay the cost of 
the instrument in a very short time. 

Its portability makes it suitable for use by 
servicing companies who could analyse a 

network on a regular contract basis. Logic 
Replacement Technology Ltd, Arkwright 
Road, Reading, Berks RC2 OLU. Tel: 0734 
311055. 
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MARCONI INSTRUMENTS 
10KHz to 1024MHz 

AM/FM SIGNAL GENERATOR 

.von 

- :.V'-.-A,t i Q 

TF 1020A RF power meter 0-100W 250MHz 
TF1152A/1 RF power meter 0-25W 250MHz 
TEl AM/FM signal generator 10-470MHz 
TF1245/1246 O -Meter and oscillator 
TF2002B AM/FM Signal Generator 1OKHz-88MHz 
TF2011 FM signal generator 130-180MHz 
TF2012 FM signal generator 400-520MHz 
TF2016 2173 AM/FM signal gen' 10KHz-120MHz 
TF2092C noise receiver 
TF2162 MF attenuator 0-1 1 1 db in 0.1db steps 
TF2006 FM signal generator 10-1000MHz 
TF2001 AF signal source/monitored attenuator 
TF2300 modulation meter AM/FM to 1GHz 
TF2300A as above with deviation to 1.5KHz fsd 
TF2300B modulation meter as above 
TF2303 modulation meter AM/FM 2.5-520MHz 
TF2304 modulation meter automatic 
TF2331 distortion meter 
TF2356 level oscillator 20MHz 
TF2430 frequency counter 80MHz 7 digits 
TF2501 power meter 0.3W fsd DC-1GHz 
TF2600 millivoltmeter AF 1 mV -300V fsd 
TF2600B video voltmeter 1 mV -300V fsd 
TF2604 electronic multi -meter 
TF2807A PCM multiplex tester £400 
2019 AM/FM synthesized signal generator 1024MHz £2250 
2898A/2829 digital simulator/analyser £1500 
2833 digital in -line monitor £275 
TF2905/8 sine squared pulse 8 bar generator £250 
TF2908 blanking & sync mixer £250 
TF2950/5 mobile radio test set £850 
6460 RF power meter £350 
6460/6420 power meter/microwave head £495 
TF893A audio power meter 1 mW-10W Isd £75 
TF995A/5 AM/FM signal generator 1.5-220MHz £195 
TF9958/5 AM/FM signal generator 0.2-220MHz £250 

RALFE ÉILTCT 

r 
Microprocessor controlled AM/FM signal generator TF2017. 
Superb specification. Dem' use only. 10KHz-1024MHz 

£5000 
£75 
£75 

£350 
£500 
£400 
£325 
£325 
£600 
£350 
£100 
£750 
£200 
£250 
£350 
£450 
£325 
£425 
£350 
£650 
£75 

£150 
£75 

£175 
£150 

EST. 
35 

YEARS 

10CHAPEL SIRE, T LONE) 
TEL 01-. : 1 

~_ - R 

.D1NICS 
N NW1 
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TEST & MEASUREMENT EQUIPMENT 

ADVANCE BRM40.30.PSU. 0-40V 30A. £350 
AVO B151 RCL bridge £295 
ADVANCE VM77E AF milli -voltmeters £60 
BIRD 4340 standard RF wattmeter £250 
BRUEL 8 KJAER 1013 BFO £225 
BRUEL 8 KJAER 1521 comparator bridge £125 
BRUEL & KJAER 2209 sound level meter £375 
FLUKE 8600A digital multimeter 41/2 digits £350 
GEN RAD 13908 tone -burst generator £150 
GEN RAD 16068 RF bridge £295 
GREEN 2601 RF wattmeter 0.3-300W to 500MHz £200 
PHILIPS PM2554 audio milli -voltmeter £175 
PHILIPS PM6302 LCR component bridge £250 
PHILIPS PM5590 TV IF Modulator £2000 
PHILIPS PM5597 VHF TV Modulators £295 
RACAL -DANA 9083 2 -Tone signal source £350 
RACAL -DANA 9084,9934A sig gen,GPIB i/face 104MHz £2500 
RACAL -DANA 9301 A RF millivolt meter. 1.5GHz £395 
RACAL -DANA 9303 digital RF mVmeter c/w 2 head £950 
TEKTRONIX 7511 sampling plug-in unit £750 
TEKTRONIX S1 and S2 sampling heads £500 £600 
RACAL 9918'04A 560MHz 9 digit counter £295 
FEEDBACK PMG390 variable -phase oscillator £325 
WAYNE KERR B642 auto -balance bridge £295 
WAYNE KERR B905 automatic precision bridge £1500 
WILTRON 350 phase meter 10Hz-2MHz £295 
PM5565 Waveform monitor £995 
DRANETZ series 305 Phase -meter 2Hz-700KHz £500 
DARTINGDON off -air frequency standard 1MHz & 10MHz 
outputs £250 
TEKTRONIX 191 constant amplitude signal gen £150 
WAVETEK 157 prog' waveform synthesizer 100µHz-1 MHz £325 

ALL OUR EQUIPMENT IS SOLD IN EXCELLENT, FULLY 
FUNCTIONAL CONDITION AND GUARANTEED FOR 90 DAYS. 
MAIL ORDERS ANO EXPORT ENQUIRIES WELCOMED. PLEASE 
TELEPHONE FOR CARRIAGE QUOTE. ALL INSTRUMENTS ARE 
AVAILABLE EX -STOCK AS AT COPY DATE. GOOD QUALITY TEST 
EOUIPMENT ALWAYS WANTED FOR STOCK. PRICES QUOTED 
ARE SUBJECT TO ADDITIONAL VAT. 

ENTER 170N REPLY CARD 

HEWLETT PACKARD 

- . 

3581A Wave analyser. 15Hz-50kHz. 30nV 
sensitivity. 80dB dynamic range. Price £1500 

1122A power unit for let probes 
116023 transistor fixture 
334A distortion meter 
355E 8 F attenuators, pair 
435A/0481A RF power meter/head 
4800A vector impedance meter 
5300A 50MHz counter 6 digits 
608F AM signal generator UHF 
8004 pulse generator 
80078 pulse generator 
8407Á!8412A network analyser/phase-mag display 
8733A pin modulator 
8600A & 86632A Sig gen/mod section 
400F milli -voltmeter 
3400A milli-vo tmeter 
180C tOMHz oscilloscope 
415E SWR meter 
10529A Logic comparator 

HP141T SPECTRUM ANALYSER 

MIX 'N' 
MATCH@ 

£195 
£395 
£850 
£150 
£750 
£250 
£100 
£195 
£t95 
f495 
£995 
£250 

£2500 
£250 
£495 
£400 
£95 

£275 

COMPARE 
OUR 

PRICES@ 

141T :.forage main-frame £950 
85528 I.F. unit £1500 
85538 110MHz analyser unit £1000 
8554B 1250MHz analyser unit £2000 
SPECIAL OFFER 140S/8552B/8554B complete 1250MHz 
systen lust £2750. 

3GHz SPECTRUM ANALYSER 

TEXSCAN Model AL6OB spectrum analyser 0-3GHz £2500 
TEXSCAN Model 9650 Tracking sweep analyser. 0-350MHz 
sweep generator/spectrum analyser/display £ 1500 

Toroidal & E.I. 
Transformers 
As manufacturers we are able to offer a 
range of quality toroidal and laminated 
transformers at highly competitive prices. 

Toroidal Mail Order Price List 
prices inclusive of VAT 8 Postage 
15va 9.12, 30va 9.48, 50va 10.16. 80va 11.02. 120va 12.23, 160va 14.44. 
225va 16.37. 300va 18.05. 500va 26.46. 625va 30.66. 750va 34.14, t 000va 49.40. 
Also available 1k2, 1k5, 2k. 2k5, 3k. Prices on request. 

Available from stock in the following voltages: 6-0-6.9-0-9. 12-0-12. 15-0-15. 
18-0-18, 22-0-22.25-0-25.30-0-30.35-0-35.40-0-40.45-0-45, 50-0-50, 110.220. 
240. Primary 240 volt. 

Quantity prices and delivery on request 

A/R _ _ Air Link Transformers 
Unit 6, The Mailings, Station Road, 

Sawbridgeworth, Herts. Tel: 0279 724425 LINK 

IEEE 

488.2 

ENTER 580N REPLY CARD 

4810 

I MEASUREMENT 

SYSTEM 

1~1 

IN» 

PRECISION 

FUNCTION 

GENERATOR 

4.5 

DICK 

DMM 

DUAL 

16 BET 

DAC 

8 WRY 

MU: 
. 

DIGITAL 

(TTL) I/O 

RELAY CRIVER 

For more informatibn contact: 
M A INSTRUMENTS LIMITED 

Moordene, Axtown Lane, Yelverton, Devon PL20 6BU. 
Tel: (0822) 853585. Telex: 45441 IMAGE (M A INSTR) 

ENTER IRON REPLY CARD 

SALE 
OF 

NEW and EX -DEMONSTRATION: 
* HITACHI OSCILLOSCOPES 
* THURLBY LOGIC ANALYSERS and 

accessories 
* BLACK STAR COUNTERS & COUNTER 

TIMERS 
* KEITHLEY MULTIMETERS 
* RIKADENKI XY PLOTTERS 
* COLINE MODULAR PROBES 
* UNAOHM COUNTERS & FUNCTION 

GENERATORS 
We will quote you keenest prices but only whilst 

stocks last. 

Ask now for 
full details. Also other items. 

DANESDURY INSTRUMENTS 
Conquering your supply problems 

65 Codicote Road, Welwyn, Herts AL6 9TY. 
Tel: 043871 2041. Fax: 043871 2900 

Telex: 825633 OTSS-BG 
ENTER 50 ON REPLY CARD 
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[CIRCUIT IDEAS 
Off -delay timer 
without auxiliary 
supply 
Delay timers that keep a relay held on for a 

short period after power has been removed In 

normally require either an auxiliary power 
supply or special magnetic latching relays. 
But it is possible to keep a relay on for an 
accurately adjustable period of up to 15 

seconds after power is removed without 
meeting either of these requirements. 

Good linearity and repeatability of the 
time adjustment are obtained by using a 

programmable unijunction transistor to dis- 
charge C, through s.c.r. D4. '1 o achieve 3% 
linearity, discharge time through Cr and the 
relay resistance should he at least three 
times the maximum delay required. 

R1 

3k6 2W 

Z80 bootstrapping 
and 
communication 
interface 

LS139 

SELECT 

Host 
address 

bus 

CLK 

RIW 

t7 

Do Host data bus 

Interface 
to host 

250V a.c. 

R2 //------ 
3k6 2W 

D1T o 

51V 

02 

2 = 

3215V 

C5Cm 

While power is on. C2 is charged through 
D, and the relay is immediately energized 
through D3. As C3 charges through 1)6 and C4 

LSOO 

LS373 

02 
Do 

G G 

HALT 

UNWAIT 

LOAD 

RESET 

280 Interface 

R3 18k 

R5 

4k7 

charges through D8. the unijunction tran- 
sistor's anode and gate are brought to 8V and 
16V respectively. 

All microprocessors have some means of 
fetching instructions from a known address 
at reset. Normally, this address is in eprom, 
but instructions can be placed directly on 
the data bus at reset under control of 
another processor. The Z80 Willi' input 
makes this particularly simple. 

By making Z80 read operations obtain 
data from another processor, but write 
operations write into the Z80's own mem- 
ory, the memory can be loaded under soft- 
ware control of the other processor. I have 
used this method to interface a Z80 second 
processor to the 'Tube' of a BBC micro- 
computer. 

On the host side, connecting to the BBC 
computer. there are three 8bit data latches 
and a control buffer, each with its own 
address. Since only four addresses are 
needed, the circuit can easily be used with 
other processors. Two data -latch pairs confi- 
gured as four i/o addresses connect to the 
Z80 second processor; these form two read 
and two write data registers. A fifth data 
latch and buffer pass control and status 
lines. 

By writing data to the control/status regis- 
ter, the host processor puts the Z80 second 
processor in load mode and resets it. On 
release of the reset condition, the Z80 zeros 
its program counter and attempts to read 
memory address zero. In load mode, this 
results in the WátT signal being asserted and 
thus a Z80 read from data register Ro. 

Monitoring WÁIT through the control/ 
status register, the host processor can now 
put the first program byte into data register 
Ro and read R3, causing strobe signal ENABLE 

to terminate the WAIT state. On leaving the 
WAiT state, the Z80 reads the byte in Ro then 
attempts to read the next address, which 
causes the same sequence of events. Any 
write operation by the Z80 results in a write 
to the Z80 memory without WAIT being 

ENABLE asserted. 
During the WAIT state. the dynamic mem- 
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CIRCUIT IDE 
When power is switched off C2 discharges 

through the relay coil. Potentially, the capa- 
citor's charge can keep the relay energized 
for two thirds of the discharge time, at which 
point the drop -out voltage of the relay is 
reached, but after a third of the time con- 
stant. on -time becomes non-linear. 

Potentiometer R6 determines the dis- 
charge rate of C4. When the p.u.t. gate 
reaches 8V, it turns on and draws current 
from C3 to turn on s.c.r. D4. On turning on. 
the s.c.r. discharges C9 and turns the relay 
off at the set time hefore the non-linear 
region. 

Linearity is within 0.5s and repeatahility is 
fair. Timing capacitors C3,4 should be high - 
stability low -leakage types. 
T.S. Doraiswamv 
Bombay 
India 

D7 Z80 data bus 

DO 1/2 L5139 

UNWAIT 

fin 
Amplif y, Limit, 

divide by 4, 

translate to 
t.t.l. 

f/4 

MC 10116 

MC10231 

BCY70 

Frequency 
measurement 
interface 

PEDRO 

3 É 

CK - 

( To memory) 

tit 4 [ 

I 5V 
LOAD- 

RESET - -1-4>>0 
ENABLE 

ory is not refreshed. Since it needs re- 
freshing once every 4ms, the bootstrap 
loading time must be minimized. In the 
prototype, a simple 58byte bootstrap prog- 
ram that transfers in about 4ms is used. To 
transfer it, the HL register pair is zeroed 
then repeatedly used as a pointer to indirect- 
ly load immediate data into Z80 memory as 
follows, 
LD HL,#0 
repeat: 
LD (HL),byte. 
INC HL 
until done. 

Divide 
several 
times 

74LS197 
74593 

5 volts 

B7 

f /8 Enable 

f/16 f In 
Select a 
traction 

B6 fÍ64 

f/256 for Select - 62 

©unting 81 

BO 
f/512 

-A- frequency - 
fraction 

( To memory) 

RAMRD 

(To memory) 

Once loaded, the short bootstrap program is 

started by RESET, allowing the Z80 to com- 
municate with the host processor under its 
own control via the data registers. 

My prototype Z80 second processor has 
64Kbyte of dynamic memory whose eighth 
refresh bit is produced using a circuit similar 
to the one in Circuit Ideas, November 1987. 
With both host 6502 and Z80 processors 
running at 2MHz, transfer across the data 
registers under software control can be up to 
about 8Kbyte/s- n . 

John Cooke 
Edinburgh 

7415151 -1 
20 -way 

ribbon cable 

BBC Microcomputer 
6522 user port 

Using a computer to control, process and 
display readings greatly simplifies the design 
of a frequency meter. Only five i.cs are used 
in this circuit for interfacing to the v.i.a. in a 

BBC microcomputer, yet it works at up to 
200M1-Iz. Auto -ranging is easily done in 
software. 

Input is amplified and limited then di- 
videc for counting by the 6522 versatile 
interface adaptor. Port B data lines of the 
v.i.a. communicate with the interface, its 
first timer gates the count period, and its 
second counts received pulses. 

At the input` a fast e.c.l. line receiver i.c. 
amplifies and limits the signal. Next. an e.c.l. 
dual bistable configuration divides the signal 
by four and a transistor changes the level to 
t.t.l. Further division by 8, 16, 64, 256 or 512 

is then selected under computer control by 
addressing the 151 multiplexer. 

Line B6 from the v.i.a. carries the frequen- 
cy fraction to the computer for counting. 
Control line B7 sets the multiplexer enable 
input low when count pulses are to be 
allowed through; this happens during one or 
more programmed periods set using the 

first timer. 
Mr software, in BBC Basic, makes about 

100 readings per minute. It first prepares the 
screen, sets the second timer to count input 
pulses and sets the first timer to its mono - 
stable mode. It then measures by preparing 
the second timer, running the first and 
checking overflow. 

If there is an overflow, resetting takes 
place; the divider is set to divide by 512 and a 

reading is taken using one gate opening per 
count. When no overflow takes place, the 
result is calculated and displayed and the 
system is rescaled, depending on the last 
reading, to select the frequency division and 
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pioneers -17. In 1939, the pressure was on to 
find a source of high -power microwaves- the 
klystron was not able to provide enough for 
radar transmitters. J.T. Randall and I -1.A.1 I. 

Boot applied the resonator technique to the 
magnetron, designed by I lull in 1921, to 
obtain the cavity magnetron. 

Sensitivity -based filter tuning. Computer - 
aided tuning of circuits such as filters, using 
sensitivity analysis. The process takes into 
account component errors and strays. 

5lultiple-spark ignition. Mosfet switching 
devices have made possible the development of 
high-energy, multiple -spark ignition systems. 
A practical circuit illustrates the design 
process. 

FCIRCUIT IDEAS 

5 volts to pins 1 and 16 of IC1 and 102 

0 volts to pins 8 and 16 of lei and IC2 

Signal 
input (f) 

ICI 

MC10116P 

10 7 13 15 5 3 

9 

6 12 14 4 2 

11VB 

4n7 º 41J7 

680 

680 

number of gate openings that will give good 
resolution. 

Input impedance is 5051 and coupling can 
he made either by holding a few turns of wire 
near the frequency source or directly 
through a suitable resistor. Tooley and \\'hit - 
field quote sensitivities of 3m\' r.m.s. at 

1011-Iz and 45mV at 200M1-Iz. Screening is 

important and the p.c.h. must have a ground 
plane. 
Neil Benton 
Doncaster Yorkshire 
*The input circuit was presented by "fooley 
and Whitfield in their frequency meter de- 
sign published in the January and February 
1979 issues. 
Copies of the author's software and p.c.h. 
layouts can he obtained by sending an s.a.e. 
to Frequency Meter. Ec@Il1V Room L302. 
Quadrant blouse. The Quadrant. Sutton. 
Surrey SM2 5A\S. 

680 

//4 
m 

TR1 8 

7 

1k8 

IC2 

MC10231P 

S 

/ 270 

74LS197 

CPO 

W31 

00 

01 

03 
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PO 

GND P1 

P2 

P3 

Vcc 

12 

13 

1 

6 
CK 

1k8 680 

74LS93 
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44.441 

5 

9 

12 

1 

13 - 
10 

3 

11 

14 

2 

10 

CP1 02 

03 

C0 
MR1 MR2 

GND Vcc 

S 

f/8 4 

f/16 3 

f164 2 

3 

7415151 

8 f/256 1 

f/512 15 11 

14 

3 

5 8 

1O SO 

11 
S1 

12 S2 

13 Z 

14 E 

GND 

17 

16 

15 
Vcc 

BCY70 

t.t.l. 
output (f/4) 

r-- 
11 

10 I 
B1 

B2 
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7 

12 

13 
14 

L 

16 

BO 

B6 
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cable to B B C 

microcomputer 
user port 
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Ampex's D2. Richard Lambley presents 
technical details of the new D2 digital video 
machines from Ampex, in which a 

controversial videotape format challenges the 
world DI standard. 

Optical time -domain reflectometry. A new 
approach to o.t.d.r. which uses spread - 
spectrum techniques to increase dynamic 
range and reduce measurement time. 

Self -calibrating digital multimeter. Internal 
self -calibration, a novel a -to -d converter and 
some other clever circuitry gives the Datron 
1281 an edge over the opposition. 

346 ELECTRONICS & WIRELESS WORLD 



Laser frequency 
multiplication 

Multiplying the frequency of a laser involves a technique 
analogous to one widely used for r.f. multiplication. 

Radio -frequency multipliers using har- 
monic filters have existed since the 
days when high -frequency alternators 

first produced continuous waves for trans- 
mitters-and perhaps before. 

With such multipliers, no matter what the 
power requirement and operating frequen- 
cy, the basic multiplication principle is the 
same: a wave rich in harmonics is passed 
through a filter which selects the desired 
harmonic, Fig. 1. 

Many waveforms, the most extreme exam- 
ple of which is a sine wave, do not contain 
the desired harmonic. To multiply such 
waveforms, they must first be distorted by a 

non-linear circuit or device to introduce the 
harmonic. Fig. 2. If the fundamental fre- 
quency of the input waveform is w then the 
output sinusoid will have a frequency of Nw. 
representing the Nth harmonic. 

For many years it has been standard 
practice to use a suitably biased valve or 
semiconductor to introduce the distortion. 
Saturated cores have also been used for this 
purpose, not least in the high -frequency c.w. 
generators of pre -BBC times. 

Principles similar to those used in r.f. 
multiplication also apply at the much higher 
frequencies of infrared and visible spectra. 

NON-LINEAR OPTICS 

High -power lasers have enabled ex- 
perimental work in a field known as non- 
linear optics. Normally in optics work, it is 

assumed that the transmission of light 
through media such as glass, crystal and 
water, is linearly proportional. Doubling the 
intensity of incident light doubles the in- 
tensity of light at the other side of the 
medium. 

At conventional light levels this is true. 
but when the intensity of the incidental wave 
reaches the extraordinarily high levels 
obtainable from high-powered lasers, the 
relationship becomes non-linear. Fig. 3. 

CHARLES H. LANGTON 

. 

I 

The largest frequency doubler is used in 
plasma physics and laser fusion experi- 
ments with the world's largest lasers. This 
is a single perfect crystal that took 18 
months to grow and polish. It has a working 
aperture of 36cm and the laser that is used 
with it is around 100m long. Picture cour- 
tesy of Optilas, Milton Keynes. 

This is because light, being an electro- 
magnetic wave, is at the mercy of the 
permeability and permittivity of the medium 
through which it propagates. When a ray of 
light passes from a low -density medium 
such as air or a vacuum, into a higher - 
density medium such as a transparent crys- 
tal, its propagation velocity is reduced. 

The ratio between the velocities is the 

DUAL -FREQUENCY LASER IN METEOROLOGY 

In meteorology, laser -frequency multipliers provide a means of calculating the size of water 
droplets in the atmosphere. 

Two laser beams of different frequencies are trañsmitted into the atmosphere and 
reflected back to a detector at the laser station. By comparing the phases of the two beams. 
the size of droplets in the intervening space can be calculated, providing useful information 
for investigating the nature of fog or mist 

It is vital that both beams leave the laser station precisely in phase with each other. 
Frequency multiplication solves this problem; the laser's fundamental frequency provides 
one beam and its second harmonic provides the other. 

r 

1 

refractive index of the interface, n. If the 
wave's velocity through air or a vacuum is c 

and its velocity when travelling through the 
crystal is v then n=c/v. Velocity of the wave 
in the crystal is therefore v=c/n, but since, 

n=V 

where µr is relative permeability and Er is 

relative permittivity. 
In a transparent crystal, µr is unity which 

simplifies the equation to, 

v= 

If the incident wave approaches the crystal 
at right angles to the surface, the intensity 12 

of the wave as it crosses the boundary and 
enters the crystal is given by, 

12= 114cv 

(c+v)2 

where I is the intensity of the incident wave. 
However, v=c/ so that by sub- 
stitution in the above equation, 

1,= 1'4 

0+112 
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Generator 

W- 
T 

Filteris._ NW 

tuned to Nw 

^AN. 
NW 

Fig. 1. Basic frequency multiplication pro- 
cess. Fundamental frequency with harmo- 
nics passes through a filter tuned to the 
desired harmonic. 

Therefore, intensity of the transmitted wave 
is a function only of the permittivity of the 
crystal. At normal light intensities. er re- 
mains constant for a given frequency and 12, 

being I multiplied by a constant, is com- 
pletely linear. 

At the extraordinary intensities that exist 
in laser systems however, er varies through- 
out each cycle and, 

4 

(\+1)2 
depends on the instantaneous value of the 
incident wave. As a result, the equation 
becomes a non-linear function and the 
transmitted wave is no longer a perfect 
replica of the incident wave. 

1 
i 

Loser intensity 

0 INTENSITY OF INCIDENT LIGHT 

Fig. 3. At low intensity, light output from a 

given medium is linearly proportional to 
light entering the medium but when high - 
intensity laser light is used, transmission 
becomes non-linear. 

red 106 

Nd:YAG 
loser Lens 

Sinusoidali - generator 
Non- 

linear 
device 

Sine wove 
I 

Complex wove 

Filter 
tuned to Nw 

NW 

Sine wave 

Fig. 2. To multiply some waveforms, a sine 
wave for example, a non-linear device has 
to be used to introduce the desired multi- 
plication harmonic. 

Fig. 4. Laser frequency multiplier. Com- 
pare this system with the one outlined in 
Fi g. 2. 

Non-linear crystal High-pass filter 

Being distorted in this way, the output 
wave now contains harmonics which were 
not present in the input wave and the desired 
harmonic can he selected by passing the 
output wave through an optical filter. Fig. 4. 

In Fig. 4, the laser is a neodymium - 
yttrium -aluminium -garnet device (Nd-YAG) 
producing infrared light at a frequency of 
2.82x 101411z (1064nm). Laser output pas- 

ses through a lithium -iodate crystal which 

Infra red 

Green 532nm 

Green light 
Output 

behaves non -linearly when subjected to 
high -intensity light. This non -linearity in- 
troduces a second -harmonic component of 
visible green light at twice 2.82x 101411z 

(532nm) into the wave. 
Finally, the wave passes through a high- 

pass optical filter which absorbs the fun- 
damental frequency hut passes the second 
harmonic component of green light. 

Rapid instrument repair and calibration 
Perhaps one of the best compliments paid to 
the repair service at MSI. is when customers 
complain that, after repair, their trusty 
oscilloscope doesn't work the way it used to. 
Usually this is because they have been so 

accustomed to using an instrument that is 

out of alignment, that when put right, it 

seems wrong! MSL guarantees to return the 
majority of instruments to the maker's 
specification. or even better in some cases. 

Oscilloscopes take up nearly half of the time. 
Out of the 27 to 30 thousand instruments 
repaired in a year, 10 to 12 thousand are 
oscilloscopes. The others range from Avo 
meters to computer hardware and micro- 
wave instruments. One example of their 
attention to detail is that they employ a 

watchmaker full-time to repair the hearings 
and springs in analogue meters. Normal 
servicing and testing takes between seven 
and fourteen days. There is also an emergen- 
cy while -you -wait service. All equipment is 

fully tested and certified as 'up to specifica- 
tion'. 

One milestone in the company's history 
was the acquisition of a calibration labora- 
tory in Scotland, which is certified by the 
British Calibration Service and by the De- 
fence Quality Assurance Board. Similar faci- 
lities were installed at their headquarters in 

I litchin. I lerts, which has standards calibra- 
tion equipment conforming to the very 
stringent levels set by the National Physical 
Laboratory. It also conforms to national 
defence and Nato standards as well as BS 

5750. 
The company, with a staff of about 120, 

claims to be the leading independent calibra- 
tion centre in Europe. It has over £2M in test 

equipment which is constantly being up- 
dated. One of its major customers is itself; 
keeping its own test instruments up to the 
highest standards in order to use them on 
customers' equipment. It also holds a com- 
prehensive supply of spare parts and compo- 
nents for all the major test -equipment 
manufacturers which amounts to some 
£0.25M. 

NISI, undertakes contract servicing and 
calibration for some 1150 companies and 
national industries, ranging from GEC. Ples- 
sey, STC and Racal to British Gas, CEGB, 
UKAEA, and many research laboratories. 
About a third of their effort is related to 
defence and the f litchin laboratory is also an 
RAF station holding in bond over 700 pieces 
of equipment ready for shipment. 

Tempest is the generic term for protection 
against equipment that can eavesdrop on 
computers. By tuning -in to the emanations 

from a v.d.u. or even a laser printer, it is 

possible to decode what is being displayed/ 
printed. MSL have become experts on such 
equipment, and on preventive measures 
against it. They formed a new division. MSL 
Secure Systems, to deal with it and with 
other 'sensitive' security systems. These 
include r.f.i. detection and prevention, se- 

cure optical fibre modems, multiplexers and 
isolation components. They have generators 
to simulate the electromagnetic pulse re- 

sulting from a nuclear explosion and so can 
test equipment's responses to such pulses. 
In these areas, MSL has become agents for a 

number of US companies and offer consul- 
tancy and full servicing and calibration. 

A special secure laboratory houses such 
equipment and includes a screened room. 
The engineers, who all need security clear- 
ance. have been trained by the manufactur- 
ers of the equipment. 

Such equipment is complex and expen- 
sive. There are few customers, though these 
are likely to be high -security establishments 
such as CCIIQ. Ilowever, the main part of 
the business is in the non -security area; 
getting those trusty oscilloscopes hack into 
action. MSL Calibration Centre. Wilbury 
Way. Ilitchin, I lerts SC4 OTA. Tel: 0462 
31211. 
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TIM AND FREQUENCY 
411.111B 

.. 

The Company is Registered to Def-Stan 05-21 (AQAP- 1 

111. RADIO CLOCKS 

CHRONOMETERS 

STANDARD FREQUENCY 
RECEIVERS 

--_- , 
D. _ c.. 

4 C 7 

TIME CODE 
INSTRUMENTATION 

DISPLAYS 

WATCHDOG 

CONSULTING AND 
MANUFACTURE 

* Synchronisation of remote sites. 
* Time Stamping GMT/BST. 

* Quartz master/slave systems. 

Accurate off -air standard (MSF Rugby). 
* Calibration and reference for timers, counters, 

frequency meters. 

Generators, Readers with high speed tape search 
and control. Tirrecodes TRIG A, B, vela, EBU, 
NASA, XR3. 

Analogue, digital and self -setting analogue types 
(desk, wall or console mounting). 
* Public time displays for airports, bus, railway 

stations and factories. 

A computer network monitoring and management 
system for synchronisation and fault reporting of 
up to 64 independent computers. 

* Feasibility studies and consultancy. 
* Small quantity manufacturing and test services. 
* System design. 

All the above can be supplied with a wide range of options and interfaces including Airborne, Military and 
Commercial versions. Customised systems available. 

European Electronic Systems Limitéd; 
Maldon, Essex CM9 6SW, UK. 

Telephone: 024 541 5911 Telex: 995917 EULEC G Fax: 024 541-.5785 

ENTER 22 ON REPLY CARD 

CONQUERING NEW HEIGHTS 

110,1 

yes ií`s 25Mh'z forL319 

* Component Comparator * Variable Hold Off * Triple DC Source 
* DC -25 MHz * 4Ons/div \\ * 2mV/div * Low Cost 

£319* 
To scale the heights, just call 
us for your FREE copy of our 
catalogue "(Ex VAT & Delivery) 

Crated! Instruments Limited 
2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ 

Telephone: (0480) 301818 
ENTER 6 ON REPLY CARD 

ELECTRONICS & WIRELESS WORLD 349 



The seven -per -cent rule 
Ivor Catt believes that what appears to be a new rule of 
linguistics could have consequences in data storage. 

My discovery of the seven -per -cent 
rule demonstrates how new 
academic disciplines can grow out of 

mundane technological advances, in this 
case the reduction in the cost of memory and 
of data processing. 

In the past, data compression techniques 
involved replacing short strings like ion, the, 
and by a short code. There was an underlying 
assumption, valid at the time, that a 20,000 
word look -up dictionary of words for conver- 
sion into shorthand was impracticable. An 
August, 1977 project report` suggested a 

dictionary of 200 strings, examples of strings 
to he compressed being ion, the, and and 
at ion. At that time, a 20,000 word look -up 
dictionary in 200,000 bytes of memory 
would perhaps have cost £100,000. Huff- 
man, Shannon and Fano were associated 
with the underlying theory of compression 
of three- or four -character strings. 

The relations between cost, speed and size 
of semiconductor rom and ram recently 
passed the point where a look -up dictionary 
of 20,000 words became practicable, its price 
dropping to £100. 

Since a text of 100,000 words is virtually 
all encompassed by a dictionary of 20,000 
words, then if the average word length is six 
characters. we can today consider storing 
these (less than) two -character codes rather 
than the original longer words. The earlier, 
I luffman idea of character -by -character 
searching, looking for frequently recurring 
strings, seems to be obsolete. 

The Loh Corpus" is a computer analysis 
of one millon words of text from diverse 
sources, and is invaluable for our purpose. 
We find that it would he possible, lacking 
systematically developed information, to 
make major errors - for instance to think 
that the average word is six characters long. 
Words in the Lob Corpus analysis are ranked 
in order of frequency of occurrence, and we 
find a number of interesting things. First, a 

form of text compression by word has 

already occurred in English, in that the most 
common words are generally substantially 
shorter than the less common words. Since 
these common words are so short, (the most 
common 64 words averaging 2.6 charac- 
ters', the next most common 64 words 

Technical Memorandum No. C/R/087 by M. 
Sreetharan et al., "Text Compression with Proper- 
ty la. "A report from a government -funded project 
at Brunel University Department of Electrical 
Engineering and Electronics to investigate the 
use of my computer architecture (UK Pat.1 525 
0481 in text compression. 

"K. Holland and S. Johanson, lVord Frequen- 
cies in British and American English. pub. The 
Norwegian Computing Centre for the Humani- 
ties.Bergen. 1982. 

IVOR CATT 

If the seven per cent rule were a law, then: 
7% of the words in any long text would be the, the most common word in the language; 
14% of the words in any long text would be the or of, the two most common words; 
21% of the words in any long text would be the, of, and or to, the four most common words; 
28% of the words would be the, of, and, to, a, in, that or is, the eight most common words. 

Each time we doubled the catchment, we would account for 7% more of the words in the 
text. In 14 such steps we would have included 214 = 16384 different words and accounted for 
98% of the words in the long text. 

In practice, the seven -per -cent rule only loosely controls the pattern initially, although you 
will see from the full table that, after the first four words, the 7% rule applies remarkably 
rigidly. 

Analysis of word frequency in a text of 106 words. Figures in brackets are estimates. 
Number of words, starting with 
the most common (catchment) 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 
%of text that they represent 7 10 16 22 29 37 44 51 58 64 71 79 

Average number of characters 
in words so far 3 2.7 2.6 2.4 2.4 2.5 2,6 2.8 

(86) (93) (100) 

(4.5) 

Number of additional words 1 1 2 4 8 16 32 64 128 256 512 1024 
% of the text that the 
additional words represent 7 3 5 7 7 8 7 7 6 7 7 8 

Average number of characters 
in the additional words 3 2 2.5 2.0 2.5 2.9 2.9 3.9 (5.1) 

2048 

(7) 

7.2 

4096 

(7) 

8192 

(7) 

>7.6 

average 3.9 characters, and since more than 
half the words in the text come from these 
128 words, it follows that the saving of the 
Space character which is implicit in text 
compression by word is one of the most 
compelling, hut confusing, reasons for text 
compression by word. (With the inter -word 
space. 2.6 becomes 3.6 and the 3.9 becomes 
4.9.) Possibly part of our system of word 
recognition when we read is that shortness 
tells us that the word is common, and vice 
versa. A word's length may he part of its 
informational content. 

It appears that something like a 7 -hits 
code for the most common 128 words, and 
one hit to indicate whether the code is 7 hit 
or 15 bit, would give efficient (x3 or so) text 
compression in a manner easy to effect with 
our hardware". It would also not signifi- 
cantly interfere with text retrieval, although 
it would somewhat upset character -by - 
character search. It is 20% more efficient 
than using a 15 -bit code for everything- 100 

words consume 1200 hits instead of 1500 
hits. There is a further small improvement 
down to 1100 hits for 100 words if four (or 
eight) different code lengths are used, re- 
quiring, of course, a 2- or 3 -bit number to 
specify the code length used. Increasing the 
number of code lengths improves the effi- 
ciency by reducing the pattern length for 
words, but the improvement is more or less 

exactly cancelled by the waste involved in 
recording which code length is used. 

The fact that use of two code lengths gives 
only a 20% advantage indicates that storing 
the look -up dictionary in ram and altering 
the "most common" 128 -word set to suit 
experience with texts in real time will prob- 
ably not be highly worthwhile, given that 
ram is more expensive than rom. However. 
such tradeoffs need to he discussed at great 
length. One large computer company with 

$4 billion turnover sells $1 billion worth of 
disc files each year. Although some of the file 
space will he taken by data, it is possible that 
text occupies a significant percentage of that 
$1 billion dollars' worth of hardware.. This 
indicates that there is a lot of money avail- 
able for effecting more efficient text com- 
pression. A similar argument could he used 
for text compression down telecommunica- 
tion lines, by satellite and otherwise. 

For the future. we have a fact (consistent 
7%) without a theory. We will see whether 
other languages give us a consistent 7%. 

Dr Eugene Winter, a language expert, is 

critical of the Lob Corpus, and I feel that 
further analysis should be of other bodies of 
text. Analysis should he by batch. 100,000 
words at a time. and all the results delivered 
to me for accumulation, both to check on 
the main results and also to get a feel for 
variability - standard deviation - between 
different bodies of text. 

If this remarkable 7% figure remained 
unknown until I stumbled on it. this would 
point to a gulf between the humanities 
(linguistics) and computer technology. It 

would mean that we have been misled by all 
the noise about structuralism in literary 
analysis into thinking that computers were 
now being used, whereas quite clearly they 
are not. I lowever, perhaps this article will 
lead many students to go for fashionable 
computer -based Ph.D. research projects. 

" This is, of course. the average length ofa sword 

in the text coming from the most common 64. 
rather than the average length of these 64 words 
(which is 3.1 characters!): - an important distinc- 
tion. difficult to describe. 

'This number seven can he varied hetween 5 and 
10 with very little penalty-only .3'%or so. 

"The average length of uncommon words is seven 
characters. 
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TAYLOR R.F. EQUIPMENT MANUFACTURERS 

PERFORMANCE 
& QUALITY 

WALLMOUNT DOUBLE SIDEBAND 
TELEVISION MODULATOR 
PRICES FROM ONLY £104.53 (excluding VAT & carriage) 
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Prices 
CCIR/5-1 1 Modulator £104.53 
CCIR/5-2 2 Modulators £159.99 
CCIR/5-3 3 Modulators £226.28 
CCIR/5-4 4 Modulators £292.56 
CCIR/5-5 5 Modulators £358.85 
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ENTER 19 ON REPLY CARL) 

19" RACK MOUNT CRYSTAL CONTROLLED 
VESTIGIAL SIDEBAND TELEVISION MODULATOR 

PRICES FROM £203.93 (excluding VAT & carriage) 
Prices CCIRI3 £203.93 

CCIRI3-1 £260.64 

Lil,b) 

19" RACK MOUNT VHFIUHF 

TELEVISION DEMODULATOR 
- PRICE AT ONLY £189.00 (excluding VAT & carriage) 

CCIR/3 SPECIFICATION 

Power recuuemen- - 240V 8 Watt (available other voltages) 
Video Inpu: - IV Pk -Pk 75 Ohm 
Audio Input - .8V 600 Ohm 
FM Sound Sub -Cagier - 6MHz (available 5.5MHz) 
Modulation - Negative 
IF Vision - 38.9MHz 
IF Sound - 32.9MHz (available 33.4MHz) 
Sound Pre-Emphass - 50us 
Ripple on IF Saw Filter - .6dB 
Output (any channel 47-86( MHz) - +6dBmV (2mV) 75 Ohm 
Vision to Sound Pc.eer Rato - 10 to I 

Intermodulation - Equal or less than 60dB 
Spurious Harmonic Output - -40dB (80dB if fitted with TCFLI filter or 

combined via TCFL4 Combiner/Leveller 

CCIR/3-I - Specification as above but output level 
60dBmV 1000mV Intermodulation 54dB 

Other Options Available - 1.F. Loop/Stereo Sound/Higher Power Output 

Alternative Applicaions - CCTV Surveillance up to 100 TV channels 
down one coax, telemetry camera control 
signals, transmitted in the same coax in the 
reverse direction 

802 DEMODULATOR SPECIFICATION 

Frequency Range - 45-290MHz, 470-860MHz 
A.FC. Control - +/- 1.8 MHz 
Video Output - IV 75 Ohm 
Audio Output - .75V 600 Ohm unbalanced 
Audio Molitor Oubut - 4 Ohms 

Tunable by internal preset 
Available for PAL System I or BG 

Options - Channel selection via remote switching. 
Crystal Controlled Tuner. 
Stereo Sound. 

CCIR.5 MODULATOR SPECIFICATION 

Power Regt.iremen - 240V 
Video Inpu- - IV Pk -Pk 75 Ohms 
Audio Inp.r - IV rms 30K Ohms Adjustable .4 to 1.2 
Vision to Scund Power Ratio - 10 to I 

Output - 6dBmV (2mV) 470-860MHz 
Modulatioa - Negative 
Audio Sub -Carrier - 6MHz or 5.5MHz 
Frequent, Stability - 25 Deg temperature change ISOKHz 
Intermodulation - less than 60dB 
Sound Pre-Emphass - 50us 
Double Sideband 17odulator(un,vanted sideband can be suppressed using TCFL4 
CombinerrLeveller 

CHANNEL COMBINER/FILTER/LEVELLER 
to combine outputs of modulators 

TCFL2 2 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB 
TCFL4 4 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB 
TSKO Enables up to 4sTCFL4 or TCFL2 to be combined. 

TAYLOR BROS (OLDHAM) LTD: 
BISLEY STREET WORKS, LEE STREET, 
OLDHAM, ENGLAND. 

TEL: 061-652 3221 TELEX: 669911 FAX: 061-626 1736 



FAULTY CHIPS! 
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BROKEN TRACK-! 

SOLDER BRIDGES! 

NO PROBLEM! 
.., with the A.B.I. IN CIRCUIT DIGITAL I.C. TESTER! 

This low cost bench -top unit is completely self 
contained identifying both faulty devices and 
manufacturing defects. 

Five comprehensive tests are performed and 
rapidly displayed on the high intensity screen, 
making fault detection fast, simple and therefore 
economical. 

Its versatile too! Covering a wide range of T.T.L., 
C.M.O.S. and Memory Digital I.C.S. 

Now YOU can beat the Gremlins and cut repair 
costs at a stroke! 

GET /N TOUCH WITH US TODAY AND FIND OUT 
WHAT A.B.I. CAN DO FOR YOU. 
FOR YOUR FREE BROCHURE CALL (0226)350145 

A.B.I. ELECTRONICS LTD, 
Mason Way, Plaits Common Industrial Park, 

Barnsley, South Yorkshire S74 9TG 
Telex: 547938 EXPERT G 

ENTER 140N REPLY CARD 

COUNTERS '& OSCILLATORS. 

COUNTERS MET 100/600/1000/1500 
8 digit 0.5" LED. 5Hz up to 100/600/1000/1500MHz. 
Resolves 0.1 Hz. Sensitivity 5mV up to 10MHz. Low pass 
fitter. Mains/rechargeable; battery powered. 

LEVELL RC OSCILLATORS TG152D/DM 
3Hz-300kHz. 5 ranges, acc 2%+0.1Hz up to 100kHz. 
3% at 300kHz. Sine or square <2001V to 2.5Vrms. Des-tn. 
<0.2% 50Hz-50kHz. TG152DM has an output meter. 

LEVELL RC OSCILLATORS TG2000/DMP 
1 Hz -1 MHz. 12 ranges, acc 1.5%+0.01 Hz to 100kHz, 2% 
at 1MHz. Sine or square outputs <200uV-7Vrms. 
Distortion <0.05% 50Hz-15kHz. Sync output >1V. 
TG2000MP has output meter and fine frequency control. 

LEVELL FUNCTION GENERATORS TG302/3 
0.02Hz-2MHz in 7 ranges. Sine, square, triangle, pulse and 
ramp 20mV to 2OVpp from 5062. DC offset 0/±10V. TTL 
output. TG303 also has a CMOS output and 6 digit 10MHz 
counter with INT/EXT switch. 

TEST METERS 

LEVELL AC MICROVOLTMETER TM3B 
16 ranges 151.Vfs/500Vfs, accuracy 1%+1%fs a 1i.V. 
-20dB/+6dB scale. ±3dB 1Hz3MHz. 150mVfs output. 

LEVELL 
for INSTRUMENTS 

LEVELL BROADBAND VOLTMETERS TM6B 
16 LF ranges as TM3 B + 8 HF ranges 1mVfs/3Vfs, 
accuracy 4%+ 1%fs at 30MHz. ±3dB 300kHz-400MHz. 

HC DIGITAL MULTIMETERS HC5040/5040T 
3y, digit 12.7mm LCD. Up to 1kVdc, 750Vac, 
10A, 20M0. Resolution 1001.V, 100nA, 10m4 
15040T: 100m0). Buzzer. dcV 0.25%. Battery life 
2000hrs. 5040T: has a TR test. 

HC DIGITAL MULTIMETER HC4510 
4 ', digit 11 mm LCD. Up to 1 kVdc, 750Vac, 10A, 20Mí2. 
Resoln. 100V. 100nA, 10m2 Buzzer. dcV 0.05%. 

LEVELL DIGITAL CAPACITANCE METER 7705 
0.1pF20001.F, acc 0.5%. 37a digit 12.7mm LCD. 

LEVELL INSULATION TESTER TM14 
Log scale covers 6 decades 10M2-1070 at 250V, 500V, 
750V, 1kV; 1M -1T2 at 25V -100V; 100k -100G4 at 
2.5V -10V; 10k -10G2 at 1V Current 100pA-1001.A. 

OSCILLOSCOPES 

CROTECH SINGLE TRACE 201MHz 3031/36 
2mV10V/div. 40ns-0.2s/div. Cal 0.2V. Component test. 
3031: CRT 1.5kV 5x7cm. 3036: CRT 1.8kV 8x10cm. 
HAMEG DUAL TRACE 20MHz 1@2mV) HM203-6 
2mV-20V/cm. Ch2=Ch1. X -Y. Cal 0.2V 2V 1kHz sq. 
20ns 0.2s/cm. Auto, normal or TV trig. Component test. 
HAMEG DIGITAL STORAGE 20MHz HM205-2 
2mV 20V/cm. Ch1±Ch2. Single shot and X -Y modes. 
2Ons-0.2s,cm. Auto, normal or TV trig. Component test. 
Cal 0.2V'2V lkHz.5MHr sampling Two 1K memories. 
Dot Joining feature. Y out. CRT 2kV 8x10cm. 

- 

. I(0r11 

1112 . 1144. 

t5 

- 

HITACHI DUAL 20MHz V212/222/223 
lmV-12V/cm. 20MHz at 5mV Ch1±Ch2. X -Y. Chl 
output. 100ns-0.5s/cm. Auto, normal or TV trigger. 
Cal 0.5V 1 kHz square. Z input. CRT 2kV 8x10cm. 
V222: Plus DC offset and alternate magnify function. 
V223: As V222 plus sweep delay 114s-100ms. 

LEVELL DECADE BOXES 

C 9410/610: 4 / 6 decs. 10pF steps, acc 1 %±2pF. 
R401/410 : 4 decs. 14 or 1062 steps, acc 1%, 2.5W 
R601/610 : 6 decs. 1S2 or 100 steps, acc 1%. 2.5W 
R601S : 6 decades. 1S2 steps, acc 0.3%, 2.5W 
R701 : 7 decades. 14 steps, acc 1%, 2.5W 

LEVELL ELECTRONICS LTD. 
Moxon Street,' Barnet, Herts., EN5 5SD, England 

Telephone: 01-440.8686 & 01-449 5028 
ENTER 12 ON REPLY CARD 
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 ATELLITE SYSTEMS 

Aeronautical 
data satcoms 

Trials of the European Space 
Agency's experimental low bit - 
rate data communications sys- 
tem are going ahead on civil 
aircraft this year. This satcoms 
system will provide hoth in-flight 
public telex for passengers and 
airline business communica- 
tions for the crews and ground 
staff operating the aircraft. It will 
also be used in an air traffic 
control experiment now being 
undertaken by European air traf- 
fic authorities. 

As already reported. an air- 
borne data terminal has been 
developed and manufactured by 

Racal-Decca \dvanced Develop- 
ment Ltd. Five of these terminals 
have now been delivered for ser- 
vice trials of the Prodat System, 
as it is called. They will work on 
L -hand frequencies to an existing 
ESA ground station at Villafran- 
ca. Spain. through Inmarsat's 
Marecs B2 communications 
satellite stationed at 26°\\'. 

In engineering terms. this 
scheme can he seen as part of the 
current trend in exploiting the 
possibilities of low -speed data 
systems for satellite -based com- 
munications - notably the small 
requirements in bandwidth. r.f. 
power and signal/noise ratio (see 
December 1987 issue. p.1231). 
In operational terms, however. 
the Prodat scheme is an ex- 
perimental approach in a world- 
wide intention to make use of 
satellites to provide more reli- 
able communications for long- 
range flights - over the oceans. 
for example - than is possible at 

the moment. 
For long-range communica- 

tions. civil aircraft now depend 
on h.f. radio, which has well 
known problems arising from its 
propagation characteristics. In 
contrast. satellite communica- 
tion appears to offer greater re- 
liability. This, in turn. should 
improve operational efficiency 
and reduce costs to airlines and 
other civil aircraft users. The 
possibilities are widely under- 
stood - indeed. have been for 
about twenty years - by aero- 
nautical organizations such as 

ICAO. ARINC and. more recent- 
ly, SITA and Inmarsat. As a re- 
sult, a number of service 

schemes are now in various 
stages of development. 

ESA's low -speed satcoms sys- 

tem will send data messages 
from fixed to individual mobile 
users and vice -versa, and also 
from mobile to mobile. In addi- 
tion it will 'broadcast' messages 
to multiple mobile users. Other 
facilities include paging. 
request/reply functions and 
periodical polling of mobiles. 
Here the word 'mobile' indicates 
that Prodat is in fact also de- 

signed for marine and land ap- 
plications. 

An outline of the aeronautical 
scheme is shown in Fig.]. Data 
in multiple channels is transmit- 
ted from ground station to satel- 
lite in the 6C1-Iz satcoms band by 
time -division multiplexing. The 
carrier is modulated by binary 
phase shift keying. The t.d.m. 
frame has a duration of 1.024s 
and is divided into 64 -hit slots. 

Each of these time slots repre- 
sents a channel, sending data to 
the user at a rate of 47bit/s. Other 
bits in the slot are used for the 
coding system. The Marecs satel- 
lite then relays this signal to the 
aircraft data terminal through a 

1.5C1lz downlink with a trans- 
ponder e.i.r.p. of 24dB\\'. Lower - 
power operation is possible by 
the use of fewer slots per t.d.m. 

Aircraft with 
data terminal 

Low speed ° 

data 

frame. 
In the aircraft the radio signals 

are transmitted and received via 
separate transmit and receive 
quadrifilar helix antennas, each 
with a gain of OdBi and a hemis- 
pherical radiation pattern ex- 
tending from about 5° elevation 
up to the zenith. These are 
mounted in two small, low-dbag, 
aerofoil blades 100mm high, in- 
stalled in the top of the fuselage. 

Jata messages originating in 
the aircraft are uplinked at 
1.6CHz to the satellite. here 
again a multichannel transmis- 
sion system is needed - actually 
32 channels - by the multiplicity 
of aircraft using the satellite. But 
in this case the multiplexing of 
channels is done not on the tie 
division principle but by code 
division, which uses spread - 
spectrum transmission. This 
method is called c.d.m.a. (code 
division multiple access), in con- 
formity with the alternatives of 
f.d.m.a. and t.d.m.a. 

Fig.1. Outline schematic of 
ESA's experimental low -speed 
data communication system 
for mobile satcoms, as used in 
current aeronautical service 
trials with civil aircraft and the 
Marecs B2 comsat over the 
Atlantic Ocean. 

Public telex 
Air traffic control- Network 

management 
Airline business system 

1;6GNz uplink' 
with c.d.mra. 

1.5 GHz downlink 
with t.d.m' 

Here the 32 channels are 
transmitted by the same carrier 
frequency in all the aircraft ter- 
minals. Thus each transmission 
occupies the whole of the r.f. 
bandwidth available in the air -to - 
ground link. namely 650kHz. 
Transmissions are distinguished 
from each other by their indi- 
vidual spreading codes. each of 
which is a particular pseudo- 
random noise sequence 
(p.r.n.s.)! Each code is b.p.s.k. 
modulated by a data message. 

In broad principle this direct - 
sequence spread spectrum 
scheme is similar to that used in 
the GPS/Naystar and Glonass L - 

hand satellite navigation systems 
(April 1987 issue. pp. 377-378). 
To prevent the 32 signals from 
interfering with each other the 
c.d.m.a. system needs a suffi- 
ciently large ratio of spread 
bandwidth to data bandwidth 
and a set of mutually orthogonal 
codes. 

ESA chose this code -division 
transmission for the air -to - 
ground direction. as against the 
ground -to -air t.d.m., for several 
reasons of technical simplicity 
and low cost. One factor is that 
the transmitter e.i.r.p. of the 
aircraft terminal has to he kept 
very low. I -however. we under- 
stand that this choice of trans- 

MARECS 82 
Comsa t 

at 26°14; 

Cd.m.a. cbwhlink 

6 GHz 

multichannel 
t.d.m uplink 

Earth terminal 
(Spain) 
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ATELLITE SYSTEMS 

mission method is in tact a con- 
tentious matter in some radio 
engineering circles. 

But there is no contention 
about the most important factor 
determining the choice of 
c.d.m.a. for this part of the sys- 
tem. It is the operational re- 
quirement that aircraft must he 

allowed to send their data mes- 
sages whenever they want to. So 
all 32 channels must he permit- 
ted random access to the system. 
This means that the system has 
to be designed to cope with colli- 
sions between calls. 

Theoretically f.d.m.a. could 
have been used for the air -to - 
ground link. But c.d.m.a. has the 
advantage over f.d.m.a. that it is 

more resilient in coping with 
multipath interference. This is 

important because, as men- 
tioned above, I'rodat is a system 
intended for land and marine use 
as well. and here multipath in- 
terference is a more serious 
problem than in the aeronautical 
application. 

Spread -spectrum transmis- 
sions are often thought of as 

being prodigal in their use of 
frequency spectrum. In this par- 
ticular case ESA says that. with a 

given number of channels. the 
spectrum requirement for 
c.d.m.a. is similar to that needed 
for f.d.m.a. But again this may he 

a debatable matter. 
At the \ illafranca ground sta- 

tion the received c.d.m.a. signals 
are separated from each other to 
recover the contents of the 32 
air -to -ground channels. This is 

done by correlation with local 
p.r.n.s. codes corresponding to 
those used in the aircraft spread - 
spectrum transmissions. The re- 
sult of cross -correlation is a de - 

spread signal. 
Apart from the use of c.d.m.a.. 

another technical feature of the 
Prodat system is a method of 
forward error correction IFI:CI 
and automatic repeat request 
(ARQ) which is designed to suit 
the constraints of the low hit - 
rate system. such as long mes- 
sage transmission times. 

Astra uplink 
A new 9.5m parabolic dish anten- 
na has been installed by Société 
Europeenne des Satellites at its 
Betzdorfearth station in Luxem- 

hourg for the Astra television 
satellite. 

The antenna will he mainly 
used by the company's network 
operations centre at Betzdorf. 
but will also he available as an 
uplink to Astra for any program- 
me providers who may wish to 
feed in their television program- 
me signals from that earth sta- 
tion. The antenna was built by 
ANT of \Vest Germany. Details of 
the Astra satellite scheme were 
given in the June and August 
1987 issues. 

Harmless 
choppers 

Whirling rotor blades do not 
interfere with I. -hand signals to 
and from helicopters, according 
to Inmarsat. This was one result 
from an experiment designed to 
see how effective low -speed sa el- 
lite data transmission would he 

for automatically reporting the 
positions of helicopters operat- 
ing in remote areas. or under 
low -flying conditions that would 
make v.h.f. radio systems unsuit- 
able. 

A helicopter carrying a com- 
pact transmission equipment 
Clew a rectangular course of NE. 
SE. SW. NW from Great Yar- 
mouth. Norfolk, and sent simu- 
lated position -report data via the 
Inmarsat Dlarecs 132 Atlantic 
Ocean satellite to B'I'I's earth 
station at Goonhilly, Cornwall. 
Good radio communication was 
said to have been obtained, ex- 
cept when the helicopter's fusel- 
age obstructed the line of sight to 
the satellite. 

From Inmarsat 
to Inmobsat 

The International Maritime 
Satellite Organization was origi- 
nally set up to provide com- 
munications and other services 
for sea -going vessels alone. But 
in recent years. as we have re- 
ported. it has been making deci- 
sions to allow its nine comsats to 
he used experimentally for aero- 
nautical and land mobile com- 
munications as well. 

Now Inmarsat is obviously 
thinking it might as well go the 

whole hog and declare itself a 

general satellite organization for 
all types of mobile communica- 
tion. The West German govern- 
ment. through the Deutsche 
Bundespost. has just proposed 
amendments to the existing in- 
ternational agreements that 
would enable Inmarsat to pro- 
vide the land mobile satcom ser- 
vices. One of these amendments 
is to change the name to Interna- 
tional Nlohile Satellite Organiza- 
tion. though the present 
acronym could remain. A deci- 
sion to handle aeronautical ser- 
vices officially was made several 
years ago. 

Olof Lundberg. director 

general of the international co- 
operative. has welcomed the 
German proposal. Ile recently 
commented. "If adopted. the 
amendments would enable In- 
marsat to use its expertise and 
resources to bring recent de- 
velopments in the production of 
small, portable satellite com- 
munications terminals to all 
those who need mobile com- 
munications - at sea. in the air 
and on land. The economies of 
scale this would achieve would 
benefit all users." 

An international decision on 
whether to take on this more 
comprehensive role could well 
he made before the end of 1988. 

Radio engineering terms in satellite links 
In November 1987 we included a glossary of specialized terms used in 
describing satellite orbits. We now follow this up with a guide to the 
terminology of the radio links between satellites and earth stations. 
Many of the terms are familiar, from terrestrial applications. But we are 
putting them in the context of satellite applications, with suitable 
examples, to make this reference information more directly relevant to 
the reports appearing in "Satellite Systems". 

For simplicity we will consider a one-way system, a downlink from 
satellite to ground. But the glossary applies equally well to uplinks and 
two-way systems. We assume that a frequency- or phase -modulated 
carrier is transmitted from the satellite in a channel of known 
bandwidth and that the link has a parabolic dish antenna at each end. 
The channel capacity of the link, measured in bits, is determined by its 
bandwidth and signal/noise ratio as given in Shannon's formula for 
maximum channel capacity. First we will look at the signal power and 
how it is affected throughout the link. 

Signal power 
Radio frequency carrier power from the satellite's transmitter, PT, is fed 
to an antenna with gain GT, which is a power density factor relative to an 
isotropic radiator. In general the gain of a parabolic antenna is given by 
G=41ra-q/Á2, where G is a power density factor, a is the aperture area, ñ 
is the wavelength of the carrier frequency and rl is the efficiency of the 
antenna (a percentage usually in the region of 60%). The antenna gain is 
normally expressed in dBi. To obtain this we find the logarithm of the 
power density factor and multiply by ten. Thus G(dBi)=101ogro 
(evaluation of formula). 

It is common practice, in fact. to convert all r.f. powers, gains, losses 
and even bandwidth and noise power into dB. This is because 
communications engineers find it convenient to be able to calculate the 
effects of these various quantities (often involving many noughts) 
throughout a link by adding or subtracting their logarithms. The overall 
power calculation for a link is called the power budget For example, 
transmitter carrier power is written not directly in watts but as dB(1W), 
usually abbreviated to dBW. Thus a transmitter carrier power of 100W 
is written as 20dBW. 

When the r.f. power is radiated from the parabolic antenna it is 
concentrated into a beam of greater density with an effective radiated 
power of PT+GT (in dB). This power is normally expressed in terms of its 
equivalence to the much higher power that would have to be emitted 
from an isotropic radiator to achieve the same value as in the centre of 
the beam, namely, the equivalent isotropic radiated power (e.i.r.p.) The 
term equivalent isotropic radiated power is also in use. Thus, if 20dBW 
of r.f. power from the transmitter is fed to an antenna with a gain of 
40dBi, the resulting e.i.r.p. is 20dBW + 40dBi = 60dBW (or 106 watts). 

To be continued 

Satellite Systems is written h_vTom Ivall. 
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Linear systems and 
random inputs 
In discussions of how linear systems respond to random 
inputs, the Wiener-Khintchine theorem, autocorrelation 

and cross -correlation are not always given the prominence 
they deserve. 

In the detection of small signals, noise is 

the limiting factor. Many advanced 
signal -processing techniques used to re- 

covering signals corrupted by noise have 
their origins in the analytical procedures 
developed by Gauss and others in the 
nineteenth century. The rapid growth of 
microelectronics and microcomputers has 
made such signal processing techniques 
routinely available. 

Discussions in my previous articles have 
been restricted to finding suitable mathema- 
tical models of signals and systems in the 
time and complex frequency domains'. 
I will now demonstrate how mathematical 
representation can he used to determine the 
response of a linear system. when the input 
is a random signal rather than a determinis- 
tic one. 

An attractive method of describing a 

system's behaviour is in terms of the impulse 
response WO transformed into the complex 
frequency -transfer function I-I(s) or 
frequency -transfer function I-I(jw). The fun- 
damental attraction of this approach is that 
the output y(s) is related to the transfer 
function hl (s) and input x(s) by the operation 
of multiplication. 

\Vhen the input signal is a random wave- 
form, this simple relationship no longer 
exists and the random characteristics of the 
input signal cannot he modelled in terms of 
transforms. To retain the operation of mull i- 
plicat ion associated with complex 
frequency -domain analysis, it is necessary to 
recast the random input into an alternative 
form to make it transformable. 

To ensure that a Fourier transform exists. 
it is necessary that, 

i Ixlt)e ''"'Idt<x 

Since le-'W'I=1. a sufficient condition is. 

Ixlt)Idl<x 

with one eye on the answer. this can he 

rewritten without any loss of generality in 
the form. 

Ixlt112dt<x 

where the integral is finite as before. 

HOWARD J. HUTCI IINGS 

Employing Parseval's theorem gives the 
frequency -domain 

J fltlglt)dt=2J F(w)GI-wldw 

\\'riti ig fltl=g(tl=x(t). shows that the in- 
tegral on the left is an expression for the 
mean -square power in the time domain. 

Jx(t)I2dt=_J X(iwlXl-jwdw 

1 

I)(Iw)I"-dw 
2a 

2T, I I'alwldw 

It is particularly important to grasp the 
significance of this result, which shows how 
the average powers in the various compo- 
nents of the signal are distributed through- 
out the frequency domain. This concept is 
sufficiently important to he given a special 
name- the power spectral density function - symbolized by I'(w). Figure 1 and 
reference 3 give further details. 

Xljwl -11 HI)wl Y(jw)=Xtjwl. H tjw; 

II2 magnitude squared operation 

Pxxlwl_-j IHI)wllt Pyylwl=Pxx(w),IHljwllt 

Fig.1. Using the magnitude -squared opera- 
tion to model spectral power density as a 

transfer function. 

Total average power contributed by all the 
frequency components is given by I'arseval's 
theorem. 

Pavera;e-2Tr I'";(w)dw 

The factor 1/27 is necessary since the units of 
average power are V2, while P(w) has units 
V2/Hz and the integration is with respect to 
dw which has units rad/s- I. 

An alternative description of the average 

power, P, can he deduced by recognizing 
that P(w) is symmetrical about the origin 
and the limits of integration are from -x to 
x. This is simply twice the integral from 0 to 
x so that. 

Pav=.TrJ Pr.(w)dw 

Fourier transforms describe the integral 
relationships between the time and frequen- 
cy domains. Stated formally. the trans- 
formation from time domain to frequency 
domain is. 

I -11w1=1 h(t1e-1W'dt 

while the inverse transformation is. 

hltl=ñJ HIw1e""'du, 

Figure 2 shows how the Fourier transforms 
relate to time and frequency domains. It is 
helpful to carefully consider the reality 
behind the abstraction of these last two 
equations. The first describes how energy of 
Time domain Frequency domain 

Hlwl f httle Iwtdt 

Mt) 0111110 Htw) 

hltl=2L f H(w)e)wtdw 

Fig.2. Summary of Fourier integral rela- 
tionships between time and frequency 
domains. 

h(t) is continuously distributed as a function 
of angular frequency in the range w= ±%. In 
the second equation. the original time - 
domain function h(t) is recovered by re- 
assembling the weighted frequency com- 
ponents by means of summat ion. 

To acquire a little hands-on experience of 
using the power spectral -density function. 
consider the transformations required to 
express the decaying exponential xlt 1=Ae-"t 
in the power spectral density form. Fig.3. 

WI ENER-IiI-I INTCI-I INE THEOREM 

Using the inverse form of the Fourier trans- 
form with IIIw) replaced by I',,x(w). the 
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Time domain Frequency domain 

Mt) 

hlt) 

F. T. 112 .~ Hlw) MIIIMb Pxxlw) 

w 0 w 

Fig.3. Transformations necessary to evaluate the power spectral density function 
Pxx(w) of time -domain signal h(t). 

autocorrelation function can he expressed 
as. 

7. 

t xx( ,)-9rr 1'x.(wle'wrdw 

Recognizing that I'xx(w) is an even function 
and that e'w"=coswi+jsinwr. the autocor- 
relat ion function. a.c.f.. can he written in the 
equivalent form. 

rx r> 

t'xx(T)=2TT I'xxlwlcosrdw+. Pxx(w)sinwTdw 

Notice that Px,(w) and sinwT are mutually 
orthogonal over the interval ± x. so that the 
second integral is zero. Hence 

rxx(T1=., 1 I'xx(WlCotiwTdw 

Since I'xx(w) is symmetrical about the ori- 
gin. the autocorrelation function can he 

expressed in the torn). 

im 
t-xxlT=T-7 

Variable delay 

pr 

xltlxlt+Tldt 
T2 

Average 

Fig.5. By making observation interval T 

sufficiently long and progressively varying 
the time shift T, the signal -processing dia- 
gram provides a reasonable approxima- 
tion to the finite power autocorrelation 
function. 

Table 1. Properties of the autocorrelation function are 
such that all phase information present in the input 
signal is lost under the operation of autocorrelation. 
Amplitude information is retained although in a mod- 
ified form. Periodic signals in real time retain their 
periodicity in parametric time. Substituting T=0 gives 
the mean -square value of the signal. 

Ixx(T)=. P(W)cosurdw Real time 
x(t) 

ACF Parametric time 
rxx(T) 

Additionally. the Fourier integral rela- 
tionship expresses the spectral power densi- 

Asin(wt+d)) 
Acos(wt+lp) 

(A2/2)COs ilT 
(A2/2)cos T --> 

ty function I'x,(w) in terms of its autocor- A+Bsinwt A2+(B2/2:1coswT 
relat ion function. Ae "` (A2/2a)e " --> 

I'xx((0)=2J t (x(T)coswTdT 

I -fence the a.c.f. and power spectral -density 
function are related as a Fourier -transform 
pair. Fig.4. 

Time domain Frequency domain 

F. T. 

rxx1T) Pxxlwl 

Fig.4. Wiener-Khintchine theorem relates 
the autocorrelation function in the time 
domain and the power spectral density in 
the frequency domain as a Fourier - 

transform pair. 

Autocorrelat ion is a useful method of 
detecting signals in the presence of noise. 
The time -domain signal -processing opera- 
tion applicable to aperiodic pulses or finite - 
energy signals is given by. 

rxx(T= J xlthlt+r)dt 

While the a.c.f. of continuous or finite - 
power signals is given by. 

Figure 5 is a model of the signal processing 
required to obtain the a.c.f. and Table 1 

shows autocorrelat ion function properties. 

EFFECT OF FINITE 
OBSERVATION TIME 

It is interesting to examine the effect of the 
finite observation time associated with the 
signal processing system shown in Fig.5. 
Consider the problem of calculating the 
a.c.f. of the signal x(t)=Asin(wt +d) over the 
interval Writing the a.c.f. as. 

-T 

rx.IT1=T TT1Tt)t+Tdt 

and substituting x(t)=Asinlwt+lb. so that, 

1' A2coslw(T-711 rITI cosw-r 4wIT T) 
sinlwT+_dtl 

The first term is the theoretical a.c.f. while 
the other represents an error. Provided that 
observation time T is very much greater than 
the delay. the error will he small hut as T 

approaches T. the error becomes more and 
more significant 

CALC('h1TING DISCRETE 
AUTOCORRELITION FUNCTIONS 

Sampled data sequences can be processed to 
obtain the discrete form of the autocorrela- 
lion function. This is probably hest under - 
stow in terms of the autocorrelat ion coeffi- 
cient. A sampled -data sequence of length 
2N+ I samples has the autocorrelat ion 
coefficient defined by. 

N 

1,x(k)-9N NInx.-i, 

n= -N 

The autocorrelation function is simply a 

graph of the autocorrelation coefficients. 
Consider the sampled data form of the 
sinusoid x(tl=sinwt. sampled every T 

seconds. Figure 6 has the details (see over). 

WI I ITE NOISE 

A random signal in which all frequencies are 
present with equal weighting and random - 
phase. distribution is defined as white noise. 
Think of the analogy with white light. which 
has a constant spectral density over the 
visible spectrum. 

Such a signal cannot exist physically since 
the mean -square value would he infinite. 
Despite this limitation it is a useful mathe- 
matical model which can be adopted with 
confidence provided the bandwidth of the 
random signal is very much greater than the 
bandwidth of the linear processor. 

To evaluate the autocorrelation function 
of hand -limited white noise shown in Fig.7 
(see over) use the Wiener-Khintchine 
theorem so that, 

rxx(T)=-Tr PcoswTdT 

I I 

-sinwT 
IT T 

PB sinB- 
Tr ( BT 

Sampling function sinx/x characterizes the 
autocorrelat ion function. Clearly the greater 
the upper angular frequency (B) of the 
hand -limited model. the narrower will he the 
central pulse of the autocorrelation func- 
tion. Treating this as a limiting process it 

can he concluded that as the noise hand - 
width increases towards infinity. so the a.c.f. 
tends towards the weighted impulse centred 
on zero. By inspection the a.c.f. has a 

maximum value for zero delay. and as before 
rxx(0) equals the mean -square value of the 
random noise. 

An example should help: consider the 
effects of applying wide -hand noise with 
constant spectral density to the first -order 
low-pass system of Fig.8 (see over). Use 

signal -processing techniques to evaluate the 
total mean -square value of the filter -output. 

Method I - signal processing in the fre- 
quency domain. The transfer function of the 
system is given h. 

k 
I-I(jw1= 

I +jwCR 
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Fig.6. Signal processing necessary to generate the autocorrelation coefficients from a Since the input is a wide -hand white -noise 

captured and sampled data sequence signal. the spectral density of the output is 
Start conversion given by, 

_I___ 
Analogue 

signal input 
A - to - d 

converter Computer Display 

Pv\.(w1= Pal I -I (j(0)12 

P,.\.Iwl-1 
+IwCR)22 

To evaluate the mean -square value of the 

output signal, integrate using Parseval's Conversion completed 

Signal processing diagram of the progressive shift, multiply and summate algorithim theorem, 
realized in software form. , 

Delay Pa, = 1ii 
Ti 

Pyv(w)dw 

T 
Input sequence 

Etc. 0 
x(n) 

o 

Summate and overage 

Evaluating the autocorrelation coefficients. 

. 1.0 

- 

0 

0 

o 

o 

i 

0!, A SAMPLE NUMBER 

0 1 2 3 (:\ 5 6 7 /8 n 

s If 

- 0707 - 

-101 i 
To calculate r(0) align the samples as 
shown so that, 

r(0) = 8(xoxo+ x 1 x y + x2x2+ x3x3+ x4x4+ xsxs+ 

x(t) _ sin wt 

\A SAMPLE NUMBER 

2 3 4\ 5 6 7 /8 n 

-0707 \-- -- 
-10-' 

.1.0 

- 0707 

\ 
\A 

SAMPLE NUMBER 

1 2 3 (:\ 5 6 7 ¡8 n 

- 0707 - 
-1 0- 

x6x6+x7x7+x8x8) 

=1(0+0.7072+1.02+0.7072+0+0.7072+ 

1.02+0.7072+0) 

=0.5 
To evaluate the value of rx2(1) shift the 
sampled waveform one place to the left so 
that, 

Autocorrelation coefficient 
rxx1K) 

r.,(1)=1 8(xox i + x \ x 2+ x2x3+ x3x4+ x4x5+ 

x5x6+ x6x7+ x7x8) 

=-1(0+0.707x8 1+1x 0.7074 0+0+ 

(-0.707x -1)+(-1x 0.707)+0) 

=0.3535 

1 

_1j 
I'0.100.dww 

1+(wCl112 
) 

_1)0.100 do) 

Tr I+ (WC R12 

Substitute u=wCIZ and du=ClZdw, 

_1'0.100 du 

TrCIZ 

f 
1+u2 

P0.100 

7i-CR 
)tan- (ul° 

1'0.100 ¡1 
The other coefficients follow by progres- TrCR l21 
sively shifting the sample of interest one Using the data. substitute numerical values 
place to the left until none of the samples 
overlaps. My results are, 1 

CR-2Trx5x 10:+seconds 
r,,,(2) =0 
r..(3)= -0.3535 
r(4)=-0.5 I'0=10-6 V2/1-Iz 

r..(5)= -0.3535 
r,.(6)=0 P,= 1.571 V2 
r(7)=-0.3535 

i Method 2 - s nalprocessing r(8)=0.5 g in the time 
domain. The system's transfer function is, 

So that the autocorrelation function of the 
sampled -data sequence is rxx(T)=(V2/ 
2)coswT as expected. 

rxxlt) 

o 

-,05 . 05 

03535 03535 
\ r 
\ s 

/ 
`\0 01 

2\\ 3 4 5 6 7 8 t 
\ i 
\ , 

-0.3535 03535 
\ / 

-05= ' 

-B 0 B la) 

k 
I 11j(o) 

I +jw/w0 

and in terms of s is 

I -1(s)- 
kW() 

wO+S 

Fig.7. Increasing the upper angular fre- 
quency B of the band -limited model re- 
duces the width of the autocorrelation 
function pulse. In the limit as the band- 
width becomes infinite the autocorrelation 
function is modelled by an impulse func- 
tion. 

r5() 
Wiener-Khintchine 

A 
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Signal 
input R1 

Wideband noise 
Pa=10-6V2/Hz 

Data 
R2/R1=10 

CR= 
2rt'Sx103 

seconds 

Output 

Fig.8. The linear signal processor is made up of a first order 
low-pass filter of 5kHz bandwidth connected in cascade with an 
amplifier of gain 10. 

Sinusoidal signal 
plus Wideband noise 

Time domain 

0IIIINiyy .V 
0 N V 

Power spectral 
density 

Frequency domain 
Pxx iw) 

- w1 o w1 

Autocorrelatíon 
function 

Time domain 
rx x It ) 

the autocorrelation function of the processed output will he, 

',, rxxlTl=Ty l Ixllt)+x,It11Ix1(f+T)+x2It+rlldt 
T 

T/2 

Fig.9. Autocorrelation function of a sinusoidal signal corrupted by wide -band white 
noise. 

rxxlt) 

rxx It) 

Time domain Frequency domain 

Fourier 

J(t) --.-ryy(t)=rxxttl-Jlt) Pxxxo 
transform 

i 
n(t) 

i 

Autocorrelation 

Hylt)x)t) hl t) 

Cross- correlation 

xyltl=rxxlrl hill 

Fourier 
xljw) 

transform 

Fourier 
Pxx(w) 

transform 

IHlj w)I: 

i 

T1pTypTt 

J 
1 TIxlitlxllt+Tldt+ . xiltlx_dt+Tdt 

J L2 T2 

(U2 
+ t,Itlx 

i...lt+rldt+ 

x,Itlx It+rldt 
U2 

. 

Pyy(w) =Pxxlw)lHljw)lz 

Magnitude squared 

H()w) HY(jw).X(joilH(juA 

i 
Cross spectrum 

Pxylwl=Pxx(w)Hljwi 

Fig.10. Summary of autocorrelation and cross -correlation signal -processing operations 
in time and frequency domains. Based on diagrams from Electronic signal processing, 
T326 Block IV pp.35,37, Open University Press. 

Employing the inverse Laplace transforma- 
tion to obtain the impulse response. 

hlt)= lOwr,e-`"ú 

Using Table 1, the autocorrelat ion function 
of h(t) can he determined. 

JlT=100W02e_woiTi 
2w11 

The a.c.f. of the output signal is given by, 

r),,.I1-1=r(T).1(T) 

Since the a.c.f. of the wide -hand white -noise 
input is an impulse function. the operation 
of convolution is replaced by multiplication. 
To evaluate the mean -square value. put T=O, 

01=130310 1= I O 5Ow1,=1.571 V2 

This demonstrates the equivalence of time - 

domain and frequency -domain signal pro- 
cessing of random signals. 

AUTOCORRELATION IN DETECTION 
OF NOISE -CORRUPTED SIGNALS 

Detection of weak periodic signals corrupted 
by white -noise can be achieved using auto - 
correlation. Consider the signal processing 
implemented by the system in Fig.5 when 
the input signal consists of two components. 
xi, a small -amplitude periodic signal and x ,. 

a random signal modelled as white -noise. 
The autocorrelated output is given by, 

r,xlT)=Tm.z T jT/2 
T!2 

and the noisy input x(t1=x1(t)+x2(t) so that 

hence. 

r,x(T)=r1111-1+r1,(T)+r2ilt)+r_,07). 

The first and last terms represent the auto- 
corielation functions of the signal and noise 
respectively. and the hvo middle terms rep- 
resent the autocorrelation functions of the 
uncorrelated signal and noise components. 
Since these signals share no common char- 
acterstic they may he equated to zero. It can 

then be concluded that the autocorrelation 
function of the sum of two uncorrelated 
signals is the sum of the autocorrelation 
functions of the individual components so 

that. 
rITl=ri 11-1+r_,ITI 

Figure 9 sums this up. 

THE CROSS -CORRELATION 
FUNCTION 

When a signal from a random process is 

applied to the input of a linear signal 
processor. the output will he related in some 
way to the input, in other words they will be 

correlated. Au tocorrelation identifies simi- 
liarities in amplitude and frequency 
although it fails to reveal the phase charac- 
terist ics of the system. 

This restriction can he overcome by mod- 
ifying the autocorrelation function. and 

cross -correlating the input and output sig- 
nals. Cross -correlation is defined as. 

jx(t+T)vtt)dt 
r,2 

r.(7)=.lim 
T 

' 
Tr-' 

where a time shifted version of the input 
signal xlt+r) is multiplied by the processed 
output ytt) and the product integrated over 
all time. The cross -correlation function re- 
flects the similarities of the amplitudes. 
frequencies and phase angles of all the 
components in the integrand. The operation 
of integration gives the long term average of 
the product. 

The integral form of this expression is very 
similar to the operation of convolution 
discussed earlier'. Convolution, correlation 
and filtering are a triad of signal -processing 
operations and should he thought of collec- 
tively. rather than independently. This in- 
structive approach will unify your percep- 
tion of linear signal processing. Fig lh. 

CROSS -CORRELATION IN FLO\V 
MEASUREMENT 

The basic principle is to use cross - 
cot relation to time the passage of a particu- 
lar signal between two transducers a known 
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distance apart. Each transducer measures 
the conductivity of an unhomogeneous 
liquid or slurry. Fig.11. 

As the particular conductivity profile or 
signal detected by the first transducer passes 
the second, the measured signal will have 
been corrupted due to turbulence in the 
liquid. By cross correlating the input and 
output signals the maximum correlation 
coefficient can he determined. 

The time delay associated with the max- 
imum coefficient is the average time taken 
for the liquid to flow between the two 
transducers. hence the flow rate can he 

established'. 

Sl'STI?NI TESTING AND ) 
CI I:AIt\CTEIlI"LATION 

The output of a linear signal processor in the 
frequency domain has been shown to he the 
product of the Fourier transform of the 
input signal Xliw) and the transfer function 
Fl(i0) so that, 

1'(jw1=X(jwl.Hljwl 

and the transfer function is given by. 

1'Ijwl 
Fi(iwl=Xliw) 

Multiplying the top and bottom lines by the 
complex conjugate X(-jw) (often denoted 
byXliwll. 

1'(jwl.X*ljw) 
I Iljwl- 

CIjwLX*Ijwl 

YIiw)X*liwl 
IXIjw112 

Identifying terms, recognize that IX(j(0112 is 
the input power spectral density function 
Px,(w) and Yljw).X*(jw1 is the cross spectral 
density function PT,.(w) (Parseval's theorem 
may help here). 

Note that the transfer function of the 
system H(jw) is given by the cross -spectral 
density P.1w1 divided by the input spectral 
density P5,;(w). 

I-Iljwl_P (io) 

P\\(w) 

\Vhen the input signal is modelled as white - 
noise. the power spectral density has con- 
stant magnitude equal to the mean -square 
value of the noise. over the frequency range 
of interest. This provides an attractive 
method of system characterization. The fre- 
quency transfer function of the system is 
given by the cross -spectral density function 
divided by a constant. 

H1jw1= .l',, .Ito) I 
The time domain model of the signal proces- 
sing operation is obtained from the inverse 
Fourier integral relationship. Taking inverse 
Fourier transforms of both sides. 

h(T)= 
1 

r, .(T1 
Po 

Clearly. dividing the cross -correlation func- 
tion by the mean -square value of the random 
signal input gives the impulse response of 
the system. Fig.l2. 

This form of system characterization may 
he compared with the impulse response 
testing of continuous systems. Unfortunate - 

Known distance 
approx one pipe dia. 

Transducert Transducer2 

Time shift Average 

to I TIME DELAY 
Average time 

Fig.11. Use of cross -correlation techniques to measure flow -rate. Locating the transduc- 
ers approximately one pipe diameter apart ensures measurable coefficients without 
causing prohibitively long signal -processing time (accuracy ±2%). 

Noise 
generator 

x_I Linear 
system 

Time shift 

t 
xlt.tl 

y1I1 

Average Fourier transform 
T/p 

f dt FFT 
hI1J(uy 

T 

T/2 

rxyltl=Pohltl 
Fig.12. Signal -processing system diagram demonstrating how to obtain the time -domain 
impulse response h(t) and frequency -domain transfer function H(jw) by white -noise 
cross -correlation. 

ly it is seldom possible to identify, practical 
systems in this way, since the amplitude of 
the impulse necessary to obtain a measur- 
able response often overloads the system 
resulting in non-linear signal processing. 
Reducing the amplitude of the impulse may 
also he prohibited since the response will he 
obscured by system noise. 

System characterization by white -noise 
input-output correlation has been used suc- 
cessfully in a variety of systems. These 
include chemical process control, the 
measurement and control of the dynamic 
characteristics of aircraft, the response of 
large buildings to wind buffeting, electronic 
circuit response, the dynamics of nuclear 
power plant and the dynamics of a diesel 
engine". 

Howard llutchings is a senior lecturer with 
Humberside College of higher Education 
and a part-time tutor with the Open Uni- 
versity. 
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OOKS 
World Radio TV Handbook edited by 
Andrew G. Sennitt. Billboard, 576 pages, 
£17.95. Indispensable guide to the 
world's broadcasting, for engineers and 
enthusiasts. This year's edition sticks to 
the customary format, though the televi- 
sion listings now include details of cer- 
tain satellite broadcasts. The features 
section at the back includes articles on 
receiver specifications and active anten- 
nas. a review of the Lowe Electronics h.f. 
receiver (described in Ed111-17 in April 
1987) and a critical roundup of some of 
the latest portables. \VRTI I is available in 
the UK through Pitman Publishing. 

A quarterly newlet ter is available direct 
from the publishers at £9 for four issues: 
this will provide news and updates to the 
short-wave frequency lists, schedule 
changes notified by broadcasters world- 
wide, equipment reviews and other fea- 
tures. 
Dial -Search, fifth edition 1988/89, com- 
piled by George Wilcox, 46 pages, £3.25. 
Listener's check -list and guide to British 
and European broadcasting. with lists of 
stations on I.f., m.f.. h.f. and v.h.f., 
programme notes, tables and maps. A 
table of the UK v.h.f. band includes 
recent Geneva Plan changes of frequency 
and a number of foreign stations often 
audible in the UK. Dial -Search is avail- 
able from the author at 9 Thurrock Close. 
Lower Will ingdon, Eastbourne, East Sus- 
sex BN20 9NF (add 35p for postage). 
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tected, and centralized fault 
alarms will speed maintenance. 

The first customers to benefit 
will he the 100 or so users of 

British Telecom's Dealerinter- 
link. This service enables cus- 
tomers to rent groups of private 
circuits- heavily used in the City 
to provide fast trading links - 
which are all connected to a 

central point. In this way a pri- 
vate speech circuit can he set up 
with any other Dealerinterlink 
user within 24 hours. 

Eventually the total scheme is 

expected to run into several hun- 
dred million pounds and cover 
all the major business centres 
throughout the country. 

Hub of the City Fibre Network is 

the exchange at Baynard 
House: here ergineer Bryan 
Long is working in an area 
where the optical fibre cables 
enter the building. 

Fibre in the City 
The City Fibre Network. a flexi- 
ble access system (FAS) claimed 
to he the most advanced such 
system in the world. has been 
inaugurated by British Telecom 
in the City of London. Costing 
around £70 million, it uses 

single -mode fibres and allows 
the fast supply of new circuits. 
prompt circuit reconfigurations. 
rapid maintenance and high re- 
liability. 

FAS will allow new circuits to 
he set up more speedily or to he 

reconfigured ny a simple soft- 
ware change at the service con- 
trol centre. which can also moni- 
tor the status of any circuit, end 
to end. 24 hours a day, and so 

ensure high levels of reliability 
and maintenance. Standby cir- 
cuits are incorporated into the 
network, ready to switch in auto- 
matically should a fault be de- 

r 

...and on to 
Dockland 

The system is to be further ex- 
panded to reach into London's 
dockland which is growing in 
importance as a business and 
financial centre. For this exten- 
sion. Plessey has won an order 
valued at around £31) million. 
Plessey will have total responsi- 
bility for the project. and for the 
supply of the System X switching 
system and optical transmission 
equipment. But within this con- 
tract. STC will supply PDMX 
digital multiplexing equipment 
and related network manage- 
ment software to a value of £15 
million. 

Sweden's lead 
in data services 

Sweden is to integrate its public 
data services with the public 
telephone network, using tele- 
phone eychanges to set up semi- 
permanent, private Jata links 
across the country. It claims that 
it is the first country in the world 
to take such an advanced step. 

leleverket, the Swedish tele- 
phone administration, has just 
signed a contract with Ericsson 
to install digital leased line facili- 
ties operating at data rates from 
2.4 to b4kbitis in AXE exchanges 
in the network (the same switch- 
es as are System Y in the British 
Telecom network.) There is also 
an option for further orders Ihat 
could include network supervi- 
sion equipment. 

It is Ericsson's first major con- 
tract for this recently introduced 
digital leased line function in 
AXE. It will enable semi- 
permanent leased data lines 
through the public telephone 
network to he set up or changed 
in a matter of minutes. ent'rely 
by command from an operator 
terminal. Ultimately, all 60 001) 

subscribers on the Swedish Datel 
data service will he served by 
links set up through these .\XE 
exchanges. 

Main benefits for users are 
expected to be speedier provision 
of data links in line with chang- 
ing needs. higher service availa- 
bility, and Netter transmission 
quality. The AXE exchanges will 
also supervise the data links end 
to end. 

The equipment is expected to 

he handed over by the end of 
1988. Teli. a subsidiary of Tele- 
verket. is supplying the data cir- 
cuit terminating equipment that 
will be installed at each subscri- 
ber's premises. 

\t present. most telecom- 
munications administrations 
provide private data circuits by 
hard -wiring links between in- 
coming cables at the main dis- 
tribution frame of each exchange 
along the transmission route. 
This takes time, and it is difficult 
to ensure end -to -end quality and 
continuity. It also makes it diffi- 
cult to change data routes at 
short notice in line with the 
changing needs of companies. 

The digital leased line facility 
enables AXE digital telephone 
exchanges to he used to set up 
these semi -permanent private 
data links through the public 
telephone network. It lets the 
telecommunications adminis- 
tration respond quickly to cus- 
tomer needs, with maintenance 
facilities that extend over the 
whole data route, right out to the 
subscriber terminals. 

Irish spur to 
PTAT-1 

Telecom Eireann. the 
government -owned public tele- 
communications operator in the 
Republic of Ireland. and Cable 
and Wireless have agreed to land 
a spur from the privately -owned 
PTAT-1 transatlantic fibre optic 
cable in the south of Ireland. The 
landing site will be at Courtmac- 
sherry Bay, County Cork. 

The announcement follows re- 
cent agreements reached by Mer- 
cury Communications, a wholly - 
owned subsidiary of Cable and 
Wireless. to lay fibre optic cables 
from the UK to France, Portugal 
and the Netherlands. 

The PT\T (Private Trans - 
Atlantic Telecommunications) 
cable system is jointly owned by 
Cable and Wireless of the UK and 
PTAT Systems of the USA. Its 
first cable, PTAT-l. is scheduled 
to enter service in mid -1989 with 
PTAT-2 following in 1992. 

Cordon Owen, managing 
director of Cable and Wireless 
said: "We are delighted to have 
reached agreement with Tele- 
com Eireann. the first European 
PTT to demonstrate their finan- 
cial commitment to PTAT. The 
installation of a new link will 
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provide customers in Ireland 
with the first direct digital fibre 
cable access to the US \ and a new 
fibre optic route to the UK." 

European 
standards 
institute 

The directors general for tele- 
communications of the Adminis- 
trations of European Conference 
of Posts and Telecommunica- 
tions Administrations (CEPT) 
have decided to establish an 
autonomous European Telecom- 
munications Standards Institute 
in France at Sophia Antipolis 
near Nice, in conjunction with 
industry and users. They will 
progressively transfer to it the 
work on technical standardiza- 
tion hitherto undertaken by 
C E I'T. 

This is a step forward in the 
production of European tele- 
communications standards. pro- 
viding for greater concentration 
of effort and the full participation 
of industry and users. It follows 
the proposal in the EEC Green 
Paper on the development of the 
common market for telecom- 
munications services and equip- 
ment. 

Offshore pay 
phones 

Plessey payphones have been in- 
stalled on the BP Forties offshore 
oil platforms. Telephones on the 
four platforms are linked to the 
British 'telecom network by the 
Forties tropospheric scatter sys- 
tems. Previously staff working 
on the platforms had to make 
costly reverse -charge calls to 
their families. 

The payphones will report into 
a management system located 
some 110 miles away at the BP 
maintenance centre at Uyce. 
Scotland, where usage and per- 
formance will he monitored. 

Worldwide 
Dialcom 

British 'T'elecom's value-added 
services division is restructuring 
its data services activities in an 
enlarged Dialcom group. The 
aim is to make the group, which 
will have initial revenues of 

LECO I' :S TOPICS 
around $100M. the worldwide 

I leader in electronic mail and 
other value-added data services. 
It will have four marketing arms 
serving the United States. the 
United Kingdom. Europe. and 
other countries worldwide. 

The new Dialcom group will 
be fully operational by April. It 
will combine Dialcom Inc.: Tele- 
com Gold. UK's prime public 
messaging service: British Tele- 
com's valued -added business ser- 
vices, which include Prestel, the 
British videotex service; and the 
computer network services divi- 
sion which provides technical 
support for the UK operation. 

New look to fax 
Interscan Communications Sys- 
tems of Slough has launched 
"Signature", which it claims is a 

revolutionary development in 
facsimile transmission. It allows 
any make of fax terminal to be 
connected to any IBM- 
compatible computer and oper- 
ates in full background mode 
enabling the PC to be used while 
receiving and sending fax mes- 
sages. 

13y using the fax machine as a 

printer, printing is speeded up 
and quality is equal to. or better 
than, any Group 3 machine. The 
system adds facilities to even the 
most basic machine, and pro- 
vides an upgrade to low -end 
machines with features such as 
extended autodialling. docu- 
ment storage, delayed transmis- 
sions. relay broadcasting and 
mai lhox. 

The growing popularity in fax 
has resulted in a large installed 
base of relativity new low -end 
machines. Signature provides a 

cost-effective upgrade path. Fu- 
ture developments of the system 
will allow Apple. DEC and other 
computers to he interfaced with 
fax. Interscan also expects to he 
the first company to offer fax in a 

Unix environment. 
Interscan's approach is diffe- 

rent from that adopted by other 
makers of fax cards (mainly US 
and Japanese). Japanese manu- 
facturers are increasingly mov- 
ing towards high-performance 
machines which communicate 
with PCs via RS -232 interfaces. 
On the other hand, while many 
of the other fax cards enable a 

facsimile to be sent directly from 
a PC, a scanner is necessary to 
send an image from hard copy. 

Optical plastics 
13T&D Technologies. the opto - 
elect ronic component joint ven- 
ture between British Telecom 
and Du Pont has announced a 

homogeneous polymeric wave - 
guide that is claimed to remain 
stable through a wide range of 
temperatures. Named Polyguide, 
the material is suitable for the 
manufacture of both simple and 
complex components. Wave - 
guides based on the material are 
temperature stabilized to 125°C. 
Potential applications include 
passive multiport buried single - 
mode devices for coupling and 
splitting as well as multilayer 
buried waveguides and diffrac- 
tion gratings for complex 
wavelength division multiplex- 
ing devices. 

13T&D believes that it is the 
first op toelectronic component 
manufacturer to develop wave - 
guides from such a photopoly- 
mer material. 

Racal-Milgo in 
ISDN trial 

Racal -1\1i Igo is one of the vendors 
selected by Bell Canada to par- 
ticipate in the development of 
ISDN terminal adapters (T \) and 
applications. 

A TA is a network access device 
that alloys digital equipment - 
terminals and analogue devices 
such as modems. to he con- 
nected to multiple ISDN digital 
network services. 

The trial allows Bell Canada to 
explore the productivity im- 
provements and new opportuni- 
ties provided by ISDN. It is using 
144kbit/s basic rate access 
(2B+D) which consists of two 
64khit/s and one 16khit/s all on a 

standard local telephone loop. 
The 64khit/s channels can he 
used for voice and/or any form of 
data, and the l6kbit/s channel is 
used for signalling between the 
user and the network as well as 
for telemetry and user packets. 

Later this year Bell Canada 
expects to add primary rate ac- 
cess services in Ottawa. In North 
America. because of the widely 
used 1.544Mhit/s T-1 channel 
capacity. this refers to 23 main 
channels of 64khit/s plus one 
64kbit/s channel for signalling 
purposes. The European equiva- 
lent of 30B + D is based on the 
21Mthit/s channel. 

BT chooses 
ICL's Oslan 

ICI. is to provide British Telecom 
with its Oslan bridges. These will 
connect multi -vendor computer 
equipment which controls elec- 
tronic exchanges serving over 
700 000 customers in the 
Thamesway district of Greater 
London. The order, worth 
£200 000, is for 20 remote Oslan 
bridges with a network manage- 
ment station and bridge manage- 
ment software. 

The Oslan bridges will provide 
access to a DEC 8530 at BT's 
operations and maintenance 
centre at Woking. south-west of 
London. The equipment will 
allow 100 terminals in fifteen 
locations throughout the district 
to communicate as if they were 
sharing a single local area net- 
work. 

The \Vok i ng centre will now be 
able to co-ordinate telephone ex- 
change maintenance activity 
over an area of 600 square miles. 

MNP Class 6 
protocol 

Microcom Inc. has introduced a 

further performance level of its 
Microcom Networking Protocol 
(MNP). the de facto industry 
standard for providing error cor- 
rection and negotiation capabili- 
ties for dial -up modem applica- 
tions (see p.1259, December 
19871. 

The new Class 6 service adds 
statistical duplexing and univer- 
sal link negotiation features to 
earlier MNP modems to compare 
data transmission speeds avail- 
able on each modem being con- 
nected and to select the highest 
possible speed common to both. 
A speed shift feature also may he 
enabled so that if the telephone 
line deteriorates during a data 
transfer, the modems can dyna- 
mically switch to a slower speed 
that is less vulnerable to line 
noise. 

Class 6 service also enhances 
data transfer throughout by per- 
mitting the use of a half duplex 
V.29 "fast -train" physical con- 
nection and statistical duplexing 
to simulate full duplex com- 
munications. 

Telecomms Topics is compiled 
by ldrianflorant. 
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 Semiconductor Products Optoelectronic 

TO IMPROYE YOUR CONTACTS 

AND COMACT11,11, 
Al?)9 electronic uisptays rlbre Uptics 
Components (including Wound) & 

Accessories Connectors Surface Mount 
Technology Hybrid Circuits Plotters/ 
Recorders Power Supplies/Batteries 

Transducers Publishing/Recruitment 
Computer Peripherals Systems Technical 

Training Aids Semiconductor Products 
Optoelectronic Components Electronic 

Instrumentation Relays & Switches 
(including Membranes) Cooling Fans 

Signal Conditioning & Micro -processors 
Transformers/Circuit Breakers Enclosures 

/Panels Design, Measuring & Test Equip- 
ment Data Acquisition & Control Systems 

Software Packages & Systems PCB 
Artwork, Manufacture & Distribution Noise, 

THE PREMIER ELECTRONICS 
EXHIBITION IN THE 

NORTH OF ENGLAND 

Vibration & Temperature Measuring Instru- 
mentation Soldering Equipment & 

Production Aids Electronic Displays Fibre 
Optics Components (including Wound) & 

TUESDAY 5th JULY 1988 

WEDNESDAY 6th JULY 1988 

THURSDAY 7th JULY 1988 

1 
ENTER 150N REPLY CARD 

FIELD ELECTRIC LTD. 01-953 6009. 
3 SHENLEY ROAD, BOREHAMWOOD, HERTS WD6 1 AA. 

Sew Panel Meters. First brand meters MR52P size 60. 60 MR45P size 

50 x 50 MR65P 80 x 80. MR38P 42 x 42 accuracy 2;, new 8 boxed 
MR52P (SR) 30A AC MHron £7.00 MR52P (SR) IOA AC M Iron £7.00 
MR45P lA DC M Coil £6.00 MR65P 2A DC £6.00 MR65P 5V DC 

M/Coil £5.75 MR45P 300V AC M Coil with rect £625 MR45P 1 MA DC 

M/Cod £5.75 MR38P (CR) 3006 AC M/Coil with rec t £6.00 MR52P (CR1 

3006 AC M Coil with rect £625. MR52P 50V DC M Coil £5.75 MR38P 
500µA DC M Coil £5.00 MR45P 20V DC M/Coil £5.75 MR45P 501A 
DC £6.25 SD830 82.110 5A DC MiCoil £7.00 SD830 VU Meter 
£625 MR65P 50A DC M/Iron £7.00 PE70 50µ A DC Edge wise £6.00 
Many more panel meters in stock quantity discount 

Power supplies All 240V AC input unless stated. 5V 20A s mode £ 18.50 
5V 40A s'mode £25.00, 5V 60A £16.40 I2V 60A £70.00 Farnell SM 
+5V 10A, +24V 4A - 12V 500M -5V lA new data £28.50 Farnell 
SM 12V 2 5A ultra small £38.00 Farnell Fan Cooled SM .5V 10A, -5V 
IA -12V 3A -12V, 1A £ 32.50 l 2V 3A Linear £ 1725 F arnell SM 6V 

40A £26.50, Farnell 6V 5A SM ultra small £25.00 10 5V 30A SM 

£26.50, 5V IA PC Card Regulated £8.60 ZX PS119V 1 4A £8.00 Gould 

379, 5V 40A, 12V 4A 15V II A s mode £59.00 Power supply makes 
are Farnell Advance Gould Coutant AC DC Aztek Solartron 
Special Offer AC DC Electronics 5V. 60A. 12V. 2 2.5A 240V or 115V 
input £50.00 

MPI Micro Peripherals inc 5.'4" full height disk drives single side single 

density ex-eq £20.60 

CDC Wren 5,4 "full height hard disk drives. 36 meg, new ex -equipment, 
c'with user manna' £145.00 c p 3 50 

SPECIAL OFFERS 
Finlay Microfilm FM1, micro fiche, 240V AC or 12V DC C with 6V I bA 
AC adpt 12V DC 6V AC adpt, fiche includes lens gates or nat pan sealed 
lead acid cells x 3. we cannot otter guarantee on Cells 6V 9 watt quartz 
halogen bulb carrying case hard vinyl size 81/. x7./. x 5 £24.95 

Thandar 75f! Comp gr. Video Monitor Ch.rs-i. new & boxed 12V DC 

Thandar Cur pnsite 7511 Mr nitor Chas o x £34.50 Green 
Thandar Composite 75!1 Movtur Chassis 9'£34.50 B White 
Thandar Composite 75(1 Monitor Chassis 12 £43.50 Green 
Thandar Composite 7551 Monitor Chassis. 12" £43.50 B White 
Monitras are new and boxed 12 volt DC input í4.O0 p 

12" 7541 Comp ,site Video 22MHz bandwidth monitor 230V AC input 
new & boxed green phos In case data c p 5 00 £59.95 

Newbury Windsor 9412 80 Meg hard disk drive. c w user manual. 

ex -equip £149.00 

Card No 1 I x Z80A DMA. 1.280A CPU, 1 e D8255 AC5 in holders 
Ix5MHz Xtal 8xM6826415.1vSN74198N, -53 various chips new 

ex -equipment £16.50 

Card No 2 1 x WC19336-01 in holder - 16 various new ex -equipment 
£1225 

Card No 3 2 x D8255 AC 5 2x HLCD0437P in hollers -10 various 
new ex -equipment £4.95 

Card No 4 LCD 6 digit display 12 momentary plain keyboard rocker 
switches 4 bar LEDs Green. yellow, red Flat top tope £6.95 

Variable P S U all 240V AC input, all metered Kingshdl 501 0-50V 0-lA 
£35 0 40V 0 IA 2£115 0 -20V0 -10A£115 050V03Á£85 040V 
02A-. 2 £125 Weir Maxireg 762 0-60V 0 2A £140 Lambda 0-40V 0.3A 
£98 0 406 0 IA 2£ 125 Solartron 0-30V 0 lA £45 H P 6824A 
+50V IAf75 OltronixB4010-40V0lA£50 8817S0 -10V 0-74 £98 
Sorensen SRL4012 0-40V 012A £345 60-40-60V 0.4A £260 Lambda 
LMG 12.120 DC +5 65A DC Lin £345 c p details please ring 

Card No 5 Peripheral Communication Controller 3 MC68661 
8x MC14891 8"MC1488P 13 various chips all in holders new 

ex -equipment £18.95 

Card No 6 S100 Bat plane 20.100 pin connectos new £29.95 

Cherry TTL Alpha Numeric ASCII Coded Keyboard. including 8 colour 
coded graphic keys. 108 keys form X -Y matrix, full cursor control, 6 

' encode keys 9 graphic control keys 5V rail, teak & black air case new 

' and boxed £24.95 3- £22.00 each 

- Hewlett Packard 86A Personal Computer with built in interlaces for 2 

disc drives and centronres compatible printer. 64K built in user memory 
14 user definable keys, display capacity 16 or 24 lines - 80 characters 

, c/with system demo disk, user programme library pocket guide, full 

. user manual etc. complete new in sealed boxes £350.00 c p. 

discount for quantity 

Shugart SA400 5t/a' full height disk drives, single side single density. 

ex -equipment data supplied £20.60 2- £37.50 

Card No 7 Hard disk, floppy disk controller S1 U0 type Inc D765AC 

D8237 AC5. 8253 8085A 2764 646 Eprom SN'4L240N 224N 373 

etc, Inc, block dia. new ex -equipment £26.50 

Card No 8 Infra -red Remote Controller IAY-3-8470A Encoder IC 1 

Infra -Red Emitter 16 membrane keyboard £3.50 

Card No 9 I MC.68000L l2 Motorola ceramic C"U l e 16MHz Xtal - 
various chips inc ttock dia chips in holders new ex -equipment £29.95 

Card No 10 1 x MC680001.8 Motorola ceramic CPU I 16MHz Xtal 

various chips chips inc block dia chips in holders. new ex -equipment £10.95 
Other S100 cards in stuck 

Motorola T1L Monitor Chassis 7 green phos. 22MHz bandwidth 12V DC 

input 1 2A new & bore 1 r u uit die 8 data compatible to BBC IBM 

comps dia supplied for connection to BBC 7551 comp video circuit di, 
supplied discount 10- £20.60. 

Keittiley Inst 610C Solid State Electrometer P.O.A. 
Marconi Inst 0 1 universal bridge TF 1313A power rating 25V A £260 
Tektronix type 186 sampling head multiplex unit £120 
Schneider Electronic MN124 Multifunction Meter with Pr rter £125 
Siver=_ Lab Rotary Vane Attenuator 8 2-12 401-1z i al t 2_ R 88 £215 
H Par bard 18014 Dual Chn vertical amp plug in new £230 
H Pa bard 675A Sweeping Generator 10KHz to 32MHz £460 
II Pax bard Multi -function meter 345.íB £150 
H Par kard 6205M DC PSU 5V DC 10.rA f 125 
Tektrcnu 178 Linear IC test fixture £375 
Fluke AC DC D fferential Voltmeter M idel 88 AB £150 
Tektronix FET Probe 6.'45 £90 
Tektronix S3A Sampling Heads £120 
H Pa bard 65113 Test Oscillator £195 
Tektrc-nu 454 t) scope 150MHz Dualtrace Portable 2 ans 

risetine £400 
Tektronix '4113N Rackmount 0 scope Mainframe no guarantee 
tube )K £200 
lektr, nix Dl l Storage 0 scope Mainframe no guarantee tube OK 
£200 
Disa'yue 55D35 RMS uni P.0A. 
Datran 1051 Multifunction Meter £250 
Ballantine 323 01 True RMS vi Itmeter £115 
Tektr,nn 7511 Sampling Amp P £450 
Tektronix 7892 Dual time base F vi £450 
Marconi Sanders Mi u,.vave Sweep C. w 26540GHz 
plug.n £1.000 
Hewlett Fa r r d 5n05A 8" Disc Drive ased with power supply etc new 

and bred £225 '-'plete instruction manual etc 
Hewlett Pr r d n2901S twin 51 disc drives cased c w power supply 
new 1225 
Exact model 337 Digital Pha-r t, n_rator 4Hz100-100MHz £375 
Marconi RHO Bridge I M9953 £95.00 
HP Voltage divider probe 100'14D 'i with manual lOmf t -I Opt 

£85.00 

be r.ri n 1e 9.ery un'e,t e]uiprt'ent r Id larger items £14 

We would like the opportunity to tender for surplus equipment 
Official Orders/Overseas Enquiries Welcome/Order by phone or post. Open 6 days, half day Thursday. Please ring for C/P details not shown. Postal rates apply U.K. 

mainland only. All test equipment carries warranty. All prices including 15% VAT & c/p unless stated. Save time. phone your order for quick delivery with Access, Amex. 
Diners or Visa cards. Remember all prices include VAT and c/p unless stated. 

If 
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ASSERT 
(Assessments of the Social Significance 

of Engineering and Research for Tomorrow) 

Win our writing competition 
and spend a week in Japan 

You have until 30 June 1988 to let us have your entries for our writing 
competition, the initial announcement of which appeared last month. 
Three and a half months might seem ample time in which to compose 
4500 words or so, but if you are of the same persuasion as the majority of 
writers the only compelling stimulus to the start of the pen -scratching or 
keyboard -tapping process is the sudden awareness of a deadline a couple 
of days away. 

Of course. one has to spend a lot of time thinking about it. but it is a 

good idea to make a note of any points that occur along the way, so that 
the effort of putting it all down on paper does not get in the way of the 
ideas one wants to convey. 

The name of the competition at the top of this page indicates the type 
of thing we are after, but we reproduce here the March leader, which 
might provide some food for thought. 

In the eighty -odd years since radio and the wider area of 
electronics began to develop. we have all been beneficiaries in one 
way or another. 'There is hardly any field of human activity which 

has not been affected. where it is entertainment. communication. 
travel. medical research or industry in general. 

All this is obviously greatly to be desired and the benefits of using 
electronics for these purposes cannot he gainsaid. But, nevertheless, 
one is sometimes conscious that there is, perhaps, an imbalance in 
the efforts applied to development. In recent years. the ingenuity of 
electronic engineers and capital investment have been directed to a 

constantly increasing extent to the development of space electronics. 
communications and 'defence' equipment which, if it achieves its 
aim. will never be used. 

Communications apart. the majority of effort is wasted so far as 

direct benefit to mankind is concerned in the foreseeable future. In a 

world that is beset by deprivation of many kinds from the fun- 
damental needs of life itself to the luxury of education, one could 
fairly hold the opinion that further developments in exotic electronics 
might at least he restrained in favour of a wider provision of more 
basic requirements. 

The application of effort in our field of electronics might not seem 
immediately relevant to the alleviation of famine and pestilence but 
the attitude of mind that impels continuous investment of indulgent 
or lethal hardware is questionable. To expect companies throughout 
the world to turn down profitable development and production 
contracts would he naive, but a subsidized programme of develop- 
ment directed at more fundamental needs is perhaps possible. 

Elsewhere in this issue appears the announcement of a competi- 
tion in which readers are invited to set down their views on the \\av 
forward in engineering development. It may be that the admittedly 
idealized thoughts expressed above \Fill be considered too ingenuous 
to he true, or that the existing regime is completely satisfactory. In 
any event, we expect to see a large number of thoughtful essays which 
should give rise to an interesting discussion. if nothing more useful 
than that. 

Do. please. have a look at the announcement and let us have your 
thoughts - the prizes are very attractive and we are fortunate in that 
NEC. which has provided the main ones. is taking such a keen 
interest. 

Bear in mind that engineering is international: narrow, nationalist 
politics are, of course, important but the aim of the competition is to elicit 
opinion on the larger question of the direction in which international effort 
in electronics might most usefully be directed. 

Our intention is to publish a selection of the best essays, so that the 
length should not exceed about 4500 words, or three printed pages in 

EWW. Diagrams can be used if necessary, but the space they occupy will 
have to be deducted from the 4500 words. 

The judging panel will be composed of respected names, both in and 
outside industry and the prize -giving ceremony will be in London. 

NEC Electronics (UK) Limited have joined EWW in sponsoring the 
competition and have provided the first three prizes. 

FIRST PRIZE 
This is an all -expenses -paid week-long visit to 
Tokyo as guests of NEC, who will provide the 

winner with a tour of the NEC facility and Tokyo 
itself. 

SECOND PRIZE 
NEC will provide one of their newest 

PC -AT -compatible computers 

THIRD PRIZE 
An NEC digital video cassette recorder 

EWW will present a number of further prizes for the 
runners-up. 
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.WE'VE SWITCHED 1 °+ LFEDS 
If you're involved in Electronics...as a buyer or as a seller...you 

1' 
really can't afford to miss LEETRONEX'88...not ¡ i 
simply because it's the North's leading 
Electronics Exhibition but mainly because 
we've switched the venue to the new 

01 NEW llfNiJf 
ow the North's longest established 

din to 
Electronics Exhibition I 

than 
be bigger and better 

ever before!!! 

University of Leeds Exhibition Centre. For 
- txnloltors ana visitors alike its gong to 

be the best Leetronex Exhibition ever! 

Over 125 Leading Exhibitors II Superb 

Custom-built Exhibition Centre 
Free Parking for over 1,000 Vehicles 

City Centre Location Cafeteria/Bars 

Seminar Programme Etc.Etc.... 1.., 
, MAKE THE LEEDS CONNECTION IN '88! 

L. 111-11~-1137% 

0813,101 
AND 

ELE 
ELECTRICAL 

CTRONIC ENGINEERING 

TUESDAY 5th JULY 1988 
WEDNESDAY 6th JULY 1988 
THURSDAY 7th JULY 1988 

AT THE 

UNIVERSITY OF LEEDS 
EXHIBITION CENTRE 

For full information contact: - 
Bill Black, Department of Electrical and Electronic Engineering, University of Leeds, LS2 9JT. Tel: 0532 420339 

ENTER 11 ON REPLY CARD 

i 

QUALITY 
Prices are cones at time of press bu may Iluctuale VALVES SPECIAL 
Please phone for torn quotation V A T Included 

A1065 1.40 
A2293 7.00 
A2900 12.75 
AR8 1.15 
ARP3 1.15 
ARP35 0.70 
ATP4 0.90 
B121.1 6.90 
CY31 1,40 
DAF70 1.75 
0A196 0.90 
DE T22 32.80 
DF92 0.65 
OF96 0.85 
0H76 0.75 
0192 1.85 
DY86787 0.65 
1)1802 0.70 
E92CC 2.80 
E180110 11.50 
E1148 0.58 
EA76 1.60 
EB34 0.70 
EB91 0.60 
EBC33 1.85 
EBC90 0.90 
EBC91 0.90 
EBF80 0.95 
EBF89 0.80 
EC52 0.65 
EC91 4.40 
EC92 1.85 
611081 0.95 
ECC82 0.95 
ECC83 0.75 
ECC84 0.60 
611085 0.75 
ECC88 1.10 
ECC189 0.95 
ECC804 0.65 
ECF80 0.95 
ECF82 0.95 
EC6802 1.80 
ECH42 1.20 
ECH81 0.70 
ECH84 0.80 
ECL80 0.65 
ECL82 0.75 
ECL85 0.75 
ECL86 1.10 
EF9 3.50 
EF22 3.90 
EF37A 2.15 
E1.39 1.10 

EF80 0.65 
EF83 3.90 
EF85 0.60 
EF86 1.45 
EF89 1.60 
EF91 1.60 
EF92 2.15 
EF95 0.95 
EF96 0.60 
EF183 0.75 
EF 184 0.75 
EF812 0.75 
EF1200 1.85 
EH 90 0.85 
EL32 0.85 
EL34 3.25 
EL32' 5.15 
EL82 0.70 
6184 1.35 
EL86 0.95 
EL90 1.75 
E191 6.50 
EL95 1.25 
EL504 2.70 
EL509 5.85 
EL519 7.70 
EL821 8.45 
EL822 9.95 
ELL8OSE 4.50 
EMee 0.60 
EM87 3.00 
EY51 0.90 
EY81 0.75 
EY86187 0.60 
E188 0.65 
E280 0.70 
EZ87 0.70 
GM4 8.90 
01501 1.30 
GZ32 1.40 
GZ33 4.20 
0234 2.45 
GZ34' 4.40 
GZ37 3.95 
6177" 14.00 
KT88" 25.00 
014 3.20 
ML6 3.20 
hl%12001 29.50 
N78 9.90 
002 0.70 
082 0.80 

PC182 0.95 
PCL84 0.85 
PCL86 0.80 
PCL805/85 0.95 
P0501510 4.30 
PFL200 1.10 
PFL200' 2.80 
PL36 1.10 
PLOt 0.85 
PL82 0.70 
4183 0.60 
P184 0.90 
P1504 1.25 
PL508 2.00 
P1509 5.65 
P1519 5.85 
PL802SE 3.45 P1800.70 
P1011811800 0.85 
P982 0.75 
P188 0.60 
1.150021 2.10 
0090110 5.95 
00V0310' 7.50 
00V03 20A 27.50 
00106405 28.50 
00V06104' 49.50 
0V03'12 5.75 
SP61 1.80 
1T21 37.50 
1122 37.50 
Ú,18C80 0.75 
UBF80 0.70 
UBF89 0.70 
UCC84 0.85 
UCC85 0.70 
UCH42 2.50 
ÚC1181 0.75 
UCL82 1.60 
UF41 1.85 
UF80 1.60 
UF85 1.20 
UL84 0.95 
UM80 0.90 
ÚM80' 1.60 
ÚM84 0.70 
UY82 0.70 
UY85 0.85 
VR105'30 1.45 
98150'30 180 
X61M 1.70 
X66 1.80 
2749 0.75 
759 19.00 
180011 3.45 

Z801U 3.75 
Z803U 21.15 
Z9001 2.45 
1A3 2.75 
114 0.65 
IRS 0.60 
1S4 0.65 
155 0.75 
174 0.75 
1U4 0.80 
2X2A 3.60 
3A4 0.70 
3AT2 3.40 
3828 12.00 
3828' 19.50 
306 0.60 
3E29 21.85 
3S4 1.85 
4B32 18.25 
5144GY 3.35 
5U4G 1.85 
5V4G 0.75 
513GT 1.90 
523 4.85 
5Z4G 1.25 
52401 1.15 
630152 0.80 
6AB7 0.70 
6AC7 1.15 
6A05 0.60 
6AK5 0.95 
6AK6 2.85 
6AL5 0.60 
6AL5W 0.85 
6AM5 6.50 
6AM6 1.60 
6,108A 2.50 
6A05 1.75 
62105W 2.30 
6AS6 1.15 
6AS7G 4.95 
6AU6 0.90 
6,10407 1.30 
6AX5GT 1.30 
6BÁ6 1.15 
6BA6' 1.859`50 
6BE6 1.30 
613E6' 1.85 
6BG6G 1.60 
6816 1.75 
61307A 0.85 
6887 4.80 
6BW6 6.10 
68W7 1.65 

6C4 1.10 
6CI16 7,90 
6CL6 2.75 
6CW4 7.40 
6CX8 4.60 
6CY5 1.15 
606 2.50 
6F6G 1.95 
6F6GB 1.10 
6F7 2.80 
608G 0.85 
6F12 1.50 
6F14 1.15 
6F15 1lit 
6F17 3.10 
6F23 0.65 
6F24 1.15 
6F33 10.50 
6F1-18 18.80 
60A8 1.95 
601-18A 0.90 
6116 1.60 
674 1.95 
6J4WA 3.10 
675 2.30 
6J5GT 0.90 
616 0.85 
6.16W 2.80 
6JE6C 6.10 
6J56C 8.10 
6306 6.35 
óK7 1,45 
6606 8.10 
616 4.60 
6L6GC 6.25 
6L6GIIC 2.55 
6118 0.70 
61020 0.70 
6106 8.10 
6070 1.30 
6SA7' 1.80 
6S07 1.80 
óS77 1.80 
6S67 1.85 
6SL7GT 0.85 
630713T 1.50 
6S07 0.95 
6587 460 
6V6G 1.50 
6V6G 1.40 
6X4 1.50 
62(501 0.75 
616G 2.80 
624 1.30 
7Z4 1.90 

9D6 2.15 
11E2 19.50 
12,16 1.00 
12AT6 0.75 
12.1T7 0.95 
12AU7 0.95 
12AX7 0.75 
1218A6 140 
129E6 190 
128017 2.85 
12E1 19.95 
12.15137 0.55 
12K7GT 1.15 
120701 1.75 
1207014070.80 
125117 0.25 
723117 1.25 
123,17 1.40 
12SK7 1.45 
12S07GT 2.20 
12Y4 0.70 
1303 2.80 
1306 0.90 
19A05 135 
19133 11.50 
1906 10.35 
19'15 38.00 
2001 0.80 
2061 1.30 
2OPl 0.60 
251607 1.60 
25240 0.75 
8542 1.40 
85A2' 2.55 
572B 61.90 
807 4.30 
807' 3.50 
81 12.00 
812X.28 32.00 
813 28.50 
813' 44.00 
829B 16.00 
829B' 24.00 
865E 14.95 
931A 13.95 
931A' 19.80 
951 1.10 

1.10 
956 1.20 
5763 5.75 
6060 1.95 
6080 7.30 
6136 2.80 
61468 11.90 
9001 0.95 
9002 0.95 
9003 0.95 

VALVES AND TRANSISTORS NEW PYE EQUIPMENT 
Telephone enquiries for valves transistors etc & SPARES 
Retail 7493934 Trade and Export 7430899 HARNESS "A"8 "0' CONTROL UNITS"A" 
FIELD TELEPHONE. CABLE TYPE DIO -R"'J 1""J2., 
FIELD TELEPHONES TYPE'J'. Tropical. In metal cases 
104Ene MAGNETO SWITCH -BOARD. Can work with every Microphones Nos 6 7 connectors. frames. 
type of magneto telephones carrier sets etc 
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Digital storage oscilloscope 
with 100 Msamples/s 

A low-cost d.s.o. with many advanced features is introduced by 
Philips. Gary Burgess of Philips T&M describes its design and use. 

Wiile digital storage oscilloscopes are 
ncreasingly being preferred, their 
High cost has compelled many en- 

gineers to manage with an analogue instru- 
ment. However. a new dual -channel oscillo- 
scope eliminates this remaining disadvan- 
tage - it costs only £2650, while still incor- 
porating virtually all the features of the 
expensive models. 

PM3350 is a combination instrument, and 
incorporates a 50M1-Iz analogue oscillo- 
scope. This hrings engineers the best of both 
worlds. It provides a d.s.o's analytic capabili- 
ties. versatile triggering, and capacity to 
make accurate time and frequency measure- 
ments on a waveform without needing a 

separate time/counter. Further. it retains an 
analogue instrument's simplicity of opera- 
tion. instantaneous response, and ability to 
capture high-speed single -shot events. 

Although the PM3350 won't handle the 
signals that appear in circuits such as e.c.I. 
and c-mosasics. it will deal with the majority 
of microprocessor -based systems. Surpri- 
singly. the main cost savings have not come 
from higher levels of integration (although 
these have certainly helped) but from con- 
sumer manufacturing techniques that have 
so far hardly penetrated to instrument 
manufacturers (see panel 'Production tech- 
niques'). N1ost importantly, the instrument 
doesn't cut costs by dropping out features. 

ANALOGUE ANI) DIGITAL 
BANDWIDTH 

The maximum bandwidth of an oscilloscope 
is an important parameter. Even when 
measuring 'slow' devices, it may he impor- 
tant to examine the switching edges and a 

typical power mosfet may have rise and fall 
times of IOns or less, needing a 511\11-Iz 

bandwidth or more to he able to capture 
them. Similarly, the capture of transients 
and single -shot signals in the digital section 
of the oscilloscope needs a sufficiently high 
sampling rate to make sense of the received 
signal. 100Msamples/s allows the capture of 
1ON1I-Iz signals as may he found in 16 and 
32 -hit processors. A very slow sampling rate 
can he useful for using the instrument as a 

chart recorder. 
Sensitivity is another important factor. 

The eight -hit vertical resolution of the 
PM3350 gives a sensitivity of 2mV/div, which 
can he translated as a hit -sensitivity of 8µV, 
enabling very low voltage signals to he 

captured. 

C. BURGESS 
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Fig.1. The PM3350 can compare two in- 
coming signals against their correspond- 
ing reference frequencies, showing any 
measurements clearly on the screen. 

SIGNAL CAPTURE ANI) CONVERSION 

The PM3350 is built round a 68008 micro - 
controller. and a family of gate arrays (see 

panel 'Inv 3350 architecture'). Instead of 
expensive flash a -to -d converters, the new 
oscilloscope employs P2CC1) (profiled per- 
istaltic charge -coupled device) memories to 
capture incoming analogue signals. These 
c.c.ds act as analogue shift registers, sam- 
pling and temporarily storing the incoming 
analog wave. The PM3350 has one c.c.d. per 
channel, allowing the oscilloscope to run at 

its top l00-Msample/s speed on both chan- 
nels simultaneously. 

The incoming waveform to a channel is 

continuously fed into the c.c.d. until a 

trigger pulse arrives. If the c.c.d. is stopped 
on the trigger pulse itself, the waveform held 
in the c.c.d. is actually the pretrigger in- 
formation; this is particularly useful for 
capturing the leading edge of a transient 
(which is impossible on analogue instru- 
ments without additional delay lines). To 
capture post -trigger information, the con- 
tents of the c.c.d. are read out when the 
trigger delay elapses. The output from the 
c.c.d. is passed via a track -and -hold amplifier 
to an 8 -hit a -to -d converter. which reads out 
the signal to the oscilloscope's main mem- 
ory. This read-out can he done at a lower 
speed (known as fast -in slow -out. or fiso). 
allowing low-cost a -to -d converters and 
digital memories to he used. 'I'he memory 

capacity has - alongside the sample rate and 
bit sensitivity- traditionally been one of the 
major specifications of a digital storage 
oscilloscope. One of the disadvantages of a 

c.c.d-based oscilloscope is this relatively low 
record length, and the PM:3350's memory 
depth indeed compares favourably with 
oscilloscopes costing much more. Each of 
the PN13350's two input channels is backed 
by 512 samples of memory, which means 
that. when working at the full 100- 
Msamples/s speed on both input channels. a 

waveform is described by at least 512 points. 
However. the effective memory size is larger 
than this, since the oscilloscope uses a 

specially -designed asic to make linear inter- 
polations between adjacent points (dot -join 
mode), which doubles the number of points 
on the screen to 1024. This holds for time - 
base speeds from 0.5 s/division down to 2 

ms/division. At lower timebase speeds (5ms/ 
division down to 50 s/division), the a -d 
converter is fast enough to sample the 
waveform in real time. I-lere, the c.c.d. acts 
as a sample/hold circuit, which increases the 
memory to 2ksamples for dual -channel use. 
or 4 ksamples for a single channel. 

Another general disadvantage of c.c.d- 
based oscilloscopes is the reduced resolution 
that can result from effects of transfer 
efficiency and leakage current within the 
c.c.d. Clever design, however, eliminates 
this drawback from the PM3350 (see panel 
'Circuits compensate for transfer efficiency 
and leakage current effects'), and keeps the 
oscilloscope's effective resolution to as 

high as 7.5 hits. This ensures that the 
waveform on the screen is the same as that at 
the input. 
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DISPLAYS ANI) CURSORS 

A common misconception about digital stor- 
age oscilloscopes is that they are less accu- 
rate than their analogue counterparts. This 
may be true in theory - the vertical resolu- 
tion of a d.s.o. is, after all, usually limited to 
8 or 10 bits, compared with art infinite' 
vertical resolution of an analogue oscillo- 
scope. However, this is far outweighed by the 
accuracy of automatic measurements made 
using cursors, based on the d.s.o. timebase's 
crystal oscillator. 

So when choosin'a d.s.o. you should look 
closely at the cursor controls and readouts 
that are available. since these differ widely 
between oscilloscopes. One of the great 
advantages of a d.s.o. is that it can remove 
the need for separate instruments such as 

counter/timers and multimeters. Only one 
instrument has to he set up and operated, 
and the cursors clearly show those parts of 
the waveform that are to be measured. 

The cursor facilities can show v, t. l/t. 
peak -to -peak voltage levels. frequency, and 
rise time measurements on the screen. The 
oscilloscope can make all of these measure- 
ments while comparing a captured signal 
against a reference frequency, and display- 
ing up to four waveforms on the screen 
simultaneously (Fig.l). A second set of 
cursors are automatically positioned during 
frequency, rise -time and peak -to -peak 
measurements to show clearly the exact 
points from which the measurements are 
being made. 

These cursor controls are operated using 
'soft' keys, which are also used to simplify 
the connection of peripheral equipment to 
the oscilloscope. The user can easily select 
(Fig.2) the analogue plot speed between 20 
ms/sample point and 2 s/sample point, and 
the penlift level (active high or active low). 

.22J Amplifier 

Trigger 

Trigger sync 
and aliasing 

detection 

¡Start [Stop 

PM3350 ARCHITECTURE 

A set of gate arrays in the PM3350 integrates the major sections of the oscilloscope, and 
keeps the chip count and manufacturing costs low. Four gate arrays mop up the majority of 
the display and timebase logic, and control circuits (see figure). The entire microcontroller 
logic, with serial bus interface and calibration unit is contained on only 40 sq. cm. of p.c.b. 

Firmware for the oscilloscope is stored on a 128-kbit eprom, and front -panel settings in 32 

Kbytes of battery -backed r.a.m. Two timers update the oscilloscope's time -dependent 
functions, and there is a software 'watchdog' that resets the 68008 microcontroller in the 
event of a fault or a time-out Thanks to this microcontroller, the PM3550 incorporates 
several 'intelligent' features. It can for example detect what type of probe is connected to the 

attenuator inputs, whether the front -panel potentiometers are at their calibrated positions, 
whether the IEEE -488 option has been installed, whether the timebase has been triggered. It 

also implements functions such as zoom and centre, and calculations such as for frequency, 
rise time, and peak -to -peak voltage. 

The microcontroller communicates with the major circuit sections through the Philips I 2C 

bus, a serial bus which consists of only three wires (clock, data, and ground). At switch -on, the 
program initializes the oscilloscope hardware, and sets the 140 -segment I.c.d. During use, the 
microcontroller scans the keyboard, and detects changes in potentiometer controls and 
probes, updating the I.c.d. accordingly. The front -panel settings of vertical display, trigger 
source and timebase mode are transmitted by the oscilloscope's microcontroller across to 
the display logic and control circuit The microcontroller is automatically updated with the 
current positions of the channel switches, trigger switches and timebase selector. 

The PM3350 uses an advanced domed -mesh p.d.a. (post -deflection acceleration) c.r.t This 
tube has internal magnetic correction to automatically correct for small tolerances in the 
gun, which would otherwise result in astigmatism in the display. The trace itself has spot 
centring to within ±2 mm, and orthogonality (within 30"), both of which give a picture quality 
which is significantly better than previous low-cost 50+MHz oscilloscopes. 

CIRCUITS COMPENSATE FOR TRANSFER EFFICIENCY AND LEAKAGE CURRENT EFFECTS. 

The 512 -cell c.c.d. in each channel is made up of :WO parallel sections, each 256 cells long. 
An incoming 100Msample/s analogue waveform is split into two 50Msample/s streams 
containing odd and even samples respectively. The two streams are passed along the cells of 
the c.c.d, which acts as an analogue shift register, sampling and temporarily storing the 
incoming analogue wave. 

Unless measures are taken to prevent it, leakage current in a c.c.d. can reduce the 
resolution of d.s.os by causing the individual cells of a c.c.d. to lose electrons as the charge is 

passed on. Since this charge represents the voltage value that will be shown on the screen, 
this reduced resolution would be visible on an oscilloscope as a downward slope in the signal 
from left to right. 

A simple circuit in the PM3350 compensates for the effects both of leakage current and 
transfer efficiency (which also results in electrons being lost as they are passed from one end 
of the memory to the other). The signals coming from the odd and even sections of the c.c.d. 
are subtracted (to cancel out the signal components), the result divided by two, and then 
inverted. The resulting signal gives the losses in a single section section of the c.c.d.. This 
signal is added to the original odd and even signals to give the corrected measurements. 

All of these factors combine to allow the PM335© to benefit from the low cost of c.c.ds, but 
withoutthe reduction in resolution which they can bring. 
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Fig.2. Obtaining hard copy from the 
PM3350 is simple using an X -Y recorder 
output The plot speed and penlift level can 
be varied to make the oscilloscope com- 
patible with any type of recorder. 

The keys can also set the IEEE -488 addres- 
sing and mode (if the IEEE -488 option is 
included). The instrument can be set to talk 
and/or listen, and the address can he set 
between 0 and 30. The IEEE -488 option 
allows the scope to connect to any X -Y 
plotter that accepts I IPCI. or Philip T&M 
protocols - again selected using the soft 
keys. \ screen plot can he taken by pressing a 

single button. thus eliminating the need to 
photograph t he screen. 

The 1'M3350's oscilloscope controls and 
the relevant displays are split into two 
separate areas (Fig.3), with the screen and 
its cursor controls on the left of the instru- 
ment. 'l'o the right of the screen are the rest 
of the oscilloscope controls. These settings 
are shown on a 140 -segment l.c.d. display. 

EASE OF USE 

Many d.s.os are far from easy to ssork with 
and oscilloscope manufacturers have paid 
increasing attention to the problem over the 
last few years. The PM3350 is one of the 
easiest to operate. To display a signal, for 
example. a user just connects up the probes. 
and presses the 'autoset button. This looks 
at the incoming waveform. initiates the 
software, and autoranges through the 
oscilloscope's settings, setting the atte- 
nuators and the timehase to that the input 
signals appear on the screen within a few 
seconds. 

All keys on the front unit control several 
related functions. accessed by sequentially 
pressing that key. For example, the a.c./d.c. 
button toggles between a.c. coupling and 
d.c. coupling. This feature reduces the num- 
her of keys on the front unit. and simplifies 
operation. 

USING THE INSTRUMENT 

Oscilloscopes are normally used in one of 
two ways: to compare similar waveforms 
(such as in production testing and servic- 
ing), or to capture unpredictable data (such 
as in troubleshooting and debugging). 

The basic demand for production testing 
and maintenance is programmability, either 
of the oscilloscope itself, or when it is 

connected to a computer. The I'M3350's 
autoset button is useful here, too. since it 
makes the PM3350 particularly convenient 
for repetitive tests. where users often \t'ant to 
look at the same signal path in different 
sections of a piece of equipment. Oscillo- 
scopes such as the P1513350 also allow com- 
plex routines to he performed without 
touching the front panel - in the case of the 
PN 3350 across an optional IEEE -488 inter- 
face - which makes a dramatic difference to 
productivity. 

Fig.3. The PM3350 is divided into two 
sections: the screen and cursor controls, 
and a 140 -segment I.c.d. which shows the 
settings of the rest of the scope's controls. 

- 
'2 4.4' I 

i 
- 

. . . . I©_[y7' . . . . . 

° 
f I== ¡ 

'1, °. t r t t9 r s .r. t ti s: r r r 

s 

+tffll.. !'lilf(Ali 14 1111,1 

r,,..0.1,73.,~-1-0-1,_ 

I 

4 

T 
1 

iiMr; 
11114641 4 . 

I ' © 

t ItETtRÑ 

r 

368 ELECTRONICS & WIRELESS WORLD 



ter' 7L L,' 3 
tpn . 
M. 

1 1 

. . 

° 

.-..1.,- 
' 
: 

e : 

C° ° 

s--¡ 

... 
w l . 

E 

. 

. , 

1.- _ u...... ' d t , 
ú...! F 

: . 
a 

-`` 
E _' 

,-,. s 

.. 

4 L} 4 

' 
ro1Ti # 

11 
I1 #.fy 4 f f f 

... 

s 9 T E 

a ' 
t 

ti t+-, 

£ 

a.G 

^ . . 
4 M9 u b 

i 
w 

-,°- 
pp 

S 1 R'' 

# 1 rt 

* 

.. 

t i ei---#--- 
W 

' 4 

,,,,,,i1,.' 
,....1. 

., 6 

1 

.4. , . . . . . ; 

' ''1 
3^4 

. . 
... 

- 

:' ° 

_ J 

RE' ART _ 

- i 

' ® 1URN_ 

Fig.4. Pressing the 'zoom' (Restart) key automatically calculates 
the delay and the timebase settings, and.... 

Debugging and troubleshooting have 
quite different requirements, since the 
oscilloscope must look for rogue signals 
such as race conditions and other intermit- 
tent faults. 'These signals need a high single - 
shot bandwidth. versatile triggering. exten- 
sive displays. and powerful cursor measure- 
ments. 

Tracking down rogue signals during pro- 
totyping is particularly difficult because they 
occur infrequently or at random intervals. 
and individual transients usually have widely 
different amplitudes and periods. The band- 
width and voltage range are critical here. 
Also useful is the 'zoom' key (Fig.4). When 
pressed. the key automatically calculates the 
delay and the timehase settings, and draws 
an expanded trace (together with the re- 
levant cursor positions) on the screen. This 
feature can he performed repeatedly to give 
(together with the 'centre' key) increasing 
detail down to the minimum resolution of 
the scope. Rather than simply magnifying 
existing data (which would yield no further 
information). use of the key re -acquires - at 
a higher sample rate. and therefore at a 

higher resolution - that part of the signal 
which falls between the cursors. 

Finally on this topic, a specification that is 
often ignored is the triggering speed. Most 
oscilloscopes have a trigger speed equal to 
the maximum signal bandwidth. However. 
an oscilloscope should trigger at higher 
speeds. so that it doesn't miss fast pulses at a 

low repetition rate (where fast. stable trig- 
gering is essential). Correspondingly. the 
P1113350 has a full 100-'lHz trigger band- 
width. 

TESTING. SERVICE AND 
MAINTENANCE 

Automatic test setups are highly significant 
for production testing and maintenance. 
The P1113350 has an optional IEEE -488 
interface that allows it to he integrated in 
test systems, or connected directly to auto- 
mated calibration systems. The link allows 
full remote control^ including cursors and 
autoset function. 

Checks can he carried out in use. A 
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Fig.4b.....draws an expanded trace (together with the relevant 
cursor positions) on the screen. 

PRODUCTION TECHNIQUES 

Replacing the conventional assembled metal frame of oscilloscopes with a plastics carcase 
has led to considerable reduction in assembly costs. Philips went to considerable trouble to 
find the 'right' plastics and arrived at an 'alloy' of polycarbonate and ABS. This non-toxic 
material is non -inflammable and self extinguishing. Strong and rigid and yet lightweight the 
material retains its properties down to very low temperatures. Integrated into the chassis are 
all the mountings for the p.c.bs and assemblies which slot and lock into place without screws. 
The case had already been made for other Philips oscilloscopes, so for this model there was 
no further tooling cost 

All modules are individually tested before assembly. Semi=automatic processor -controlled 
test and adjustment stations are to become fully automated. Final testing involves the 
complete instrument and consists mainly of sucn simple tasks as c.r.t adjustment All' 
instruments are subjected to a burn -in process and are then retested. Further 'lifetime' tests 
are carried out on a randomly selected sample of instruments. Modular construction aids 
servicing. P.c. boards can be hinged out for access to both sides and they are connected by 
plug-in flat cable wiring which makes them easy to change. 

` I I 
r 41. 

Fig.6. The PM3350's chassis is actually a one-piece injection -moulded frame made 
from a plastic 'alloy' of polycarbonate and ABS. The frame incorporates all 
'click -fit' mountings and stops for p.c.bs and assemblies. 

built-in, automatic checking procedure can 
he selected by the user, providing a ten -step 
routine that checks out the oscilloscope in 
about 30 seconds. The sequence tests the 

d.c.nd a.c. input coupling, alternated. chop- 
ped and added display. timehase magnifier. X 
deflection. triggering with both d.c. and 
peak -to -peak triggering. 
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Programmable links 
Equipment often needs to he set up 
to interface with other items. This is 

usually aone-time operation. like the 
setting of the data rate on a printer. 
or the gain of an amplifier. II itherto. 
such set-ups have been made with dil 
switches. Now it is possible to use 
surface -mounted shunts in packages 
of eight, which allow the selection of 
options simply by breaking the 
unwanted links. 

Compat ihility with the retlow 
methods of soldering makes the 
Greyhill 92 shunts easy Infit to 
surface -mounted p.c.hs. They offer 
high insulat ion resistance and can 
carry IA with a maximum 
temperature rise of 20°C. 
Highland Electronics Ltd. Albert 
Drive, Burgess Hill, West 

Sussex R 1115 9TN. Tel: 114446 541121. 

Free cad software 
Software fora general-purpose cad 
system which runs on an IBM PC is 

being offered free by Pafec. a 

Nottingham software house which 
claims to he Europe's largest 
independent producer of cad 
systems. 

PC DOGS. Personal Computer 
Ilrawing Office Graphics System. 
previously sold for £3000. 
It has all the funct ions of a two- 
dimensional drawing package and 
can cope with all hut the largest 
drawings. According to Ian 
McKenzie, a Pafec director: DOGS is 

ideal for the first -t ime cad user. The 
PC -based product can supplement a 

company's main cad system and also 
act as an introduction to the benefits 
of a more advanced installation." 

Free copies of the software are 
available from Pafec or their agents. 
A small charge is made to cover the 
cost of the discs. of which t here are 
fourteen. including screen and 
plotter drivers. 

The manual is the equivalent of 
about 4(111 printed pages but it can he 

consulted on screen while using the 
system. An installation guide is 
included in the package. 

Pafec's generosity has another 
motive; We know from experience 
that many cad users who start with a 

PC -based package later find the need 
to upgrade to a more advanced 
system. We have those systems and 
that is where our growth lies." said 
Ian McKenzie. Pafec Ltd. Strelley 
I tall. Nottingham NG86PE. 
Tel: 06112 29229I . 

Tester for optical fibres 
Considerable saving in time is 

claimed for the I Iewlett Packard 
optical time -domain reflectometer. 
Testing of optical fibres is said to he 

more thorough and up to 150 times 
faster through the use ola special 
data -correlation technique. which 
increases the dynamic range of the 
I IP8145A instrument to more than 
28dB at a wavelength of 1300nm. The 
reflectometer has a distance range of 
2011km and can pinpoint a fault to 
within 1m with a dynamic -level 
resolution of 0.01 dB. 

For testing in the field, the 
instrument is battery powered and 
includes a plug-in, non-volatile 
memory module which can store 
over 1(10 traces complete with the 

related measurement information. 
On the bench it is used for testing 

fibres and cables during production. 
Previous traces can he recalled fur 
comparison with the current sample. 

The instrument is easy to use, with 
keys that vary their functions 
according to the on -screen options 
present at the time. The keys can he 

programmed individually by the user 
and the instrument offers full II I'IB 
communications. Alternative laser 
modules provide wavelengths of 
I300nm and I550nm and the 
retlectometer can he linked by four 
different standard connectors. 
Hewlett Packard Ltd, Eskdale Road. 

Winnersh Triangle. Wnkingham, 
Berks RG 115dZ. Tel: 0734 696622. 
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Fax modem for PCs 
Facsimile messages can he sent from 
and received by an IBM PC- 

compat ible computer by using a 

plug-in modem from Dowty. Text 
and graphics files can he transmitted 
without the need to print or scan 
them. saving 1 ime and improving the 
quality of the received message. In 
addition. features such as autodial, 
auto -answer. delayed transmission 
and automatic message distribution 
are all included. 

A modem card, M icroFax, is 

combined with a software package to 
allow a PC to exchange fax messages 

with any Group 3 lax machine or with 
other computers with the same 
facilities. The modem is claimed to 
he the first of its type to win BATB 
approval. 

Fax messages are generated by the 
software from an existing file 

produced on any software so that 
spreadsheets. word -processor files or 
images produced by graphic 
programs can be transmitted. l'he 
modem can operate in 'background" 
mode. allowing incoming messages 
to be received and stored on disc 
while the computer is being used for 
other purposes. These can be viewed 
on screen and printed hya suitable 
graphics printer. if required. 

Any IBM-compatible PC can be 

used to run the modem as long as a 

half -height expansion slot is 

available. I lard discs make the 
operation faster and easier and 
provide the large capacity to store 
messages. Dowty Information 
Systems Ltd. Steehek I louse. 
Newbury Business Park. London 
Road. Newbury, Berks RG 132PZ. 
Tel: 0635 3301(9. 

Safe developer for 
p.c.bs 
Chemicals for developing positive - 
resist printed circuit boards have 
been made safer to use and easy to 
apply. Ready -mixed developer 
solutions are available in a sealed 

container with a built-in sponge 
which dispenses the correct amount 
of chemical to the hoard. An 
additional advantage is the 
possibility of developing a small area 
on a hoard. perhaps a modification 
added later. 

Non-toxic chemicals, without any 
sodium hydroxide. are provided in 
the Seno applicator. which has a 

shelf life of two years and enough 
developer for about 70 hoards of 
Eurucard size. Because of the safe 

chemicals. no special precautions are 
needed when disposing of an 
exhausted applicator. Mega 

Electronics Ltd, 9 Radwinter Road, 

Saffron \Vallen. Essex CBI 1 31-IU. 

Tel: 077921918. 

Data acquisition 
made easy 
Full advantage of the windows 
system is taken in the Labtech 
Acquire 'C -compatible software 
which has been specifically designed 
to be easy to use. There are no 
commands to memorize, since the 
system is menu -driven and it is 

claimed that the software can he put 
to good use after a few minutes of 
familiarization. 

One menu is used to configure the 
input routines, specifying start-up 
procedures. data rate, duration, 
scales. limits and other parameters 
for display, storage and output. 

Up to four channels of analogue 
data can he measured with one 
additional digital channel. Maximum 
data sampling rate is 511samples/s on 
each channel. Any signal -generating 
equipment with outputs that can be 

accepted by the computer's 
interfaces can provide the incoming 
data. Acquired data is displayed in 
real time in up to four windows. The 
colour of each signal trace can he 

selected so that multiple traces can 
he displayed and compared in a single 
window. Data can he stored while it is 

displayed along with elapsed -time 
records. 

Additional software enables the 
data to be further manipulated in 
such spreadsheet analyses programs 
as Lotus 1-2-3. 

Similar, superior. facilities are 
available in Labtech Notebook. The 
two programs share many features. 
so a user of Acquire can upgrade to 
Notebook while retaining the stored 
data and configurations. Available 
through Adept Scientific Micro 
Systems Ltd. 3 Letchworth Business 
Centre, \venue One, Letchworth. 
Herts SG6 211B. Tel: 0462 675352. 
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VME workstation 
with risc processor 
Although the main processor in the 
Torch VME:32QX workstation is a 

68020. it also has an OpenChip" 
risc-based controller to provide high- 
speed direct memory access. Other 
major components on the double 
Eurocard single hoard are a 68881 
maths coprocessor and a 68551 
paged memory management unit. 

I ligh speed is ensured throughout 
this Ilnix-based computer by the very 
high clock rate of 16.7 or 20M1 iz and 
4Mbyte or on -hoard memory with 
the capacity to expand to 16Mhyte. 
Communication is also accented 
with a high-speed serial interface for 
peripherals. VM Ehus. and Ethernet 
connections. and drivers for X.29 and 
X.25 communications. 

Full colour video facilities are 
incorporated. Screen resolution is up 
to 1024 by 768pe1s and each pel can 
he 4hits deep, providing a wide range 
of colours. 

Icons and windows are used to 
operate the menu -driven system 
which al lows easy access to an 
extensive range of Unix applications 
from Torch or from other suppliers. 
Strict adherence to standards 
ensures compatibility with the 
software for a number of other 
manufacturers' systems. Torch 
Computers Ltd, Abberley I louse, 
Great Shelford. Cambridge CB2 5LQ. 
Tel: 0223 8 4 1 000. 

OpenCh ip is designed by Torch for 
their own use. I Iigh-speed memory 
access is provided by using 
application -specific instruct ions. 
This is the first use for the device. 
Other manufacturers have expressed 
interest in using the chip. 

Miniature d.c. 
converters 
Local, balanced power -supply 
voltages for analogue circuitry on 
such equipment as serial link 
interfaces are made easier by the use 
of miniature d.c. to d.c. converters 
from 131CC-Citec. \uxiliary power 
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rails can he supplied by substituting a 

converter for the multiple -output 
switch used in such interfaces. Fully 
encapsulated and with no need for 
heatsinks. the units are rated at one 
watt and provide output voltages of 
±5V. ± 12\' or ± 15V. BICC-Citec 
Ltd. \Vest mead. Swindon. 
Wilts SN5 7YT. Tel: 0793 487301. 
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Low-cost p.c.b. designer 
Many features normally associated 
with more expensive systems are 
available on the Lintrack PC printed - 
circuit design package for £ 160. IBM 
PC or compatible computers can he 
used to run the software which 
allows component pads and tracks to 
he laid on a 11.25mm grid on double - 
sided hoards up to 480mm by 
500m m. 

Eight pad sizes are provided, as are 
eight track widths. Component 
layouts are selected from a pre- 
defined library; any outline designed 

IL 

by the user can he added to the 
library. Editing facilities allow any 
section of a circuit to he relocated. 
rotated. duplicated or erased. Either 
or both sides of the hoard can he 
viewed on the screen at four levels of 
magnification. 

Output is to any I !PG. -compatible 
plotter at 1.2. 4or8 times the 
finished hoard size. Further details 
from Linear Graphics Ltd. 28 
Purdeys Way. Rochford. 
Essex SS4 I NE. 
Tel: 071)2 541663. 
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Analogue -to -digital oscilloscope adaptor 
Any single -trace analogue 
osci l loscope can he converted into a 

two -channel digital storage 
instrument by using the USA524 
adaptor from Thurlhy. It is 

connected to the oscilloscope by a 

single cable and the analogue 
instrument can have a handwidth as 

low as 5M I I z. Every front panel 
control on the adaptor is digitally 
programmable and up to 50 panel 
settings are stored in the internal 
program memory to be recalled 
randomly or in sequence for 
repetitive automatic testing. An 
RS232 serial link is provided. GPIB is 

an option. 
The adaptor has a sampling rate of 

up to 20Msamples/s for single -event 
signals: memory size is 4096 words 
for each channel. It captures 
repetitive signals of up to.35M I Iz, 
using an equivalent -time sampling 
rate of up to2Gsamples/s. 

Non-volatile memory is used to 
store up to 16 waveforms 'or 
reference and comparison. 

Mathematical algorithms enables 
digital interpolation to reconstruct a 

waveform from a minimum number 
of samples. For example. a near - 
perfect sine wave can he 

reconstructed from only four 
samples in a cycle. This gives the 
instrument a single -event bandwidth 

of 5M 11z much higher than most 
other instruments that sample at 

2oMsamples/s. 
Digital summation averaging is 

provided for up to 256 recordings. 
This improves the signal/noise ratio 
for repetitive waves and al lows the 
recovery of signals that are 
completely obscured by noise. 

I lost oscilloscopes are changed 
dramatically by the adaptor. Text and 
graphics are used to help set upand 
operate the instrument. Cursor 
measurement provides on -screen 
display of voltage or time differences. 
Reciprocal timebase speeds between 
5Ons/div and 200minutes/div are 
provided At the lower speeds, tie 
display scrol Is, rather like a strip 
chart recorder. Recording times of 
up to 133 hours are available in this 
mode. Input sensitivity is adjustable 
between 2mV/div and 10V/div. 
Autorangi ng can he selected on 
either or both channels and an 
autoset system can select an 
appropriate timebase. 

I lard copy can he made on a 

dot-matrix printer or a variety of 
plotters. 

Small and lightweight. the 
USA524 costs 5851+ tax) in the UK. 
Thurlhy Electronics Ltd. New Road. 
St. Ives. I luntingdon, Camhs PE 17 

4136. Tel: 0480 63570. 

Optical fibre cleaver 
II igh accuracy is needed when 
cutting optical fibres as there can he 
much signal attenuation if the cut 
produces any reflections. With the 
Fujikura CT -03 cleaver, high - 
precision cuts are made purely 
mechanically: human error has been 
eliminated and no special training is 

needed for the operator. 
A single blade can produce up to 

24,000 clefts cut to within I° from 
the rectangular. Single and multi - 
mode 1251.1.m fibres can he handled. 
Centronic Sales Ltd, 275 King 
I lenry's Drive. New Addington, 
Croydon CR9 013G. Tel: 0689 4 702 1. 

Optical 
transmission of 
video signals 
Transmission modules for sending 
signals through optical fibres at the 
860nm wavelength have been 
developed by Siemens. They are 
thought to he of particular use in 
transmitting video signals from the 
remote tv cameras used in 
surveillance and road -traffic 
monitoring. 

Transmitters and receivers are 
encapsulated in plastics packages 
and use 2.4mm pitch dil connectors 

for electrical connections and either 
2.5mm DIN or :3.175 SMA plugs for 
optical links. 

Maximum transmission distance 
is 2km when used with 501.1.m 

graded -index fibre. Attenuation over 
this distance is less than 9dB. 
Repeaters can he used to extend the 
range. 

All modules operate from a 5V 
supply and have a signal bandwidth 
of 7MI lz.. Output voltage is I \ peak - 
to -peak into 7511 and can he 

connected directly to a colour 
monitor. 

Siemens I.td, Windmill Road. 
Sunbury -on -Thames. Middlesex 
T\V 16 7I I S. Tel: 0932 785691. 
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Miniature kilovolt 
power supply 
Output from the K20/6 power supply. 
which operates from a 12\' battery, is 

variable between zero and 2(IkV. 
Current consumption is less than 
(l.25A at full output. Output voltage 
is controlled by an external 
potent iometer. 

Switching techniques are used to 

achieve a high output impedance of 
100M11. This makes it suitable for 
insulation testing. electrostatic 
spraying and capacitor charging. A 

stabilized version for c.r.t. 
applicat ions is planned. Small size is 

a feature of the unit. with the largest 
dimension being 115mm. Applied 
Kilovolts, 54 Benett Drive. I love. 

East Sussex,13N3 6UQ.Tel: 0273 
507973. 

Highly stable 
oscillator 
Temperature -compensated 
oscillators have been designed for 
high -precision military and 
professional equipment. SIC claim a 

frequency stability of ±0.:3p.p.m. in 
the temperature range -20°C to 
+7(1 C for the SQ035011 family of 
oscillators in a range from 2.5M1 lz to 
20M11z. 

Performance of the device can he 

tailored for specific requirements 
and there is wide choice of output 
options. including t.t.l. c-mos. h.c- 
mos and clipped sinewaves. STC 

Components. Edinburgh Way. 
I larlow. Essex 0120 2DE. 
Tel 0279 2681 I. 

IEEE -488 for PS/2 
The first IEEE -488 (GP113) interface 
for the new IBM personal computer 
family is the proud claim of Ziatech 
Corporation. It can control up to 15 

remote instruments and is 

complemented by a range of 
software. INSTALL. 488 allows 
existing application software for 
other systems to he run on the 
interface. Linkable device driver 
software has the advantage of 
addressing the interface directly. 
bypassing the computer's operating 
system. and is intended for high- 
speed applications. 

Software configuration of the 
interface is provided by the Adaptor 
Description File which eliminates 
the need for jumpers and dip 
switches on the adaptor. 

Hardware addit ions to the 
interface hoard include a watchdog 
timer. which regularly interrogates 
the devices connected and can 
transmit a warning if there no 
response. Available through I )ata 
Translation Ltd. Mulberry Business 
Park. \Vokingham, Berks RG I 1 2Q1. 

Tel: 07:14 7938:38. 

Global positioning receiver 
You can tell where you are to within 
25m anywhere on the globe if you 
can decode the signals from the 
Naystar global positioning system 

(GI'S)satellites. Navcore I is 

receiver from Rockwell Collins that 
does decode the signals and can 
provide t ime and frequency 
standards as well as navigational 
informal ion. 

Coarse Aquisit for codes are 
received so no special I icencing is 

required to use the system. Even 

4 
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higher accuracy is available. through 
scrambled codes, to the US military 
and some of their favoured friends. 

\pplications include mapping. 
surveying and the setting and up- 
dating of atomic and quartz clocks. 
An improvement of some ten times is 

claimed to he achieved when 
compared with other standard 
methods. Available through the 
Steatite Group. 2 The Square, Broad 
Street. Birmingham B15 1AP. 

Tel: 021 643 6888. 
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Accurate motion control 
I lighlyaccurate positioning is 

claimed for the Portescap disc - 
magnet stepper motor with its 
associated control system. The two- 
phase motor has 200 full steps in a 

revolution. each of which can he 

further divided into up to 64 

microsteps, givinga resolution of 
12.8011 posit ions or 0.028°. Error due 

to the motor is typically 0.1145'. 

decreasing to (1.1118 on a full step 
with both phases energized. The 
disc -magnet motor offers a linear 
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torque: current ratio. low noise and 
smooth operation fot speeds as low as 

a single revolution in a second. Other 
parts of the system are a pulse -width 
modulated, two -channel current 
source. a t ranslator to convert 
motion commands into motor 
signals. and damping circuitry which 
suppresses mechanical oscillation 
within 5ms. Portescap (TE Ltd. 55 

Cobham Road. Wimborne, Dorset 
B1121 7813. 

Tel: 0202 8615(1(1. 
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Higher resolution 
graphics 
Another step on the way to even 
higher graphics resolution is 

provided by the Xcellerator 1600 

range of 20in (5118mm) display 
systems. Up to 16(1(1 by 121111pels can 
he displayed and the system can 
interface with PC AT and PS/2 

computer systems. 
At the heart of the Xcellerator is 

the Texas Instruments' 34010 
graphic system processor which is 

used to achieve high-speed 
continuous vector drawings with 
over 80,0(10vectors/s. 

In its highest resolution, the 
display can select 16 colours from a 

palette of 4096. Mode 2 give a lower 
resolution 1024 by 768pels. but has 

256 colours available from a possible 
16.7 million. 

Applicat ions are thought to he 

found particularly in the cad/cam 
area. colour electronic publishing 
and graphic arts. With these 
particular applicat ions in mind. the 
system is provided with 1:M1hyte of 
display ram which can he expanded 
up to 8Mhyte. 

To take full advantage of the 
increased resolution. software 
drivers have been made available to 
run Autocad. t'licrosoft Windows and 
DG IS. direct graphics integrated 
standard. Other links are being 
developed. Cambridge Computer 
Graphics Ltd, Convent Drive. 
\Waterheach. Cambridge CB5 9QT. 
Tel: 0223 863311. 

High -voltage 
capacitor chargers 
The 5(1(1(1 series of capacitor 
chargers. which is suitable for use 
with pulsed lasers and in capacitor 
hank charging. uses a const ant - 
power system with a switch -mode 
power supply. Eight models cover a 

voltage range from Ik\'to50k\'.all 
with the same charging rate of 200 
joule/s. 

l'art icular attention has been paid 
by I lartleytosafelyandan 
emergency push-button activates a 

dumpswitch, which can also he 

triggered by external safety 
interlocks on the high -voltage 
equipment. Each charger is fitted 
with a display that shows the status of 
the charge-standby. charging or 
fully charged-and also the position 
of the safety dump along with the 
interlock status and output polarity. 
An output high -voltage meter 
indicates the presence ()fa voltage. 
even with the mains supply switched 
off. The chargers can he operated 
remotely if required. I lart ley 

Measurements Ltd. í Bear Court. 
Daneshill East. Basingstoke, I'ants 
RG21(IQT. 
Tel: 1125656695. 
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LANGREX:SUPPLIES LTD 
Climax House, Fallsbrook Rd., Streatham, London-SW16 6ED 

RST Tel: 01-677 2424 Telex: 946708 RST 
SEMICONDUCTORS 
44119 010 
44530 017 
44713 030 
44715 0.30 
A AZ17 030 
A(107 0 55 
AC125 035 
AC126 035 
A(127 040 
AC128 035 
6(1.11 035 
Á(141K 045 
A(142 040 
4(142K 0 45 
A(176 035 
0(187 035 
A(188 0 35 
A(017 125 
A(518 1 55 
Á(Y19 180 
4(520 I 5(1 

ACO21 155 
AC539 4.00 
ÁD149 100 
40161 050 
ADI62 060 
ADZ I I 12 S0 
ADZ12 1250 
A8106 060 
ÁF114 350 
ÁF115 350 
ÁF116 350 
ÁF117 400 
ÁF139 055 
41186 075 
ÁF239 0 65 
41211 375 
ÁF212 500 
45576 140 
45527 100 
ASZIS 270 

VALVES 
41834 900 
41087 13 50 
47134 1750 
42793 1600 
A2426 35 00 
42521 2500 
47900 1500 
43343 4500 
AZ31 7 75 
AZ41 260 
8K448 11490 
BK484 16500 
8590 5800 
85810 60 00 
B TS 5895 
8117 18500 
BT19 4405 
8129 349 15 
BT69 354 80 
8195 129 90 
03131 400 
(133 400 
C531 300 
CIK 20.00 
C3Á 27 00 
(314 220) 
0441 7500 
0442 18.70 
DAF91 175 
04196 175 
DFT22 3500 
51724 49 00 
O 191 175 
0(96 1 75 
DK91 175 
DK97 200 
DK96 175 
D192 200 
0194 175 
O 196 175 
0(510 1400 
DL515 12 50 
D(516 17 50 
0(519 12 50 
DM70 200 
DM71 200 
DM 160 4 75 
DY87 I50 
05802 150 
1551 50 00 
180(C 1500 
EB0(1 11 27 
180f 14 19 
1801 27 50 
E81CC 800 
1811 1327 
(82(C 8.10 
183CC 8 40 
186( 8 25 
1881 8 25 
188(C 1033 
990(C 9 47 
E90F 990 
F9111 6 25 
f92CC 8.75 
1991 9 10 
11301 1850 

BC182 
B(183 

45216 200 B(184 
45Z17 160 B(212 
45220 SO 8(213 
A5Z21 75 9(214 
AUYIO 50 B(737 
94145 13 B(238 
134148 15 9(301 
94154 06 B(303 
BA155 II 8(307 
BAI56 06 BC308 
BAW62 05 BC327 
84013 05 8(378 
86016 06 8(337 
BC107 12 8(338 
131108 13 BC530 
13(109 14 BCY31 
BI 113 12 BC532 
B(114 17 B(533 
8(115 12 BC53.1 
/(116 19 13(539 
81117 24 8(540 
9(118 30 8(542 
B(175 25 13(543 
9<116 25 B(Y58 
8( 135 18 B(970 
8(136 18 8(571 
BC137 22 KY 72 
13(147 I? B(211 
13(148 17 B0115 
B(149 12 80173 
8(157 12 B0124 
B(158 13 130131 
B(159 17 80132 
B(167 10 B0135 
B(170 09 80136 
B(I71 1I 80137 
8C 172 09 BD138 
8(173 09 BD139 
8(177 IS 80130 
8(178 78 80144 
8CI79 15 80181 

FI8D(( I 50 
E1838 I 05 
(181(( I 25 
E1861 II 50 
1188(( 8 91 
E7808 22 51 
F783(( 1200 
E288(C 17 50 
88101 35 48 
FAST 11000 
1476 150 
(4BC80 I 25 
FA(91 3 50 
EAF17 7 50 
141801 1 00 
EB41 400 
fB91 150 
88(33 250 
F8(41 250 
1B(81 150 
18(90 1 25 
18(80 150 
F8F83 1 75 
F8f89 150 
113131 1000 
F(90 1 25 
((9 800 
E(92 175 
FC157 467 00 
FCC33 4 50 
FCC35 4 50 
E(C40 5 50 
F(Cel 175 
F(C82 175 
FCC83 175 
ECC84 175 
F((85 175 
F((86 250 
F((88 350 
FCC89 200 
E(C91 893 
F(C189 210 
EC(807 175 
EC(808 500 
E(F80 150 
F(F87 I 50 
F(F86 150 
EC1135 3(X) 
E(H42 3 50 
FC1181 300 
1(1183 2 50 
((1184 2 50 
F(l80 1 50 
E1181 1 75 
11182 1 50 
1(1113 300 
E(l84 150 
11185 150 
f(186 1 75 
FF37A 500 
F139 275 
E840 500 
1141 350 
Ff47 450 
1(50 7 50 
E854 500 
If55 350 
FF80 175 
1f83 400 

Oil 80183 0 75 
0 09 80237 0 35 
011 BD738 035 
0I1 BDX10 091 
011 130032 200 
011 B11)510 240 
009 B0520 150 
0 09 80560 I 50 
0 36 81115 30 
0 36 138152 16 
009 I Bf153 19 
009 110154 17 
0 09 88 159 .70 
009 B060 20 
009 BF166 35 
009 B1167 30 
7 50 138173 45 
7 50 88177 30 
7 50 138178 30 
7 50 BF 179 30 
7 50 81180 30 
3 60 W181 25 
300 81182 30 
0 32 BF183 30 
045 BF184 30 
015 BF 185 30 
071 138194 15 
0 71 B8195 15 
0 71 BF196 15 
3 50 81197 15 
035 81'1X7 33 
730 I31 '24 17 
750 B(741 17 
0 42 BF '14 35 
042 llF "17 30 
077 81 8 30 
027 BF119 30 
0 30 81 116 30 
0 30 81337 30 
0 30 B8338 0) 
0 30 131571 00 
200 BF578 50 
0 75 11I561 30 

(185 1 75 
EF86 3 50 
E(89 7 50 
1F91 7 95 
EF97 637 
FF93 I 50 
FF94 150 
EF95 5 99 
FF98 700 
fF183 200 
EF184 200 
EF8045 12 00 
188055 15 00 
FH90 175 
EK90 150 
EL37 7 50 
F133 400 
FL 34M111 5 00 
F136 250 
(141 780 
EL42 7 50 
FL81 525 
1183 600 
E184 275 
1186 775 
1L90 325 
1191 7 39 
E1.95 7 00 
11156 30 00 
EL360 18 50 
11.500 300 
11509 10 00 
FL821 1300 
11822 1397 
11180 75 00 
FM34 800 
FM817 7 SO 
FM81 2 SO 
EM84 2 00 
EM85 7 75 
EM87 7 50 
FN37 7500 
fN91 650 
1597 696 
E551 2 75 
EY81 2 50 
FY83 2 SO 

(584 9 74 
EY86 175 
FY88 1 75 
155004 31X7 
EY801 I 75 
8235 175 
E740 7 50 
EZ41 2 50 
FZ80 150 
EZ81 1 50 
FZ90 300 
19(4 500 3 50 
IW4-800 350 
GI 371K 3500 
G551K 17 00 
6180 2M 1750 
6240 20 17 00 
G400 1K 1750 
654 9 00 
GN4A 900 
G516 1600 
GTIC 2500 

GU50 7000 
GU51 7000 
GXU1 1535 
60112 30 00 
GXU3 4000 
GXU4 44 50 
GXUSO 2000 
65501 3 00 
G732 4 00 
6733 475 
I. 34 4 00 
6737 4 75 
KT61 500 
KT66 1500 
8177 Gold 

(Ion 17 00 
KT88 1500 
KTW61 250 
KTW62 250 
KTW63 2 50 
M8079 12 34 
M808(7 8 25 
M8081 982 
M8082 9 69 
M8083 10 75 
M8091 10 43 
M8096 6 80 
M8097 810 
M8098 B 15 
MI3099 800 
M8100 1030 
M8136 I1 75 
M8137 12 25 
M8140 6 00 
M8141 6 50 
M8142 875 
M8144 7 50 
M8149 6 50 
M8161 935 
M8162 I 175 
M8I63 8 25 
M8190 500 
M8195 10.85 
M8196 7 50 
M8704 7 05 
M8712 I 137 
M8223 6 00 
M8724 6 30 
M8225 4 50 
M8248 14 03 
MD7901 11500 
MUI4 250 
MX119 5500 
M%173 8600 
MXI45 6150 
M0151 1830 
MX152 15000 
MX161 17500 
M0163 1950 
MX164 7640 
MX166 16400 
M%168 78 50 
N78 1500 
047 3 75 
043 7 50 
044 600 
OB3 2 50 
007 435 

81598 030 M1E340 079 r 0(26 150 11(2260 
BFW I 1 04 M1E370 0 73 0(28 5 50 111709 
BFW I I 1 01 M1E371 1 05 0079 4 40 TIP294 
B F 084 078 M1E570 075 0(35 400 11P304 
81085 078 M1521 073 0(36 400 TIP314 
88087 0 78 141E2955 2 75 0(41 1 70 TIP32A 

BF 088 028 M1E3055 200 0(47 150 11P330 
BFY50 028 MP1103 O55 0X43 I50 TIP344 
88551 078 MPF104 055 0(44 175 11P41A 
8f557 078 MPF105 055 0(45 085 11P424 
88564 036 MP5406 017 0(71 065 TIP110 
BF 990 065 MPSA56 017 O(72 270 TIPI17 
135019 027 MP5U01 1 II 0(73 145 TIP125 
85010 017 MPSUO6 I 33 0(74 140 1IP130 
85071 0 27 MP51156 171 0( 75 1 40 TIP131 
BT106 165 NE555 045 0(76 160 TIP137 
81579 4004 300 581401 4 00 0(77 7 75 11P135 
BU705 170 581403 350 0(81 090 18137 
8117(6 170 NKT404 400 0(812 400 1IP140 
B U708 2L(0 OAS 175 0(82 095 TIP141 
85100 042 047 075 OC83 140 11P147 
135176 015 0410 0.55 0014 140 11P2955 
135177 0 15 0447 0 15 D(111 6 50 11879551 
132061 0 17 0470 0 27 0( 123 6 50 TIP3055 
Series p479 0 21 0(139 11 00 1IP30551' 
82588 0 10 0481 0 71 0( I40 18 Cg 75140 
Series OA85 021 0(I41 1800 75170 
87591 800 0490 008 0(170 440 25178 
Series DA91 008 0C171 n40 25277 
137593 I80 pA95 008 00700 400 25278 
Serles 00200 0.15 0(701 550 7TX107 
87995 164 04202 015 3(702 550 210108 
Serles 04711 1 00 0(703 5 50 710109 
87596 200 042700 150 0(204 700 218300 
Series 042201 I 50 0(705 1000 710301 
(R51 40 060 047706 I 50 )(206 850 710307 
CR53 40 075 04Z707 150 0(707 1800 210303 
CR53 60 090 0016 500 O(P71 250 716304 
6f066 J00 0K70 600 08P12 740 714311 
618541 6 50 0(22 4 50 470088 I 95 214314 
G13M 300 0(23 1000 I 77009 225 210500 
GM0378A 175 I 0(74 300 470108 700 710501 
851004 045 4 0(25 175 11144 048 710502 

013 7 50 
083 2 50 
074 3 50 
PC86 2 50 
PC88 7 50 
PC95 175 
PC97 1 75 
P(900 175 
P((84 I 50 
F'(C85 150 
P(C88 200 
P((89 1 75 
P((189 1 50 
P((805 160 
P((806 1 60 
P(F87 200 
P(F80 200 
PU87 150 
P(F86 250 
P(F87 200 
P(F700 3 75 
P(1701 3 25 
P(F801 2 50 
P((807 2 50 
P(F805 170 
P(F806 I 70 
P(F808 I 70 
PC 187 7 00 
P(183 300 
P( l84 ? 00 
P(185 250 
P(186 2 50 
P(L805185 7 50 
PD500 600 
PF06 405 4500 
PF1200 2 50 
P136 7 50 
P181 175 
P1814 2.00 
P182 150 
P183 2 50 
P184 2 00 
P1504 5 . 2 50 
81508 5 50 
P1509 6 00 
P1519 600 
P180I 150 
P1807 6 00 
PY33 2 50 
8581 150 
PY87 150 
8583 125 
PY88 200 
P55007. 4 00 
PY800 150 
PY801 150 
01451 82 50 
00902 6 38 00 
00903 10 26.25 
00903 206 

-1838 
00V06 40A 

46 00 
00907 50 

76 65 
00206 405 

62 20 
OU37 1250 
0903 11 680 

0VO4 7 3 50 
0V08 100 

19740 
053-65 63 74 
053 175 78 48 
094 250 74 00 
054 400 87 20 
055-500 20800 
055-30000 

566 80 
0706 70 46 00 
RIO 600 
R17 300 
RIB 300 
R19 924 
R20 2 50 
RG3-1250 5950 
RG3 2504 3768 
RG4 1250 6160 
1164-3000 99 45 
RR3-250 4000 
RR3 1250 45 75 
5130 600 
5130P 600 
511E12 6500 
579780 40 14 00 
559780 80 11 00 
51141 500 
5042 1000 
T003 10 3500 
1003 101 3500 
TTIS 5000 
1111 37 SO 

1122 37 50 
11100 60.00 
152-125 78 75 
154-400 88 70 
154-500 124 26 
155-500 772 50 
156-800 231 00 
TY6 50004 

63? 20 
TY6-50008 

395 00 
TY6-5000W 

523 70 
TY7-6000A 

632 20 
TY7 6000W 

579 00 
1740 2500 
U1810 350 
U19 1375 
U25 150 
U26 2 50 
U37 12.00 
UABC80 I 25 
UAF47 2 50 
U841 300 
UB(41 225 
U8889 I 50 
UCC84 I 75 
UCC85 185 
U(F80 200 
U(1147 2 50 
U(H81 7 50 
U(l87 175 
U(l83 2 75 
UF41 200 

UF42 2 10 
111130 175 
U(85 175 
U189 200 
U141 500 
11184 175 
UM80 200 
UY41 4 00 
UY85 7 75 
915631 15 00 
XGI 7500 

100 00 
XG5 500 30 00 
067 6400 

185 00 
%RI 1600A 

5375 
%R1 3200 8197 
%RI 3200A 
0111 6400 

16500 
991170 395 00 
901240 588 60 
Z803U 2500 
Z759 7500 
ZM1001 800 
7M1070 900 
7M1011 900 
ZMID72 900 
ZM1073 900 
ZM 1040 19 36 
ZMI041 1666 
7M1047 17 77 
IB3GT 300 
1824 75 00 
1835A 48 00 
iB63 6400 
IRS 1 75 
155 1 75 
114 175 
24515 II 50 
2(394 60 00 
2143 7000 
2021 3 25 
7E26 825 
2142 98 00 
2155 765 00 
21704 383 00 
2170B 33600 
2825 12500 
34002 1 15 00 
35007 100 00 
345 300 
3824 11 00 
3878 15 35 
3879 20 05 
38240M 17 50 
38241M 17 50 
3C17 7500 
3(24 1200 
3(X10065 

47 00 
3179 45 00 
354 2 00 
3V4 1 75 
465A 6000 
4 1254 6000 
4 7504 8000 
4 4004 87 00 

20 710501 0 14 
79 714504 0 70 
35 718531 0 70 
36 710550 0 25 
25 N9 4 003 
75 59 6 003 
53 5.11101 004 
60 N 1102 0 04 
38 N I 703 0 04 
47 5 1104 0 04 
IO 51)05 004 
45 5 1 306 0 04 
35 N1107 005 
45 N1109 006 
45 N 1 48 0 03 
48 55.100 010 
45 N5401 011 
48 544 004 
85 5970 010 
85 5921 0 12 
85 76301 100 
60 26307 1 20 
45 76306 150 
60 25404 1 50 
45 2N696 030 
25 75697 036 
21 25698 0 38 
54 15705 2 50 
73 75706 070 
57 25708 0 22 
12 75930 0 25 
17 7811131 035 
12 751137 035 
13 251307 180 
14 751303 0 90 
14 ' 751304 3 00 
14 1 251305 I 00 
14 751306 3 00 
13 251.107 120 
25 '51108 4 00 
14 251309 I SO 

14 751613 030 
14 ' 751671 500 

4832 101%1 
4(35 120 00 
4(01508 5800 
4(6350A 10500 
4%1504 6000 
40150D 5600 
58254M 3500 
58255M 3500 
5(72 '6000 
51180 2500 00 
51(465 5 50 
5Ú4G 300 
5U4GB 2 50 
594G 250 
5Y3GT 2 50 
5Z3 400 
5746 150 
57461 7 50 
6-3017 175 
64134 175 
6487 300 
64(7 300 
64844 4 25 
6AG7 300 
6486 500 
6ÁK5 599 
6ÁK6 750 
6A15 ISO 
6ÁM4 400 
6ÁM5 969 
6ÁM6 602 
6ANS 4 75 
64 N8Á 350 
6A05 3 25 
6456 866 
6Á57G 8 75 
6416 125 
6AU5GT 500 
64U6 750 
64956A 4 50 
6AV6 150 
6A%5GT 300 
687 325 
688 3 25 
6846 150 
6847 500 
68484 400 
6814 400 
68E6 150 
6886 7 50 
6816 7 25 
61384 4 50 
6816 125 00 
6817GT 450 
6BM6 11500 
6856 200 
68074 3 50 
6BR7 600 
6BR8A 3 50 
6857 600 
68W6 600 
68W7 150 
68X767 500 
6876 2 75 
6(4 125 
6(864 750 
6(06GÁ 500 
6(67 250 
6186 1300 

751893 0 30 
752147 8 00 
252148 2 75 
752218 0 32 
752719 0 37 
757270 0 77 
757271 0 22 
7K 7777 0 20 
757723 7 50 
252368 0 23 
757369 023 
252384 0 24 
257646 0 75 
752904 030 
257905 0 30 
757906 0 22 
757907 0 77 
252924 0 I? 
257925 0 77 
757976 0 17 
753053 0 30 
253054 0 55 
253055 0 70 
253440 0 60 
753441 0 75 
753442 I (JO 

753614 00 
753702 II 
253703 II 
253704 II 
253705 11 

753706 11 

253707 I1 
253708 II 
753709 II 
753710 11 

753711 10 
253771 120 
753771 120 
753773 160 
253819 0 50 
253820 060 

I 753823 0 BO 

"N 1466 1 00 
51904 010 
53905 0 10 

.N3906 0 10 
754058 012 
754059 0 20 
254060 01? 
754061 012 
754062 015 
754124 0 13 
254116 0 13 
754248 0 25 

N4288 015 
"54789 017 
254400 012 
754401 0 12 
254402 0 17 
755457 045 
755458 040 
755459 040 
75017 161X) 
25019 1500 
75024 35 00 
75025 35 00 
75026 40 00 
25103 7 50 
25307 5 50 
15303 5 50 
25327 5 00 
25324 4 00 
25701 12 50 
757454 I 75 
7S7464 1 75 

6(L6 1375 
6CW4 800 
6D? 150 
6DK6 3 CO 

6D06B 4 75 
6E48 300 
6E88 2 50 
6(W6 125 
6(6 300 
6823 1 60 
6(78 1 60 
6133 33 50 
61 -II 1400 
6H3N 7 75 
686 3 00 
614 5 50 
616 8 93 
617 4 75 
61E6( 7 50 
6K6GT 2 75 
6K7 300 
6K8 3 00 
6806 800 
6160 5 00 
61664 3 50 
61.601 (GE/ 

5 75 
61.661 3.00 
617 250 
6N2P 7 50 
6N3P 2 50 
657 300 
6P25 4 00 

6R7 325 
681948 6888 

10 00 
6587 300 
65(7 7 75 
6587 2 50 
65117 300 
6517 3 25 
651(7 3 50 
651761 300 
6SN7GT 300 
6507 3 40 
65R 7 4 00 
6557 2 75 
6U56 3 50 
6UBA 215 
6V661 4 75 
604 300 
6050) 175 
787 ?50 
7(5 400 
7(6 2 50 
7117 4 00 
7R7 425 
757 3 50 
754 2 25 
774 100 
124118 500 
12AT6 150 
17417 I 75 
128116 2 50 
124117 1 75 
12AV6 2 50 
12497 3 SO 

17407 1 75 

124574 400 
12844 3 50 
12946 150 
12E1E6 1 50 
17887 2 75 
12857 300 
12E1111 7800 
12E14 65 00 
1111 20 00 
13E1 17000 
19115 47 50 
7489 67 25 
30(IS 700 
30(17 2 00 
30(18 2 00 
30(5 160 
30111/7 138 
30(112 1 80 
301114 200 
3011 150 
30115 200 
30117 200 
30P4 2 50 
30P 19 2 50 
30P11 300 
30P114 180 
30PL15 180 
35W4 100 
50( 5 I 50 
75B 1 6 05 
75(1 4 50 
8541 7 50 
8547 645 
91)AG 7000 
90AV 7000 
90(1 6 00 
90CG 14 54 
90(V 1545 
92AG 70 00 
97AV 70 00 
9541 8 45 
150E12 6 50 
15083 8 35 
150(2 325 
150( 4 6 00 
211 3500 
77348 125 00 
803 2500 
805 4500 
807 3 75 
8114 1833 
812A 47 50 
813 6500 
8334 193 16 
8666 35 00 
8776 7000 
9?7 600 
9314 18 50 
1624 4 00 
1625 3 57 
7050 7 50 
47I1( 300 00 
421211 300 00 
5544 11000 
5545 15000 
5551A 120 00 
5552A 16500 
5647 9 CO 
5651 300 

5651 4 45 
5670 4 50 
5675 28 00 
5687 600 
5696 4 50 
5718 7 50 
5725 5 50 
5726 11 37 
5727 705 
5749 7 50 
5751 4 00 
5763 4 50 
58148 4 00 
5840 4 00 
584? 17 00 
5876A 31 50 
5879 500 
5886 1750 
5963 7 50 
5965 3 50 
6005 2 25 
6021 4 50 
6057 17 25 
6058 12 34 
6059 600 
6061 6 00 
6063 3 75 
6064 1075 
6067 I 75 
6072 6 00 
6080 11(1) 
60974 23500 
60978 200 00 
61464 1100 
61468 12 00 
6159B 1900 
6189 9 50 
6701 1 140 
6442 20 00 
6550 10 00 
68838 1. 50 
6973 ' 5U 
7025 1 SO 
70274 100 
7551 6 25 
7586 1500 
7587 2300 
7609 5600 
7868 7 50 
7895 1200 
8068 16 50 
8136 ' 50 
8417 8 00 
18042 II 53 
18045 10 49 
18046 II 53 

Tested 

41X250B 8 50 
CV Devices 

large stocks 
Prices 

app( cat on 

BASES 
BG Unsklrted 

0 40 
87G Sklned 

0 50 
B94 Unsklrted 

040 
89A Skated 

0 SO 

89D 0 75 
Inv Octal 0.40 
(octal 0 55 
Valve screenng 
can all sizes 0 SO 

CRTs 
24P1 8 50 
71381 9 (X7 

3981 20 00 
3DPI 500 
3EGI 1000 
3FP7 600 
3GPI 600 
31P1 800 
31P2 8 00 
31P7 1000 
3KPI 1500 
3RP I 3500 
3WP1 7000 
SADPI 5500 
5(PI 1000 

5(PIA 4000 
5P15A 1500 
5UP7 2500 
DG7 5 6337 
DG7-31 58 07 
DG7-32 5807 
DG736 6500 
D113 91 58 83 
DH7-11 113 17 
V(R138 12 00 
V(R138A 17 50 
VCR139A 800 
V(R517B 1000 
V(R5)7C 1000 

CRT sockets 
Pnces on 
applc(nlon 

I/1 sockets 
Tevos 
low profile 
8 pin 06p 
14 pin 070 
16 pin 07p 

INTEG 
7400 0 16 
7400 0 35 
7401 0 36 
740? 0 36 
7403 0 36 
7404 0 42 
7405 0 42 
7406 0 48 
7407 0 55 
7408 0 36 
7409 0 36 
7410 036 
7411 040 
73 7 042 
7413 036 

RATED CIRC 
7416 048 
7417 048 
7470 048 
7477 0 36 
7473 036 
7424 036 
7477 036 
7478 0 36 
7430 0 36 
7432 036 
7433 0 55 
7437 036 
7438 036 
7439 0 .16 
7440 0 36 

UITS 
7441 048 
7449 175 
78 I 030 
7151 030 
7453 030 
7454 0 30 
7460 0 30 
7470 048 
7177 030 
7473 048 
7471 036 
71'1 065 
71'n 048 
71111 012 
7481 048 

7484 11 77 
486 0 54 

7490 0 72 
7491 0 36 
7497 0 54 
7493 0 54 
7494 0 78 
7495 06S 
7496 0 60 
7497 3 90 
74100 084 
74107 0 36 
74109 0 54 
74110 048 
74111 051 
''4116 150 
74118 1 70 
74119 150 

74120 0 75 
74171 054 
74112 0 70 
74173 060 
74125 060 
74176 0 54 
74128 055 
74136 0 70 
74141 046 
74143 130 
74145 0 72 
74147 150 
74148 140 
74150 1 60 
74151 036 
74154 1 40 
74155 0611 
74156 0 48 

74159 1 75 
74121 1 70 
74172 4 00 
74173 0 77 
74174 060 
74175 00 
74176 00 
74180 48 
74190 70 
74191 70 
74197 10 
74193 060 
74194 I 10 
74195 0 72 
74196 100 
74197 100 
74198 2 ?0 
74199 7 70 

TAA570 175 
7646305 175 
TAA700 300 
TBA4800 50 
TB/15200 50 
TBA530 50 
TB05500 75 
TB45600 75 
184673 75 
TBA700 50 
"IBA 7000 75 
T8A7500 50 
TBA800 00 
TBA920 75 
184990 50 
1(82700 00 
T(4760A 25 

I'erin,alh0.nlcs.('5l(1.I'o.l4ec.01d /tacking 14hc,4nJ cnuc(mducl0rsll11(3ptllnJen ('RI,11 50.1'ncc.cSJuthnc S,SI.add I . 

1'ncr tiding :11 lime ul dc.p.11ch 
Inmink. Gist's IhlItt-114ll SIt.Ilar,I .1(1(1115,3 lilies' II 'e 11131116', 111,0 llllIsc'_ldle,I,'.t-d I'n:r,eurreeltl hell Fal eIa ,s prc 
Aecnunl 1441111u, .9.1141/11. appn7led cunlpame, 1t 1111 n0 01110111 111110chug,:L III (.m 14gc and 441013: (11in an ered11 t-nIcI, 
/ her 1(1133111p4, a1 tal/ ts lids./ end.clnicanducwl. In, u4k. VOal:dlnns Inn an, 11I9r nl d h.lr.l. S.A. h 

Telephone 01-6772424/7 
Telex: 946708 
E. 8 O.E. 
Open to callers Monday-Friday 9 a.m. -5 p.m. WW 
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ANEW PRODU 
Industrial PC on 
STEbus 
Software written for a standard PC 

can he run on a computer designed 
specifically for industrial use. By 

dividing the functions ofa PC 

between four single Eurocards. and 

by incorporat ing a number of custom 
i.cs. Arcom has produced a flexible 
system which only needs to use the 
cards required. Many target systems 
might require the processor and i/o 

cards but have no need for graphic 
interfaces or disc controller. 
Compatibility is made possible by the 
similarity of the STEhus to the IBM 

('C's internal structure: both offer 
8 -hit data buses and 1Mhyte of 
addressable memory. This allows 
exact emulation of the PC's functions 
with all peripherals having the same 

addresses, so standard PC software 

as.0.`é, 

. - 

can be run without modification. 
Thus all PC languages and utilities 
can he used. with the additional 
advantage of having STEhus i/o 
interfaces already wired in. 
Expansion for up to20 i/o hoards is 

possible with the S "E hackplane. 
Arcom Control Systems Ltd. Unit 8 

Clifton Road. Cambridge CBI \VI -I. 

Tel: (122:3 411200. 

Breadboard card for 
PS/2 
Protoyping circuits for use with the 
new series of IBM computers is 

possible with a p.c.h. from Brain 
Boxes that conforms to the M icro 
Channel Architecture (m.c.a.) 
backplane bus. 132 gold-plated edge 

connector fingers are linked to a 

matrix of plated -through holes on a 

0.1 in grid. In addition to the m.c.a. 
connector. the hoard includes a video 
extension connector. 

As the hoard is completely blank. it 
could be used for anything. but some 
suggested applications are digital i/o. 
modems. memory extensions (up to 
16'lbyte). network connect ions and 
co -processor hoards. Brain Boxes. 

Unit 3G. \Vavertree Technology Park. 
Waved ree Boulevard South. 
Liverpool 1,7 9PF. Tel: 051220250(1. 

Portable signal analyser 
No features have been left out by 

Thorn when converting the 2571) 

waveform analyser to a portable 
version. Indeed, it has been 

enhanced by the addit ion of 
spectrum analysis capabilities. signal 
filtering. and GPIB. RS232 and 
parallel printer interfaces. 

Other features include a variety of 
input channels, a number of 
triggering options and 
programmable controls. 

Operat ion of the instrument is 

through windowed menu options on 
the large electroluminescent screen. 
which are selected through the use of 
a mouse and remove the need for any 

Rant -panel controls. Sequences of 
operations can he programmed in by 
select ing the options and the setups 
can he stored on the built-in floppy 
disc. which is also used for storing 
recorded and processed data and for 
signal -processing software. A 

software package includes programs 
for mathematical manipulation of 
the signals and for such processing as 

Fourier analysis and wave 
smoothing. PC -DOS format is used. 
so it is easy to transfer data and 
programs to and from a computer. 
Thorn EMI Datatech Ltd. Spur Road, 

Feltham. Middlesex TW 14 OTD. 

Tel: 01-890 1477. 
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Systems multimeter reads r.m.s 
Full systems integration is possible 
with the Cropico Norma precision 
multimeter,1)4845: it includes a 

GPIB interface. Different display 
modes. :31/2.41/2 or 5' digits. can he 

selected according to the precision 
required for a particular application. 
Basic d.c. error is 0.02% and the 2A 

range has a resolut ion of 10µA. 
Voltage ranges are from 200mV to 
1k\' and the resistance ranges from 
20011 to 20MS1 can accommodate 
four -terminal devices. There is also 

the facility to use a Pt 100 probe to 
measure temperature. 

All alternating ranges give true 
r.m.s. readings and so can accurately 
measure distorted waveforms. The 
meter can recalihrate itself in the 
field and thus retain its accuracy 
when the environment changes. 
Measurement is simplified by the 
inclusion of mathematical functions. 
offsets and different triggering 
modes. Cropico Ltd. Hampton Road, 

Croydon CR9 2 R l t. Tel: 111-68441)25. 

High -voltage 
alkaline batteries 
Two additions to the range of 
Duracell alkaline batteries produce 
15V and 22.5\'. Respectively they are 
the MN 154 with a nominal capacity 
of 50m\h and the lv N122 with 
80mAh. They are intended for use 
with such equipment as cameras and 
portable test instruments, though 
the 22.5V version is likely to find uses 
in some other applications. 
particularly radio transmitters. 
Duracell Technical Division, Church 
Road, Lowfield Heath. Crawley. \Vest 

Sussex R1-111 OPQ. Tel: 0293 517527. 

Real-time clock for 
PCs 
Standard timekeeping on IBM I'Cs 
requires a number of components 
which can all he replaced by a single 
device, the DS1287 from Dallas 
Semiconductor. Pin -compatible 
with Motorola's MC 146818, the 
Dallas las clock eliminates the ext ra 

components by incorporating a 

lithium power source. It is claimed to 
consume 300 times less power than 
its rival and lasts for more than 13 

years in the absence of system power. 
The life of the device is much longer. 
since battery consumption is 

negligible so long as the computer is 

powered. 
The 24 -pin device has 50hytes of 

ram and 14 bytes of clock and control 
registers. It counts seconds. 
minutes. hours. days. months and 
years. remembers the days of the 
week. Joseph Electronics Ltd. 2 The 
Square, Broad Street. Birmingham 
B15 1 AP. Tel: 021 643 6999. 

Power resistors for 
sink mounting 
Power resistors have been 
specifically designed to mount on 
heat sinks. are small and offer low 
inductance. Advances in thick -film 
technology have enabled the ceramic 
carrying the resistive film to he in 
direct contact with the heat sink, to 
allow increased power dissipation. 
RCEC resistors are rated at 250W at 

1011' C or twice as much at lower 
temperatures. Resistances range 
from 19 to I Mil. with a maximum 
working voltage of 5kV and isolation 
of 105M11. C.B. Electronic Products 
Ltd. Hoddesdon Road. Stanstead 
Ahhotts. \Vare.1-lerts SC 12 8E1. 
Tel: 092(187107 7. 

Analogue data radio 
link 
We regret that the telephone number 
for Micromake in our February issue 
was transcribed. It should have read 
073522 3255 and not 3522. 
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PINEAPPLE SOFTWARE 
Programs for the BBC model 'B", B+, Master and Master Compact with disc drive 

DIAGRAM II - now also available for ARCHIMEDES 

Diagram II is a completely new version of Pineapples popular 'Diagram' 
drawing software. The new version has a whole host of additional features 
which make it into the most powerful and yet quick to use drawing program 
available for the BBC micro. The new features mean that 'Diagram II' can 
now be used for all types of drawings, not just circuit diagrams. Scale 
drawings are possible and the facilities for producing circles and rubber 
banded lines together with the pixel drawing routines make any yype of 
drawing Possible. -his advert has been produced completely using Diagram II. 

Summary of Diagram II features: - 

1. 

3. 

4. 

5. 

6. Defined areas of screen may be moved, copied, deleted or saved to disc. 
7. On -screen cursor position indication allows scale drawings to be made. 
8. Keyboard keys may be defined to print User Defined Characters allowing 

new character sets to be used 
9. Wordprocessor files may be loaded and formatted into defined areas. 
10.Lb to 880 UDC's if shadow memory available, 381 without shadow. 
11,Compatible with Marconi Trackerball and most makes of 'mouse'. 
12.All Diagram Utilities' are included. 
13.Completely 'scaleable print routines allow any area of the diagram to be 

printed either horizontally or through 90deg. in scales that may be 
varied in l'! steps allowing up to 18 mode 0 screens to be printed on 
an A4 sheet (still with readable text). 

14.Smeoth scrolling over the whole area of the diagram. 

Diagram II consists of a set of disc files and a 16k Eprom. 
The disc is formatted 40T side@ and 801 side2. Please state if this 
is unsuitable for your system, or if you require a 3.5" Compact disc 

DIAGRAM II- E 55 .00 + vat P S P free 

MARCONI TRACKERBALL 
For Model 'B' and E+ (with Icon Artmaster) 
For Master 128 (with Pointer Rom) 
Bare Trackerball (no software) 
Pointer Rom (available separately) 
Trackerball to mouse adapters 

Postage and Packing on Trackerballs 

É 60 00 
E 49.00 
E 12.50 
E 8.80 
E 1.75 

+ vat 
+ vat 
+ vat 
+ vat 
+ vat 

PCB 
Pineapple's now famous PCE drafting aid produces complek double sided PCB's 

very rapidly using any model BBC micro and any FX compatible dot-matri" Printer 
The program is supplied on Eprom and uses a mode 1 screen to display the two 

sides of the boars in red and olue either separately or superimposed. Component 
layout screens are also produced for a silk screen mask. 

The print routines allow a separate printout of each side of the board in an 

expanded defirition high contrast 1:1 or 2:1 scale. The print time is typically 
about 5 mins. for a 1:1 print of a 7' 5" board This Program has too many 
superb features to adequately describe here, so please write or 'phone for more 
details and sample printouts. 

Works on all model BBC computers and makes use of Shadow memory it cos>. 
Rapid line drawing routines with automatic joins for circuit diagrams. 
Rubber band line and circle drawing ,-des. 
Makes use of the Acorn GXP rom to produce ellipses, arcs, sectors,chords H - 

and flood filling 0 -- e 
Pixel drawing mode allows very fine detail to be added. J 

o sr -0 

o 
O 0 0 

o 

C 8501!-1 Plotter driver to suit 
C O J IJIJ vat most plotters E 35.88 vat 

PCB AUTO - ROUTING 
This brand new addition to the PCB program greatly 
increases the power of the software and speeds the 
design of PCE's even more. 

A list of up to 190 connections may be entered in 

the form of a 'rats nest' and then the computer does 
the rest' You may specify which side of the board 
you wish a track to be on or you may leave the 
choice to the computer. and you may also sag whether 

i tracks should be allowed to pass between I.C. pins 
The program is in the form of a second Eprom and i fu11 asetwrit for available on la sdetails model'@.' 
Please wire or 'phone for full details 

COMPLETE AUTOROUTE PACKAGE £' 185.0C) (Including manual (prom)p VAT 
ADFS Utilities Rom 

ADU is an invaluable utility for all ADFS users It adds o'. er 32 re 

*commands to the ADFS filing system as well as orrvidieg Sr, - 'leou 

facility with over 35 sub commands covering areas such as repeateó'disc 
co caption, saving and loading Rom images, auto 

b 
booting o files and maní mere. 

Copying of DFS discs onto ADFS discs can e made in onef Pass with au omatic 
creation of the required directories on the ADFS disc. All functions are full 
compatible with Winchester drives including BAYLIP which allows backing UP of cl 
Winchesters onto multiple floppies. 

New *commands are as follows.- 051OÚ BACHLP *CA -ALL *CHANGE, DFSADF=k 
DIPALL,DIRCOPY, DIPDESTPOY DIRE`hltE, DI1)IT.,DPItE, °ILEFIUD sFt.PMAT. 

KILLADU, *LOGY, *MENU, *PURGE, PWPBO k, N -U CO(, 4 PIFY, tf phi', aU °E 

PRICE E 2939 I vat 

MITEYSPICE - Powerful A.C, L D C. circuit analyser Package - E119.00 I- All orders sent bu return with Graphics output Send for more details ' at 

F") 39 Brownlee Gardens,Seven Kings,' If ord, Essex IG3 9NL Tel 01- 599 1476 .Pin 
- ENTER 7 ON REPLY CARL) 

EPROM PROGRAMMER 

aixI#P 

i 

AT LAST! Over 50 Generic Device Types. 
1-250610ms 15-2764 29-8749 43-8744 
2.2508,50ms 16.2764A 30-8750 44.8051' 
3.251610ms 17-27128 31-8748H 45-8052' 
4-2516/50ms 18.27128A 32.8749H 46-8044' 
5.2532/10ms 19-27256 33-8750H 47-87C51 
6-2532/50ms 20-27256/21V 34-8741 4863701V 
7-2564/10ms 21.27512 35-8742 49-637015 
8.2564/50ms 22.27513 36.8041' 50.63705V 
9.2758 23-87C64 37.8042' 51-63705Z 

10-2716 24-87C256 386048' 
11-2732 25-8755 39.8049' 
12-2732A 10ms 26-8755A 408050' 
13-2732A 50ms 276355' 41.8751 
14-2764-50ms 288748 42-8752,21v 'READ ONLY 

.... at a price to suit any budget! 
THE MOP ELECTRONICS MODEL 
18 PROM PROGRAMMER 
* Automatic Data Rate setting 300.19,200 Baud. 
* Two independent Communications Protocols built in. 
* Terminal Mode Protocol. 

Use any host computer with RS232 port and Terminal Emulator. 
* Host Computer Protocol. 

Use our PROMDRIVER Advanced Features User Interface Package 
available for all MS-DOS. PC -DOS and CP/M-80 computers. 

* No personality modules to install, no switches to set. 
* Fast interactive algorithms automatically selected as appropriate. 
* Upgradable for future types. 
* Designed. manufactured and supported in the UK. 'EX -STOCK! 
* Comprehensive 60 page User Manual. 
* n.b. Devices other than 24/28 pin require low cost socket adapter. 

Write or telephone for further details: 

ELECTRONICS, 22 RINGSBURY CLOSE, PURTON, 
SWINDON SN5 9DE. Telephone: 0666 825146 

TELESCOPIC MASTS 

0 4p 

Pneumatic 

Hydraulic Ram 
Operated 

Winch Operated 

a - 

a 

a 

Hilomast Ltd. 
THE STREET, HEYBRIDGE, MALDON 

ESSEX CM9 7NB ENGLAND 
Tel: (0621) 56480 Telex: 995855 

ENTER 360N REPLY CARD 
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Used Test Equipment - 
and Computer Products 

A SMALL SELECTION FROM OUR STOCKS 
ALL ITEMS CARRY OUR COMPREHENSIVE PARTS & LABOUR GUAFANTEE 

PRICES SHOWN. (SUBJECT TO AVAILABILITY(, EXCLUDE DELIVERY AND V A.T. 

Atlantic Research Guide Price f 
Interview 4600 

Gould 

Serial Data/Protocol Analyser: 
Up to 19.2 kbps 4750 

0S1421 20MHz dual trace Digital Storage 
scope: 2MHz sampling 895 

Hewlett-Packard 
141T/8552B/8555A 

1630G 

1631D 

1740A 

3325A 

3456A 

4342A 

4951A/001/100 

5342A 

7475A/002 

8505A 

86568 

Hughes 
Probeye 649 

Marconi 
TF2370 

Philips 
PM3310 

PM3266 

Tektronix 
2445 
2465 

Thorn -EMI 
6150/51 

Watanabe 
MC6601-4z 

MC6601-6z 

0.01-18GHz Spectrum Analyser 
system 

Logic Analyser: 65ch.state/timing: 
Clock up to 100MHz 

Logic Analyser: 43ch state/timing: 
Built in 2ch scope 

100MHz dual trace/dual timebase 
oscilloscope 

Synthesiser, sweeper, function 
generator: lmicroHz-21 MHz 

3'4/6'/2 Digit high performance 
systems voltmeter 

"0" Meter. with internal source: 
22 kH z -70M Hz 

Protocol Analyser: inc. data 
cassette & RS232N24 pod 

Microwave counter: 11 digit: 
10Hz-18G Hz 

A3 size six pen plotter with 
HP-IB interface 

RF Network Analyser: 
0.5-1300MHz: Built in sweeper 

Signal Generator: Phase locked: 
AM/FM 0.1-990MHz 

7350 

5900 

6000 

1550 

2750 

1450 

2650 

2450 

3000 

950 

12500 

2975 

Portable infra -red thermal viewer: 
Argon cooled 3500 

Spectrum Analyser: built in 
tracking gen.30Hz-110MHz 6950 

60MHz dual ch. digital storage 
scope: 50MHz sampling 

100MHz 2ch./2 t/base very fast 
phosphopr storage scope 

1850 

2900 

150MHz 4ch/dual timebase scope 2250 
300MHz 4ch./dual timebase scope 3500 

U.V. Recorder: 12th. magnet block: 
6ch. conditioning amps built in: 

Galvos charged extra 

4ch. flatbed chart recorder: 
overlapping fibre pens 

6ch .flatbed chart recorder: 
overlapping fibre pens 

1400 

1000 

1600 

Cantonbuy Cantohsell Carsfonbuy Carstonsell 

Carston Electronics Limited 
2-6 Queens Road, Teddington, 
Middlesex TW 11 OLR 

Tel: 01-943 4477. 
Telex: 938120 (CARLEC G) 

Is your Carston Stock 
Guide Up -to -Date? 

If not 
Phone 01-943 4477 
CAN'T SEE THE ITEM YOU NEED?; THEN CALL US --WE"11. TRY TO 

ENTER 27 ON REPLY CARD 

HELP YOU 

DIGITAL MULTIMETERS from -£89 

PN-v"+wrar 

[r,999 :11152 

3h DIGIT 0.5" LCD 
7000 HR BATTERY LIFE 

0.1% BASIC ACCURACY 
TRUE RMS 
1000V DC 750V AC 
10A AC/DC 
DIODE/RESISTANCE TEST 
CONTINUITY BUZZER 

from £99 FREQUENCY COUNTERS 

100MHz. 600Mhz, 1GHz. 1.5GHz 
MODELS 
3 GATE TIMES 
RESOLUTION TO 0.1Hz 
'h" BRIGHT LED DISPLAY 
MAINS/BATTERY 
TCXO OPTION 
LOW PASS FILTER 

- l 0.0 1 r 0 

1.... .-..__aal- 
r - 

UNIVERSAL COUNTER -TIMERS" £21s 

FREQUENCY DC - 100MHz c 
111 r1 ri Yí Po r i rr aá Vil.LlrJie_tiir - , RESOLUTION TO 0.001Hz 

RATIO 

r ] PERIOD 
TIME INTERVAL 
COUNT - -t - 
STOP WATCH 
RPM 
SIGNAL CONDITIONING 

from . 

£110 FUNCTION GENERATOR 

500KHz and 2MHz MODELS 
SINE. SQUARE. TRIANGLE TTL 
EXTERNAL AM 
EXTERNAL SWEEP 

. 

030V OUTPUT i 15V DC OFFSET 
- 

to í9 ! 
50 11 and 60061 0/P's 
0..20dB.-4OdBATTENUATOR 

PAL PATTERN GENERATOR £199 

FULL SELECTION PATTERNS 
VHF/UHF 

' RF, COMP. VIDEO, IRGB 0/P's ; ~10@ 
5.5. 6.0. 6.5 MHz SOUND 

ei wei 
SEPARATE OR MIXED SYNCS 
1V OR TTL IRGB 

Ir- VARIABLE VIDEO OIP 
INTIEXT SOUND 

OSCILLOSCOPES_ 

20MHz DUAL TRACE. COMPONENT 
TESTER. £295 
15MHz DUAL TRACE BATTERY 
OPERATION £399 
35MHz DUAL TRACE SWEEP 
DELAY £399 
50MHz DUAL TRACE SWEEP 
DELAY £579 

PRICES EXCLUSIVE OF CARRIAGE AND VAT. ALL PRODUCTS CARRY 1 YEAR GUARANTEE. 
FOR ILLUSTRATED DATA SHEET, PRICES. TECHNICAL ADVICE OR DEMONSTRATION CONTACT: 

BLACK STAR LIMITED 
4 HARDING WAY, ST IVES, 
HUNTINGDON, CAMBS PE17 4WR. 
Tel: (0480) 62440 Telex: 32762 

Black*Star 
ENTER 4 ON REPLY CARL) 
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Cellular radio's next phase: learning the lessons of 
digital cellular networking in the nineties: how to 
move toward ISDN whatever happened to Britain's 
cabling? satellite service brings world mobile radio 
next year how to blow a network Charles Kao on 
fibre's future data communication techniques 
asynchronous working for synchronous networks 
new battery system to revolutionize cordless 
communicators? 



TELEPHONES 
& PABX's 
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INTERNATIONAL EXHIBITION OF TELECOMMUNICATIONS, RADIO, CABLE, SATELLITE AND 

INFORMATION TECHNOLOGY. 

10-13 MAY 1988 NATIONAL EXHIBITION CENTRE, BIRMINGHAM, ENGLAND 

NINTH IN THE SERIES 

ELECTRONIC TEST 
EQUIPMENT 

For sendífsg the fssessage a// ways FIXED & 

MOBILE RADIO 

v 

COMMUNICATIONS88 where you can really get the message on the latest 

developments across the whole spectrum of electronic communications. 

Independent research shows that the vast majority of nearly 21,000 

visitors to the last COMMUNICATIONS show in 1986, strongly favoured 

its broad scope and all -embracing product range. 

Over 400 exhibitors from five continents made it truly 

international, indeed, a "total" communications event. And the 

line-up in 1988 promises the most diverse gathering of 

manufacturers in the show's 16 -year history. 

A major, new -style series of seminars is planned alongside 

the show, where eminent speakers will give vital pointers to 

future innovations in key communications issues. 

For all who have a special interest in communications, the 

exhibition will be THE place in 1988 to make and renew contacts, 

assess alternatives, and see who's sending what message - and 

which way. 

Please send me the COMMUNICATIONS88 Visitor Information Pack, which includes a complimentary FIBRE OPTICS 
registration ticket and details of how to make travel and accommodation arrangements easily. 

NAME: 

CO. NAME: 

I ADDRESS: 

COUNTRY: 

Complete and return to: Print Services Dept., Industrial & Trade Fairs Ltd., Radcliffe House, Blenheim Court, Solihull, West Midlands B91 2BG, England. 

Itr 021-705 6707 Telex: 337073. Fax: 021-705 4380. Z1 

& CABLES 

,....,,.,,, 

AR... 

Mg REAAERREPL YSE 
"V, . 441.1, .1"Mar.-.marwra71 

ENTE It 55 ON ItEI'1.1' CAItI) 
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INDUSTRY INSIGHT 

COMMUNICATIONS 

EUROPE PUSH 
BROADBAND INFRASTRUCTURE 

T 
he expected changes in the 
European outlook for tele- 
communications start to hap- 
pen this month with the 

establishment of a European Telecom- 
munications Standards Institute in Nice by 
the Conference of Posts and Telecom- 
munications Administrations. It is just one 
of a set of far-reaching Community decisions 
announced on 24 February as a result of the 
"widely welcomed" response to last year's 
Community Green Paper. 

Intended to give shape and schedule to the 
re -defining of Europe's telecommunications 
regulatory framework, the Green Paper's 
follow-up proposals are off to a flying start 
with the blockbuster announcement from 
the telecom and information directorate in 
Brussels by the Commission's vice-president 
Karl -Heinz Nodes. 

The market for telecommunications ser- 
vices is to open up progressively next year, to 

380 
Cellular radio's next 
phase: cells on the human 
scale Professor William 
Gosling, Plessey's 

technical director, warns that Europe could 
be set hack relative to the rest of the world if 
the lessons of digital cellular are not heeded. 

382 
Networking in the 
nineties: towards ISDN 
AT&T Bell Labs president, 
Ian Ross, says that large 

data users with heavy investment in exist ing 
approaches must he offered products and 
services that allow a graceful evolut ion 
toward ISDN. 

386 
Electronic message 
handling for PC networks 
The first X400 messaging 
system for micro- 

computer -based local area networks is to be 
marketed in July. 

be followed by the market for satellite receiv- 
ing antennas and, by the end of 1990, the 
complete opening of terminal equipment 
markets. The moves include economic and 
administrative support in the opening up of 
public procurement and independence of 
procurement decisions, application of full 
EC competitive rules, v.a.t. and progressive 
telecommunications tariffs, and mutual re- 
cognition of type approvals. 

And there are further moves to come. 
There are other vital issues flowing from the 
concept of a Europe -wide market: like the 
regulatory questions relating to the develop- 
ment of satellite communications, develop- 
ing dialogue in areas of social concern, and 
defining a European position on a whole 
range of telecom issues. 

All these things need tackling in a rapid, 
orderly and effective way, says the director- 
ate, to make the most of the new economic 
opportunities offered by advanced telecom - 

INSIDE 
388 

Data communication 
techniques Pinpointing 
a common fallacy. Bob 
Duhery of Feshun Systems 

shows how asynchronous modem working 
in synchronous networks can improve 
efficiency. 

392 
Progress in optical 
cabling How far has 
Britain got in cabling 
itself? Advances in trunk 

and junction networks leave the local loop 
standing. 

Optical fibres: prognosis 
and economic impact 
Who better to take a look 
at the future of optical 

fibre communication than co -proposer 
Charles Kao. 

395 

397 
Battery advance for 
cordless communication 
Professor Alfred Tseung 
explains how a new 

photovoltaic battery system could lead to 
t rue cordless communications in the home. 
in the office and on the move. 

munications technology. 
But what of the issue of how to handle 

divergent national attitudes when trying to 
reach pan-European standards? 

At a recent conference on digital cellular 
radio in Amsterdam Plessey's Professor Gos- 
ling warned that such a market for advanced 
cordless telephony may well be stillborn if a 

wider statesmanship does not prevail (page 
380 focuses the problem). Though we now 
have the new ETSI it is not at all clear how it 
will resolve such conflicts. 

The technology side of all this is already 
under way; earlier this year the directorate 
adopted the Race programme, a set of 45 
research and development projects in inte- 
grated broadband communications techno- 
logy. It is designed to lay the foundations of 
the EC's digital communications infrastruc- 
`ure using optical fibres, satellite links and 
broadband switching nodes, beyond the 
nineties and into the 21st century. 

399 
Blowing a network A 

novel, little-known 
technique from BT's 
research labs greatly 

simplifies fibre installation for in -building 
and local area networks - and attracts 
licencees. 

400 
World -scale mobile data 
communications Next 
year, suitably equipped 
vehicles will be able to 

receive and transmit data from virtually any 
point on earth. Two-way trials start this 
month. 

404 
Communications 
barometer Exclusive ten- 
year analysis shows where 
the action is in 
communications 

Cover- see page 391 
©1988 Reed Business Publishing. Industry Insight is 

edited by Geoffrey Shorter and designed by Alan Kerr. 
Potential contributors to June's Insight on 
semiconductors should make immediate contact on 
01-661 8639, send an outline by fax on 01-6613948, or 
mail articles to Industry Insight. Electronics & Wireless 
World. Quadrant I -louse. The Quadrant, Sutton, Surrey 
SM2 5AS. Potential advertisers contact Martin Perry on 
01-661 3130 or James Sherrington on 01-661 8640. 
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INDUSTRY INSIGHT 

COMMUNICATIONS 

CELLULAR RADIO'S NEXT PHASE: 
CELLS ON THE HUMAN SCALE 

dvanced cordless telephony is 

the latest technology to come 
forward which promises peo- 
ple more freedom of com- 

munications on the move. The market is 

already accustomed to high -cost cellular 
radio -telephones and low-cost paging sys- 
tems. In between these two extremes are 
public call boxes. private mobile radio. 
radiophone. and now cordless telephones 
which can operate at short range in the 
home and in the office. Soon to come, we 
have the possibility of the advanced cordless 
telephone which can he operated in the 
public "lelepoint" mode so that users can 
access the public telephone network via a 

public base station. 
This development of technology means 

that everyone - businessmen, teenagers. 
housewives and communicators of all shapes 
and sizes- can enjoy low-cost telephony 
whether at home. on the move or in the 
office. In marketing terms this new service 
opportunity began by being described as an 

advanced public call box which gives pedes- 
trians more flexibility, hut its implications 
are far more revolutionary than this sug- 
gests. not least because it can also provide 
full ISUN services. Obviously the market 
potential is enormous. But it is bound to be a 

price -sensitive market. and the scale of the 
opportunity will depend on two things. First. 
Europe needs to organise itself to create a 

single market so that economies of scale in 
manufacture can he passed on to the cus- 
tomer. 

The figure shows our estimate of demand 

Standards legislators 

must not set back Europe 

relative to the rest of the 

world, says Plessey's 

technical director. 

DIGITAL CORDLESS 1993 

Installed base... 

UK 
Germany 
France 

3.3m 
2.9m 
1.9m 

Europe 10m 

for digital microcellular cordless telephones 
in the UK. Germany and France. For pro- 
ducts of this type these countries typically 
account for 80% of European demand so 

that we can postulate an installed base in the 
EEC of at least I0 million units by 1995. 

The question is whether this demand will 
he satisfied by a multiplicity of standards or 
whether it will benefit from the economic 
advantages of a pan-European standard. In 
this respect we have already made a bad 
start. 

.I 

----= . 

. 

? 

Instruments 
2955 Mobile 
radio test set. 
ENTER 200 ON REPLY CARD 

A BAD START 

3 standards... - 

low volumes... 
many prices... 

UK 
Finland 
Germany 
France 

£60 
£700 
£600 
£200 

Three basic standards, plus variations, are 
in operation across Europe. So great is the 
spread of technology that the cheapest pro- 
duct sells in the IJK for £60. while the most 
expensive is on sale in Finland for £700. The 
average cost in Germany is £600 and the cost 
in France is about £200. 

The most conservative forecasts show that 
by 1992 the installed base of cordless tele- 
phones in Europe will be more than four 
million units. If we take the difference 
between the highest and lowest prices in 
Europe this represents a penalty of more 
than £500 million that consumers will have 
paid by 1992. But the story is even worse 
than this, because the cordless telephone is a 

price -sensitive market. In low -price Britain, 
penetration of microcellular telephones is 

six times greater than in high price Ger- 
many. If cordless telephones were sold all 
over Europe at 1JK prices then seven million 
more Europeans might enjoy the benefits of 
cordless telephony. 

As Europe moves toward the single mar - 

The first name to call fo: 

!-- g . 
_._. S:Nro : ! :P = - . - - 
2958 TACS, 2956 NMT, 2957 AMPS automated cellular 
Iadio test system. ENTER 201 ON REPLY CARD 
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ket in 1992. a whole new set of mobile 
communications standards are emerging. 

In 1988 the first contender for a pan- 
European cordless standard is ready. This 
proposal is based on f.d.m.a. at 900MHz and 
the first equipments will he submitted for 
type approval in the UK in the next few 
months followed by market launch before 
the end of the year. By 1992 the first digital 
cellular networks will he in operation and by 

1996 we can anticipate the availability of the 
pocket telephone. By this I mean an inexpen- 
sive terminal costing perhaps £100 and the 
size of a cigarette packet, that is capable of 
transmitting and receiving telephone calls 
into the public network via the microcellular 
radio hearer. 

In all of these cases, it is the duty of the 
standards legislators to focus on technology 
lead times and take a just view of what is 

ready for the market . Above all they must not 
hold up progress. which would set hack 
Europe relative to the rest of the world in a 

way which would he subsequently beyond 
the possibility of recovery. 

It is timely now to look at the situation in 
microcellular digital cordless technology. A 

number of proposals for a European stan- 
dard have been proposed, including both a 

t.d.m.a. version and a f.d.m.a. version at 
900M1 I z. 

The f.d.m.a. proposal is up to two years 
ahead of the t.d.m.a. proposal and the 

mobile radio test 

_ 

t 

DIGITAL CORDLESS 
FDMA/TDMA COMPARED 

FDMA 1 to 2 yrs ahead 

experience curve opportunity 

price benefits for users 

technology is ready for the market. Both 
technologies are realisahle at similar cost by 
the possibility of an earlier start with f.d.m.a. 
means that the experience curve can he 
exploited so that manufacturing cost be- 
nefits can he passed on to customers in 
terms of reduced prices. In line with theore- 
tical predictions. there is little to choose 
het men them, except that f.d.m.a. has 
distinct advantages of being able to accept 
speech from low -rate codecs without un- 
acceptable time delays. The significance of 
this is that spectrum efficency is more 
assured in the long term with f.d.m.a. 
microcel lular systems. 

The standards debate is complicated by 
the shortage of frequency in some countries 
for cordless telephony at 900MHz. There is 
therefore talk of a pan-European standard at 
1.7G1-Iz. for t.d.m.a. or f.d.m.a. or maybe 
something else. But this spectrum cannot he 
made available until about 1993 at the 
earliest. which is so far away as to make it 
academic in terms of market development. 

The experience curve argument for 
f.d.m.a. is compelling. and I am sure that the 
standard legislators would he the first to 
acknowledge that in this respect time is 
money. 

Our estimate of the sensitivity of equip- 
ment prices to the experience curve is shown 
next. There is a matrix for f.d.m.a. and 
t.d.m.a. at either 900MHz or 1.7G1-Iz. The 

l 

2306 MISATT Radio 
test system with 
Signal Generator 
and Modulation 
Meter. ENTER 202 ON REPLY CARD 

CORDLESS PRICES 
Ito 2YRS 

Id tá abs. 

900 
M:iz 

YES 

1 

I7 
GSiz 

30% 

+20% 

+ 70% 

l+xp.nrc, urvrl 

frequency -division development program- 
me is presently between one and two years 
ahead of the time -division development 
programme. Spectrum at 900 MI-Iz is li- 
mited, so the higher efficiency of f.d.m.a. is 
an advantage, while spectrum at 1.7 GHz 
will not he available for at least four years. 

The figures in the box show our estimate 
of equipment prices. taking account of the 
time differences. hut assuming that both 
technologies are realisable at similar cost. 
The box suggests that t.d.m.a. at 900 MHz 
will always be 20% more expensive in the 
market than f.d.m.a. because it will lag on 
the experience curve. The 70% penalty for 
t.d.m.a. at 1.7G1 Iz is a minimum, because in 
this band the technology may require expen- 
sive equalization which will never be re- 
quired for f.d.m.a. 

There can be no question that these 
arguments are compelling. But if we look at 
the current line up of support in CEPT we 
see quite a different picture (page 396). 

At its meeting in November last year, the 
R22 Committee of CEPT, responsible for 
making a recommendation to the EEC about 
the cordless standard, demonstrated a set of 
deeply divided opinions. Faced with the 
overwhelming technical and commercial 
arguments that I have presented. and the 
evidence that the f.d.m.a. standard can give 
the market what it wants now and pass on 

Turn to page 396 
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COMMUNICATIONS 

TOWARD ISDN 
Networking for the nineties 
T 

he communications world is equipment failure, little flexibility to 
on the brink of major change, Driven by evolving accommodate evolving needs, and a prolif- 
one that poses extraordinary erat ion of complex interfaces and protocols. 
opportunity for the telecom- customer needs, Thus, with great benefits, our industry 

munications industry. The change foretells has orchestrated three powerful forces; 

an important leap forward in our ability to technological progress namely, evolving customer needs. technolo- 
use information technologies to raise pro- gy. and networking. Technology made ser- 

ductivity and living standards, even interna- and networking, the vices possible, networking made it practical. 
tional understanding. But this is by no And these forces interacted in 'beneficial, 
means an assured result. Much depends on years ahead will be synergistic ways. The demand for economic - 
how well we manage the change - in al long-distance telephony stimulated de - 

particular, on how well the computing and years of challenge velopment of the vacuum tube, the transis- 
communications industries work together tor. and later the laser. The transistor. in 

in devising network solutions that optmize and change for the turn. led to powerful stored -program con - 

our total information system. rather than trolled switches. And they gave rise to 
the piece parts. telecommunications networking capabilities that stimulated the 

What is the nature of this change? Wedevelopment of. and the demand for, new 

often hear it described as the coming of the indu$tr network services and features. 
information age, hut people usually think y Until very recently. our focus on providing 
that just means the arrival of computers and Universal Telephone Service was entirely 
robots. The change is more profound than proper. Almost all our features and services 
that, because it means a drastic change in concentrated on voice, because most tele - 
the way we control and organise most of the communications traffic was among people. 
world's work. In a nutshell, the change is Prior to the telephone, most communica- and voice was the communications medium 
from a world where most work is directed tions technologies were used simply as of choice. 
and performed by humans, communicating surrogates for the human voice. People used It is. however, true, since the industrial 
by voice, to a world where much work is them because they had to: they couldn't use revolution began, a range of ever smarter 
directed and performed by intelligent their voices. But when Alexander Graham machines have emerged, from the loom 
machines. communicating digitally. Bell invented the telephone. that changed, through lathes, cars, calculators, typewri- 

and so for the budding telecommunications lers and most recently computers. But it has 

Whythecommunicationschangeisprofound industry the customer need was clear. We mainly been people who operated the 

To understand how profoundly this change concentrated our energies on providing Uni- machines, locally and in real time, who 

will affect our mission, consider how the versal Telephone Service. handled both input and output and who 

telecommunications industry has evolved. In pursuit of that mission, our industry handled all necessary communications. So 

From the outset, the purpose of our industry exploited technology. But we didn't just use while they contained many machines, our 
was to satisfy the age-old human need to existing technology. Beginning with the workplaces remained highly peopled and 

communicate from person to person. And telephone itself, we either invented or played paper -intensive. 
for the hulk of human history, the com- a major role in developing new technologies. Today, largely as a result of technical 
munication medium of choice has been the including the vacuum tube, the transistor, advances we are seeing a rapid and major 
voice. But without the aid of technology, the laser and lightguide. And we brought change. Low-cost digital processing and 

voice communication could only take place this technology together in a vehicle created low-cost digital transport are stimulating 
over short distances, within earshot. And it for meeting customer needs - telecom- demand for a qualitatively different kind of 
had to take place in real time; it made no munications networking. Networking is a communication - people -to -machine, 
sense to speak without a listener. powerful tool that supports and couples machine -to -people, and machine -to - 

With the invention of writing, people evolution in customer needs and in tech- machine. There are many examples. Even at 

began to use clay tablets, scrolls and hooks to nology. Bell Laboratories, for example, engineers 

communicate across time and distance. For Without networking and (he systems en- design a circuit hoard at the console of a CAD 

more pressing needs, they devised the first gineering skills that support it, we could system. Then the machine transmits the 

telecommunications systems, messenger have made little headway toward Universal design data to the factory hundreds of miles 

and postal services. It is interesting that for Telephone Service. Without networking, away, where another machine receives it and 

some limited uses, they also invented a few our voice communication systems would transforms it into art masters. These are in 

other clever technologies for long-distance scarcely be so practical. economical, de- turn fed as instructions to machines on the 

signalling, using flags, bonfires. smoke puffs pendahle and usable. Without networking, factory floor that make the product. No 

and mirrors. Some of these might qualify as we would have and, in the early days of the speech, no paper. and except at the very 

the first digital lightwave systems! Later industry, we did have, multiple terminals on outset, just machine -to -machine corn - 

came the telegraph, the first electronic peoples desks. Without networking, we munication. 
digital communications system. and, even- would have under -utilization of costly trans- But machine -to -machine data corn - 

Wally. the telephone. mission facilities. little protection against munication is inh'rently more complex 
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We can provide you with a total telecommunications training program, from 
basic electronics through the fundamentals of microwave. 

Or, we can customize a training program that meets your specific goals. 

Our telecommunications program features: 

Industry -relevant equipment engineered for 
educational purposes and 

Comprehensive courseware emphasizing 
hands-on laboratory experiments and 
troubleshooting exercises. 

Our program represems educational 
excellence. Our telecommunications training 
systems are award winners in competitions 
held by the WORLDDIDAC Foundation, the 
largest organization of manufacturers of 
educational equipment and supplies. 

Whatever your training needs are, Lab -Volt can satisfy them. 

For more information, contact: 
Lab -Volt (U.K.) Ltd., 4A Harding Way, Industrial Estate, St. Ives, Cambridgeshire, PE17 WR4 

Telephone: 0480 300695 

E EH 54; ON Itl:I'I.Y (.\RI) 
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This article is based on remarks made by Dr Ian Ross at Glohecom '87, held in Tokyo. 

than people -to -people voice communica- 
tions. People. alter all, speak in one frequen- 
cy hand. at about the same speed: they signal 
which language to use, and when to start and 
stop talking. People all have about the same 
intelligence. at least by comparison with 
machines. 

On the other hand. machines use different 
language or protocols: they transmit and 
receive and at greatly different rates: they 
often need to engage in conversation with 
many machines at once. rather than just 
one. They come with a wide array of "intel- 
lectual" capabilities. ranging from "dumb" 
terminals to supercomputers. They fre- 
quently don't speak one-to-one. hut one -to - 
many. many -to -one and many -to -many. So a 

data network may need to sort, store and 
forward information, so that all machines do 
not receive the same information, nor re- 
ceive it at the same time. 

These differences amount to major new 
challenges for what has become known in 
the industry as Information Movement and 
Management. And for us in the telecom- 
munications industry. they amount to a 

major expansion of our mission. We must 
turn our networking skills to data: we must 
network intelligent machines as successfully 
as we have networked people. Note, how- 
ever. one thing should not change. \Ve 
should still he orchestrating the same three 
forces: customer needs. technology and net- 
working. 

The role of !SUN 
How are we responding to these new chal- 
lenges? There is some very good news on 
that score. I am talking ahout the Integrated 
Services Digital Network. or ISDN. Strictly 
speaking. ISDN is not a network or a service 
offering. but rather a set of internationally 
accepted standards that our industry has 
created. It takes advantage of the major new 
digital capabilities that we already have. or 
are deploying in the world's telecommunica- 
tions systems. It provides the blueprint for 
constructing end -to -end digital networks. 
and creating a whole new range of innovative 

services. especially services that will meet 
the needs of data users. 

And that is just what we have begun to do: 
we are turning the ISDN plan into a reality. 
For example. last December McI)onald's 
Corporation linked its corporate headquar- 
ters near Chicago to an AT&T 5ESS switch in 
an Illinois Bell central office some two miles 
away. It then began using ISDN services and 
equipment for digital telephone, voice/data 
terminals. fascimile and modem pooling. 
Data applications include using ISDN lines 
to access computer hosts from 3270 -type 
terminals. which eliminates the need to 
string coaxial cable. Vendors from both the 
US and Japan are supplying the ISDN ter- 
minal equipment. 

Other ISDN applications are planned or 
underway in twenty local exchange com- 
panies in the US. and we are gearing up to 
offer ISDN services over the inter -exchange 
network by the end of this year. and interna- 
tional the next. In addition, some 20 coun- 
tries have ISDN applications. planned or 
underway. 

ISDN is proving its worth. McDonald's 
and other users are attracted by just the 
advantages that flow from a genuine net- 
working solution. ISDN offers them simpli- 
city and integrated access to voice and data. 
It offers them the potential for a single 
terminal on the desk and a single network 
serving all their needs. It offers them a 

flexible. robust architecture with standard 
interfaces and protocols that will support a 

diversity of applications. It offers them a 

variety of formats - circuit, channel or 
packet. And it offers them a rich signalling 
system that will allow them to customise 
services provided by a public network. 

The status of data networking today 
But there is also some not -so -good news. 
The status of data -only networking today is 

not nearly so good as the status of voice 
networking. Vet data -only networks have 
become highly strategic to the operations of 
more and more companies. Already. finan- 
cial networks or airline reservations systems 

can generate millions of dollars an hour for 
their owners. Vet for the most part. these 
networks do not take advantage of genuine 
networking solutions. One of the chief 
reasons is that until recently, the telecom- 
munications industry did not offer such 
solutions to data users. So they had to build 
their own networks. 

As a result, large data communication 
systems almost entirely bypass the intelli- 
gence and other resources of the public 
switched networks. Mainframe-hased net- 
works, for example, typically employ coaxial 
cable to link terminals and personal compu- 
ters to cluster controllers. Point-to-point 
and multipoint private lines link the cluster 
controllers together and to the host compu- 
ter's front end processor. Intelligence is 

concentrated at the peripheries of the net- 
work. In a mainframe -based network, in 
fact, the host runs virtually all major net- 
work operations within its domain. includ- 
ing security. routing, and sessions with 
other hosts. 

For this and other reasons, today's data 
only networks have serious limitations. They 
are typically single -function. inflexible, diffi- 
cult to evolve, to maintain, administer. 
reconfigure or back up. No one manufactur- 
er can present the hest solutions to the 
complex new needs that users are develop- 
ing. So because different machines and 
networks use different proprietary pro- 
tocols. users have tended to build multiple 
dedicated networks. \\'hen they have added 
an application. they have frequently had to 
add a new network. And when they seek to 
protect their networks against failure. they 
must almost always do it by adding redun- 
dant physical private lines and equipment. 
These are the penalties of not having good 
networking solutions available. 

The situation offers striking parallels to 
the early days of the telephone industry. 
before we began to develop our networking 
skills. If you wanted to call a new customer, 
you often had to subscribe to a new service. 
and put an additional telephone on your 
desk. We have old pictures that show people 
with a half dozen instruments on their 
desks. much like the many terminals we now 
see where heavy data users work. 

Next steps:migrating data networks to ISDN 
What are the next steps toward providing 
real networking solutions for data users? 
Certainly, ISDN is critical. So one step must 
be to deploy ISDN as rapidly as possible. Like 
the telephone. ISDN will become more 
useful the more ubiquitous we make it. \\ e 

must make ISDN features evolve, too - for 
example. to accommodate widehand access 
for local area networks and video. 

Going beyond ISDN, we must pursue 
agreement on standards for the upper layers 
of the seven -layer Open Systems Intercon- 

Turn to page 396 
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TEST AND MEASURING INSTRUMENTS FOR THE COMMUNICATIONS MARKET 

INSTRUMENT DE MESURE ET DE TEST SUR LE MARCHE DES COMMUNICATIONS 

PRÜF-UND MESSGERATE FÜR DEN NACHRICHTENWESENMARKT 

INSTRUMENTAL DE PRUEBA Y MEDICION PARA EL AMBITO DE COMUNICACIONES 

Farnell Instruments manufactures 
Instruments for the production, 
test, or repair and recalibration, 
of mobile radios, pocket pagers 
and other communications 
equipment. 

The instruments include field 
portable units, bench or rack 
mounting models, and complete 
systems for manual or automatic 
use under computer control. 

The equipment designs are 
state-of-the-art and 
competitively priced and 
available world-wide through a 
network of Agents I 

I"'"" 

Equipement pour reparation el 
recalibraion des radios mobiles 
- Equipement de recherche de 
personnes et oures 
egulpements 

L'Instrumentatlon comprend des 
unités portables ainsi que des 
modeles destines aux 
laboratoires el des systémes 
complets pour les mesures 
manuelles ou auomaiques 

Equipements á la pointe de la 
technologie, á des prix 
compét/lils el disponibles 
partout dans le monde par un 
reseau d'ogents 

Die Firma Farnell Instruments 
fertigt Geráte fur die Herstellung, 
Prüfung oder Instandsetzung and 
Nacheichung von fahrbaren 
Radioopporaten, 
Personenrufgeróten and 
anderen 
Nachrichtenweseneinrich- 
tungen. 

Die Geráte umfassen tragbare 
Einheiten für den Aussendienst 
geeignet, Ausführunger zum 
Anbringen an einer Werbank 
oder einem Gestell, sowie 
komplefte computergesteuerte 
Systeme für manuellen, bzw. 
automatischen Betrieb. 

Die Einrichtungskonstruktionen 
beinhalten den neusten Stand 
der Entwicklung, sind 
konkurrenzfáhig Im Preis and sind 
weltwelt durch ein 
Vertreternetzwerk erhdltlich. 

Please ask for full details 

Farnell Instruments fabrica 
Instrumental para empleo en 
producción pruebas 
reparaciones y recallbración de 
radloaparaos móviles: de 
radiopaglnadores de bolsillo y 
de otros equipos de 
comunicaciones 

El renglón de Instrumental Farnell 
comprende unidades portátiles 
de campo, modelos de mesa e 
lnstalables en estantes y 
sistemas completos de 
operación manual u operación 
automática compulorizada 

Es Instrumental de avanzada 
técnica y precio competitivo, y 
se cuenta con representación 
de la marca en todo e/ mundo. 
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COMMUNICATIONS 

ELECTRONIC MESSAGE 
HANDLING FOR PC LANS 

British Telecom is first with 

an X400 messaging system 

for microcomputer -based 

local area networks 

ater this year British Telecom 
will begin to market the first 
microcomputer -based gate- 
way for its public message 

handling service. 131's message handling 
service. Gold 400. is expected to go public 
this July, when the current pilot service 
comes to an end. It is based on X400 
messaging, a CCITT' standard designed to 
provide the architecture and support to 
enable PCs to access electronic mail, telex 
and facsimile, as well as computers. The 
development extends the T -Net 1000 series 
of local area network products announced 
last year by adding a PC400 gateway to give 
access to the growing X400 international 
'open systems' messaging community. 

The PC400 hardware consists of a Zenith 
M5000 series microcomputer (any other 
MS-DOS computer with 640K of ram would 
do) with an 'on -board' interface card that 
includes X25 protocols (to talk to Gold 400), 
its own 8086 processor and 256K of random 
access memory, loaded from the netork file 
server. (A minimum configuration network 
would he PC400 + file server + worksta- 
tion.) 

If you're not into the CCITT jargon. X400 
may he something of a mystery. It's not 
particularly new: developed four years ago 
its aim is basically tocomhat incompatibility 
between electronic mail systems. X400 sets 
out to allow subscribers with the relevant 

FAX/TELEX GATEWAY 

tirtFa 9 4-_`: 
;:yJó3t 

--s.. ----- 

T NET WIDE AREA 
NETWORK BRIDGE 

cl? 

interface transparent routing of person -to - 
person messages between users having 
nominally incompatible computer systems. 
This is in line with 'open systems intercon- 
nection' and the BT product is the first to 
address the o.s.i. reference model 'applica- 
tion layer' (layer seven). O.S.I. messaging is 

a secure store and forward system for trans- 
ferring a wide range of (mixed) data formats: 
formatted documents. spreadsheets, facsi- 
mile, videotext. encrypted text. digitized 
voice. teletex, telex and electronic mail. 

The X400 product follows BT's research 
laboratory wide -area network bridge 
announced last November. which using X21 
or X25 protocols. it will operate through 
Kilostream. the packet switched service. 
ISDN or private lines to link geographically 
separate local -area networks. as the dia- 
grams depict. 

It joins the T -Net 1000 family of Ian 
products. of which 131 has so far installed 
around 100 systems. Two types of cabling are 
offered - Ethernet and Arcnet, and there are 
two corresponding boards available to plug 
into PCs intended for the network (costing 
around £350 and £280 respectively). Details 
of the range of products for T -Net 1000 are 
available from BT on freephone 0800 800 
800, quoting reference ACQ 153. 
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VL.J. Technical Systems 

f 

Now available from L.J. Technical Systems is a 

modular system that meets the needs of mocern 
communications training. 

The MODICOM series covers the spectrum of Digital 

.CommJnicaticns training from signal sampling and 
re -construction hrough to fibre optic technology. 

For full details on the MODICOM System contact:, 

MODICOM - 
The Complete 
Digital Communications 
Training System 

ITi 

. r!7 1 

L.J. Technical Sys:erns, Francis Way;'lBowthoipe Industriái E tale,Norwich, NR5 9JA Tel (0303)'48001. Télex: 9I55Ó4`='. 

ENTER 13 ON REPLY CARD 

Versatower: 
A range of telescopic towers io static 
and mobile models from 7.5 to 36 

metres with tilt -over facility enabling 
all maintenance to be at ground level. 

Designed in accordaice with CP3 Cha3ter V: part 2. 

1972 for a mininum wind speed of 140 kph in 

conditicns of maximum exposure and specified by 

professionals world-wide where hostile 
environments jemar d the ultimate in cesign, quality 
and reliability. 
Suitable for mounting equipment in the fields of: 
Commuiicatims 
Security surveillance - CCTV 
MeteorPlogy 
Environmenta mcnit3ring 
Geogra3hicalsurvey - 
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The IC -R7000, advanced technology, continous coverage communications receiver 
has 99 programmable memor es covering aircraft, marine, FM broadcast, 
Amateur radio, to evision and weather satellite bands. For simplified operation 
and quick tuning the IC-R7D00 features direct keyboard entry. Precise frequencies 
can be selected by pushing the digit keys in sequence of the frequency or by turning 

the main tuning knob FM wide/FM narrow/AM upper and lower SSB modes with 
6 tun ng speeds: 0.1, 1.0, 5, 10, 12.5 and 25kHz. A sophisticated scanning system 

prov des instant access to the most used frequencies. By depressing the AutoM 
switch the IC -R7000 automatically memorises frequencies that are in use whilst it 
is in the scan mode, this albws you to recall frequencies that were in use. Readout 

is clearly shown on o dual -colour fluorescent display. Options include the 

ORC -12 infra -red remote controller, voice synthesizer and HP -1 headphones 

N.B. 
µ1R) Tel: 0227 363859. Tele: 965179ICOM G 

N.B. Authorised Wclsh distribution by: 
MRS Communications Ltd. Cardiff. Tel: 0222 24167. 

Plecse send information on Icom products & my nearest Icom dealer 

'Name/address/postcode: 

iStalus: Tel: 
Pºs to:Icom (UK) Ltd- Dept. WW, FREEPOST, Herne Bay, Kent CT68BR1 
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COMMUNICATIONS 

DATA COMMUNICATION 
TECHNIQUES 

T 
hough modern techniques 
have revolutionized the way 
that modems perform. one 
factor has remained constant: 

the huge economies made possible by asyn- 
chronous data transmission - the original, 
and in the writer's view, the best, most 
efficient way of getting remote users to talk 
to a mainframe. 

Asynchronous communication is in many 
ways synonymous with dial -up systems 
where acoustic couplers and terminals with 
built-in modems operating at 300 bit/s were 
the order of the day. Asynchronous line 
modulation rates are now more commonly 
1200 and 2400 bit/s and no new system 
would today he implemented at 300 bit/s 
through a largish population of 300 -hit users 
still exists. 

Information service providers are often 
unwilling to force their users to change to 
the higher speeds. I Jere, education is needed 
as it is surprisingly common to hear it said 
that the slower speeds give the best chance of 
error -tree traffic. 

The growth of the personal computer as 

an indispensable tool to the modern busi- 
ness man has created a need to communi- 
cate to the office by means of dial -up links 
over often noisy and error -prone lines: fac- 
tors that would initially seem contrary to the 
need for fast, reliable communication. 

The writer has been associated with data 
communication sales for twenty years from 
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Bob Dubery discusses the 

techniques of dial -up 

data networks and 

emerging trends in the 

industry, pinpointing 

common fallacies 

the earliest days when speeds of 3300 hits 
were seen as the ultimate in synchronous 
transmission rates. Users have always been 
attracted to the highest speed modems in the 
often -mistaken belief that the maximum 
speed of the modem could be equated with 
the rate that data could be sent between two 
locations. 

In very many cases the limiting factor in 
data transfer speeds is not the modem, hut 
the characteristics of the protocol used 
and/or the efficiency of the computer ter- 
minal and front-end devices. 

This trend continues today. Almost every 
popular journal carries press releases and 
advertisements for modems that continually 
claim to offer increasingly high data transfer 
rates. Although completely accurate in their 
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Asynchronous modems can lead to highest efficiency in synchronous networks. 

claims, it is often fogotten that a modem is a 

very small part in any overall data com- 
munication system and the stated speeds 
will only result in data throughput at those 
rates if all other elements of the system have 
the same capability. 

A suitable analogy would be the opening of 
a five -mile long, ten -lane wide section of the 
M25, with motorists expecting that their 
driving time around London would he dra- 
matically reduced. 

At one time, a remote data user equipped 
with a 'dumb' computer terminal set to a 

speed of. for example, LOO bit/s could have 
typically resulted in throughput or 1200 
bit/s or 120 characters per second. Most 
present day users have personal computers 
on their desks and when used on-line, 
connected to a data modem, some form of 
terminal emulation software within the PC 

enables it to duplicate and usually enhance 
normal terminal functions. 

But there's a big difference between a 

PC -emulating terminal and a straight dumb - 
terminal situation. Although the emulating 
software has speed settings cover a range 
from 300 to 19,200 bit/s, the actual through- 
put of the PC is typically no greater than 
3800 bit/s due to the processing time within 
the PC. A typical file reception is interrupted 
continuously by the sending of flow control 
characters back to the receiving modem as 

the internal PC buffers become full with data 
being processed prior to display. 

So in deciding what speed of modem to 
use in a given system, the limitations of the 
sending and receiving software and hard- 
ware must be bourne in mind. 

The writer's company market a range of 
modems that have the capability of sending 
error -free data at speeds around 5000 bits 
per second and as part of every sale we 
demonstrate the maximum operating speed, 

usually on the customer's premises. A lot of 
thought has to go into being able to demons- 
trate the full potential of the equipment. 

\Ve soon discovered that to achieve a 

maximized data transfer rate, the best type of 
data reception device was a relatively un- 
sophisticated portable terminal that con- 
tained very little processing capability. With 
these terminals throughputs in excess of 
5000 bibs were possible. Using a 'sophisti- 
cated' terminal with multiple emulation 
characteristics dropped the throughput to 
around 4000 hit/s and worst of all, a PC 

runing a terminal emulator package re- 
sulted in a throughput averaging 3400 hit/s. 
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In each case the terminal speed was set to 
9600 hit/s. 

In the asyncronous dial -up world, many 
standards are defined. These standards are 
determined by the CCITT and relate to the 
electrical characteristics of the digital inter- 
face as well as to the line modulation scheme 
and protocol used. 

The most common standard used for new 
dial -access networks is 1122bis. This is a full 
duplex two -wire system offering 2400 bit/s in 
synchronous or asynchronous formats. 

Used in the asynchronous mode. the line 
modulation scheme is still a synchronous 
system with each modem including an 
asynchronous/converter. The data rate (the 
numher of line signal transitions per 
second). is in fact 1200 baud hut.. ith q.a.m., 
in which the amplitude and phase sent to 
line is determined by a particular two -hit 
data pattern, the effective transmission rate 
can be 2400 hits per second. 

Error correction and compression 
Within the asynchronous conversion pro- 
cess further intelligence can he introduced 
to include two additional functions - error 
correction and data compression. 

The error correction systems commonly 
employed entail splitting data into blocks or 

Tel 021-784 8655 

packets and adding checksum information 
at the end of the packet which. at the 
receiving end, is used to determine whether 
or not the packet was received without error. 
The size of the packet is set to be a compro- 
mise, based on the liklehood of an error 
ocurring on an average line. 

Maximum throughput is obtained if the 
packet length is large thus making the 
packet acknowledgement (during which 
data flow is halted) a smaller percentage of 
the transmission time. However under noisy 
line conditions. a large data packet would 
statistically be more likely to suffer corrup- 
tion than a small packet. This is especially 
true on dial -up lines where the line noise 
tends to he impulsive and randomized. 

Data compression methods allow the in- 
coming data to he stripped of all redundant 
data prior to transmission to line and for the 
stripped data to he reinserted at the receiv- 
ing end. This is a normal function of the 
asynchronous to synchronous conversion 
process and such a conversion results in a 

compression of 20% given a ten -bit data 

character with stop and start -bit stripping. 
A further refinement to the compression 

process is to examine the frequency of 
character occurrence and to assign a 

reduced -length data byte to the more corn - 
11 

monly found characters. 
Using a combination of this and run - 

length encoding. whereby a string of like 
characters is compressed to one character 
plus a character indicating the length of the 
string. compression factors of two -to -one 
can be obtained with ease on asynchronous 
data streams. 

A further facility included in modems that 
feature data compression is the addition of a 

serial data buffer that allows the connected 
terminal to he set to say 9600 bit/s although 
the V22bis standard is nominally designed 
for 2400 bit/s operation. The serial buffer 
allows data to be entered from the terminal 
at 9600 bit/s and sent to line in a compressed 
format as fast as current line conditions will 
allow. Much use is make of flow control 
procedures to ensure that terminal trans- 
mission is held off if the buffer cannot he 

cleared due to temporary line noise situa- 
tions. 

Another advantage of this serial buffer is 

that a common terminal speed can be set and 
the -universal link negotiation" feature of 
the modem used to automatically adjust the 
modem speed to the speed of the answering 
data service. 

The CCITT determine standards for mod- 
em characteristics and, as reported recently 

RAEDEK ELECTRONICS 
BANNERLY ROAD, GARRETTS GREEN, BIRMINGHAM B33 OSL 

Telex No 333500 CROSAL G 

f" 

h 
mil Electron NEI 

Tubes 
CRTs IGNITRONS KLYSTRONS 

MAGNETRONS PLANAR' TRIODE 

RECEIVING RECTIFIERS SPARK GAPS 

TETRODES THYRATRONS TRANSMITTIN 

TRAVELLING WAVE TRIODES SOCKETS & ACCESSORIE 

R.F. Power Transistors 

- r. ,,. _ 

4. 

MOTOROLA GENERAL ELECTRIC R.C.A. JOHNSON 

THOMSON - CSF REGENCY WILSON ' T.R.W. MSC ACRIAN - - 
TOSHIBA NEC MITSUBISHI PHILIPS AMPEREX MULLARDI 

R.F/H.F. Induction Heating 
Equipment and Ancillary Spares 

4..6t 41 r 

x7J. 

NEW AND SECONDHAND GENERATORS RF CERAMIC CAPACITORS 

SOLID STATE CONY rsP RPr:wnlrV . H.7. TRANSFORMERS 

CARBON FREE HOSE WATER FLOW SWITCHES CARBON RESISTORS 

OSCILLATOR VALVES 

WHEN ENQUIRING PLEASE STATE WHICH PRODUCT IS OF.INTEREST. 
ENTER 230N REPLY CARD 

April 1988 ELECTRONICS& WIRELESS WORLD 389 



INDUSTRY INSIGHT 

in the pages of this journal*, Study Group 17 

failed to determine a specific standard for 
error correcting protocols when it met last 
October. The two protocols under examina- 
tion were MNP (Microcom Networking Pro- 
tocol) and LAPB (Link Access Procedure B). 

The CCITT chose to allow them to co- 
exist, which causes no particular user prob- 
lems as most large dial -up networks are 
nationally based and universal interconnec- 
tion is often the least most sought after 
requirement in a modem network, given the 
exist ing problems of data security. 

The Microcom protocol is offered as pub- 
lic domain up to class four and around 50 
modem manufacturers worldwide offer this 
protocol within their modem product. Link 
Access protocol is already a standard in the 
X25 world and the proposed CCITT - 
acceptable version of this is LAPM which 
combines LAPM and LAPU for ISDN usage 
and adds some additional features. 

The relative advantages of the two are 
virtually indiscernible from a users oper- 
ational point of view. but clearly a common 
standard would have advantages for large 
public networks. An important point howev- 
er is the idealized universality of a modem in 
being able to connect to any other modem 
using any error -correcting protocol. At the 
present time MNP offers the greatest flexibil- 
ity in this respect. 

MNP is available in a number of 'levels' 
and from time to time Microcom release 
enhanced versions which offer faster error 
correction and greater degrees of compres- 
sion. The current most popular version is 

level five which offers Adaptive Packet 
Assembly, in which the length of data packet 
is dynamically adjusted according to the 
perceived line error rate. and also data 
compression algorithms that provide in ex- 
cess of 5000 hits throughput whilst still 
using V22his modulation. 

Level six is also commercially available 
with claimed throughputs of up to 19.200 
hills but at a significantly higher price. Such 
speeds are of little use unless the associated. 
hardware can operate at similar speeds. 

All the MNP levels offer 'universal link 
negotiation' which allows the originating 
modem to detect whether ?1NP is available at 
the distant answering device, and if so to 
automatically adjust to a common MNI' 
level. Normal connections can he make to 
any V22his standard modem that does not 
have any form of error correction but the 
advanced features are only brought into 
action when the initial 'link negotiation' 
recognises a similar modem at the end. 

The key thing when considering asyn- 
chronous modems is not the speed indicated 
on the modem's front panel or within the 
manufacturer's literature, but rather the 
actual throughput achieved under live oper- 
ational conditions. 

'page 71. January 1988 issue. 

In practical terms, data sent by a nominal- 
ly 2400 hits V22bis modem with built-in 
error correction software to MNI' level 2 will 
actually achieve a throughput of only 1900 
bits. ('Phis is easily measured by sending a 

file of known length and timing its recep- 
tion). If the line is very noisy, thoughput can 
drop to less than 1000 hits. 

The advent of MNP level five has allowed 
PC users to transmit files in half the pre- 
viously obtainable time over average dial -up 
links and in many UK and international 
tests. throughputs of around 5000 hit/s have 
been typical. 

Command sets 
A further complication in modem selection 
is the type of command set used. In earlier 
generations of data modems, settings for 
operational speed and interface control were 
made by means of internal switches. Cur- 
rently available 'state-of-the-art data mod- 
ems use a command set that uses the 
terminal connected to the modem to set the 
operational parameters. 

This has the advantage that operating 
parameters can he set up from the software 
of a controlling personal computer or as is 

probably the original case for introducing 
command sets, the autodial feature of most 
V22his modems can be programmed with 
the desired number from the user terminal. 

The command set that is most idely 
accepted in industry is the Hayes set, origin- 
ated by Hayes Microcomputers Products Inc 
of Norcross. USA. As is the case with the 
majority of good innovative ideas, the wide 
acceptance of this original command set 
format has ensured its inclusion in virtually 
every dial modem currently produced. 

The Hayes command set is comprehensive 
and this tends to make its use complicated if 
the commands have to he set from the 
terminal keyboard. Because of this, many 
modem manufacturers include an alterna- 
tive command set that is more user-friendly 
and features more easily remembered com- 
mands. For example the Hayes "AT" com- 
mand to dial the number 01345 6789 is ATD 
013 456789, whereas the Feshon set in the 
6024 modem is U 013456789. Similar sim- 
plified alternative command sets are avail- 
able from most modem manufacturers. 

Asynchronous modems for synchronous 
systems 
Users of existing or planned synchronous 
networks should seriously consider the use 
of protocol converters at the central site and 
the possibility of an access arrangement that 
consisted of asynchronous modems as de- 
scribed here and asynchronous terminals as 

the input/output device. 
The advantages are very real: 

speed between the dial in user can he 

4800 hits or greater 
error -correcting software within the 

modem is more efficient and faster than the 
normal sync software 

modems are capable of providing full 
duplex operation at the higher speeds: elimi- 
nat ing the turnaround delay of the older V26 
standards 

advanced techniques in stored -number 
dialling can he terminal initiated 

standard asynchronous terminals can he 

used, with an attendant cost saving of up to 
200% when compared to their synchronous 
counterparts 

use of asynchronous communication 
allows the use of highly efficient port con- 
tention and selection devices at the host site. 

Such a system is shown on page 388, 
where all users have standard asynchronous 
terminals that operate at 4800 hits. They are 
connected to the serial port of an advanced 
MNP class five V22bis data modem. The 
built-in buffer and the data compression 
software within the modem still produce a 

line speed of 2400 hit/s to match the V22bis 
standard. One can dial any V22his- 
compatible database hut on connecting to a 

modem that has similar features the advan- 
tages of the high speed and efficient error 
correction become apparent. At the host 
site, a hank of auto -answer MNI' class -five 
modems receive the incoming call and con- 
nect to the data PABX. This equipment can 
offer a menu selection of resources available 
and even provide additional password access 
protection if required. 

For access to a DEC c.p.u. group, for 
example, would enter DEC at the destination 
prompt and IBM users, on entry of a suitable 
routing instruction, would be connected to 
the input of the protocol converter ports. 

Such a system represents the ultimate in 
flexibility and perhaps offers an alternative 
to many organisations to interconnect sys- 
tems such as X25 and other fashionable local 
area networking schemes. 

Synchronous dial -up 
The V22bis standard allows communication 
at 2400 hit/s in both asynchronous and 
sycnhronous modes. Unfortunately, all of 
the added features such as error correction 
and data compression are only available in 
the asynchronous mode. The majority of the 
asynchronous embellishments are, in fact. 
deviations of techniques that synchronous 
users have become accustomed to over the 
years. 

In synchronous modes, error correcting is 

done within the protocol and to some de- 
gree, data compression is carried within the 
'front-end' processor of large computer sys- 
tems. 

For the highest speeds over dial lines in 
synchronous modes. the V32 modem repre- 
sents the latest means of achieving 9600 bit/s 
full duplex operation over the majority of 
two -wire dial lines. 

The V32 modems marketed by Feshon for 
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example. utilise trellis -coded modulation at 

9600 hit/s. This error -correcting scheme 
uses 32 signal points coupled to an eight - 
state convolution encoder. At each baud 
time. the encoder generates a code hit that is 

combined with four data hits to select one of 
the 32 signal points for transmission. Each 
of these signal points represents a particular 
phase and amplitude combinat ion. 

At the receiving end a powerful Viterhi 
decoder examines the incoming data and 
selects the sequence of hits that most accur- 
ately represents the incoming data. This 
technique helps the Feshon 2265 to main- 
tain substantially error -free performance 
over severely degraded lines. The modem 
also features an advanced adaptive echo 
canceller with a echo -delay estimator that 
gives a true long -haul perfomance over 
satellite and long-distance international 
links. 

The \'32 modem finds applications in 
providing a hack -up service to leased lines 
and British Telecom Kilostream services. It 

has taken over from the old-style 9600 dial 
hack -up system that necessitated dialling up 
two separate lines. one to provide a transmit 
pair and one to provide a receive pair, thus 
simulating the four -wire circuit that a V29 
9601) full -duplex modem required. Automa- 
tic hack -up systems utilising V32 modems 
are now available wherehy the normal digital 
96110 service is continually monitored. and if 
a failure condition is detected, the auto -dial 
sequence on the V32 is automatically initi- 
ated and the service restored via the public 
dial network. 

Synchronous data compression 
One of the most exciting developments in 
commercial data communications in recent 
years is the synchronous data compressor. 
Equipment now available will accept data 
from synchronous data sources. each oper- 
ating at a true 9600 full -duplex rate and 
compress each source such that all the 
sources can he sent simultaneously over a 

single 9600 bit/s synchronous modem. 
This device is not to he confused with a 

statistical multiplexer, which does really 
much the same thing. hut the method of 
operation depends on looking for gaps in 
data streams and using those gaps for other 
users. The problem is that significant delays 
can occur to data flow whilst data is buffered 
waiting for user gaps to appear. \ true data 
compressor reduces each data source such 
that it occupies around one third of its 
original data length and combined with the 
inherent statistical nature of data (low. 
compression efficiences of up to four -to -one 
can he achieved. 

In a practical terms this means that a large 
data communication user with four lines 
from London to New York can cancel two of 
those lines and route all users via the data 
compressor over the remaining two lines. In 

Source: Dataques: December 1987 
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tact all the traffic could he put over one line. 
hut generally users like to keep two lines 
active to safeguard against total loss of 
communication should one line fail. 

Over 4001) of these data compressors are 
in use throughout the world. In the ('K. the 
market for these devices is limited as the cost 
of data lines from British Telecom is 

amongst the lowest in the world. The prob- 
lem of backing up high capacity >48.1)00 
bit/s digital services is nevertheless one 
where the data compressor can he of great 
value. 

A combination of a four -channel com- 
pressor and a two -wire dial modem can 
provide a total data throughput of 38.400 
hits per second over a single dial link. 
Combined with automatic switching and 
line fault detection equipment. this com- 
bination can provide a truly effective means 
of backing up digital service connections. 

Bob Duhen' formed Feshon Systems Limited 
in 1980 to specialize in the supply and 
support of data communication equipment 
and networks. Feshon are on 0 732 460088. 

Cover story 
Relatively minor impairments in digital radio 
links that could lead to reduced overall hit 
error -rate performance particularly during 
fade conditions can he detected using con- 
stellation analysis. Hewlett Packard's new 
3709B dedicated analyser can monitor many 
of the in -phase and quadrature digital modula- 
tion formats. from q.p.s.k. at two bits per 
symbol to 256 q.a.m. at 16 bits per symbol, and 
9. 25. 49 and 81 q.p.r.. over the symbol clock 
range 1 to 80 megasymbols per sec. The 
analyser is connected to the receiver's demod- 
ulator to analyse the disturbances to phase - 
plane constellation patterns. detecting de- 
gradations arising in the transmitter, prop- 
agation path or receiver without disturbing 
radio traffic. The new analyser supersedes the 
earlier 3709A display -only unit, and is priced 
at £7.293 ex v.a.t. 

With the current interest in replacing the 
f.d.m. radios of existing networks with digital 
microwave radios. I IP say they expect that all 
new system additions will be digital by the end 
of the century. Enquiries to 0734 696622. 
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COMMUNICATIONS 

PROGRESS IN OPTICAL 
CABLING 

W hile the vision of Britain 
'wired' to give all homes cable 
tv and enhanced services may 
have become a little more 

vague since the excitement of a few years 
ago. optical fibres are now in widespread use 
throughout Britain's communications 
infrastructure. 

British Telecom is probably the world's 
single largest user of optical fibre cables. Its 
trunk network has now almost been com- 
pleted and inroads have been made into the 
junction network. The application of fibre in 
the local network. closest to the subscriber, 
is likely to he restricted to supplying the 
business user whose requirements justify an 
optical fibre. British Telecom's purchasing 
level is in the region of 200-250.000 fibre -km 
or over 200 million metres. each year - 50% 
junctions. .5% trunk and 25% local at 
present. 

Overseas. even in the USA. the emphasis is 

still very much on using optical fibre in the 
trunk network where high capacity require- 
ments are most suited to the technology. It 
is only in France where the reverse has been 
true and emphasis has until recently been on 
placing fibre into the local network not the 
long haul trunk routes. 

Other applications of fibre are still very 
much in their infancy and would 
comprise less than 10% of all 
libre usage. with military and 
local area applications being the 
most popular non -telecom- 
munication uses. 

A key factor in the surge in the 
use of optical technology for 
communications whether for 
long -haul transoceanic trans- 
mission. intra-office com- 
munication, in automobiles, in- 
side pipelines, or along electric- 
ity power lines. has been the 
dramatic tall in fibre prices from 
around £1 per metre. little more 
than ten years ago. to around 5p 
per metre now. 'i'he reduction 
has been achieved through two 
factors. Firstly. the opportunity 
for growth in requirements sup- 
porting volume production con- 
centrated on single product line 
manufacture i.e. high quality 
single -mode acrylate-coated 
fibre. Secondly, the introduction 

Just how far has 

Britain's cabling 

got? With the trunk 

network almost complete 

and inroads made into 

the junction network, 

the local loop is 

yet to be tackled 

of volume manufacturing techniques. in 
particular. long length preforms. 

The main thrusts of current development 
effort are aimed at cost reduction. Firstly to 
minimize the cost of raw fibre and cabling 
processes so that optical fibre will become a 

viable alternative to copper in all applica- 
tions. Secondly. to reduce the cost of owner- 
ship by improving fibre performance. 
Dispersion-shifted/low-loss fibre, where the 
I550nm window is improved. can offer 
longer distances between repeaters which 
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The world market for optical fibre has declined from a high in 1986 
(1.8 to 2.0 million fibre -km) by about 10% in 1987 and is forecast 
to fall by a further 10% in 1988 before the growth in local loop 
application begins. In the USA. representing over 50% of world 
usage, this represented a fall in value terms from $774ní to $701 in 
1986 to 1987. AT & T expansion accounted for much of the 
change in market share of the various fibre processes. 

reduces overall system cost on long -haul 
links. 

At present. British Telecom's introduc- 
tion of fibre into the local loop has been 
restricted to the business market where 
capacity requirements justify fibre. Lon- 
don's City Fibre Network using SfC's pro- 
grammable digital multiplexers to provide a 

managed network is a case in point. Under 
normal circumstances, the demand from a 

domestic customer does not justify replac- 
ing the final copper cable drop with an 
optical fibre. In addition. most customers 
have shown little interest in the prospect of 
gaining access to more capacity through 
fibre to the home. 

\ few years ago cable tv was seen as a 

means of introducing a high -capacity net- 
work over fibre. But changes in the rules 
governing the provision of licences encour- 
aged those companies successful in pilot 
projects scattered throughout the UK to 
minimize their initial investment and con- 
centrate on the provision of basic tv chan- 
nels rather than alternative services requir- 
ing the bandwidth potential of fibre. 

Views are mixed as to the rapidity of 
introduction of fibre into the local loop. A 
recent market research report in the US 
indicated relatively limited application be- 

fore 1995. With such a wide 
network of copper cables in 
place, it is perhaps predictable 
that the emphasis will he placed 
where the advantages are most 
obvious - down to the distribu- 
tion point. In countries where 
the network is less well de- 
veloped. or where competition 
supports an alternative network. 
fibre to the subscriber may he 

more likely. Mercury Com- 
munications have already instal- 
led the first part of their optical 
hunk network - the 'figure 8' 
linking major UK business cen- 
tres. They have also installed 
hundreds of kilometres of high 
fibre -count cable into the City of 
London to address the business 
community's requirement for 
secure communications. With- 
out an existing copper network, 
remote meter reading, security. 
data communications. cable tv 
and telephony. provided over 
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DATAFLO 

STC Datatlo is a unique 'cable within pipeline 
concept' which allows optical fibre cables to be 

deployed in live pipelines over many 
kilometres without interrupting operations. 

The cable is of rugged dynamic multi -fibre 
construction specially designed for the en- 
vironment of pipelines. Single or multimode 
tightly buffered fibres are laid helically around 
a centre strength member and then sheathed. 
The outer sheathing material will he selected 
for liquid compatibility - water pipes, oil 
pipelines or other onerous environments. The 
cable is solid filled for hydrostatic pressure 
performance up to 70 bar if required (qualified 
to 150 bar). 

The cable is introduced into the pipe 
through a special glanded entry system. A 

drag -inducing device, drawn by the fluid flow, 
guides the cable toward the previously pre- 
pared exit point, where it is accurately posi- 
tioned, captured and retrieved through special 
seals. 

Suitable for pipelines over 50mm in dia- 
meter, installation can he achieved at the rate 
of up to 3km/h including bends and vertical 
sections. This method offers major advantages 
for cable installation within built-up areas 
where the cost of civil works (typical quoted 
figure of £70/metre), is significant for duct 
instatement. With Datatlo, access is only 
necessary at entry and exit points to the 
pipeline. Two installations have been carried 
out in the South of England during 1987, 
involving deployment in water pipelines to 
provide communications and control circuits 
for local water boards. 
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British Telecom's demand for optical fibre increased almost threefold from 1985 to 1986. 
With requirements for junction applications growing apace, the procurement of high count 
cables for the recently inaugurated City Fibre Network created unprecedented demands. 
Cable suppliers, able to introduce large volume manufacture (STC's awards in 1987 were 
over 100,000 fibre -km) have been able to make dramatic reductions in fibre and cable costs. 

optical fibres to the home. offers Mercury a 

major competitive opportunity. 

Cable sub -system developments. 

The cost of installation of any cable -based 
network comprises a significant proportion 
of total cost, particularly within towns. 

FROM PREFORM TO CABLE 

Fibres are manufactured by three methods: 
inside vapour deposition IMCVDI, outside 
vapour deposition (O\'I)) and vapour axial 
deposition (VAD). In the UK these methods are 
used by STC. Optical Fibres and Pirelli General 
respectively, the last using a Japanese process. 
In the MCVD process, which is the most 
common and most flexible, a preform is 

produced using gasses deposited on a glass 
substrate, and the control of both rate of 

Major Fibre Manufacturing 
Techniques 

OVD MCVD 

Corning AT&T NKT 

& Northern L.M.Ericsson 
Licensees Telecom Dawoo 
Lightwave STC AEG 

Philips GEC 

Alcatel Research 

VAD 

Sumitomo 

Licensees 

Corning Glass Works have patents covering 
both outside vapour deposition (OVD) and 

some aspects of MCVD (inside vapour 
deposition). Key manufacturers in the US 

e.g. AT & T. Alcatel (previously ITT) and 
Northern Telecom have cross -licensing 
arrangements with Corning. 

depositior and material content is of crucial 
importance. The collapsed preform is heated 
and drawr to produce an extremely fine strand 
of fibre. For single -mode fibre, the product 
manufactured in the largest volume, light is 

constrained to travel in a single oath through 
the cents I core of the fibre measuring 9nm. 
This fibre is now being drawn in d3km lengths 
in volume manufacture by STC. 

The fib -e is cabled in any number of ways for 
use within buildings. "the mast common 
designs involve plastics tubes containing one 
or more f bres which can be stranded together 
to offer very high fibre counts: a significant 
volume cf 96 -fibre cable is insailed in BT's 
City Fibre network in London. Other designs 
include tightly buffered fibres where the fibres 
are coated in plastics (currently used in tail 
cables to make the final link to the equip- 
ment), open channel designs where the fibres 
are located in the slots in a cartwheel design 
and ribbon designs where fibres are bonded 
together to form a ribbon and inserted into a 

tube or slot. 
The fibre is generally required to operate at 

1300 andor 1550nm wavelengths where water 
absorbtion is minimized and s gnal strength 
can he maximized to allow brig distances 
between repeaters. 

Methods which minimize the distruption 
caused by civil works are likely to becoming 
increasingly adopted both for local and 
trunk applications. 

STC's Datatlo for example can he installed 
within pipelines through a special glanded 

entry system and can he deployed in live 
pipelines over many kilometres without in- 
terrupting operations. As access is only 
necessary at entry and exit points, civil work 
and its associated disruption and cost is 

reduced. 
13ritish 'T'elecom's blown fibre uses air 

pressure to carry fibre bundles through 
installed tubes. see page 399. As demand 
increases. additional bundles can be blown 
into vacant tubes so that initial fibre invest- 
ment is minimized. This also offers further 
flexibility as cable can he withdrawn and 
re -installed along modified routes. 

Grit ish Telecom and Mercury are also 

adopting an American process by installing 
Y1ini-duct. a pre -lubricated duct with a draw 
rope already in place. Thus cables can be 

installed much faster, and in longer lengths. 
Further opportunities exist in the use of 
Cablecon from Integral Corporation, where 
any type of cable can he inserted in its own 
duct prior to installation. While allowing 
rapid installation. it will also allow an easy. 

cost-effective path for fibre modification 
because the original cable can be pulled and 
replaced with a new cable without removing 
the duct. 

Until recently two methods were avail- 
able for installing optical cables using the 
power grids whch dominate the world's 
countryside. Firstly. an optical cable lo - 
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cated inside the earth con- 
uctor at the summit of the 
towers. and secondly. a 

flexible cable wrapped around 
one of the conductors. 

While the first necessitates 
replacement of the earth con- 
ductor and is. theretore. 
expensive, and the second will 
need to he replaced should 
subsequent restringing he 

necessary. both have one 
major drawback. They depend 
on a conductor for support and 
can only he installed with at 

least one power circuit oft. 
Self-supporting cables cap- 

able of spans of over 500 
metres regularly found in most 
networks, are completely in- 
dependent of the power distri- 
bution function of the grid. 
They are non-metallic and so 

can be installed safely without 
any interruption to the power network. 

A Fihrespan cable has now been installed 
at I.eatherhead for 18 months unaffected by 

the recent 100 mile/h winds. With tensile 
strength of 65.000N. three times the maxi - 

Multi access radio 
Copper system 

Optical system 

60 120 180 240 300 360 420 480 540 600 
SUBSCRIBERS 

Proximity to an exchange, density of subscriber clusters and 
growth expectations all contribute to system choice. In general, 
optical cables. with their inherent bandwidth, are more cost- 
effective where the number of subscribers is high. In a rural 
application using optical cables and digital multiplex, while initial 
cost is higher than for a radio system, incremental costs of 
expansion for new subscribers and new services is much lower. 

mum operating level projected for worst - 
case wind and ice loading conditions, the 
cable is immensely strong. 

The design involves a single glass -re- 
inforced plastics rod pullruded with a long- 

itudinal slot, into which fibre 
ribbons are laid. The cable is 

then filled with a hydrophobic 
gel to exclude moisture and pre- 
vent vibration but allow fibre 
movement. \ cap then covers the 
slot and the cable sheathed with 
a specially formulated anti - 
tracking thermoplastic sheath to 
resist the degradation caused by 
the electrical environment. 

Allowing up to 24 single -mode 
fibres to he contained (protected 
but easily accessible for splicing) 
in its fibre rihhons. Fihrespan 
can offer a communications net- 
work for an electricity hoard's 
own use or an alternative, cost- 
effective solution for a network 
operator. 

Over the next six months cable 
will he installed in South East 
England as well as in Canada in 
extreme conditions where temp- 

eratures of 50"0 below zero are expected. 

Edited from information supplied hr.Vick Bishop. 
market planning manager. STC Telecommunica- 
tions Cable Products I)ivision..Venport. Tel 0633 
244244. 

MOBILE RADIO 

A I()l.N.T ntRv.-I DTI l.\'IT1.9TIVt: 

CONFERENCE - 4-5 May, 1988 
Regent's College, Regent's Park, London NW1 

The Mobile Radio Community is in desperate need of highly trained and qualified 
engineering personnel. This initiative is probably 'a first' in universal collaboration between 
the Mobile Radio engineering profession, the DTI, the users, the industry and the 
educational establishments. 

If you want the Mobile Radio Community to professionally come of age then take part in 
this conference - you could play a vital role in shaping Mobile Radio's future. 

For further information contact: 
Elke Hundertmark Associates, Suite 133, London House, 

26-40 Kensington High Street, London W8 3PF. 
Tel: 01-938 2222, ext. 2101. Fax: 01-937 8335. Telex: 22861 G. 

MRUA - Mobile Radio User Association representing Mobile Radio since 1953. 

ENTER 40 ON REPLY CARD 
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COMMUNICATIONS 

OPTICAL FIBRE: PROGNOSIS 
AND ECONOMIC IMPACT 

T 
he prognosis for optical fibre 
is bright. As we progress into 
the post -industrial - 

revolution era we turn to - 
yards an information -intensive society 

where optical fibre is an essential compo- 
nent. Just as the motorways. autobahns or 
inter -state highways permitted the develop- 
ment of the modern transportation system. 
optical fibre will become our information 
arterial highway, providing the transport 
system for our information traffic. Fibre 
extends its usefulness into the design of 
sensors, transducers and processors. Fibre 

elements have the obvious advantage of 
being compatible with the transmission 
medium. Thus, as fibre performance con- 
tinues to improve and the infra -structure of 
related technology continues to build up. 

the range of applications of optical fibre will 
continue to widen. 

Fibre loss of silica fibre is close to its 
asymptotic value of about 0.14 dB/km at 1.55 

p.m wavelength. The fine tun- 
ing of this loss is aimed at 

achieving a practical single - 
mode fibre with low dispersion 
over a spectral region and 
which can he manufactured at 

a low cost. More basic work 
on an exact electromagnetic 
solution for waveguides with 
frequency -dependent and pro- 
filed index distribution will 
improve fibre design. The 
basic work on glass -material - 
formation mechanisms and its 
relationship to scattering, 
radiation hardness, refractive 
index and non-linear coeffi- 
cients will substantially 
increase our ability to tailor 
the fibres to specific applica- 
tions. Continuing work on 
new fibre -fabrication methods 
promises to reduce the basic 
cost further, so that single 
mode fibre cost will one day 
he less than the cost of a pair 
of copper wires. 

The sol gel process, in which 
the glass -constituent material 
starts in liquid form, and the 
mechanically shaped preform 
technique, which starts with 
soot material in powder form, 
are both volume -production 
techniques requiring low 

108 

106 

E 104 

Twenty years on Charles 

Kao looks at how far his 

revolutionary idea has come, 

and where it's going 

capital investment and a high -efficiency 
usage of raw materials. They hold new 
promise in reducing fibre cost. On the 
other hand, the improvement of tradi- 
tional techniques also indicates an 
improvement by a factor of 2 to 4 times 
through up -scaling, and an increase in 

fabrication speed and yield. 
Silica fibre, with its excellent mechanical 

characteristics together with the abundance 
of the raw material necessary for its produc- 
tion, will constitute the bulk of transmission 
fibres; these will he single -mode type. Except 
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Fig.2 Key milestones for fibre -performance (spacing) projection 

for repeaterless applications where repeater 

spacing must be as long as possible, i.e. for 
inter -continental trunking. trans -oceanic 
links or inter -island links having an in- 
tervening space of greater than 200 km. 
silica fibre is adequate. For trans -oceanic 
and island -hopping applications a low -loss 
fibre with a repeater spacing -bandwidth pro- 
duct of -1000 CHz km is needed. This is 

indeed a challenge even if current materials 
work indicates that 10-3 dB/km is, in princi- 
ple, possible for operation at 4 to 10 p.m 

wavelength. Indeed. fluoride glasses, cha- 
colgenide glasses and infra -red transmitting 
crystals should have the low losses as pre- 

dicted if material structure can be controlled 
and impurities differentiated and removed. 

After that, the operating wavelength must be 

constrained to around the zero dispersion 
point with a nominally single -frequency 
source. The physical properties of the fibre 
must also be addressed. Most material is 

difficult to make, contains toxic components 
and is unstable, hygroscopic or 
susceptible to environmental 
attack. 

Fibre loss over the past, and 
projected to the future. is 

shown in Fig.l. The key mile- 
stones for fibre -performance 
projection expressed in band- 

width- repeater -spacing, 
together with the development 
of key components and tech- 
niques in associated techno- 
logies, is given in Fig.2. 

It is appropriate to note that 
the bandwidth -distance product 
is capable of handling 1000 CHz 
over 1 km. This raises the issue 
that the signal -processing speed 

at the terminals should be very 
substantially increased in order 
to fully utilise. if needed. the 
bandwidth provided by the fibre. 
Currently fibre systems have 
been designed to handle signals 
up to 2.24 Ch/s. Highest bit -rate 
signal transmission demon- 
strated is below 10 Cb/s. Two 
pertinent questions are: (i) is 

1012b/s or terabit rate possible 
for future optoelectronic com- 
ponents: (ii) If 1012b/s can 
indeed he attained. how should 
the design of signal -handling 
systems be changed to take the 
advantage of such high signal - 
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Fig.3 Projection of high information -rate 

processing speed. These questions are parti- 
cularly timely since the transmission capabi- 
lities of the fibre are adequate to cater for 
these signalling rates. Moreover, several 
applications indicate that the demand on 
information capacity. transmission and pro- 
cessing rate can make use of such high 
signalling rates. For example. if video 
phones at 701N1b/s per channel are as densely 
installed as telephones at 64 kb/s per channel 
today. the transmission requirement would 
he 1000 times the current trunk -systems 
transmission rates of 560 Mh/s: hence, 560 
Gh/s are needed. Certainly one should also 
revise the strategy of all signal -processing 
methods. which hitherto have been designed 
to conserve bandwidth. With bandwidth 
available in abundance, signal -processing 
schemes which are wasteful in bandwidth, 
hut which simplify the overall system design 
and are more cost effective, should be enter- 
tained. 

Not surprisingly. optical fibre in an in- 
formation society is stimulating research 

Networking in the nineties from page 384 

nect, or OSI. Reference Model. ISDN occu- 
pies the bottom three layers in the model. 
The upper level standards assure that. once 
computers are communicating, the 
machines can actually do useful work. no 
matter what the application or architecture. 

But I want to leave you with an even more 
immediate challenge. 1nd that is the chal- 
lenge of developing ways for today's data 
users to migrate easily toward ISDN. Large 
data users have invested heavily in their 
existing approaches, because we have not 

Cellular revolution from page 381 
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Fig.4 Broadband communication in integrated or separate networks. 

into high-speed optoelectronic components. 
It is speculated that the combination of 
electrons and photons used appropriately 
can result in effective signal -processing 
rates beyond what can be achieved in pure 
electronics for both silicon and GaAs tech- 
nologies (see Fig.:31. 

The evolution of optoelectronics is taking 
place. Advances in electronic -material fab- 
rication techniques. such as MBE and 
MOCVI). are making new semiconductors 
with 'tailored' properties possible. This is 

sometimes referred to as handgap engineer- 
ing. Study of the electron -transport 
mechanism in semiconductor material and 
the availability of ultra -fast optical- 
spect roscopy diagnostic techniques are 
together causing significant steps to he 

made toward realising truly integrated 
optoelectronic functions, which will evolve 
into system building blocks for ultra -fast 
systems. In the meantime broadband com- 
munication in integrated or separate net- 
works is being promoted, particularly 

been adquately meeting their needs. These 
data users could not switch right away, even 
if ISDN were already ubiquitous and fit all 
their needs. \Ve must offer them products 
and services that let them taste the benefits 
of ISDN, without having to swallow them 
whole. We must offer them products and 
services that fit easily into their existing data 
networks, and that allow them to evolve 
their networks gracefully toward ISDN. 

Clearly, the years ahead will he years of 
challenge for our industry. Yet despite all 
this challenge and change, let me remind 
you again about one thing that should not 

price benefits, it would be a very great pity if 
CUT were to divide up along lines of vested 
interest. Were this to happen. it would bean 
abuse of the standards process which it 
might not he too harsh to describe as a 

conspiracy against the consumer. 
By using the example of cordless tele- 

phone and combining it with the lessons of 
digital cellular. I have tried to sound some- 
thing of a warning that the single European 
market for telecommunications will he still - 
horn unless we recognise that a new climate 
of opinion in the world of radio affairs is 

strongly in Europe. Fig.4 raises the scenario 
of B-ISDN, or separate networks. 

Field trials are providing opportunities to 
rest not only technical feasibility, but also 
customer reactions to various experimental 
services. These activities will increase signi- 
ficantly in the near future when the benefit 
of such a system begins to he perceived, not 
in terms of the extension of conventional 
communication services such as telephones 
to video phones, data to ISDN etc., hut in 
terms of new services based on fulfilling real 
information needs. Already stock -market 
information, instant banking transactions 
and legal search services have created a 

strong demand. New services hacked by good 
interactive data bases can provide the corn - 
pet itive edge in doing business in all sectors. 
We must move closer to being able to master 
our data and knowledge resources. 

Optical Fibres by Dr C.K. Kao, from which this 
article is adapted, will be published in June by 
Peter Peregrinus Ltd for the IEE, price a£35. 

change. Just as it has for over a hundred 
years, our progress should be driven by the 
same three forces: evolving customer needs, 
technological progress. and networking. 
Our success will depend on how well we 
orchestrate all three to find solutions that 
are economical, dependable. flexible and 
usable. This is the lesson of our heritage, and 
the essence of our services to our customers 
and society. 

Dr tan Ross is president of AT&T Bell 
Laboratories, New Jersey. 

absolutely indispensable. 
If the conflict, mistrust and self-interest 

comes to dominate the standards process 
then it will discredit itself to the point where 
any progress becomes impossible. For an 
industry which is part of the critical path of 
the economy of Europe. I hope that I may he 

forgiven for suggesting that it is up to all of 
us to try and take a more statesmanlike view. 

Professor William Gosling D.Sc. is technical 
director of the Plessey Company plc. 
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COMMUNICATIONS 

BATTERY ADVANCE FOR 

CORDLESS COMMUNICATION 
T 

he size and weight of mobile 
communication devices are 
undergoing a rapid miniatur- 
ization process. But the tradi- 

ional nickel cadmium batteries, despite 
some developments in the past five years, 
have failed to keep pace. This article reveals 
the characteristics of a novel nickel cobalt 
battery being actively developed at The City 
University and the prospects of integrating 
this rechargeable battery into a photovoltaic 
system for powering mobile telecom- 
munication devices. 

The power demand for mobile radios is 

quite different to other applications. The 
power requirement in the receiving mode 
and transmission mode can vary by a factor 
of ten, therefore batteries should be capable 
of working at high current densities periodi- 
cally. Nickel cadmium batteries fulfil this 
function, hut they have a relatively low 
energy density, around 30\Vh/kg. Moreover, 
since mobile radios are relatively costly, the 
battery cost is only a small fraction of the 
total, so it is feasible to consider the use of 
other couples which may be ruled out on 
cost grounds for other applications. 

Ideally, the novel battery should provide 
improved energy and power density, and be 

able to replace the existing battery without 
any need for design changes in the mobile 
radio system. 

On the other hand, some battery systems 
have different voltage and operational char- 
acteristics. It is therefore important to have 
extensive consultation with manufacturers 
and users before deciding whether to go 
ahead with the development of such batter- 
ies. This will involve a detailed technical 
economic analysis of the new design and 
substantial retooling of the radio system - 
mere consideration of battery cost and per- 
formance is not enough. 

Nickel cobalt battery 
The full reaction for a nickel cobalt cell is 

discharge 
Co+2Ni001-I + 211,0 Co(01-I ), + 2Ni(0I-t ), 

charge 

Cell voltage: 1.28V 

The electrochemical reaction involves oxida- 
tion of cobalt instead of cadmium. The 
theorectical capacity of cobalt is 0.909 Ah/g 
compared to 0.476 Ah/g for cadmium. 
Moreover, unlike the nickel cadmium type, 
the nickel cobalt cell can he recharged at 1.5 

Alfred Tseung explains how a 

'solar' -charged Ni Co battery 

could revolutionize power 

supplies for portable devices, 

given adequate funding. 

T= 25°C 
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consideration of the capacity of the cobalt 
anode at 80% utilization, a cobalt electrode 
will have a capacity of 0.73 1h/g as compared 
to 0.23 for the cadmium electrode (50% 
utilization). Therefore, the price difference 
fora 1 \h battery will be 

1.37g cobalt at 1.06 cents 
4.35g cadmium Cd at 0.87 cents. 

In addition, the manufacturing cost of Ni-Cd 
and Ni -Co batteries should be very similar 
and therefore it is not expected that Ni -Co 
batteries will be significantly more expensive 
than Ni-Cd batteries. Cobalt is more sus- 
ceptible to self -discharge on open circuit 
than cadmium. However this would not he a 

problem in mobile radios since they are used 
and recharged almost everyday. 

Thus, the Ni -Co battery has the following 
advantages: 

Similar working voltage to Ni-Cd battery 
and hence can be used in existing devices. 

Twice the energy and power density of 
Ni-Cd. 

Similar production cost and only margin- 
al increase in raw material price. 
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volts without gas evolution, and there is no 
need to provide excessive cobalt hydroxide to 
ensure the reduction of oxygen during the 
charge cycle. (In the case of Ni-Cd, up to 
50% excess Cd might have to be added to the 
electrode.) 

The energy density of a Ni Co battery is 

estimated to he 581Vh/kg compared to a 

maximum of 35 \ 'h/kg for Ni-Cd. Figure 1 

shows the discharge curves of Ni-Cd at low 
C -rates and the discharge curves at high 
C -rates are shown in Fig.2. The cost of cobalt 
power ($15/kg) is significantly higher than 
that of cadmium ($2/kg). I lowever. based on 

1 

40 50 

Much development work needs to be done, 
especially long-term life tests and optimal 
design and individual cell components. 
I however, it is not envisaged that these 
problems would present difficulties provided 
adequate funding is forthcoming. 

Solar batteries to open up market 
The Ni -Co battery is the most promising 
candidate for incorporation in a photovoltaic 
power system. It will provide for the first 
time a really practical system for the de- 
velopment of cordless devices where there is 

no need to recharge the battery from the 
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mains. This will open up a completely new 
market. 

The price of photovoltaic arrays is getting 
cheaper and their efficiency is improving. 
Table I lists some of the recent develop- 
ments. 

TABLE 1 Price forecast of different solar panels 

1985 1990 1995 

Single -crystal silicon: 
Efficiency 11% 15% 16% 

Profitable price ($/Wp) 6.5 4.5 3.0 

Concentrators: 
Efficiency 14% 17% 20% 
Profitable price (S/Wp) 5-6 3.3-4 2.5 

Ribbon/sheet 
Efficiency 10% 11% ' 14% 

Profitable price($/Wp) 7.5 3.3 2.3 

Cast ingot 
Efficiency 11% 13% 15% 

Profitable price (S/Wp) 7 3.5 3.0 

Amorphous silicon: 
Efficiency 5% 8% 10% 

Profitable price (S/WP) 5-6.5 5-6.5 2-3 

Average mode price ($/Wp) 6.5 3.5 2.5 

Source: Photovoltaics: 1983 Status -1990 Forecast, by P.D 
Maycock (11th Energy Technology Conference, 1984) 

@JVIMunnQUE 

S 

This suggests that the rapid cost reduction 
of the price of photovoltaic arrays in the 
next eight years will lead to their wide- 
spread use. This is borne out by the 
available world-wide statistics showing the 
growth in photovoltaic array production 
between 1982 and 1983 (Table 2). 

TABLE 2 Growth of photovoltaic array production 

MW 
1982 

% MW 
1983 

% 

USA 5.7 61.3 13.1 66.4 
Japan 1.8 19.3 5.0 23.0 
Europe 1.6 17.2 3.3 162 
Others 0.2 2.2 0.3 1.4 

Total 9.3 100.0 21.7 100.0 

The annual growth rate of photovoltaics is 

truly phenomenal - over 133%. The figures 
for later years were not available during our 
preliminary computer search but the growth 
rate is expected to he comparable, especially 
in view of the continuing improvement in 
the efficiency and reduction in cost. 

At present. amorphous silicon solar arrays 
are used in consumer electronics - watches, 
cassette recorders and radios. Nickel cad- 
mium batteries are used to store the electric- 

ity and provide power during heavy demand 
cycles. However. the relatively low energy 
and power density have precluded their 
widespread application to areas where the 
power requirement is more stringent, for 
example, mobile telecommunication equip- 
ment and portable computers. Since the 
efficiency of single -crystal silicon solar 
panels is expected to reach over 15% by 1990 
with the price decreasing to $4.5/Wp, and 
assuming that such panels are used indoors. 
the amount of electricity produced by the 
panel may be reduced to one tenth of a watt. 
The basic power requirement for a portable 
cellular radio is likely to he 100mW for two 
hours a day and 10mW for 221t. Therefore, 
the total energy consumption is in the range 
of 0.42Wh/day. Since the solar panel should 
he capable of producing 0.8Wh during a 

working day. there should he sufficient 
electricity to recharge the nickel cobalt 
battery. Thus a completely cordless portable 
telecommunication device will become a 

practical reality. 

Professór A.C.C. Tseung is director of the 
chemical energy research centre. City Ilniversity. 
London. 

COMMUNIQUE UK LTD, COMk UUNICATIONS HOUSE, 
PURLEY AVENUE, LONDON N\ 21SB. . 

TEL: 01-450 9755 TELEX: 298765 

HX307 2 Channel 
HX307V 4 watt 160- I74MHz 
HX307U 3 watt 450-470MHz 

UKV62 1 Channel 
UKV62/2 25/40 watt 66-88MHz 
UKV62/4 25/40 watt 160-175MHz 
UKV62/9 25/35 watt 420-470MHz 
UKV62/4 Mini 10 watt 160-170MHz 

111 '4 

90. 

. 
" 

-1 

HX407 25 Channel 
HX407V 5 watt I60-174MHz 
HX407U 5 watt 450-470MHz 

COMMUNIQUE: MEET THE NEXT GENERATION... . 

ENTER 8 ON REPLY CARD 
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COMMUNICATIONS 

BLOWING A NETWORK 
A 

nvone who watched the Royal 
Institution Christmas Lec- 
tures televised a couple of 
years ago couldn't have failed 

to have been impressed by the demonstra- 
ion of 'fibre blowing'. A hollow transparent 

tube 'laid' through the audience was visibly 
threaded with an illuminated fibre - blown 
by compressed air - for all to see in a matter 
of seconds. A most impressive demonstra- 
tion of the way fibre technology continues to 
break new ground. 

The novel technique demonstrates how 
easily and with relatively little 
care a blown fibre cable can be 

laid, a particular concern for 
data networks on account of 
damage that might he 

caused during 
installation, especially 
on a circuitous route. 
Fibres laid by BT 

Research Labs using this 
technique have been 
shown to experience very 
little strain on account of 
the distributed viscous 
nature of the installing force. \ 
One experiment using an 

optical phase delay method to 
monitor the strain during 
blowing along a 140 metre route 
with compressed air at 6 bar (90 
psi) showed this to be as little as 

0.03%. This enables engineers to 
guarantee the system for 25 
years without the need for water 
harriers or cable pressurization. 

Patented first in 1982. the 
technique was first used for a 

trial system connecting two 
computer local networks in sepa- 
rate buildings to a Leeds 
telephone exchange. see diagram, without 
splices in the graded index fibre. The system 
has been in constant use since 1984 and 
has since been considerably extended 
using further multimode fibre. The latest 
addition, a junction link between Leeds. 
Basinghall and I-lunslett exchanges in 
single -mode fibre 3.2km long, was installed 
last year - probably the longest spliceless 
link in the UK. 

Since the Leeds trials many systems have 
been installed throughout the UK - Man- 
chester. York, Bradford. Preston and other 
cities can now boast optical systems using 
this unique technology. 

As BT's licensee Optical Fibres at Ueeside 
increases the range of fibre types and bundle 
sizes available. BT will adopt the concept 
increasingly in its districts for local net- 
work distribution. They are currently 

This novel technique from a 

British research laboratory 

simplifies optical fibre 

installation for in -building 

and local area networks. 

And attracts licensees. 

\ ,IG 
. 

Rudimentary blowing 'head' used in the 
Leeds trial (below) is superseded by BT's 
patented design above. which enabled a 

spliceless link of 3.2km. 

Compressed 
air in 

Rubber wheels 

installing a City Fibre Network in London 
using blown fibre links to major customers 
in the capital's square mile. Sumitomo in 
Japan and Corning in the US are also 
licenced by BT. 

Another area of increasing interest to BT 
is the expansion of 'in -building' networks for 
dealer's desk -top terminal links to main- 
frame computers and multiplexers. The 
blown fibre technique, with field -terminable 
connectors, allows the 'spliceless-link' con- 
cept to be fully exploited, a major advantage 
being the speed of installation - up to 

100m/min. The delicate fibre is 

the last link to he installed in the 
network, the tube system taking 
the brunt of the multi -discipline 
tradesmen's boots during the 
construction phase. No retro - 
splicing of expensive cable with 
this system. Blown in and work- 
ing within minutes, the techni- 
que ís unique in íts degree of 
flexibility and 'future proofing'. 
Expansion, re -configuration and 
latest technology can all he 

offered within minutes and with 
minimal disturbance once the 
network tubes are installed. 

Earlier this year a trial in- 
stallation around 130 dealer 
desks in the City using the Reu- 
ters Rich system was completed 
by Optical fibres and Architron 
Ltd under licence from BT. 
Announced at Frost & Sullivan's 
February seminar on fibre 
optics. Architron screen and 
keyboard cards are linked 
through 9mm SMA connectors 
by eleven 50/125µm fibres from 
each desk in runs up to 50 metres 
long. The 3.5mm i.d. tube is 

smaller than BT's 6mm type, its chief feature 
being the flexibility it offers in the number of 
fihies. An individually buffered fibre of over- 
all diameter 0.5mm has been developed 
along with a new Venturi blowing head that 
will blow up to four fibres into the tube. 

Access hole 

760m r-- 
640m ' 1 520m 

400m 
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COMMUNICATIONS 

WORLD -SCALE MOBILE 
DATA COMMUNICATIONS 
sI 

ince it began operations in 
1982. Inmarsat has revolutio- 
nized maritime communica- 
tions.:More than 600(1 ships 

at sea are using the Inmarsat system to take 
advantage of high quality voice, telex and 
data links from virtually anywhere in the 
world. Six years later it still operates the 
world's only mobile satellite communica- 
tions system and for the past few years there 
has been consistently growing demand for 
its use in both the aeronautical and land 
mohile contexts. 

In the wake of last year's \Vorld Adminis- 
trative Radio Conference in Geneva, the 
Inmarsat council has begun steps to broaden 
its charter to provide land mobile services as 

well. Inmarsat has already been accorded the 
institutional competence to offer aero- 
nautical communications and the debut of 
those services is imminent. 

The \\ARC decision was to permit land 
mobile communications in the 1. -hand, that 
band of frequencies where Inmarsat current- 
ly offers maritime services. As a result. 
Inmarsat is planning comprehensive range 
of new services designed to meet the needs of 
long distance and remote area travellers - 

Telephone 
exchange 

11E1E 

Telephone 

National and 
international 
networks 

Low -speed 
data 

Facsimile 

000 
High-speed 

data 

Telex 
exchange 

Telex 

From next year Inmarsat's 

new service will allow 

suitably -equipped vehicles 

to communicate between 

any two points on the earth 

trucks, container operators. trains, buses, 
businessmen and vacationers, explorers and 
adventurers. The set -vices will include two- 
way satellite message communications. one- 
way message broadcasts. world-wide paging. 
remote monitoring and control. data collec- 
tion and in the foreseeable future full voice 
communications. 

The land mobile market segment is the 
largest of all mobile communications mar- 
kets. In 1984 there were. globally, some 365 
million private vehicles, 102 million com- 
mercial vehicles and some seven million 
buses. Not all of these vehicles are candi- 
dates for mobile communications, let alone 
mobile satellite communications. At the 

46Gill 

__s_ 
r , 
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The Imarsat system consists of three basic elements: the mobile equipment consisting of 
transceiver, terminal, printer, a communications satellite and a fixed earth station. The 
earth station provides interface with the international telecommunications network. 

present, however, there may be well over five 
million vehicles equipped with some form of 
mobile radio equipment, whether cellular, 
u.h.f.. v.h.f. or private and public networks. 

Vehicle cellular radio currently takes the 
major share of these markets, and though it 
is expected to grow further strongly, it will 
not be provided in all regions and areas 
where vehicles travel. Other forms of land 
mobile communications also have serious 
limitations (interference. lack of privacy, 
lack of spectrum). Further, current systems 
offer a rather low level of inter -operability, 
making comunications for vehicles operat- 
ing over long distances or a wide area 
difficult, if not impossible. 

Inmarsat will provide land mobile services 
using Standard -C, developed to meet a mail - 

'1%.1' ^+a°r,--',-9 5, 
.41 

"d - lit= 
FM. 50" 50" 

The only thing which distinguishes the 
Toyota Spacecruiser Van that Inmarsat uses 
for land mobile trials is the omnidirectional 
conical antenna made by Denmark's Thrane 
& Thrane and mounted on a roof rack. One 
way trials have already been conducted, and 
two way tests start this month in Italy, 
Germany, Britain and Spain. 

time need for low-cost text communication 
via small, light and inexpensive equipment. 
Adapting this system to the land mobile 
environment is a relatively minor task which 
is already well advanced. 

In cooperation with the telecommunica- 
tions agencies of 12 European countries. 
Inmarsat is conducting trials of the 
Standard -C system throughout Europe. So 
far tests in the UK. Belgium, France, Spain, 
\\est Germany, and Netherlands have met 
with resounding success. 

Standard -C communicates text messages 
to and from mobile terminals operating 
virtually anywhere. The messages can he in 
any type of text and he transmitted in a 
variety of modes - telex, electronic mail, 
packet -switched data and even graphics. It is 
an all -digital, store -and -forward system 
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RAYCOM give you MORE 
PURCHASING POWER! 

FOR FAST SERVICE PHONE IN YOUR ORDER = WITH ANY MAJOR CREDIT CARD OR IN MOST 
CASES WE CAN OFFER YOU INSTANT CREDIT 

zaOF UP TO ( 1,000.00 (SUBJECT TO STATUS 
RAYCOM ARE LICENSED CREDIT BROKERS. 
APR 29.8%, SUBJECT TO VARIATION. FREE fi' CREDIT ON CERTAIN PRODUCTS AT LIST 
PRICES, 50% DEPOSIT AND SIX MONTHLY 
PAYMENTS. PLEASE TELEPHONE FOR MORE 
DETAILS AND APPLICATION FORMS. 

NEW HELPLINE 0836 28228 (until 9pm Daily) 

ORDERING INFORMATION 
ALL PRODUCTS WE ADVERTISE ARE NORMAL 
STOCK ITEMS OUR NEW MAIL ORDER DE- 
PARTMENT CAN NOW DESPATCH MANY LINES 
SAME DAY. BUT PLEASE ALLOW UP TO 14 
DAYS DELIVERY TIME IS SUBJECT TO 
CARRIAGE METHOD IF ORDERING BY MAIL 
PLEASE INCLUDE CARRIAGE AND STATE 
YOUR DAYTIME TELEPHONE NUMBER ALL 
PRODUCTS OVER (75000 CARRIAGE FREE. 
PLEASE ALLOW TIME FOR PERSONAL 
CHEQUES TO CLEAR, PLEASE CALL BEFORE 
ORDERING AND FOR MORE DETAILS 

PLEASE TEL: 021 544 6767 
THROUGH YOUR CONTINUOUS AND VALUED CUSTOM, RAY WITHERS COMMUNICATIONS LTD. HAS MOVED AND EXPANDED TO ENABLE US TO OFFER YOU EVEN BETTER SERVICE AND PRICES - STILL WITH THE RAYCOM GUARANTEE, BEST EQUIPMENT, BEST SERVICE. BEST PRICES, BEST BACK-UP, AND PLENTY OF PARKING FACILITIES AND EASIER TO GET TO! WE NOW BOAST THE BEST CENTRAL FACILITIES IN THE COUNTRY, WHY NOT POP ALONG AND SEE THE LATEST TRANSCEIVERS. SHORTWAVE/SCANNING RECEIVERS AND ACCESSORIES? FOR PROFESSIONAL USERS WE OFFER SALES, HIRE, LEASE AND RENTALS OF BUSINESS RADIO SYSTEMS AND CELLULAR TELEPHONES. PLEASE CALL FOR MORE DETAILS. 

NEW PRODUCTS SPECIAL OFFERS YAESU 

NEW 
IC781 

/3[COM, "het rx 

.. 
f 

Come and see the NEW ICOM IC781 
HF Professional transceiver with built 
in Band Scope, Aulo ATU and PSU, 
the new KENWOOD RZ1 Mobile 
Scanner, the new YAESU VHF Base 
Station and Mobile, and the new FOX 
mobile Scanner ... because of our 
purchasing power and overseas con- 
tacts we get the new models first! And 
offer the best introductory prices' 

WHILE STOCKS LAST! NORMAL SPECIAL YAESU FT726 BASE STATION C/W 2MTRS . . . (999 00 (695.00 YAESU YD844A BASE STATION MIC 600/50K (39 95 (19.95 YAESU FT77 5W 120W 1 6.30MHz PA UNIT (14900 (75.00 YAESU HORN RELAY ALARM UNIT WITH 555 . (12 50 (4.50 ICON ICA2O AIR BAND CAA APROVED H/H (429 00 (379.00 ICOM ICA2 AIR BAND CAA APPROVED H/H (399 00 (279.00 
KENPRO KT400EE 2W UHF H/H C/W CHARGER (27900 (199.70 
COLOUR -ROTA 40KG ROTAT09 3 CORE CABLE (45 00 (37.50 
Please ask for our SPECIAL OFFERS LIST. USED LIST. SCANNERS LIST. and LATEST PRODUCT 
NEWS Please send a large S A £. 

BASE STATIONS 
YAESU F1767GX RWC/MK2 ALL MODE/BAND BASE ST ÁT109 (1499.00 YAESU FT767GX RWC/MK2 AS ABOVE C/W 2 OR 6 METRES . £1590.00 YAESU FT757GX MK2 MODEL WITH IMPROVED FEATURES . (895.00 
YAESU FT726R MULTI -BAND MULTIMODE SPECIAL OFFER (695 00 
YAESU F174700 NEW MULTIMODE 100W HE TRANSCEIVER POA 
NEW YAESU FT736R MULTIMODE BASE STATION C/W 2 METRES POA 
ICOM IC735 HF HIGH PERFORMANCE MINI HF TRANSCEIVER C892 50 ICOM IC275 25W 2 METRE MULTI -FEATURE SUPERB BASE STATION (949.00 ICOM IC575 1Ow 10 6 6 METRE ALL MODE SUPER BASE STATION (949.00 
CALL FOR BEST PRICES ON OTHER ICOM ANO YAESU BASE STATIONS 

ANTENNAS & ACCESSORIES 
NOW AVAILABLE AT RAYCOM. CUSCRAFT, 
BUTTERNUT, HY-GAIN ANTENNAS, JAYULAM, TONNA, 
MET, HAM -M ROTATORS, Call for lull details. paces. 
availability and delivery costs. 
ICOM AH7000 SUPER 2501300MHz DISCONE £79.50 
G5RV HALF SIZE HF ANTENNA ready to use £16.50 
G5RV FULL SIZE HF ANTENNA ready to use ... f 18.50 
G8KW-TYPE 7.1 MHz TRAP DIPOLE KIT S0239 £24.50 
G8KW-TYPE as above for use with 300 OHM £23.50 
G8KW-TYPE 2X 7.1 TRAPS ONLY LESS CABLE £9.95 
RAYCOM AIRBAND-VHF SIX ELEMENT DISCONE (12.50 
RAYCOM DISCONE VHF 60-600MHz 8E.80239 £29.50 
SUN KG209 SE2 5/8 MOBILE TILT -OVER 259 £14.50 
RAYCOM CAST GUTTERMOUNT C/W S0239/COAX (8.50 
GAMMA TWIN 2 METRE SLIM JIM KIT me instr £14.50 
RAYCOM/RWC HB9CV 2 METRE 2E MINI BEAM f12.50 
RAYCOM/RWC H89CV 70CM 2E MINI BEAM £8.95 
The above popular products POST FREE. 

SCANNERS 

Bearcat 
by iinhhfl 

UBC 175XL 

RAYCOM ARE TRADE AND RETAIL 
DISTRIBUTORS FOR THIS SUPERB 
RANGE OF QUALITY SCANNERS. 
THE POPULAR UBC 100XL HAND 
HELD HAS SOLD IN THOUSANDS, 
BUT IS NOW COMPLIMENTED BY 
THE UBC 70XCL POCKET SIZED 
HANDHELD ALSO THE NEW 
COST EFFECTIVE UBC 50XL 
HANDHELD. SEE THE NEW 
MODELS IN OUR SHOWROOMS 
OR SEND A S A E. FOR DETAILS 
FROM £99.50 

2 aa.T, 

UBC 100XL 

SCANNERS 
YAESU FRG960C horn the company wno specialises n fining extra options. 
as suppled to Gc+rernmenl departments and professonal bodies We also 
upgrade existing models, please call for more details prices. delivery and 
information 
Yaesu FRG9600 Basic Model Improved 'S' Meter Sent (465.00 
Yaesu FRG9600 RWC Mk2 60-950MHz N Connector Fitted (495.00 
Yaesu FRG9600 RWC MK3 HE 100KHz 950MHz plus Mk2 Spec (595.00 
Yaesu FRG9600 RWC Mk5 HF 50KHz 950MHz Active Mixer (625.00 
loom ICR7000 25111.2GHZ superb quality professional Fix (859.00 
Icom ICR7000 AH7000 Receiver plus Matching Discone (937.50 
Kenwood RZ1 New 25-905MHz Mobile Wide and Narrow AM 'FM POA 
Fax VHF -UHF Multi Function Mobile Scanner FM only f 139.00 
Umdemeearcat BBC 50XL VHF.UHF 10th H held Scanner (99.50 
Un,denBearcat UBC 10XL VHF -UHF 20th Mmlature H'held (199 00 
Under Bearcat UBC 100XL VHFUHF-Airband H/held Scanner (189.00 
Uniden Bearcat UBC 175XL VHFUHFAuband Des', Top (175 00 
13J200 Mk2 VHF UHF.Auband.Mddary Airband H'held £220.00 
AOR 2002 25 550, 800.1300MHz Desk -Top Mobile AM/FM (469.00 
Sony Au 7 Top Quality VHF-Auband Handheld Scanner (245.00 
Package deal on above Mk3/5 FRG9600 c/w AH7000 drscone, G5RV PA4 
AC PSU, complete receicing station HF-UHF including delivery UK mainland 
Add ( 100 CO to above price 
PACKAGE DEAL AVAILABLE ON ALL MAKES 
SHORT WAVE RECEIVERS 
Yaesu FRG8800 Short Wave 100KHz-30MHz all Mode Mem (563.00 
Yaesu FRG8800'FRV8800 as above with VHF Cons fitted (679.00 
corn ICR/1 HF Top Grade Communications Receiver £799.00 
Sony PROBO HF 'VHF Handheld Scanner c/w accessories £345.00 
Sony 2001 D Short Wave Airband DEI IIXF RX with ANI kit £395.00 
Many more makes and models In stock. PLEASE CALL FOR PRICES 

DELIVERY COSTS and any advise or Information, or send large SAE (Insured 
post and packing ( 10.00 Carrier f12 501. 

SONY RAYCOM now appointed 
official Sony dealers, full range 
of both professional and 
domestic models available 
to order. 

FT767_" 
MK2 
GX 

WC _, ),#/yI r-/ 
YAESU L ` 

Raycom offer our own improved version 
of this fabulous HF-UHF transceiver, we 
fit a small SMD chip component mod 
board in the VCO to improve the RX 
dynamic range by up to 20dB FOC when 
purchased new from us. If you are lucky 
enough to own the FT767 already, send 
your unit * 159.50 and we will fit It for 
youl (inc. return carnage). Also available 
at some Yaesu dealers. YAESU HAVE 
ADOPTED OUR UP -GRADE IN CUR- 
RENT PRODUCTION MODELS. 

HANDHELDS 
= Extended Receiver coverage available, call for details 

YAESU FT727R/FNB4A 2 5v. 5W I DUAL BANDER C W CHRGR (395.00 
'YAESU FT23R, FN810 2 5 . 15W 2MTRS C, W CHARGER 
'YAESU FT73R 'FNB10 2 5W r5W170CMS C 0 CHARGER 
'ICOM MICRO 2E 2 5W 2MTR HANDHELD WITH CHARGER 
CTE16C01SAME AS ICOM IC2E1 C, W NICAD CHARGER 
Many other types of handheld docked, please enquire 

PORTABLES 

(249.00 
f259.00 
(209.00 
(179.00 

FT29ONMK2 2 5W MULTIMODE STANDARD ACCESSORIES (399.00 
FT290RMK2 2 5 WATT M M AS ABOVE C/W NICADS CHRGR (425.00 
FT29OFMK2 FL2025 IST01 WITH 25W LINEAR AMPLIFIER (395.00 
FT690FMK2 6MTR 2 5W MULTIMODE STANDARD ALCES . (429.00 
FT690RMK2 6MTR 2 5W M/M AS ABOVE C W NICADS CH (425.00 
FT790PMK2 NEW 70CM 2 5W MULTIMODE DUE OUT SOON (499.00 

MOBILES 
YAESUFT211E 45W 2MTR MOBILE WITH FREE 

1/4 WIVE ANT 1299.00 
VAESU FT212RH NEW 45W 2MTR MOBILE DVS FEATURE OPT (349.00 
ICOMIIC28E 2MTR 25W MOBILE WITH FREE 5/8 ANTENNA 1359.00 
Many other types and makes stocked, please enquire 

Opening hours 9am-5.30pm 6 days, late nights 
Thursday & Friday till 7pm. 

Official orders welcome. 

G G 

0, 

INrrERNATI°IIAL== 
GUARANTEE' 

BEST PACES '. 

' FMLPI10k 

BEST SERVICE r 

BEST PRODUCTS 

BEST BACK-UP-' 
v o , 

FtAYCOM COMMUNICATIONS SYSTEMS LTD. 
INTERNATIONAL HOUSE, 963 WOLVERHAMPTON ROAD 
OLDBURY WEST MIDLANDS B69 4RJ 
Telephone 021 544 6767. Fax 544 7124. Telex 336483 Identi-G 

ELECTRONICS & WIRELESS WORLD April 1988 

11NTEIt 57 ON ItEI'LY CARD 

401 



INDUSTRY INSIGHT 

operating at 600 bits per second between the 
mobile. the satellite, and the receiving/ 
transmitting earth station. One of 211 earth 
stations reformats messages into the chosen 
mode and transmits over the international 
telecommunications network to their des- 

tination. 
The mobile equipment is tiny with the 

electronics unit itself no larger than the 
average car radio and a simple, omni- 
directional antenna which could he flush - 
mounted or even hand-held. Its power re- 

quirements are minimal. Standard -C could 
he easily titled to any vessel, vehicle or into a 

lightweight. portable briefcase or backpack 
unit. And with an RS232 interface it can 
work with personal computers, keyboards. 
printers and telex machines. as well as with 
automatic sensors. 

The vehicle used so far in the trials is a 

Toyota Spacecruiser van fitted with an EGC 
terminal manufactured by Thrane & Thane 
of Denmark. EGC. or Enhanced Group Call. 
is in fact a receive -only Standard -C designed 
for the distribution of marine safety and fleet 
management information. The antenna was 

mounted on a roof rack giving it a height 
above the road of approximately two metres. 

Experimental results 
Receiving continuous Standard -C messages. 
the mobile terminal is programmed to pro- 
vide a printout approximately every 15 mi- 
nutes. from which is calculated the number 
of received error -free frames per 100 trans- 
mitted. In addition. a lap -top computer 
connects to the receiver so that frame -by - 

frame results can he compared in real time 
to the environment. 

The different landscapes encountered in- 

cluded many potential obstacles to a satellite 
communications link. \mong those com- 
mon to most principal routes were bridges 
and interchanges, landscaping. overhead 
lighting and gantries. tunnels. passing 
trucks and land barriers like mountains and 

places where roads have been cut into 
hillsides. 

The most encouraging aspect of the re- 

sults was that most of these potential obsta- 
cles seemed to have little or no effect on 
system performance. Because the Standard - 
C signal is based on an interleaved 8.64 

second frame that can cope with maritime 
fades exceeding one second at a cruising 
speed of 90 km/h. very few of the obstacles 
caused packet loss. 

"I he major loss of frames was due to 
tunnels. passing trucks which can obscure 
the satellite for periods longer than one 
frame and obscuration by land. With a 

higher. truck -mounted installation, per- 
formance would he improved. Nonetheless. 
on the open road reception was always well 
over 90% and often much higher or even 
perfect. 

The fact that reception was sometimes 
less than perfect may not he particularly 
important because the trials were conducted 
using receive -only equipment. \\'ith a 

Standard -C terminal. which is expected to be 

a standard fitting for land mobile applica- 
tions. the transmitting station is sent con- 
firmation by the mobile of any messages 
successfully received. 

In the absence of this acknowledgement. 
the message will he retransmitted several 
times. Thus the reception of Standard -C 

messages. regardless of terrain, is expected 
to he I(10'í,. If at the end of this sequence. 

1 

- - 

This Standard -C electronics unit measures 73 x 214 x 279mm and weighs in at 2kg. Any 
computer or printer with RS232 interface can be used. Inmarsat say that the cost of 
equipment will be less than US $5000; in full production it should be much less. Makers 
will he Racal, Danish company Thrane & Thrane, JRC in Japan and Sperry in USA. 

there is still no acknowledgement. the send- 
ing party is informed that the message was 
unsuccessful. 

First trials with a Standard -C transceiver 
are scheduled for this March when Inmarsat 
takes a mobile home equipped with Racal 

terminal on a tour of Italy. West Germany 
and the UK. Commercial service is expected 
in the autumn of next year. 

WHAT IS STANDARD -C? 

Essentially the Inmarsat Standard -C 

earth station is a fully digital microwave 
terminal featuring transmission and re- 
ception at a data rate of 600 bits per 
second throughout the hands designated 
for maritime communication (1.530- 
1.545 G1-Iz downlink, 1.6315-1.6455 GHz 
uplink). To achieve this. it uses a system 
comprising five basic modules that fit 
into a package about the size of a car 
radio and which weighs less than 10 

pounds. 
Those five modules consist of a front 

end for signal reception and emission, a 

demodulator and decoder module for 
received messages, a modulator and en- 
coder module for messages to be trans- 
mitted, an access control and message 
handling processor and user interface. 

Signals are coded in a 12(10 symbols - 
per -second format which corresponds to 
a transmission rate of 1200 bit/s hit -for - 
bit redundancy at the system's 600 bit/s 
data rate. In addition, data is interleaved 
to facilitate correction should the signal 
he subject to any fading during recept ion. 

Data transmitted to a Standard -C earth 
station is initially received by a non - 
stabilized omnidirectional antenna with 
a minimum gain over noise temperature 
figure (G/T) of -24 dB/K amplified, 
demodulated, de -interleaved and de- 

coded into a standard \SCII message. 

After transfer to a minimum capacity 32 
kilobyte buffer memory in the system's 
access control and message handling 
processor. the message is transferred to a 

data terminal by way of a standard 
RS232 -C interface. The user is free to 

choose any kind of data terminal; in the 
case of the Inmarsat prototype, a com- 
mercial lap -top computer with liquid - 
crystal display was pressed into service. 

After outgoing messages are composed 
on the chosen equipment, pressing a 

transmit button sets into motion an 
interleaving, coding and modulating pro- 
cess the exact opposite of that used for 
reception. At the front end, the signal is 

amplified to 20 watts before transmis- 
sion. A synthesizer automatically tunes 
the earth station in 5 kHz increments 
throughout the band for both transmis- 
sion and reception. 
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AC POWER FROM 
DC SOURCE 
DC -AC INVERTERS 

s 
S..x..-1.- 

SINE/SQUARE WAVE 
INVERTERS 

30 to 2000 VA, 50 (or 
60) Hz, 115/230V, single 
phase AC. From 12, 24, 
50, 110 or 220 Volts DC. 

Valradio Transvertors are being used all over the 
world to provide alternative AC Power for Standby 
purpose, Vital Services, Mobile, field, Marine, 
Laboratory, Computer, Alarm, Communications, 
Medical, Control and Industrial applications including 
Video, TV, Camera, Hi -Fi etc. 

OTHER PRODUCT RANGE 
DC -DC Converters Battery Chargers 
AC -DC Power Supplies Standby/UPS Systems 
AC -AC Frequency Changers Line Conditioners 

THE POWER FOR YOUR BUSINESS 

'7. 
50 YEARS OF EXPERIENCE 

IN POWER CONVERSION 

VALRADIO POWER LIMITED 
LAWRENCE ESTATE, 
GREEN LANE, HOUNSLOW, 
MIDDX TW4 6DU, UK 
Tel: 01-570 5622 

ENTER 30 ON REPLY CARD 

M & B RADIO (LEEDS) 
THE NORTH'S LEADING USED TEST -EQUIPMENT DEALER 

SPECTRUM ANALYSERS 
HP 8444A Tracking Generator O5GOP £1,200 
HP 85588.1 to 1500 MHz 182 Frame £4,750 
HP 141T 8554L 8552A 1250MHz £2.950 
Tektronix 491 1 5 to 40 GHz £1,000 

OSCILLOSCOPES 
Ouanhty of Cossor COU150 Compact Solid State 
Oscilloscopes Dual Beam 35MHz with delayed time 
base with probes. Each one tested and checked for 
calibration £175 
HP1741A 100MHz storage 
HP108A Dual Beam 50MHZ 
Philips PM3267 100MHz 
Telequipment D83 50MHz DR 
Telequipment D75 50MHz 
Telequipment D54 15MHz 
Telequipment D67 25MHz D. B 
Telequipment D61 
Textron 442 30MHz 
Textrorlrx 465100MHz 
Textronix RM529 Waveform Monitor 
System Video Pal Vector Scope 
HP 182 Main Frame 

£800 
£275 
£700 
£325 
£250 
£140 
£185 
£150 
£325 
£650 
£185 
£600 
£350 

SIGNAL GENERATORS 
Marconi TF201511 TF2171 Sync 10 to 520MHz 

£675 
Marconi TF2016 TF2173 Sync 10Hz to 120MHz 

£475 
Marconi TF 1066/8 10-470MHz AM FM £175 
Marconi TF 144IH 10Hz 72MHz £75 
Marconi TF1064815 68-4 70MHz £100 
Philips PM5234 100KHz-11OMHz £375 
Marconi TF2333 Transmission Test Set £350 
Feedback FG600 Function Generator £80 
Lyons PG73N Bi Polar Generator £85 
HP202C LF Oscillator £95 
HP 8620A Sweep Generator 1 2 to 12GHz £3,000 
HP331 IA Function Generator £175 
HP333A Distortion Analyser £350 
Marconi TF2330A Wave Analyser £300 
Levell TG200B RC Oscillator £40 
HP654A Test Oscillator £495 
Fluke 6160A Freq Synthesizer £275 
Texscan WB11 500MIIz Sweeper £475 
Radford LD02 DMS2 The Pair E235 
Marconi TF2012 400 to 520MHz £175 
Tektronix 184 Time Mark Generator £175 

GENERAL TEST EQUIPMENT 
HP 1600A 1607A Logic Analyser 
HP 1600A Logic Analyser 
Gould LAS00 50MHz Logic Analyser 
Gould 0200 Biomation Logic Analyser 
HP 1601 A Logic Analyser Plug in 
HP 8170A Logic Pattern Generator 
Data Lab DLGOS Transient Recorder 
Marconi TF2300 Mod Meter 
Marconi TF2300B Mod Meter 
Marconi TF2700 LCR Bridge 
Radiometer MM2 LCR Bridge 
Marconi TF1313A 1% LCR Bridge 
Marconi TF 1245,1246 0 Meter 
Bird Termaline 6254 100 NW 30/500MHz 
Marconi TF2501 RF Power Meter 
Marconi TF6460-6420 Head 
HP141 A Storage Main Frames Good Tubes 
Forrograph RTS2 Audio Test Set 
Kerco Bipolar PSU 20V -220V 20A'20 
HP3400A RMS Voltmeter 
HP400EL Voltmeter 
HP3403C True RMS Vohmoter 
Racal Dana 9915M 
Racal Dana 9917A 
Racal Dana 9916 
HP 5381A 80M112 Counter 
IIP 5300A 5304 Counter 
Schlumberger 7201 Locators 
Schlumberger 4980 ATT 
Brandenburg Alpha 30Kv PSU 
HP8052 Sound Level Meter 
Marconi TF1026 Freq Meter 500/1000MHz 
Racal RA17 Communications Receivers 
500 Kcs to 30MHz Checked 8 Tested 
Eddystone EC958 
Eddystone UHF 9905 

£550 
£350 
£750 
£200 
£375 

£1,250 
£150 
£200 
£400 
£150 
£175 
£200 
£195 

£75 
£135 
£450 
£120 
£250 
£200 
£325 
£200 
£650 
£200 
£235 
£225 
£175 
£195 

2 Pods New 
£250 
£150 
£100 

£15 

£145 
£375 
£175 

Tektronix 7603 Main Frames In stock with 
various plug ins. Phone for quote 

SPECIAL OFFERS 
60/40 Solder 85441 22swg 18swg t 2Kg 
AVO8 Multimeter Tested 
Farrell E30 Bench PSU 0-30v SA CL 
Revox A77HS Tape Recorders Stereo 
Bradley CT471 Electronic Meters to 1GHz 

ALL PRICES PLUS VAT AND CARRIAGE 

86 Bishopgate Street, Leeds LS1 4BB. 
Tel: 0532 435649 

£5.50 
£55 
£25 

£250 
£25 

Total 
confidence 

is what you'll derive from 
Schlumberger's new 7150plus 6Y2 digit DMM .. . 

... because its components are specially chosen 
for performance and reliability and it is tested to 

military standards 
... because you'll readily master its 
comprehensive range of facilities 

. because it will meet all your measurement needs 
with outstanding accuracy and sensitivity 

... and because, to underline our own total 
confidence, it comes with a two-year warranty. 

1 

Schlumberger Technologies 

Instruments 

Schlumberger-Solartron 
Victoria Road, Farnborough, Hampshire GU14 7PW, England. 

Telephone: Farnborough (0252) 544433 
Fax: Farnborough (0252) 543854. Telex: 858245 Soltar G 

C:ables: Solartron Farnborough Hants 
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The Circuit Designer's 
Dream .. 

/ dreamt that the 
computer was laying the 
tracks automatically - 

right there on my /BM PC 
screen... 

/ dreamt that the 
computer was drawing 

perfect schematic 
diagrams for me .. . 

. , becómes a reality! 
The PROTEL family is the answer to all these 

dreams - at prices you can afford! 

When you look at its price, specification and 
ease of use, it's not surprising that PROTEL 
is fast becoming a world standard for LOW 
COST PROFESSIONAL CIRCUIT DESIGN 

CAD on any IBM PC or compatible. 

TRY FOR YOURSELF! 
For £25 per program you can try our "full 

facilities" evaluation packs. 

I dreamt 
thatter 

was drawing 

cerféct pC6 artwork for me.OD - e5 
rn 

bey°rn 
The dreg Prote1 

pity 
with aeon 

reality 
Engineering Solufons limited 
King's House, 18 Kings Street, 
Maidenhead, Berks. SL61 EF 

Tel: (0628) 36052 Telex: 849462 Fax: (0628)74928 

ENTER 6:3ON I0:1'1.1' ('Alit) 

COMMUNICATIONS 

PCB 

0 
o 

ENGINEERING 
SOLUTIONS 
LIMITED 

COMMUNICATIONS BAROMETER 
A ten-year look back on communications 
topics from the IEE's information services 
database, prepared exclusively for Industry 
Insight, shows the relative activity in areas of 
communications technology. Four areas - 
computer communications, fibre optic links. 
satellite communications and mobile radio - 
lead the field in electronic communications 
activity, pushing videotext, electronic mail 
and videoconferencing into the background. 
Videotext in fact registered 4,212 references. 
though last year's total of 436 papers was 
only half the peak activity of 1984 (831). And 
it's not really surprising that ISDN followed, 
with only 2,745, since it only became an 

issue in the eighties. 
That is if the Inspec database is anything to 

go hy. The source material for the database is 

the 4000 scientific and technical journals 
and 1000 conference publications scanned 
regularly by Inspec staff, and which pro- 
duces about 250,000 new entries every year. 

The database can be reached directly 
on-line by terminals connected to the public 
telephone network, or through ten on-line 
services around the world. For details of 
Inspec and how to consult the database. 
contact Inspec Marketing. IEE, Station 
Road, Nightingale Road. Hitchin, Ilerts, tel. 
0462 53331. 

2,000 Computer communications 
1.662 

1,500 
1.437 1,427 

1,05a , 

- 1000 

500 

637 

361 
489 

621 
i 

W N D 
co. 

' 

Optical links & equipment 
1,500- 

a. 1,122 1.219 
1,368 

2 
1000- 834 808 347 

z 
50°- 

611 532 

1 D, 
a 

Lb000 

- 

z 500- 

o 

0 

Satellite relay systems 1,223 

818 423 1194 925' I' 

664 585 

Mobili radio systems 

463 496 
359 350 

583 482 541 

1978 1979 1980 1981 1982 1983 1984 

1,062 

2,029 

1,761 

Total 
11,478 

1,821 

1,526 

1,362 
1.143 

738 798 

537 I 

1 

Tota 
5,34 

1985 1986 1987 1 

404 ELECTRONICS & WIRELESS WORLD April 1988 



r4-` 1 aaa+irx. 

NEW B051 DEVELO MENICARD 
The new Cavendish Automation development card carries a full symbolic Assembler and text editor 
as well as the MCS-BASIC 52 package. It will allow the user to write applications programmes in 
either BASIC or Assembler. 
The text editor supports ORG, LOC, HIGH and LOW directives as well as the current location ($) and 
the + and - operators. Full source text editing is included, and the source file as well as assembled 
code may be blown into PROM/E2PROM on -card. A powerful feature of the system is that a function 
library of over 60 routines within the interpreter may be accessed using assembly language CALL 
instructions, enabling simple negotiation of floating point, logical operations, relational testing and 
many other routines. 
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Ida FEATURES: 

Only requires +5V supply and 
] dumb terminal 

Save assembled code or source 
text in PROM on -card 

Card I/O includes 9 x 8 -bit ports 
and 2 serial lines. 

Very fast interpreter 
specifically written to access 
capabilities of '51 Family 

32K user RAM, 16K user PROM 
(RAM jumpered to access code 
or data space) 

Card supported by over 50 
other types of CA I/O and CPU 
target cards 

So, for professional implementations at super -low cost, call us on (0480) 219457. 
Cavendish Automation, 45, High St., St. Neots, Huntingdon, Cambs PE 191 BN. Tel: 0480 219457. Telex: 32681 CAVCOM G. 

ENTER 21 ON REPLY CARD 

ALL THE SCOPE YOU MAY EVER NEED 
ON PAPER! 

We are not decrying today's excellent test instruments but we think you ought to know 
1. No longer must you watt until a circuit Is built before you can test it and 
2. No longer must you wait until it is in production before you can sample its 
behaviour statistically. 

Waveform through switching circuit Effect of component tolerances in a filter 

Those Engineers have always offered the highest performance in analogue circuit 
simulation. The latest version of ECA-2 is stacked even higher with useful features (fully 
programmable signal generator, Monte Carlo and Worst Case tolerance analysis, Fourier 
analysis of transients) and is up to four times faster than before. Circuits of over 500 
nodes and 2500 components can be modelled. Its non-linear representations allow 
switches, diodes (including zeners). JFETs. MOSFETs, BJTs. SCRs. discharge lamps. 
motors and etc to be modelled complete with any saturation characteristics. Transducers 
and signal conditioners can also be modelled using polynomial functions. Most 
importantly, despite its capabilities. ECA-2 is easy to use and user-friendly. Interlaces are 
now available to schematic and PCB design software 

WI 
' I 

Infernal generator programmed to produce sine Waveform through modulating circuit with 
wave with exponential amplitude decay offset 

If you would like to see how easy it is to debug your designs on paper for less than the 
cost of many a 'scope, phone us for a free IBM PC compatible demonstration disk. 
COMING SOON: GES1 graphic entry system, LCA1 logic circuit analysis. 
Please send for details. 

Tho . 
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FIBRE-OPTICS EDUCATOR 

Versatile training 
equipment for 
education and 
industry. 

FIBRE -OPTICS POWER METER 

deán 

O -Q. 

dBm and µW 
scale; battery life 
500 hours. 

FIBRE -OPTICS MONITOR 

For continuity 
testing and voice 
comms. 

For further details contact: 

. ; n 

" é ,T u \ .' S ` \ \\ 

ELLMAX ELECTRONICS LTD., 
Unit 29, Leyton Business Centre, 
Etloe Road, Leyton, London, E10 7BT. 
Telephone: (01) 539 0136. 

(ELLMAX\ 
\ ELECTRONICS/ 
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Pioneers 
16. Charles Kuen Kao, 

father of optical fibre communications 

W.A. ATI IEIZTON 

;- 

11M,. 

,.= 
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/ 
n an age when satellite 
communications appear } 
dominant it may come as a 

surprise that the cable -laying 
ships are at work in the Atlantic 
once again. following in the wake 

of the Great Eastern which laid 

the first successful Atlantic cable 

in 1866. 

But optical fibre cables provide vastly more 

information -carrying capacity than conven- 

tional copper cables. They hold out the prom- 
ise of the "fihred society". That is how many 

engineers see the near future, not least 

Charles K. Kao. 
Until 1966, and the publication of Kao's 

paper written jointly with George I-lockham 
on the possibilities of optical fibre com- 
munications, the business of communica- 
tions was firmly limited to copper cables and 

the airways. That paper opened up a whole 
new world. 

If an optical fibre with an attenuation as low 

as 20dB/km could be achieved. wrote Kao and 

I lockham. then optical cable communica- 
tions would he feasible. Whilst existing figures 

were of the order of thousands of decibels per 

kilometre, they showed that. at least in 

theory, the 20dB figure was far from impossi- 
ble. Four years later, Corning Glass in Amer- 
ica achieved it and further reductions came 

quickly. Fibre -optic communications hecame 

a reality. 

^t i 

CHINA INA 

Charles Kao was horn on 4 November. 1933, 

in Shanghai. It was an ominous time and 

place to start life. Just two years earlier Japan 

had embarked on the conquest of Manchuria 
and the arrival of Japanese troops at Shanghai 
in January 1932 posed a threat to foreign 

concessions in China. The French concession 
in Shanghai, which was where the Kao family 
lived, was occupied after the attacks of 8 

December, 1941 on Hong Kong. Malaya. the 

Philippines and Pearl I -harbor. Against this 
background Charles Kao spent his childhood. 

After the war the family moved to I long 

Kong where British rule had been re- 

established. There. at St Joseph's College. Kao 

continued his secondary education. It was also 

at school (either there or in Shanghai) that 
Kao Kuen was given the name Charles, it 

being a common practice to give Western 

names to children learning English. 
"The period up to around 1954 was a 

carefree time for learning in a congenial 
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Before the optical fibre era: heavyweight 
cable -laying in 1914 (STC). 

environment at an Anglo -Chinese Catholic 
school in Hong Kong'. says Kao*. "The 
excellent education provided by the good 
teachers obviously gave me a very sound 
foundation in life." 

For a sixth -form education, however, he left 

I long Kong for London where he took A -levels 

at the Woolwich Polytechnic. This was fol- 
lowed by further study at the polytechnic for a 

University of London B.Sc. degree in electrical 
engineering which he received in 1957. 

Kao then joined Standard Telephones and 

Cables Ltd (SIC) at Harlow in Essex as a 

graduate trainee. Subsequently he became a 

research engineer at their laboratories (STL1. 
STC was then part of the ITT Corporation. and 
Kao spent much of his working life being 
promoted around one or another part of the 

ITT empire in Britain, America and Germany. 
From 1961 to 1965 he studied for a Ph.D. at 

University College, London, whilst still em- 
ployed by STL. 

This easy movement around industry and 

between industry and university has been a 

characteristic of his life and one which he 

favours. From 1970 to 1974. whilst on "de- 

tached service" from STL, he was chairman 
and professor of the electronics department at 

the Chinese University of I long Kong. There- 

after, at ITT's electro -optical products division 
in America. he rose to become chief scientist 
and director of engineering before moving to 
ITT's world headquarters as executive scien- 
tist. He even found time to spend a year at 
I'fl"s Standard Elektrik Lorenz subsidiary at 
Stuttgart in West Germany. 

On 1 October last year he moved from ITT's 

Advanced Technology Centre in Connecticut 
hack to the Chinese University of Hong Kong 
as vice-chancellor. One wonders what. at the 

age of 54, he will do next. 
Whilst researching this article I asked 

*Private communication. 

Professor Kao whether he 
thought it important for uni- 
versity staff to move between 
academia and industry. He 

recommends it "if chance per- 
mits", and stresses the benefits 
of being involved in both 
teaching and administration as 

well as industrial activities in- 
cluding management. He writes from per- 

sonal experience when he says, "These are 

ideal preparations to broaden one's perspec- 

tive". This is a striking contrast to what is 

often seen as the career structure of en- 
gineering academics which frequently goes 

from student to research student to lecturer. 

STC 

Telecommunications technology owed no- 
thing to optical waveguides when Charles Kao 

joined STL in 1960. Through the 1950s the 

task had been to establish major transmission 
systems to cater for the increasing telephone 
traffic. As the new decade got under way 

research was aimed at establishing a long- 
distance microwave system using circular 
waveguides. Operating at millimetre 
wavelengths, this was seen as the big hope for 
the future as it would provide a very wide 
information bandwidth for telecomms traffic. 
Putting it into practice. however. was tech- 
nically demanding. 

However, not everyone at STL was working 
on millimetre microwaves. A research team 

led by Alec Reeves (inventor of pulse -code 

modulation) was studying a futuristic project 
to modulate the light output of hollow - 
cathode discharge lamps and find a way of 
guiding the light along the desired path. The 
opportunity offered by the wide bandwidth of 
optical communications was recognized. I low 

to realise it in practice was not. Then in 1959 

along came the laser. 
"The subsequent invention in 1960 of the 

semiconductor laser light source." says Kao. 

"with its small size, ease of modulation, high 
output power, and prospective long service 
life really brought home the possibility of 
optical communication." Work began in ear- 

nest in Britain. Germany, France, Japan and 

the USA. 
The prohlem definition was one with which 

telecommunications pioneers have been long 
familiar: to improve the signal source, identity 
the best transmission medium and make a 

better detector. E.H. Armstrong. A.C. Bell. 

Lord Kelvin. Charles 1Wheatstone. Samuel 
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N orse and even Stephen Gray back in 1729 

had all battled with the same basic problem. 
No doubt a century from now others will be 

doing the same. 
When the semiconductor laser arrived the 

previous favourite, the circular millimetre 
waveguide. faced an immature but lethal 
challenger. 

Free air was the original idea for the 

r 

.. 
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a1't 

transmission medium; hut this suffers from 
bad weather and air density changes. Guided 
waves were soon considered, hut just how to 
guide them was the question. 

One method that people considered was to 
guide light waves through cylindrical pipes 
whose internal surfaces had been smoothed 
and given a highly reflective coating. Another 
idea was to guide the light along a straight 
path by using lenses arranged at regular 
intervals to refocus the light. Attempting to 
see the difficulty of a problem in retrospect. 
when one already knows the solution, is far 
from easy. As Kao has put it. "A good and 
convenient transmission medium was not 
obvious". 

Kao was assigned to work with others on 
optical communications in 1963. By the 
following year it was apparent that "dielectric 
waveguides" (i.e. solids rather than pipes) had 
some potential advantages. They would be 

small, immune from atmospheric disturb- 
ances, and they might take light round cor- 
ners without mirrors. 

By that time, glass -fibre light conductors 
were available. Bundled by the hundred or 
thousand they could give small-scale illu- 
mination and convey images if arranged in a 

two-dimensional array. Later they were also 
used for ornamental lamps. 

These light conductors had a transmission 
loss of about 3dB/m and that high loss was one 
of the main problems. They were made with a 

large circular -cross-section core with a con- 
centric thin cladding around it. The refractive 
index of the cladding was much less than that 
of the core. That was tine for the applications 
so far, but was it the best arrangement for a 

communications cable? 
These material and structural problems 

were the ones that Kao was addressing to- 

wards 1965. "What are the loss mechanisms 
and can these mechanisms he totally re- 
moved?" is how he has expressed the problem. 
"It appeared that no one had really asked this 
question before. 

As work progressed. the worst absorption 
\vas found to he caused by impurities in the 
glass, especially iron. Happily the theoretical 
limit of scattering loss appeared to be only 
1dB/km with a wavelength of lm -a lot less 

than the 1000áB/km or so achieved in prac- 
tice. "As I probed each point deeper the answer 
almost invariably was incomplete." 

By the end of the year there was enough 
information to go into print and Kao wrote a 

paper jointly with fellow research engineer 

J 

Above: Professor Charles Kao (STC). 

Main pictjre: laying TAT -8, the 280Mbit/s 
Atlantic optical cable (BTI). 

George Hockham. "Dielectric -fibre surface 
waveguides for optical frequencies" was pub- 
lished in the Proceedings of the IEE in July 
1966. It concluded that "a fibre of glassy 
material constructed in a cladded structure 
represents a possible practical optical wave - 
guide with important potential as a new form 
of communication medium". 

The promise of greater information capac- 
ity and lowered costs has been fully realised in 
the years since 1966 and Charles Kao still 
burns with enthusiasm for the unfolding 
potential of fibre -optic broadband systems. 

As lesser mortals enjoyed the World Cup 
football finals that summer, others were 
becoming equally, if not more; excited by the 
revelations given in the Kao and Hockham 
paper. The required fibre had been described 

and a target figure for the loss had been set at 
20áB/km. The figure was, said the authors, 
"difficult but not impossible". 

The paper had been reviewed for the IEE by 
John Bray, then director of research at the 
British Post Office research station. He initi- 
ated research at the Post Office laboratories 
(now British Telecom) and gave the lead for 
others to follow. Meanwhile Kao had estab- 
lished contacts with other researchers in 
Britain and Germany and had visited the 
United States and Japan. 

In 1970. just four years after publication of 
the paper, Corning Glass in America achieved 
the target of 20dB/km. By 1976, 1dB/km had 
been reported and the first experimental 

optical fibre telecommunications systems 
were in operation. In all it has taken about 20 
years to go from concept to large-scale ap- 
plication, and 25 years to the laying of an 
Atlantic cable. 

TI IE FUTURE 

Charles Kao has received honours from 
around the world for his work on optical fibre 
communications. He has published hooks on 
the subject and many papers and holds around 
30 patents. Ile is ven' firm in his view of the 
bright future that optical fibre communica- 
tions offers to an 'information society' hungry 
for voice, data, television and other com- 
munications. 

Before leaving 1TT's Advanced Technology 
Center to go to the Chinese University of 
Hong Kong he headed a widespread team 
seeking to achieve communication band- 
widths measured, not in megabits per 
second, hut in terabits per second (1012hit/ 
s). "These days", he said in an interview. "the 
opportunities to do research are great... the 
more we discover new things, the more we 
find that we have bits and pieces that we're 
not too sure of." 

He sees optical fibres as vital to our future 
society and says, "I will be happy to be a 

participating member of that fibre society". 

Next: John Randall, Barry Boot and the cavity 
magnetron. 

Tony Atherton works at the IBA Harman 
Engineering Training College, Seaton, De- 
von. His book, From compass to computer, a 

history of electrical and electronics engineer- 
ing, is available from Macmillan in paperbacti 
at £11.50. 
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High power bench PSUs from 

KENWOOD 

~PO 

r 

Current to 30A, voltage to 110V 
Wide model range, 22 versions 
Analogue or digital meters, rack mount 

The TRIO connection. Trio is a trade name of the giant Kenwood 

Corporation of Japan. The well known family of Trio test equipment now 

carries the Kenwood logo. 

Let us send you data on the product featured above and update 

you on the extensive Kenwood instrument range. 

IIIThurlby I 
T 

St.hurlbyIves, 

ElectronicsHuntingdon.C Ltd., Newombs. Road 

PE17 4BG. Tel: (0480) 63570 

Digital Storage from 

KENWOOD 

10 Mega Samples/sec on both channels 
Stored and real-time waveforms on -screen 
together 
Full cursor measurement facilities 

The TRIO connection. Trio is a trade name of the giant Kenwood 

Corporation of Japan. The well known family of Trio test equipment now 

carries the Kenwood logo. 

Let us send you data on the product featured above and update 

you on the extensive Kenwood instrument range. 

III Thurlby St. 

ThurlbyIves, ElectronicsHuntingdon.C Ltd., Newombs. Road 

y 
PE17 4BG. Tel: (0480) 63570 

ENTER 4:10N REPLY CARD 

MS L's Sales Division would like to talk to you about your cal/repair 
requirements ... We promise not to mention our continued expansion 
- additional approvals - extended capabilities and increased market 
share - unless you particularly ask. We won't mention our BCS, MoD 
or British Standards approvals unless you are particularly 
interested.. 
But we will listen. Call Dave, Peter, Shirley or Brian. 

WILBURY WAY 
HITCHIN 
HERTFORDSHIRE 
Tel: 0462 421234 
Telex: 82458. Fax: 0462 420012 

CALIBRATION CENTRE 

WHITECRAIGS ROAD 
WHITEHILL IND EST. 

And at GLENROTHES 
FIFE 
Tel: 0592 77308 
Telex: 727795 Fax: 0592 75634 

ENTER 67 ON REPLY CART) 

KESTREL ELECTRONIC 
COMPONENTS LTD. 

All items guaranteed to manufacturers spec. 
Many other items available. 

'Exclusive of V.A.T. and post and package' 
14 504 11 501 14 504 

7406 028 020 32 768664 Crystal 0 25 0 16 2764 250 230 
7410244 030 0 21 1 84321.1Hz 095 0 70 27C64 300 2 60 

7415245 030 0 21 2 4576 MHz 075 0 65 2712825 380 350 
82514 1 30 100 3 5795 MHz 050 0 35 27C1213-25 300 2 75 

6809 250 220 4 Meg 0 45 0 35 27í28A 320 280 
6821 1 25 095 4 194304 0 45 0 35 27256-25 3 40 3 10 

6845 250 220 6 Meg 0 45 0 35 62641P-15 290 2 40 

6850 160 140 8 Meg 045 035 622561P-12 750 730 
6502 280 2 40 16 Meg 0 45 035 8749HD B 00 720 
6522P 280 I 85 110-74 150 I 35 2804CPU 085 070 
8031 280 170 1488 025 0 16 2804710 0 75 0 65 
8085 160 0 95 1489 025 0 16 280ACTC 0 75 0 65 
8253.5 190 130 1M2901 080 060 280ADMA 290 200 
8275 250 200 LM2917-8 150 075 7805 030 020 

All memory prices are fluctuating daily, please phone to confirm prices. 

178 Brighton Road, 
Purley, Surrey CR2 4HA 
Tel: 01-668 7522. Fax: 01-668 4190 

QUALITY QUARTZ 
CRYSTALS QUICKLY 

M.P.U. Crystals 

M.P.U. Oscillators II 
10kHz 50kHz 

i 

Our frequency ranges are: 

j 
1 

1 i 1 I I 

100kHz 500kHz 1MHz 
Professional Crystals 

100MHz 250MHz 360MHz 

We also supply quartz crystal filters, 
oscillators of all types and 
communication antennae. 

Webster Electronics 
ILMINSTER SOMERSET TA19905.ENGLAND 
TEL: (0460)57166 TELEX: 46571 FRONCYG 

FAX (0460) 57865 

ENTER 54 ON REPLY CARL) 
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f LEVISION BROADCAST 
Powerful 

solid-state 
One of the most difficult, vet 
pressing, decisions currently fac- 
ing broadcast planning en- 
gineers is whether or when to opt 
for high -power solid-state trans- 
mitters in place of established 
tetrode or klystron units. Both 
the BBC and IBA are re - 
engineering major parts of their 
u.h.f. networks, with many new 
high -efficiency, pulsed-klvstron 
transmitters at power ratings 
from about 10 to 40k\V peak sync 
output. At present the highest 
po" er all -solid-state u.h.f. televi- 
sion installations in the UK are 
200\\ units. with many tetrode 
and klvstron transmitters at the 
one to five kilowatt levels. Klvs- 
tron installations are costly hut 
reliable. while recent improve- 
ments in u.h.f. power tetrodes 
have doubled operational life- 
times to around 14 000 hours 
and have improved reliability. 

But today. Japanese firms. in- 
cluding NEC and Toshiba. are 
installing modular v.h.f. and 
u.h.f. all solid-state transmitters 
with total power outputs of up to 
about 30kW based on many hun- 
dreds of bipolar power transis- 
tors each providing up to about 
100 or 200 watts output in Class 
AB. or alternatively for the v.h.f. 
hands using power mosfets. now 
capable of operation above 
100.íI Iz and with u.h.f. devices 
expected soon. 

Planning engineers are thus 
faced with the possibility of ex- 
tending solid-state installations 
by two orders of magnitude. 
from 200\\' to 20kW at a total 
"cost of ownership.' that prom- 
ises. on paper, to be highly 
favourable up to at least 5k1V and 
debatably favourable at 10 or 
15k1V. Pulsed-klystrons or klv- 
strodes remain clearly favour- 
able only for the very highest 
powers such as the 40k\\' units at 
Crystal Palace or the 110kW 
u.h.f. installations widely used in 
the USA. 

An all -day colloquium at the 
IEE. Savoy Place. "Advances in 
solid-state technology for broad- 
cast transmitters" thus had un- 
usual importance. with Peter 
Douglas (IBA) and Ivor Tupper 
(BBC) opening and closing the 
eight presentations with detailed 
cost analyses - which differed 
significantly in their conclusions 
and which were clearly based on 

advice they are offering for the 
next phases of the current re - 

engineering programmes - and 
with the possibility also of new 
fifth and sixth terrestrial tele= 
vision channels in the back- 
ground. 

Chairman Boh 1Vellbeloved 
(IBA) noted that the adoption of 
all -solid state for the highest 
Il KI powers is still seen various- 
ly as "a godsend or a gamble" hut 
that after more than a decade of 
tetrode versus klystron con- 
troversy, the debate may soon 
shift to bipolar versus fet. The 
analysis of Peter Douglas sug- 
gests that installing solid-state 
rather than klvstron transmit- 
ters for the next phase of the ITV 
transmitter replacement pro- 
gramme (u.h.f. powers between 
7 and 20k\V. hut mostly 7 to 
10kW) would result in financial 
savings of about 25%. Ivor Tup- 
per was noticeably more con- 
servative and his analysis could 
he summed up as a warning not 
to jump too fast, with the strong 
possibility that future, more - 
competitively -priced. klvstron 
installations would offer a het ter 
option at powers of 10k\\ and 
above. \ll cost -of -ownership pre- 
dictions depend toa considerable 
extent on informed crystal - 
gazing and risky extrapolation of 
reliability data. not to mention 
such questions as whether low - 
voltage equipment really will 
permit one-man maintenance 
visits rather than the mandatory 
two -man teams for high -voltage 
transmitters. 

There is also the question of 
whether adoption of Class AB 
amplifiers would reverse the pre- 
sent use of combined (derated) 
vision and sound transmitters. 

The NEC u.h.f. transmitters 
are based on the bipolar 
2SC3660A device which can pro- 
vide about 110W at u.h.f. In- 
stallations rated at 30k1V 
(2x 15k\\') have already been 
sold to \ustralia. A novel feature 
is the use of jet air cooling of the 
output devices without any air - 
or water-cooled heat sinks. 
Toshiba have all -solid-state v.h.f. 
transmitters of up to 50k\\ out- 
put using 2SK4 1 0 mosfet devices 
(16 devices in 2x8 push-pull for 
1.5kw amplifiers) but also up to 
30k\V on u.h.f. using 2SC3702 
bipolar devices (2x 10 in push- 
pull) in 1 \V blocks. Toshiba 
suggested that fets can he ex- 
pected to provide even higher 
reliability than hipolars and that 

these will he available for u.h.f. 
in the near future. An advantage 
of fets is the higher voltage rail 
(50 to 80V) than for hiporars 
(about 30V) and the less formid- 
able current requirement. 

SGS-Thomson Microelectro- 
nics described its new range of 
bipolar gold -metallized power 
transistors with an output per 
device of up to 240\\ ( 2d13 gain) 
on Band I and 150\\' 18dB gain) 
on u.h.f. Bands IV and V. Gold 
metallization rather than alumi- 
nium is claimed to have greatly 
reduced the problem of metal 
migration in high -current de- 
vices. The Toshiba representa- 
tive suggested that the compo- 
nents now having limited life are 
the electrolytic capacitors. 

Stereo 
sound -in -sync 

A digital stereo sound -in -sync 
system for broadcast television 
has been described by Soviet 
engineers at the 1.S. Popov Sci- 
entific Research Institute 
(OIRT's Radio & Television 1987/ 
6. pages 37 to 40) which high- 
lights the weakness (f the three 
analogue frequency -division 
multiplex systems in Japan, West 
Germany and the USA. The paper 
suggests that new break- 
throughs have allowed broadcast 
systems with time -division mul- 
tiplex to he designed. as used in 
the sound -in -sync distribution 
systems. the Czech TERI system 
and the MAC satellite systems. 
However. it points out that the 
IM NC systems involve reduction 
and exclusion of synchronizing 
pulses. whereas terrestrial sys- 
tems do not permit substantial 
shortening of the sync pulses. 
The authors suggest that in 
order to promote and speed up 
the introduction of a digital sys- 
tem for television sound. the 
USSR is interested in co- 
operative research on digital sys- 

tems and in joint projects to 
produce components. 

The paper. by C.I. V,asov, 
director of the institute. and 
others. sets out the require- 
ments for stereo television sound 
as: general improvement of the 
quality of sound: the possibility 
to receive a stereo programme in 
mono (direct compatibility): the 
possibility for mono program- 
mes to he received on stereo 
receivers (reverse compat ibi I ity1- 

no interference between picture 

and sound: the possibility of 
transmitting an independent 
speech programme: and max- 
imum possible technological 
compatibility with the equip- 
ment of an existing system. 

Unlike the additional 728khit/s 
digital carrier of the British 
Nicam 728 system. the Russians 
have developed a sound -in -sync 
system with áµs bursts of data at 
81Mhit/s in each line blanking 
period of their system D/K 
SECAM transmission standard 
(8M1 Iz channels with 6.51111-Iz 

sound/vision carrier spacing). 
This provides a mean data rate of 
488khit/s. The proposed arrange- 
ment of the hit stream envisages 
each audio channel. including 
error protection. as having a bit 
rate of I92kbit/s. using sophisti- 
cated bit -rate reduction from the 
448khit/s rate of 32k Hz sampling 
and 14 -hit coding. 

The authors point out that 
until recently none of the known 
compression techniques suitable 
for processing musical and artis- 
tic audio could achieve sufficient 
bit -rate reduction (hut see MSC 
256kbit/s stereo. February 1988. 
page 206). They claim to have 
developed an effective method of 
compressing high -quality audio 
signals by making use of the 
Zwicker critical hands of hear- 
ing. Zwicker discovered that 
within certain hands. the most 
powerful component conceals 
adjacent. less powerful compo- 
nents. including noise, making 
them imperceptible to the ear. 
Between 301Iz and 20k1Iz there 
exist 24 critical bands. their 
widths varying from 100Hz in 
the low -frequency domain up to 
2k1-Iz in the high -frequency do- 
main. The dominant compo- 
nents have to he transmitted 
accurately. hut other compo- 
nents within each of the critical 
hands may be transmitted digi- 
tally with a lower hit number. 
permitting the total hit rate to be 

reduced by three to seven times. 
The experimental system re- 

duces 448khit/s to 150kbit/s, per- 
mitting efficient error protection 
with a rate of 192kbit/s per chan- 
nel. Stereo decoders could he 

implemented with from four to 
seven I.s.i. chips. the more ex- 
pensive models including an 
echo -corrector, a text synthesiz- 
er and a sound decoder for the 
independent channel. 

Television Broadcast is compiled 
by Pat Hawker. 
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ESE 
Paper batteries 

Ten years of research at Mat- 
sushita Electric and the Japan 
Synthetic Rubber Co. have led to 
a new paper -thin electrolyte for 
use in rechargeable dry batteries. 
The two companies claim that 
this could eventually lead to 
leakproof batteries less than 
0.1 mm thick, suitable fcir power- 
ing 'smart' credit cards. With a 

temperature range of -60 to 
+ 100°C they would also he suit- 
able for use in space where pre- 
sent cells require extensive in- 
sulation. 

The sheet electrolyte. of secret 
composition. is made into sheets 
by mixing it with a polymer 
dissolved in an organic solvent. 
The mixture is then coated on a 

sheet and dried. 
Both companies are still 

studying what kind of metal elec- 
trodes will work best with the 
new electrolyte and say that, as a 

result, they don't expect a com- 
mercial cell to he available for at 

least one to two years. Neverthe- 
less it is interesting to speculate 
on Other possible new applica- 
tions for a rechargeable cell so 

thin. One might imagine it as the 
middle layer of a self -powered 
printed circuit hoard. Or it could 
he moulded into the plastic case 

of a portable instrument. 
Perhaps that 'go faster' adhesive 
strip on flashy sports cars will 
actually he the battery? 

Plugging into 
the human body 
Curiously enough, one of the 
most difficult objects to connect 
lead -out wires to is not some 
exotic semiconductor hut Man 
himself. Even temporary con- 
nections of the sort used for 
electrocardiograms are prone to 
all manner of interface prob- 
lems. As for the more permanent 
connections of the sort that 
would he required for wiring up 
artificial sense organs. difficul- 
ties are legion. Contact resist- 
ance is hut a minor problem. 
paling into insignificance com- 
pared to corrosion and biological 
rejection. For virtually any en- 
gineering material, the human 
body is one of the most hostile of 
all environments. 

Now some of the first steps to 
overcome the scientific harriers 

CH 11F.1 ES 
between the living and the inani- 
mate are being taken by Austra- 
lian researchers who are looking 
for ways to improve replacement 
parts (or prostheses) and im- 
plants now used in the body. 

One of the leaders in this 
research is Associate Professor 
Jak Kelly. of the University of 
New South Wales. who is ex- 

perimenting with ion implanta- 
tion. He has al ready succeeded in 

changing the way human tissue 
reacts to inanimate objects. 

Professor Kelly. head of the 
university's physics department, 
works with a machine that re- 

moves electrons from atoms. 
leaving ions which are acceler- 
ated to high speed by electric 
fields. The ions are then fired 
into materials "like firing bullets 
into cheese" to alter their che- 
mical make-up. 

So far Professor Kelly has been 

able to encourage hone cells to 
grow on a silicon chip surface. In 

a report in Australian Science 
Newsletter (vol.14 no 12) he de- 

scribes his work as "taking our 
lead from nature "For instance. 
tendons have the ability to grow 
on to hones and take enormous 
loads. We need to convince tissue 
cells to grow on to ceramics and 
metals. and achieve the same 
kinds of bonds." 

Professor Kelly believes tech- 
nology could he used to promote 
cell growth on catheters and 
plastic tubes that must he lodged 
in the flesh for long periods 
during treatment. He also sees 

enormous applications in longer 
term man/machine interfaces. 
Controlling artificial limbs and 
thinking straight into a compu- 
ter are hut two obvious ones. 

Machines with 
an eye to the 

future 
Copying Mother Nature is a prin- 
ciple that doesn't always accord 
with good engineering practice. 
Aeroplanes that flap their wings 
have never been spectacularly 
successful. Caution based on 
that realisation is now leading 
some researchers away from the 
use of video cameras in the de- 
velopment of artificial vision sys- 
tems. Although the traditional 
camera is in many respects ana- 
logous to the human eye, its 
strengths and weaknesses make 

it unsuited for applications in 
robotics and automation. A 

camera records a scene two - 
dimensionally in terms ofchang- 
ing brightness information 
which, even from multiple units. 
is difficult to translate electroni- 
cally into shape and position. 
Our eyes can do it easily. not 
because they are the best input 
devices. hut because they are 
interfaced with a set of powerful 
interpretive algorithms. 

I -low then can an artificial 
vision system extract three- 
dimensional information with- 
out the need for such intelligent 
processing power? The answer, 
according to rival research 
groups in France, Japan, West 
Germany and USA is to use an 

'eve' that provides more precise 
positional data, even if in the 
process it sacrifices brightness 
data. 

The almost universal 
approach is to scan a scene with a 

laser beam and observe the re- 
flected spot from a position away 
from the laser. Imagine, for ex- 
ample. what you would see when 
a laser beam maces a vertical 
traverse of a suspended sphere. 
From a viewing position at. say 

90° from the beam, the observed 
spot would follow a c -shaped 
path. the size of the c depending 
on the plane of traverse. By con- 
trolling a laser beam to scan the 
whole of a complex -shaped ob- 
ject and by using a simple detec- 
tor that needs only to he sensitive 
to the angular position of the 
reflection, it is possible in such a 

way to obtain 200 000 x. y and z 

coordinates of the object per 
second. These coordinates. 
which embody much less ambi- 
guity, are far easier for computer 
processing than images obtained 
even from the highest resolution 
video camera. 

Research groups at the Mas- 
sachusetts Institute of Techno- 
logy and at companies such as 

Siemens and Hitachi have 
already developed laser -based vi- 
sion systems that are insensitive 
to ambient light and which are 
unaffected by the optical surface 
characteristics of the object 
being viewed. In different ways 
they can all reconstruct the 
shape of the object with infinitely 
less computing power and in- 
finitely less ambiguity than 
would he the case if the input 
data had been obtained from 
video cameras. 

Sticky light and 
optical tweezers 
If you've ever had to struggle to 
repair your daughter's jewellery 
using fine tweezers and the 
smallest pencil -hit soldering 
iron. then imagine working to a 

scale a few orders of magnitude 
smaller. That's what's required 
to perform surgery on bacteria or 
to manipulate individual human 
cells for certain experimental or 
diagnostic purposes. Hitherto it 
has only been possible using 
geared micro -manipulators 
operating under a microscope. 
Even then it's hopelessly crude 
for some procedures. 

A team from AT&T Bell I,ahor- 
atories has now developed a 

manipulative technique that re- 
legates tweezers to the Stone 
Age. It uses the radiation press- 
ure of infra -red laser beams. 
Although radiation pressure is 

too weak for us to notice in 
everyday life, it is quite enough 
to push around particles from 
the size of atoms up to the size of 
living cells. Push is actually the 
wrong word because particles 
tend to move to regions where 
the light or infra -red is most 
intense. It's as if the beam were 
sticky. 

This ability of i.r. beams to 
trap particles is now being used 
by the AT&T team in conjunc- 
tion with a normal microscope to 
manipulate bacteria. yeasts and 
other micro-organisms in a way 
that was hitherto impossible. 
Perhaps the same technique will 
one day he used as part of a new 
fabrication technology for 
molecular -sized electronics? 

Microwave 
crystal 

oscillators 
\Vhat its authors claim to be the 
first report of a crystal oscillator 
working at a fundamental fre- 
quency in the u.h.f. and micro- 
wave part of the spectrum is 

published by two researchers at 

the University of Miami. G. Gon- 
zalez and B. Avanic (Electronics 
Letters vol.23 no 25) explain the 
advantages of this technique for 
generating signals of high spec- 
tral purity with potentially low 
s.s.b. phase noise and low power 
consumption. 
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Crystal 

ESE CH Nil. ES 

The crystal they use - an AT - 
cut unit resonant at 843M1-Iz - 
was specially made by Piezo 
Technology Inc. of Florida. using 
chemical polishing methods. 
Although the Q of 6200 at the 
fundamental frequency is prom- 
ising from the point of view of 
phase noise. there are neverthe- 
less spurious resonances at high- 
er frequencies. due to the ex- 
treme difficulties of manufac- 
ture. Quantity production is 

therefore likely to he many years 
away. 

Because of the spurious reso- 
nances and the high frequency of 
oscillation. the circuit requires 
just a few more components than 
a comparable h.f. crystal oscil- 
lator. 

The circuit (above) used by 
Gonzalez and Avanic uses a 

common -base layout with short- 
circuit stubs as resonant ele- 
ments and the whole oscillator is 

constructed on m icrostrip 
hoard. It consumes only 0.9mA 
at 7.8V. In terms of s.s.h. phase 
noise, the authors say there is 

room for improvement, though 
the figures published are compa- 
rable to those of any convention- 
al harmonic or multiplier -based 
u.h.f. oscillator. Nevertheless, as 

they point out, u.h.f. fun- 
damental crystal design is still in 
its infancy and the room for 
potential improvement is con- 
siderable. 

Low 
dimensional 
structures 

The Molecular Beam Epitaxy 
Centre based at Nottingham 
University was formally 
inaugurated on 18 January, 1988 
in the presence of Kenneth 
Clarke. Chancellor of the Duchy 
of Lancaster. One of four such 
centres investigating low 

5 

dimens'onal structures (I.d.s.). 
Nottingham is undertaking 
experimental and theoretical 
work on electron -phonon 
interaction. quantum transport. 
quantum tunnelling, hopping 
and submillimetre and optical 
properties. Samples produced at 

Nottingham consist primarily of 
GaAs epilayers and GaAs/AlGaAs 
heterojunctions. Layers 
produced to date include one 
with the highest mobility ever 
produced in a university 
laboratory (2.1 million 
cni2V- Is- I at 4K). A number of 
structures including 
superlattices and resonant 
tunnel structures have been 
produced for the associated 
research groups and external 
collaborators. 

This facility, together with 
three others in I -lull. London and 
Warwick. provides the precise. 
complex semiconductor samples 
needed to explore the novel 
physical properties which arise 
when electrons in a solid are no 
longer free to move in three 
dimensions. Six such centres 
have been approved to date. 

\Iready more than £12 
million has been committed 
from SERC funds for I.d.s. 
research in 25 universities and a 

further £7.5 million has been 
included in the budget for the 
next two years. 

The properties of I.d.s., which 
are formed from very thin layers 
of semiconducting materials, are 
varied. and strikingly different 
from those of bulk semi- 
conductors. New electronic, 
optical and magnetic properties 
are being discovered and many 
possibilities exist for technolo- 
gical exploitation. 

SERC's science and 
engineering hoards have agreed 
to develop a joint I.d.s. device 
programme in which the physics 
emerging from I.d.s. will be used 
to develop new semiconductor 
devices. 

Optical 
catastrophe 

Raman Kashyap and Keith Blow 
of British Telecom's Martlesliam 
I leath research laboratories have 
discovered an entirely new 
guided -wave phenomenon that 
could result in the destruction of 
considerable lengths of optical 
fibre. The damage. shown in the 
picture. can propagate through 
several kilometres of fibre in a 

matter of minutes and requires 
no more than a watt or so of 
average laser power. That corres- 
ponds to a power Density of 
101\1Wcm-2. I-litherto it had 
been assumed that the safe limits 
for a fibre were roughly that of 
bulk silica. i.e. > 10CWcm 

All fibre damage is the result of 
non-linear processes taking 
place as the laser emission pro- 
pagates from one end to the 
other. Effects such as Raman and 
Brillioun scattering, optical Kerr 
effect and the generation of soli - 
tons - solitary waves - have been 
well studied using high power 
lasers, though common to all of 
them are very high intensities or 
very long path lengths. 

The newly reported phen- 
omenon (Electronics Letters 
vol.24 no]) differs in that power 
levels are low and, once started, 
the destructive process carries 
on unimpeded from the distant 
end of the fibre back to the laser. 
The B.T. researchers describe it 
as 'self-propelled self -focussing' 
and the damage bears little rela- 
tionship to normal laser damage 
at high power levels. 

In the course of their experi- 
ments Kashyap and Blow fed two 
watts (average) from a c.w. 
neodymium:YAG laser into a 

short length of monomode fibre 
with a half -coupler block in the 
middle. This is a component of a 

standard directional coupler. 
\Vhen a mirror was brought into 
contact with the coupler. there 
was an intense flash starting at 

the coupler and propagating 
hack to the laser. In less than a 

second the fibre had been totally 
destroyed. 

Further experiments showed 
that the process could be trig- 
gered by a variety of factors. such 
as melting a small region of the 
fibre or dabbing a spot of paint on 
the end to absorb the emission. A 

final experiment destroyed 
1.5km of fibre at a single go. 

To start this catastrophic dam- 
age. the B.T. researchers say that 
the fibre core must he heated at 

some point to above its melting 
point of 1700°C. This probably 
happens over a very short length 
(---111m) as a result of plasma 
heating. They theorize that the 
core then becomes highly 
absorbing. leading to a self - 
focussing effect which in turn 
causes the beam to collapse over 
a few wavelengths. This then 
creates a new high temperature 
region, and so on along the 
length of the fibre. As to why the 
breakdown is accompanied by 

intense visible emission. the 
team speculate that this is due to 
dielectric breakdown. They also 
- with some degree of under- 
statement - point out that the 
newly -discovered phenomenon 
"may have serious implications 
for high average power guided - 
wave devices". 

Research Notes is written by 
John Wilson of the BBC External 
Services science unit at Bush 
House. 

CI CZ) OCOOGG;.?000GGOG 

10Jr rr 

Core region of a fibre after damage, showing oxygen -filled cavities 
a few wavelengths across. 
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. PHONE 
0474 60521 

FAX 
0474 333762 

P. M. COMPONENTS LTD 
SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 

SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD 

TELEX 
966371 

TOS -PM 

Semiconductors 
BC184LB 
BC204 

0.09 
0.25 

BD115 
8D124P 

0.30 
0.59 

BD518 
BD520 

0.75 
0.65 

BF245 
BF2561C 

0.30 
0.35 

81085 
BFX86 

0.32 

0.25 
13096913 

BUY71 

1.70 

2.50 
R2008B 
R2009 

1.45 
2.50 

TIP] 15 
110142 

0.65 
1.75 

25(496 
25(784 

0.80 
0.75 

BC207B 0.25 BD131 0.42 130534 0.45 131257 0.28 8FY18 1.35 80941 2.50 820108 1.45 911146 2.75 25(785 0.75 
AAYI2 0.25 BC 107A 0.11 BC 708E1 0.20 BD132 0.42 BD535 0.45 BF259 0.28 BFY50 0.32 M13000 1.98 R2322 0.58 TIP161 2.95 25(789 0.55 
AC126 0.45 BC107B 0.11 BC212 0.09 80133 0.40 80538 0.65 BF271 0.28 BFY51 0.32 M1E340 0.40 R323 0.66 1112955 0.80 25(9310 0.95 
A(127 0.20 BC 108 0.10 B(212L 0.09 BDI35 0.30 80575 0.95 131271 0.26 BFY90 0.77 M1E350 0.75 82540 2.48 1113055 0.55 25(937 1.95 
AC 128 0.28 BC1088 0.12 B(213 0.09 BD136 0.30 80587 0.95 131273 0.18 BLY48 1.75 M1E520 0.48 R(A16029 0.85 TIS91 0.20 25(1034 4.50 
A(128K 0.32 BC 109 0.10 B(2135 0.09 BDI37 0.32 80588 0.95 131335 0.35 BR100 0.26 M1E7955 0.95 RCA16039 0.85 TV106 1.50 25(1096 0.80 
AC141 0.28 8C109B 0.12 8(214 0.09 BDI 38 0.30 BD597 0.95 131336 0.34 BRIO] 0.49 MPSAI3 0.29 RCA 16181 0.85 1V106/7 130 75(1106 2.50 
AC141K 0.34 B(114A 0.09 B(214C 0.09 BD139 0.32 BD695 1.50 BF337 0..29 80103 0.55 MPSA92 0.30 RCA16334 0.90 11110112 16.50 25(1124 0.95 
AC147K 0.45 BC115 0.55 8(2141 0.09 130140 0.30 BD698 1.50 B1338 0.32 BR303 0.95 MRF237 4.95 RCA16335 0.85 251100 6.50 25(1162 0.95 
AC176 0.22 BC 1165 0.50 8(2378 0.15 BD144 1.10 BD701 1.25 BF355 0.37 BR(4443 1.15 MRF450A 13.95 RCA16572 0.85 2N1308 1.35 20(1172Y 2.20 
AC176K 0.31 B(117 0.19 BC238 0.15 BDI50( 0.29 BD702 1.25 BF362 0.38 8RY39 0.45 MRF453 17.50 S20600 0.95 251711 0.30 2S(1173 1.15 
AC187 0.25 8(119 0.24 B(239 0.15 80159 0.65 BD707 490 8F363 0.65 BSW64 0.95 MRF454 26.50 SKIS' 1.45 252219 0.28 25(1306 1.75 
AC187K 0.28 BC 125 0.25 BC25IA 0.15 BDI60 1.50 BDX32 1.50 81371 0.25 135060 1.25 MRF455 17.50 160219 0.45 252626 0.55 25(1364 0.50 
AC188 0.25 BC13BC 0.20 BC252A 0.15 80166 0.95 B00538 1.65 131394 0.19 BT 100A/02 0.85 MRF475 2.95 T6077V 0.45 252905 0.40 25(14136 2.50 
AC188K 0.37 8(140 0.31 8(258 0.25 BD179 0.72 81115 0.35 81422 0.32 BT106 1.49 MR1471 14.95 16029V 0.45 253053 0.40 25(1449 0 S 
ACY17 1.15 8(141 0.25 8(258A 0.39 BD182 0.70 BF119 0.65 B1423 0.25 BT116 1.20 MRF479 5.50 16036V 0.55 253054 0.59 25(1628 0.75 
AD142 2.50 B(142 0.21 BC 284 0.30 BD201 0.83 Bf127 0.39 BF457 0.32 BT119 3.15 O( 16W 2.50 190029 0.55 2N3055 0.52 25(1678 I.SO 
AD143 2.50 8(143 0.24 8(300 0.30 80202 0.65 81154 0.20 BF458 0.36 BT120 1.65 0(23 9.50 190118 0.7$ 283702 0.12 25(1945 3.75 
AD149 1.50 BC147B 0.12 8001 0.30 BD203 0.78 BF158 o.n BF467 0.68 BU105 1.95 0(25 1.50 19015V 2.15 253103 0.12 25(1953 0.95 
ADI61 0.50 BC 1485 0.09 BC303 0.26 80204 0.70 BF160 0.27 131493 0.35 NU108 1.69 0(26 1.50 190349 2.15 2N3704 0.12 25(1957 0.80 
AD162 0.50 BC1488 0.09 8(3078 0.09 80222 0.46 8F173 0.22 854995 0.23 BU124 1.25 0(28 5.50 190388 3.90 253705 0.20 25(1969 2.95 
A1106 0.50 BC149 0.09 BC327 0.10 BD223 0.59 8E177 0.38 854997 0.25 BU125 1.25 0C29 4.50 THY] 5/80 2.25 253706 0.12 25(1985 1.50 
AF114 1.95 B(153 0.30 B(328 0.10 BD225 0.48 BF178 0.26 B1R39 0.23 BU126 1.60 0(32 5.50 11015/85 2.25 253708 0.12 25(2028 1.15 
AF121 0.60 BC 157 0.12 13037 0.10 80232 0.35 8E179 0.34 BfR40 0.23 BU204 1.55 0(42 1.50 11129 0.40 253733 9.50 2SC 2029 1.95 
AF124 0.65 BC159 0.09 BC338 0.09 80233 0.35 BF180 0.29 81881 0.25 80205 1.30 0(44 1.25 T1P29( 0.42 253773 2.75 25(2078 1.45 
AF125 0.35 BC161 0.55 BC347A 0.13 80236 0.49 81181 0.29 BFR88 0.30 80208 1.39 0(45 1.00 TIP30C 0.43 2N3792 1.35 25(2091 0.85 
AF126 0.45 BC 170B 0.15 8(461 0.35 80237 0.40 81182 0.29 81890 1.50 BU208A 1.52 0(70 1.00 TIP31C 0.55 254280 3.50 25(7098 2.95 
AF121 0.65 BC171 0.09 8(478 0.20 80242 0.6$ BF183 0.29 81891 1.75 802080 1.85 0(71 0.75 TIP32C 0.42 254427 1.95 25(2166 1.95 
AF139 0.40 B(1728 0.10 BC 527 0.20 B0246 0.75 BF184 0.35 BF 142 0.35 BÚ326 1.20 0(72 2.50 TIP33( 0.95 254444 1.15 25(2314 0.80 
51150 0.60 BC1738 0.10 B(547 0.10 B0376 0.32 81185 0.28 81143 0.35 8Ú326S 130 CK 7S 1.50 TIP34B 0.95 255294 0.41 25(2371 0.36 
AF178 1.95 BC174 0.09 BC548 0.10 BD379 0.45 BF195 0.11 BFW10 0.55 80407 1.24 0(81 1.00 TIP41A 0.45 255296 0.48 7SC93I D 0.95 
A1739 0.42 8CI77 0.15 BC549A 0.10 BD410 0.65 BF 197 0.11 BFWII 0.75 BU408 1.50 0(84 1.50 TIP4IC 0.45 255298 0.60 150234 0.50 
ASY27 0.85 BC178 0.15 B(550 0.14 BD434 0.65 81198 0.16 BfW16A 1.15 BU500 2.25 0(139 12.50 TIP42C 0.47 255485 0.45 250325E 1.65 
ASY17 1.50 BC182 0.10 BC557 0.08 8D436 0.45 BF199 0.14 BF W6I 0.60 BUSO8A 1.95 0(171 4.50 TIP47 0.65 255496 0.95 75K19 0.55 
65116 1.75 B(182LB 0.10 8(558 0.10 BD437 0.75 131200 0.40 BiW92 0.85 BU526 1.90 0(200 4.50 TIP48 0.65 255329 0.95 25133 0.55 
AUI 06 6.95 BC 183 0.10 BC639/10 0.30 BD438 0.75 81240 0.20 BFX29 0.30 BU807 2.25 0(201 5.50 TIP50 0.65 206715 0.55 25110511 130 
AY102 2.95 BC 1835 0.09 BCY33A 19.50 BD510 0.95 81241 0.15 BFX84 0.26 BUY70 2.15 0(205 10.00 1IP170 0.60 15(495 0.80 3SK88 0.95 

Integrated Circuits 
MB3756 
M( 1301P 

MC1310P 
MC1327 
MC13270 
MC1349P 
MC1350P 
MC 1351P 
MC1352P 
M(1357 

2.50 
1.00 
1.95 
1.70 
0.95 
1.75 
1.75 
1.75 
1.00 
2.35 

SA55705 1.75 
SAS580 2.85 
$A5590 2.75 
519010 7.95 
519178 6.65 
511310 1.80 
$11327 1.10 
5113270 1.10 
SN7414 1.50 
5197421 0.85 

ST1415 
STK435 
511437 
STK439 
S11461 
511463 
S110015 
STK0029 
STK0039 
TA7061AP 

7.95 
7.95 
7.95 
7.95 

11.50 
11.00 

7.95 
7.95 
7.95 
1.50 

T 57310 
TA7314P 
1A7321P 
1676091 
TA7611AP 
157679 
'TAA310A 
TAA320A 
1603506 
1AA55013 

1.80 

2.95 

2.25 
3.95 
2.95 
2.50 
3.50 
3.50 
1.95 
1.95 

TBAS30 
TBA5300 
TBA540 
TBA5400 
TBA5500 
1136560( 
7865600 
TBA570 
TBA651R 
185673 

1.10 
1.10 
1.25 
1.35 
1.95 
1.45 
1.45 
1.00 
2.50 
1.95 

T(A830S 
TCA900 
1(A940 
TDA440 
TDA1001 
TDA1003A 
TDA1006A 
1051010 
TDA1005 
1061035 

1.95 
2.50 
1.65 
2.10 
2.95 
3.95 
2.50 
2.15 
2.25 
2.50 

TDA2530 
TDA2532 
TDA2540 
1062541 
TDA2560 
TDA2576 
1052581 
1052582 
TDA2593 
TDA2600 

1.95 

1.95 
1.95 
2.15 
2.15 
4.00 
2.95 
2.95 
2.95 
6.50 

UPC 1024 H 

UPC 

UP(1028H 
UPC1032H 
UPC1158H 
UPC I167(2 
UP(1181H 
UP( 1187H 

01(118511 
01(11919 

1.50 

1.95 

1.95 

1.50 
0.75 
1.95 
1.25 

2.95 

3.95 
1.50 

AN103 
AN124 
AN214 
AN2140 
AN236 
65239 

250 
2.50 
2.50 
2.50 
1.95 
2.50 

AN7145M 
AN7150 
557151 
BA521 
C61352E 
CA3086 

3.95 
2.95 
2.50 
3.35 
1.75 
0.46 

164102 
LA4140 
154031P 
164400 
LA4420 
LA4422 

2.95 
2.95 
1.95 
3.50 

3.50 
2.50 

AN240P 2.80 CA3123E 1.95 1A4430 2.50 MC1358 1.58 5147602354 3.95 TA7077 2.65 TAA570 1.95 TBA720A 2.45 TDAI037 1.95 TDA2610 2.00 UPC1350( 2.95 
AN247 2.50 (A3I3EM 2.00 LA4461 3.95 M(1496 1.75 5576110N 0.89 TA7073 3.50 TAA621 3.95 TBA750 1.95 TDA1044 2.15 TDA2611A 1.95 UPC1353( 2.45 
AN260 2.95 (631405 2.50 LC7120 3.25 M(1723 0.50 SN76115N 1.25 157108P 1.50 TAA630S 2.95 TBA7500 2.65 1061170 1.95 TDA2640 3.50 UPC1360 2.95 
AN262 1.95 CA31407 1.15 1(7130 3.50 M(3357 2.75 5117613154 1.30 9571701 1.65 TAA66IB 1.95 TBA800 0.89 TDA1180 2.15 TDA2655 4.50 UPC1365( 3.95 
561264 2.50 E116016 2.50 1(7131 5.50 M(34011 2.50 551762260N 2.95 1671291 2.50 TAA700 1.70 TBA810AS 1.65 TDA12700 3.95 T0526805 2.75 UPC 2002H 1.95 
AN271 3.50 HA1137W 1.95 LC7137 5.50 M( 14106P 2.95 5N762275 1.05 1671301 1.50 TAA930 3.95 TBA810P 1.65 7001327 1.70 1052690 2.45 UPD21141C 2.50 
AN301 2.95 HAI156W 1.50 1M323K 4.95 M(14518CP7.50 SN76228N 2.95 TA7137P 1.00 18412085/8/C TBA820M 0.75 1062002 1.95 TDA3310 2.95 555 

55á 
0.35 
0.60 55303 3.50 HA1306 1.50 LM324N 0.45 ML231B 1.75 5576533N 1.65 TA7146P 1.50 1.00 10A8200 1.45 1067003 2.95 1563510 3.50 

723 0.50 AN313 1.95 HA1322 1.95 1M3805 1.00 50623213 2.50 5547665054 1.15 16717651 2.95 S6158/1511 185890 2.50 1062010 1.95 10113560 3.95 741 0.35 AN315 2.95 H613392 2.95 LM38058 2.95 M1239 2.95 5197666054 0.90 TA7193P 3.95 786231 1.30 TBA920 1.65 TDA2020 2.95 1064050 2.95 747 0.50 AN316 3.95 HAI366W 2.75 1.613831 2.95 MSM5807 8.75 $110011 7.95 TA7203 2.95 100395 1.50 1136950/20 2.35 TDA2030 2.80 TDA4600 2.50 748 0.35 
AN331 3.95 HA1377 3.50 LM3905 3.50 SAAS00A 3.50 STK014 7.95 TA 72041 2.15 TBA396 0.75 TBA990 1.49 TDA2140 3.95 1069503 3.15 7808 0.60 
AN342 2.95 HA1406 1.95 155101 3.15 SAA1025 7.25 51K015 5.95 TA7205AP 1.15 113644054 2.55 1BA9900 1.49 TDA2150 2.50 TEA1009 1.35 7805 0.65 
6543621 2.50 HA1551 2.95 M51551 2.95 SAA1251 4.95 $TK0I8 7.95 157208 1.95 1064800 1.25 TC5270 1.50 TDA2151 1.95 UP(41( 3.50 7812 0.65 
AN612 2.15 LA1201 0.95 M515131 2.30 0665010 5.35 5110025 11.95 TA7222AP 1.80 TBA510 2.50 TCA27050 1.50 TDA2160 2.00 UP(566H 2.95 7815 0.65 
AN6362 3.95 1A1230 1.95 M51521L 1.50 SAA5020 5.75 5TK032 7.95 TA7227P 4.25 11385100 250 TCA650 230 TDA2521 4.50 UPC575(2 2.75 
AN7140 3.50 LA3201 0.95 MB3705 1.50 SAB3210 3.50 $TK078 11.95 TA7228P 1.95 TBA520 1.10 TCA760 2.50 TDA2523 4.50 UP(1001H 1.95 
657145 3.50 164101 0.95 50133712 1.00 SAS560S 1.75 511(085 8.95 1855200 1.10 TCA800 6.95 1062524 1.95 111(107011 2.95 

VIDEO SPARES 8 HEADS Hitachi VT5000 2.95 PYE 713 4 LEAD 8.50 LUXOR 6 WAY 11.00 GI 1/12 WITH REMOTE 1.15 DIODES 
Please phone with your Hitachi 918000 1.25 P91 713 5 LEAD 8.50 G11/12 WITH REMOTE AND 

FUSES SPECIAL OFFfER recorder model no for our National Panasonic PYE 731/25 8.50 MAINS OFF 1 5 AAII9 0.08 BYX36 1500 
quotation NV300/333/340 2.95 RANK A774 6.35 100 PER TYPE BAITS 0.13 0.20 

WIREWOUND RESISTORS 
4 WATT 2RD 10K 0.20 

3HSSV for Ferguson/1V( 27.50 
National Panasonic 
NV2000B 3.75 

RANK A823 6.95 
RANK 1206 6.95 

2MM 0/0B @ 006 each E4.50 
100MA 200MA 250MA 500MA 

BA145 0.16 
135148 0.17 

131038 6008 
0.60 3HSSUIN for Notional 

Ponasonic/Philips 29.50 
3HSS3N for National Panasonic 
NV777/330 39.50 
3HSSN/4HSS for Notional 
Panasonic 29.50 
3HSSH for Hitachi 35.00 
3HSSU3N for National 
Panasonic 35.00 
3HSSP for Sharp 35.00 
3H5S6NA for Notional 
Panasonic Industrial 75.00 
3HSSU2N for National 
Panasonic 39.50 

Notional Panasonic 
NV777 2.75 
National Panasonic 
NV3000B 3.75 
National Panasonic 
NV7000 2.75 
National Panasonic 
NV8600/8610/8620 3.75 
Sanyo VIC5000 1.50 
Sanyo 81(5300 1.75 
Sanyo V7(5500 2.75 
Sanyo VTC9300 3.75 
Sanyo VT(9300P 3.90 
Sharp 6300 3.50 

SIEMENS 18K76)1 6.95 
SIEMENS EUROPA 7.50 
THORN 1500 5.45 
THORN 1600 5.45 
THORN 3500 7.95 
THORN 8000 6.95 
THORN 8500 7.15 
THORN 9000 8.50 
THORN 9600 8.S0 
TVII STICK 0.90 
TVI3 STICK 1.25 

1818 STICK 1.10 
TV2O STICK 1.40 

I Amp I.2SAmp 1.5Amp 
1 6Amp 
2Amp 2.5Amp 3.I5Amp 4Amp 

20MM A/S @ 0 15 each E11.50 
100545 150MA 160MA 250MA 
SOOMA 800MA 1 25Amp 
2Amp 3.I5AmpSAmp 

125 inch O/B Cal. 0.06 each 
84.00 

250MA 500MA 750MA lAmp 
I.SAmp 2Amp 3Amp IAmp 
10Amp 

7 WATT R47-221 0.20 
II WATT IR- I5K 0.25 
17 WATT 11-15K 0.30, 

BA154 0.06 
85156 0.15 
85157 0.30 
BA244 0.7$ 
BÁ301 0.75 
BÁ302 0.85 
BÁ313 0.75 
BA318 2.9$ 
86378 2.95 
85521 1.75 
BAV21 0.30 
BAW62 0.19 
BAX13 0.04 
BAX16 0.12 

BYX55 600 
BYX71 600 
BZX61 
E11088 

131195(30 
CS48 
($I08 
MR510 
MR512 
0647 
0A90 
0091 
0695 
05202 

0.30 
1.75 
0.15 
0.10 
0.35 
8.00 

16.50 
0.65 
0.65 
0.15 
0.10 
0.15 
0.10 
0.20 

LINE OUTPUT TRANSFORMERS 
DMA 80 7.95 
Dfl A 100 7.95 
DECCA 1700 MONO 9.95 
DECCA 1730 8.25 
DECCA 2230 8.25 
GEC 2040 7.50 
GE( 2110 14.50 
GRUNDIG 1500 15.45 

GRUNDIG 510 6010. 
VARICAP TUNERS 3HSSSF for Fisher/Fidelity 35.00 Sharp 7300 3.50 2222. 5011 6011 13.45 881058 0.30 N21DR 5.00 

3HSSR for Amstrad/Saisho/ 
Sharp 8300 3.50 ELC1043/05 MULLARD 8.65 1.25 inch A/S a 0.15 each ITT CVC20 8.20 01151 0.79 N23B 2.95 Triumph 35.00 Sharp 9300 3.50 ELC1043/06 MULLARD 8.6$ £10.00 IT (V(15,30,32 8.20 81176 0.10 N23( 4.95 

PS3BS for Sony SLC5 6 7 etc Sony C6 2.75 U321 8.25 SOMA 60MA IOOMA I50MA PHILIPS GO 8.50 BY127 0.11 N23ER 4.95 
35.00 Sony C7 3.50 U322 8.15 250155 500MA 750MA 1 SAmp PHILIPS G9 8.95 81133 0.15 N23WE 2.95 

PS3BT for Toshiba 39.50 Sony T9 2.95 0324 11.00 3Amp 4Amp SAmp PHILIPS GI 1 13.95 BY164 0.45 N4001 0.04 
PS4B2S for Sony 51(20/30 etc Sony $530008 3.75 PYE 691/697 11.50 BY 176 1.20 N4003 0.04 

THERMISTORS SUNDRIES 39.50 Sony 518000/8080 4.50 PIE 713/715 11.50 BY179 0.63 N4004 0.05 
PS5B3S for Sony 51(8/(9 etc Toshiba 7540 3.50 961040 0.23 MONO TAPE HEAD 2.50 PIE 725 10.95 BTI82 0.55 N4007 0.06 

49.50 Toshiba 9600 1.50 VA10565 0.23 AUTO REVERSE TAPE HEAD 3.95 PYE 731 9.95 BY184 0.35 N4148 0.02 Philips 92000 65.00 VA8650 0.45 STEREO HEAD 3.S0 RBM T20A 12.40 BY187 0.45 54448 0.10 
E H T MULTIPLIERS VIDEO BELT KITS VA1097 0.25 PIE IF GAIN MODULE 6.99 RANK MURPHY 118A 10.00 BY199 0.40 55401 0.12 Akio VS9300.9500/9800 2.75 UNIVERSAL TRIPLER 5.45 4 433 MHZ CRYSTAL (PAL) 0.45 1205 12.50 01206 0.14 N5402 0.14 

PUSH BUTTON UNITS Amstrad 7000ISoisho/ DECCA 30 6.35 5 5 MHZ CRYSTAL (SOUND10.45 6640 8.50 131208 800 0.33 N5403 0.12 Triumph 1.50 DECCA 80 6.95 DECCA/ITT 6 WAY 7 95 DELAY LINE 0150/1AU82 1.15 A823 1).50 89210 800 0.33 N5406 0.13 
Ferguson 3916 2.75 DECCA 100 6.95 DECCA 4 WAY 7.95 FOCUS CONTROL GE(2110 1.50 TANDBERGE 90 11.15 BY723 0.90 N5407 0.16 
Ferguson 3V22/1VC DECCA 120 6.95 HITACHI 4 WAY 11 95 FOCUS CONTROL PYE 731 1.50 TELEFUNKEN 711A 11.15 BY298 400 0.22 N5408 0.16 
HR3360/3660 2.95 DECCA 1730 6.35 P9E6 WAY 10.35 FOCUS STICK 0.95 THORN 1500(ISKV) 15.45 B1299-800 0.22 1144 0.04 
Ferguson 31/23//90 GEC 2040 5.45 GEC 213 6 WAY 9 5 SAW FILTER 0.10 THORN 1590 9.50 BYXIO 0.20 71923 0.15 
HR7700 1.50 GEC 2110 6.95 GEC 21106 WAY 10 50 ANODE (AP 27KV 0.69 THORN 3500 (EHT) 9.50 BYX25 600 1.25 117002 0.10 
Ferguson 3929/19C ITT (V(1.9 6.35 GEC 6 WAY 1050 SOLDER MOP 0.64 THORN 8000 23.50 
HR7200 2.75 ITT CVC20/25/30 6.35 G8 (LATE) 6 WAY 14 SO TV MAIN SWITCHES THORN 8500 17.50 
Ferguson 3V31/1V( ITT CVC45 6.95 ITT 7 WAY 10.50 MAINS SWITCH CVCS 1.00 THORN 9000 19.50 ZENER DIODES 
HR765O 2.75 PHILIPS G8 (550) 6.95 NFONS 7 WAY 12.50 MAINS SWITCH DECCA/GEC 1.00 THORN 9800 22.40 
1VC HR3330/3600 2.75 PHILIPS G9 6.00 RANK 4 WAY ' 10.50 08 SWITCH 1.00 (HORN MAINS 81061 Series BZY88 Series 
Hitachi 9111/33 2.75 PYE 697 6.50 RANK 6 WAY 10.50 GI I SWITCH 0.9S TRANSFORMER 3000/3500 9.70 0.15 0.20 

I 

CATHODE RAT TUBES addition I carriage (ME -1523W 29.00 013 610GH 59.00 1)15 173GM 53.00' DG7 32 45.00 F31 13GR 75.00 M23 112GV 55.00 M31 -184W 65.00 
A small selection per tube. (ME 2024W 35.00 013 61IGH 59.00 0I4 181GM 53.00 DH3 91 45.00 F41 142LC 185.00 M24-1201( 59.00 M31-190GR 55.00 
from our stock of 15.00 CME-3132GH 3S.00 D13-630011 59.00 014-2000M 75.00 F16 101GM 55.00 M7 -120W 10.00 M24-122WA 59.00 M31-191GV 55.00 
10.000 tubes (ME -822W 10.00 D10-210GH 45.00 013 630GM 59.00 016 100GH/97 65.00 121-13008 75.00 MI4-100GM 45.00 M28 1316 49.00 M31 195W 65.00 
Please odd 0 CME-1428W 35.00 1)10-7300.11 3S.00 DI4-I50GH 75.00 018-1600A 69.00 131-1210 75.00 M17-1512GVR 175.00 M31 182GV 53.00 M31-325GH 35.00 



PHONE 
0474 60521 

4 LINES 

P. M. COMPONENTS LTD. 
SELÉCTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 

SPRINGHEAD RD; GRAVESEND, KENT DA11 8HD 

FEBRUARY/ 
.MARCH':' 
PRICE LIST 

A selection from our Ki66 USA 9.95 

KT66 GEC 18.50 
P981 0.70 
9982 0.70 

295.00 
V2466/2K 

3828 15.00 
38/6 1.50 

68(8 0.85 

68E6 1.50 
6106 7.50 
6028 2.00 

78E3 2.50 
1DW4A 2.95 

8116 15.00 
H ' 25.00 

stock of branded valves K166R 15.00 

0167 9.00 
PY83 0.70 
PY88 0.65 

315.00 
V241C/I0 

3(45 24.00 
3(X300067 

61366G 3.00 
68116 1.95 

6Q 7W 1.50 
6R7 3.15 

7EW8 0.95 
7118 4.50 

803 14.95 

805 59.00 

KT77 
Gold lion 11.95 
01131 7.00 
0188 USA 10.95 
0188 
Selectron 15.00 
KT88 
Gold Lion 22.50 
KTW61 2.50 
011962 2.50 
KTW63 2.00 
K1163 2.50 
1137 20 95.00 
15913 6.95 
M508 195.00 
M5143 155.00 
M5199 295.00 
M8079 6.00 
M8082 7.50 

P95006 1.95 
PY800 0.79 
PY801 0.79 

083 300 1200 
0B3-1750 139.00 

0B3 5 700 72.00 

0B5 3500 595.00 
0808 200 145.00 

00102 5 19.50 
00E03 12 7.95 
00E03 70 35.00 

00E06 40 45.00 

QC/V02 6 19.50 

00V03 10 5.50 

00V03 10 
MIA LARD 15.00 

00903-70 25.00 
00V06 406 

27.50 

195.00 
V453 12.00 
915631 10.95 
VP4B 4.50 
VP4I 4.95 
VR101 2.50 

VR105/3D 2.50 
VR150,30 2.50 
VU39 2.50 
W21 4.50 
W61 4.50 
W77 5.00 
W81M 4.50 
W739 1.S0 

024 4.50 
041 4.50 
X66/X65 4.95 
X76M 1.95 
X(24 1.50 

650.00 
3C YS 1.50 

30216 29.50 
3E22 49.500 
3E29 39.50 
3E17 1.95 

3H 0.40 
31170E 1450.00 
311871 1450.00 
31 0.40 
304 2.50 
4 65A 65.00 
4-2500 79.50 
4 4006 87.50 
4 1000A 425.00 
4832 35.00 
48/SSIB 125.00 
48076 1.75 
4826 1.95 

68118 1.50 

6816 1.50 

68K4 4.00 
6816 85.00 
6BL8 1.15 

68M6 115.00 
6896 1.65 

6BN8 3.95 
6805 0.95 

6B07A 1.50 
6BR7 4.95 

6857 5.50 
68W6 5.35 
68W7 1.50 

6826 2.50 

6827 2.95 

6(4 1.50 

6(5 1.95 

6(6 3.50 

6811148 10.00 

654A 1.50 

65A7 1.35 

6S(7 1.50 

6S67 2.50 

6SH7 1.35 

651761 1.20 

6S07 1.35 

651761 1.95 

65NIGT 1.95 

6507GT 130 
6557 1.95 

618 1.50 

6U6GT 3.50 

6U 76 3.50 
6UBA 1.50 

6V66 1.25 

6V6GT 1.9S 

6W4GT 1.95 

803 6.00 

8685 3.50 
9605 3.50 
9AU4GT 230 
9966 3.50 
963 19.50 
9G6 9.00 
9114 35.00 
9115 33.50 

20CV 9.50 
2001 0.70 
201156 7.95 
2011 0.95 

70P1 0.55 
2094 1.95 
2095 1.15 
211/6 4.95 
21006 4.95 
21108 3.75 

807 5.50 

81 15.00 

812A 35.00 

813 Philips 35.00 

813 27.50 
829B 14.50 
8336 95.00 
845 45.00 
866A 6.S0 

872A 20.00 
873 60.00 
954 1.00 
955 1.00 
849 315.00 

1917 25.00 
2040 25.00 
20506 5.95 
7050W 6.50 
42120 250.00 

A1714 24.50 
61834 7.50 

62087 11.50 
A2134 14.95 
62293 6.50 
A2426 39.50 
A2599 37.50 
62792 27.50 
A2900 11.50 
63042 24.00 
A3283 24.00 
63343 35.95 
AC PI 5.50 
ACSP3A 4.95 
AC/S2PEN 8.50 
A(NPI 4.50 
A(T22 59.75 
61-1221 39.00 

E8101 25.00 
11148 1.00 

EASO 1.00 

EA52 55.00 
1676 1.95 

EA79 1.95 

EAB(80 1.50 

1A(91 2.50 
EAF42 1.20 
E611301 2,00 
1834 1.50 

1841 3.95 
0391 0.85 
EB(33 230 
18C41 1.95 

EB(81 1.50 

EBC90 0.90 
EBC91 0.90 

F18055 25.00 
EF8065 25.00 
(1812 0.65 
E1L200 1.50 
11960 3.50 
(H90 0.72 
EK90 1.50 

1132 0.95 
1133 5.00 
(134 2.95 

EL34 MULLARD 
Matched per 
pair 15.00 

(134 
SIEMENS 4.50 
(136 2.50 

1136 
MUILARD 3.95 

AH238 39.00 
6160 6.00 

18180 0.95 
E8F83 0.95 

1137 9.00 

11.38 9.00 
M8083 3.25 

o AI 7.50 
OOV06 406 
MULLARD 39.50 

X(25 0.50 
XFW47 1.50 

4(78 25.00 
4(35 145.00 

6(86 1.50 

6(9 4.95 
6960 3.95 

6X2N 1.00 

2481 39.50 
2489 39.50 

4.811 35.00 
46876 9.50 

AN1 14.00 EBF89 0.70 1141 3.50 M8096 3.00 OOV07 50 55.00 XFW50 1.50 4XCI25( 6CA4 4.95 604 1.50 25806 1.75 5544 79.50 

ARPI2 2.50 E8F93 0.95 (142 2.00 M81198 5.50 00/03 20 42.50 001 2530 75.00 EIMAC 150.00 6(67 3.50 6X561 1.00 250068 2.95 5559 55.00 

ARP34 125 18E1 2.50 EL71 4.50 M8099 5.00 0S15/20 130 XL628FT 7.50 40(250B 49.00 6(85 3.95 6X5619 1.00 251.661 1.75 5636 5.50 

ARP35 2.00 (8121 2.00 1181 6.95 M8100 5.50 0S95/10 4.85 XNPI2 2.50 4(X2508 68(6 1.95 6X8A 2.25 29C 1 19.50 5647 9.50 

AZII 4.50 EC52 0.75 1183 7.50 M8136 7.00 05108/45 4.00 00 1/16006 EIMAC 59.50 6CD6GA 4.50 7A6 4.50 29006 6.S0 5651 2.50 

AZ31 2.50 EC70 1.75 (184 M8137 7.95 05150/15 6.95 49.50 4(X250BM 6CF6 1.95 7AU7 1.50 30(15 0.s0 5654 1.95 

85894 250.00 
8T5B 55.00 

EC81 7.95 

EC86 1.95 
BRIMAR 0.95 
E1134 

M8161 630 
M8162 5.50 

05150/30 1.15 

05150/40 7.00 
XR1/3200A 

79.50 

65.00 
402500 

6(67 3.50 
6016 6.95 

786 3.50 
787 2.50 

30(17 0.40 
30(18 1.48 

5610 3.25 
5675 28.00 

BT17 25.00 E(88 1.95 MULLARD 3.50 M8163 5.50 051205 3.95 XR1 6400A EIMAC 115.00 6(16 3.25 708 4.50 30112 1.35 5678 7.50 

BT113 35.00 E(90 1.50 1184 M8190 4.50 051213 5.00 149.50 4CX250R 6(184 1.50 711 5.50 301117 0.95 5687 4.50 

C I K 27.50 EC91 5.50 SIEMENS 2.50 M8195 6.50 0U37 9.50 965 6.95 AMPER EX 6(M7 2.95 707 7.50 308113 1.10 5696 4.50 

C3M 17.95 EC92 1.95 (185 4.50 M8196 5.50 0V03 12 5.75 90110C 75.00 125.00 6(S6 0.75 71 1.50 301E14 1.25 5702 3.50 

(1134 32.00 EC93 1.50 (186 1.75 M8204 5.50 OVOS -25 2.50 911060 26S.00 4(X3506. 100.00 6(S7 0.95 707 4.50 3011 0.45 5704 3.50 

C 1149/1 195.00 EC95 7.00 (190 1.75 M8223 4.50 046 20 29.50 111020 42.50 40(3501 95.00 6(W4 8.00 794 2.50 30115 0.60 5/18 6.15 

(1150/ 1 135.00 E(91 1.10 1191 6.00 M8224 2.00 OVL18 1008 911060 195.00 4CXI000A 60(6 2.35 888 2.50 30111 0.60 5725 2.50 

(1534 32.00 EC8010 12.00 EL95 1.75 M8225 3.95 145.00 911070 195.00 425.00 6018 1.00 8810 2.50 30P4MR 1.00 5726 2.50 

C(A 3.50 ECC32 3.50 11152 15.00 ME1400 3.50 093 125 72.00 911071 195.00 4(X15008 6018 8805 1.95 30112 1.00 5727 2.50 

CD24 6.50 ECC33 3.50 EL360 6.75 ME1401 29.50 094 250 72.00 9L1290 65.00 398.00 SPECIAL 3.50 80W5 1.50 30918 0.60 5749 2.50 

00006 3.50 ECC3S 3.50 EL500 1.95 ME1402 29.50 014-400 85.00 91144C 450.00 4CX5000A 6DK6 1.50 SEB813 1.50 30P19 1.00 5750 1.85 

CK5676 6.50 ECC81 1.50 (1504 1.95 MHLD6 4.00 RIO 4.00 177 1.20 1000.00 6005 8.50 18107 1.95 3091 2.50 5763 5.75 

CV Nos PRICES E(C81 SPECIAL E1506 5.95 MP25 195.00 Rl8 2.50 Z3001 6.00 4021/4-125A 6006B 2.50 I OCWS 1.50 309113 0.60 5814A 3.25 

ON REQUEST QUALITY 2.25 EL509 5.25 MS48 5.50 RG1 240A 14.50 1302( 12.00 8S.00 6016A 1.50 I 002 1.25 30P114 1.75 5823 9.50 

D3A 27.50 ECC82 0.85 (1519 6.95 MU14 3.50 RG3 2500 6.50 2359 9.00 4032 125.00 6DW4B 21.5 I ODE7 2.50 31156( 5.50 5829WA 6.50 

D63 1.20 EC(82 (1802 3.65 N31 12.50 RG3 12500 35.00 Z520M 4.00 4657 2.25 6E5 3.95 I OEM 2.50 33A/158M 19.50 5840 3.50 

DA4I 22.50 PHILIPS 1.95 EL82I 6.95 N78 9.85 003 250 15.00 1100U 9.50 4697 2.2S 6E67 2.50 I OEM 1.9S 35A3 3.95 5842 11.00 

DA42 17.50 ECC83 0.95 11822 12.95 OA? 1.50 RR3-1250 35.00 Z759 19.85 4)6A 2.95 6E68 2.50 OEW7 2.95 35A5 4.50 5863 95.00 

DA90 4.50 ECC83 (1180 22.50 0A2WA 2.50 511E12 38.00 Z803U 18.95 4KT6 1.50 6E88 1.75 OF 0.75 35(5 4.50 5886 13.95 

DAF9I 0.70 BRIMAR 2.15 EM34 12.50 0A3 2.50 5104-20 10.00 ZA1000 12.50 4XIS0A 35.00 6117 0.85 OGK6 1.95 35L6GT 200 5894 3930 
DAF96 0.65 ECC83 EM83 1.65 OB2 1.50 5(1/1300 6.00 ZAI001 1.50 4XS00A 350.00 6E MS 2.50 0194 2.50 3513 1.95 5899 4.50 

D(10 1.75 PHILIPS 1.95 EM84 1.65 0B2WA 2.50 SP61 3.50 IM1001 12.00 5A/1 020 9.50 6EM) 2.50 1E3 55.00 35ZSGT 3.50 5963 1.75 

DC90 3.50 ECC83 EM85 3.95 0(3 2.50 STV280'40 11.95 ZMI005 8.00 5A152M 9.00 6EU8 1.75 183 5.50 3811E7 5.95 5965 2.15 

D(X 4 5000 SIEMENS 2.50 EM87 2.50 OD3 2.50 182 51300 85.00 ZM1020 6.00 561630 10.00 6E97 2.95 2A6 3.95 46006 5.50 6057 3.75 

25.00 ECC83S 3.50 EN32 15.00 OMn 2.50 TB2 300 195.00 ZM1021 8.00 5A170K 6.25 6EW6 1.50 2AD6 1.50 42 6.95 6060 2.25 

DET16 28.50 E(C85 1.00 EN91 1.95 OMSB 3.00 TB3 150 95.00 ZM1023 7.95 5A -180M 9.00 6EW7 4.50 2A(6 5.50 47 6.00 6072 6.95 

DET18 28.50 E(C86 2.75 EN92 4.50 0M6 1.75 TB3 2000 ZM1041 14.00 5A -206K 10.00 6F1 2.00 2A17C.T 4.95 5065 1.50 6080 8.50 

DET20 2.50 E(C88 1.00 EY51 0.80 ORP43 2.50 450.00 1691082 9.00 58-I10M 10.00 6F5 5.50 2AL5 1.00 5085 1.95 6080WA 9.50 

DE122 35.00 E(C89 1.50 EY70 7.50 ORPSO 3.95 1812 300 395.00 IM1084 10.00 SB 254M 14.50 6F7 5.50 2616 1.25 5005 0.95 6132 10.50 

01123 35.00 KC91 2.00 1981 2.35 P61 2.50 IBL2 500 495.00 ZMII/5 6.50 5B -255M 19.50 6F13 3.00 2AT7 1.I5 50(06G 1.95 6136 2.50 

DET24 27.50 EC(189 1.95 EY82 1.15 P41 2.50 TD03 10/D/F/F ZM1117 9.00 5B -256M 15.00 6114 1.00 2AT7WA 2.50 50E115 1.50 61468 9.00 

DET25 22.00 EC(8015 6.95 (983 1.50 PABC80 0.75 35.00 ZMI292 55.00 5B -257M 15.00 6117 2.75 2AU6 1.50 50196 2.95 6155 72.00 

DE 129 32.00 KC803S 6.95 EY84 5.95 PC86 0.75 1115 45.00 ZM1263 4.00 5B258M 14.50 6F23 0.60 2AU7 0.85 53KU 4.50 6156 12.00 

DF91 1.00 ECC804 0.60 E986/87 0.50 P(88 0.75 TT21 45.00 A3 4.50 5(22 125.00 6F24 1.25 2AV6 1.95 7581 3.50 6157 2.50 
D192 0.60 ECC807 3.95 1988 035 P(92 3.50 1122 45.00 AE4 3.50 SCL8A 2.50 6925 1.25 2AV7 2.50 75(1 4.50 6158 3.20 

0196 1.25 ECC7000 7.9S (Y91 5.50 PC97 1.10 TT100 69.00 An 3.50 51180E 2950.00 6F28 1.25 2AX4CTB 1.50 80 4.50 6201 6.45 
DF97 1.25 E(F80 1.15 (9500A 1.50 PC900 1.25 TY2 125A 85.00 B22 10.00 5118 2.95 6132 1.25 2607 0.95 83 8.50 6350 3.50 
OG10A 8.50 E(F82 1.15 EY802 0.70 P((84 0.40 194 40(1 85.00 827 55.00 50468 5.50 6133 12.50 2AX7WA 250 8261 7.50 6360 4.50 
DH63 1.50 ECF86 1.70 EZ35 1.00 PC(85 0.S5 TY1 60006 B35A 45.00 5R4GY 4.95 6F H5 6.50 26075 7.95 8561 6.50 6386 14.50 
CH 77 0.90 ECF200 1.85 EZ40 2.75 PCC88 0.70 600.00 B63A 75.00 514 5.95 61H8 5.95 2A97 3.95 8542 2.95 6463 7.50 
DK91 1.20 (C1202 1.85 1/41 2.75 PC(89 0.70 TY8 600W K3 2.50 5T8A 1.95 6112 4.S0 2646 4.50 90AV 15.00 6550 830 
DK92 1.50 E(1801 0.85 EZ80 0.75 PCC189 0.70 365.00 NSGI 2.50 5U46 2.95 6107 3.50 2866 1.50 90(1 3.50 65504 GE 10.95 
0135 2.50 ECF805 2.50 (I81 0.75 PCC805 0.70 U89 9.50 P28 25.00 5U4G8 4.50 6GE5 3.95 2E3E6 1.95 90CG 1330 6550 RCA 15.00 
0163 1.00 (C1806 1025 EZ90 1.50 PCC806 0.80 U26 0.90 R5 0.90 5V4G 2.50 6GH8A 2.50 2BH76 2.95 91/CV 12.50 6870 11.50 
D170 2.50 ECH3 250 FW4 800 2.95 PCE82 0.80 U35 3.50 S5 1.50 504 4.95 6017 0.85 2816 1.75 91 AG 9.00 68838 9.95 
0173 2.50 E(H4 3.00 655/10 9.00 PCF80 0.65 U37 9.00 14 1.00 59367 1.95 6GM6 2.65 2BR3 1.95 92AG 19.50 6973 7.95 
D191 3.95 EC H35 3.50 GI80V2M 6.95 PC 82 0.60 U41 6.95 U4 1.75 523 4.50 6057 21.5 213974 2.75 92AV 15.00 7025 2.5o 
DL92 1.25 E(H42 1.50 6240/20 9.00 P(184 0.65 USO 2.00 U5 1.00 SZ4GT 2.50 66V8 0.95 2(8 2.50 95A 1 6.50 70255 6.95 
D193 1.10 ECH81 1.75 6C 1013 17.50 PCF86 1.20 U82 3.00 X25 2.50 6/30E2 0.70 6GW8 2.50 2(65 1.95 OOEI 10.00 7027A 8.50 
D194 3.50 ECH83 1.00 G(IOD 17.50 PC F87 125 UI91 0.70 2A3 16.50 66/2030 9.00 6695 3.95 2(7(6 1.20 08(1 2.50 7119 9.00 
DLS10 13.50 ECH84 1.00 GC 10/43 17.50 PCF200 1.80 U192 1.00 2ASISA 11.50 6A7 4.95 6GY6 2.50 20068 3.50 5082 6.50 7189 5.50 
DLS16 10.00 E01200 1.50 GC 10/41 17.50 PCF201 1.80 U193 1.00 287 2.50 6A8 1.50 6H1 9.50 2DW4A 3.50 50( 1K 9.00 7199 7.50 
DM70 2.50 EC180 0.60 GC 12/48 17.50 PC1801 1.35 U251 2.50 2822 69.50 6AB4 3.50 6H6GT 1.95 2026 3.95 5002 2.50 7247 4.95 
DM160 430 ECL82 0.79 6086W 6.00 PC1807 0.85 0801 3.50 2(36 70.00 6AC7WA 2.00 6HB7 1.95 2E1 19.50 50(4 2.50 7360 15.00 
DOD 006 79.50 ECL83 2.50 GDTI20M 5.00 PC 1805 1.25 UABC80 0.65 3(396 32.50 6AG5 2.50 6H15 5.50 2E14 38.00 85BT 1.50 7175 5.00 
DY51 1.50 CC184 0.74 6N4 6.00 PCF806 1.00 UAF42 1.00 2(398A 39.50 6A67 1.95 6HF8 2.50 2105 1.95 211 25.00 7486 155.00 
DY86/87 0.75 E(185 0.95 GN10 15.00 P0808 1.25 UBF80 0.60 2(40 37.00 6AH6 3.50 6HMS 2.50 2697 3.95 2300 15.00 7527 85.00 
DY802 0.85 EC186 0.95 GRIOG 4.00 P(12O0 1.50 UBC41 2.25 2(42 29.50 6A14 3.50 6H05 3.50 26117 3.95 2310 15.00 7551 8.50 
E551 49.50 EC1805 0.95 GSIOC 16.50 PC182 0.85 UBC81 1.50 2(43 60.00 6A17 2.00 611S6 4.95 2156 3.95 250TH 150.00 7581A 9.95 
E80CC 19.50 (F37A 2.S0 GSIOH 12.00 PC183 2.50 1.113189 1.00 2(51 2.50 6AK5 1.95 64158 2.95 2176 - 3.50 307 5.00 7586 15.00 
E800 12.50 EF39 1.50 G5120 12.00 P(L84 0.75 UB121 1.75 2(Y5 1.50 6AK6 2.50 6HZ6 3.50 2128 2.95 328A 15.00 7591A 6.9S 
E80F 18.50 (140 4.50 GT1C 14.00 P(L85 0.80 U(92 1.20 2D21 1.95 6615 0.60 614 2.15 2KGi 1.50 572B 59.50 7815 59.50 
HOE 29.50 EF42 3.50 GU20 35.00 PCL86 0.85 UCC84 0.70 2021 W 3.15 6AM4 3.25 6150T 2.50 2089 1.95 723A/8 75.00 7868 7.50 
E81(( 5.50 EF50 2.50 GUSO 17.50 PC1805 0.90 UCC85 0.60 2E22 49.00 6AM5 6.00 616 2.00 2KU7 1.95 124A 275.00 8950 10.50 
1811 12.00 EF54 4.50 GXU1 13.50 PD500 5.95 U(F80 1.00 2E26 7.95 611166 1.95 617 4.15 25761 1.50 725A 27S.00 18042 10.50 
E82(C 4.50 EF55 4.95 6003 24.00 PEI 100 69.00 UCH2I 1.20 2155 295.00 6695 4.50 6176 4.15 2561GT 1.95 726A 75.00 
E83CC 4.50 EF70 1.20 GXUSOSS 14.50 PEN25 2.00 UCH41 2.50 2025 35.00 6AN8A 4.50 61136A 5.50 2567 4.75 
E83F 5.50 1173 3.50 GY501 1.50 PE 9400 3.00 UCH42 2.50 2025 RAYTHEON 6605 1.75 61E6( 7.50 2507 1.95 
E86C 9.50 E180 0.55 GY802 1.50 PEN45 3.00 U(H81 1.00 7S.00 6608 1.00 61M6 7.50 2517 1.50 
(88( 7.95 EF83 3.95 GZ32 2.50 PEN45DD 3.00 UCL82 1.75 2026 95.00 6615 5.95 61U8A 2.50 2591761 1.85 CALLERS WELCOME 
E88CC 3.50 
(88(C-01 6.95 
E88CC 

(F85 0.50 
EF86 2.25 
(186 

6Z33 4.50 
6134 2.50 
6137 430 

PEN46 2.00 
9E06 409 42.00 
PFL200 0.95 

UCL83 2.50 
0141 1.15 
U142 1.15 

7029 250.00 
2048 140.00 
2056 250.00 

6655 1.50 
6AS6 2.50 
6AS1G 4.50 

6156( 7.50 
6K7G 2.00 
6K8G 3.00 

2SW' 3.50 
OPEN MON-THUR 9AM-5.30PM 

2S97 4.50 
204 1.9S FRI 9AM-5 OOPM 

MULLARD 4.95 MULLARD 4.50 HAB(80 1.50 P136 1.75 UF80 1.75 2026 5.00 6AT6 0.90 6KD6 7.50 303 3.20 I '24HOURANSWERPHONE 
E90(C 7.95 
(90F 7.95 

191H 4.50 

(F86/0V4085 
5.00 

11139 1.50 

NBC90 1.95 
HBC91 1.95 

11193 1.50 

PL38 1.50 
P181 1.25 
PL82 0.60 

0185 1.20 

1.1189 2.00 
0141 7.50 

36/1078 12.00 
3A/108A 9.00 
36/109B 11.00 

6618 1.75 
66U4G1 2.00 
6AUSGT 4.50 

6KG6A 6.95 
611 2.50 
616GC 2.95 

307 3.23 SERVICE' 
308 3.29 
3DE7 2.50 ACCESS & BARCLAYCARD 

E92CC 3.95 1191 195 11194 1.95 PL83 0.52 U144 3.50 3A/110B 12.00 6406 0.95 6166(16 E 15.75 308! 2.95 PHONE ORDERS WELCOME 
8991 6.95 

(1301 18.50 
E180CC 9.50 

(192 2.15 
EF93 1.50 

EF94 1.50 

11090 1.95 
HE 11 3.50 
HL90 3.50 

PL84 0.78 
P1500 1.10 
9E504 1.15 

01.84 1.50 

0185 0.85 
UUS 3.50 

361410 11.50 
3A 1461 7.50 
36,1471 7.50 

6AV6 0.90 
6AW8A 3.5C 

6AX4G1 1.95 

6L6GC 
PHILIPS 6.50 
616GAY 5.50 

3E1 145.00 
UK ORDERS P&P £1 

3EM7 3.53 
486 4.50 PLEASE ADD 15% VAT 

E1801 6.50 
E182CC 9.00 
(186F 8.50 
E188(C 7.50 

E195 1.95 

1197 0.90 

EF98 0.90 

11183 0.75 

0192 1.50 
KT8( 7.00 
KT33( 3.50 
KT36 2.00 

PE 508 1.75 
P1509 4.85 
P1519 4.95 
PL802 6.00 

UU6 6.00 
UU7 8.00 

UU8 9.00 

0941 3.50 

311116761 10.00 
3A3.A 3.95 
3A4 1.10 
3A5 4.50 

6AY3B 1.95 
6AZ8 4.50 
6B4G 5.50 
6B8G 1.50 

61661 2.50 
6LOWGC 5.50 
617 3.50 
6115 3.15 

407 3.50 EXPORT ORDERS WELCOME 
5E 5.90 
6603 1.95 CARRIAGE AT COST 
6GY5 2.95 PLEASE SEND YOUR 

12351 12.50 
1280F 19.50 
E283CC 12.00 
E288(C 17.50 

11184 0.85 
IF 731 4.50 

E1800 11.00 
E18045 1930 

0144 4.00 
01 15 4.00 
KT61 5.00 
KT63 2.00 

P18071 3.S0 
P1820 2.95 
P932 0.60 
PY33 0.50 

UY85 0.70 
V235A/IK 

250.00 
V238A/1K 

3Al2 3.35 
3822 25.00 
3824 12.00 
3826 24.00 

6810 1.95 
6866 1.50 
6BA7 4.50 
68686 3.50 

6119 3.95 
6118 2.50 
6ED20 1.15 
6LF6 7.50 

611 0.40 ENQUIRIES FOR SPECIAL 
61 0.40 QUOTATIONS FOR LARGF 
768 3.10 
7AX4GTA 1.95 REQUIREMENTS 
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I IO COMMU1vICATIONS 

Mobile radio 
spectrum woes 

Some five years ago the Merri- 
man Committee recommended 
that the UK should cease televi- 
sion broadcasting in v.h.f. Bands 
I and Ill thus overturning the 
long-established expectation. 
stemming from the now defunct 
Television \dvisory Committee. 
that these bands would he re - 

engineered for 625 -line televi- 
sion. The Government quickly 
accepted the Merriman propos- 
als that these hands would be 

largely transferred to the land 
mobile services. apparently 
promising them even more spec- 
trum space than they had been 
seeking over many years. For at 
least 25 years. the land mobile 
services had felt unfairly starved 
of spectrum. That neighbouring 
countries still regard Bands I and 
III as the prime hands for televi- 
sion seemed relatively unimpor- 
tant. while the muted response 
of the British broadcasting au- 
thorities to being ousted from 
v.h.f. may well have been con- 
nected with their early -1980s 
fear of cable and their ambitions 
to get into space broadcasting in 
spite of many warnings of the 
financial risks of both. 

Be that as it may. the mohile 
industry's drive into Bands I and 
Ill has been far from smooth. 
resulting in much grumbling ab- 
out delays. ambiguities. uncer- 
tainties and system standards. 
Racal Vodafone, for example, still 
believes that an acute shortage of 
suitable mobile equipment. due 
to protracted disputes over stan- 
dards and patents. is strangling 
the putative Band Ill network. 

Cliff Dadson. chairman of the 
Network Operators Committee 
(Band 111) has bitterly attacked 
the 1)T1/1 -tome Office announce- 
ment that consideration is being 
gi\en to possible limited use of 
Bands I and Ill for additional 
terrestrial television services. 
thus apparently reversing Merri- 
man. On behalf of the committee 
he claims that the Government is 

acting in an "outrageous and 
irresponsible manner". 

The committee has written to 
the 1)11 pointing out that "The 
members of this Committee have 
been working closely with your 
Department for the past five or 

six years. overcoming the prob- 
lems. both political and tech- 
nical. of sharing radio spectrum 
hetween the private mobile radio 
(PMR) services in this country 
with television services on the 
Continent and in Ireland. Just as 
we are going into operation with 
these new services. the Govern- 
ment issues a statement which 
completely undermines the In- 
dustry's confidence in the De- 
partment to give it the support 
which had been promised.... Pre- 
sumably the broadcasting ser- 
vices have brought pressure to 
hear upon the Government to 
extend the present studies. If the 
Government cannot withstand 
such an approach, what hope has 
the less influential operator of 
radio services when deregulation 
conies into being?.... I must in- 
sist that as far as Band 3 studies 
are concerned. my Committee 
must be involved.... We will acti- 
vate every means at our disposal 
to protect our investment and 
our future business in Band 3." 

The anger of the Committee is 

understandable hut in one re- 
spect possibly off target. The 
suggestion of re -allocating fre- 
quencies in Band III to television 
came not from the existing 
broadcasters. who have shown 
little enthusiasm for more com- 
peting terrestrial channels. hut 
from the 214 -page report on 
subscription television prepared 
for the DTI by Dr Charles Jons- 
cher of CSPI (October 1987. page 

1066). Most viewers in Britain 
are equipped to receive u.h.f. 
channels in the gap hetween 
Bands IV and V but not for v.h.f. 
television. 

H.f. revival 
The revival of professional in- 
terest in the h.f. spectrum is well 
reflected in the provisional pro- 
gramme of the (EE's four -day 
conference on h.f. radio systems 
and techniques. April 11-14 at 
Savoy Place, London where over 
75 papers are due to be presented 
in 16 sessions. including a num- 
ber of dual -stream sessions. 

One recent development that 
seems likely to attract attention 
is the development of adaptive 
processors that permit the im- 
plementation of fully automatic 
24 -hour data links without any 

requirement for skilled oper- 
ators. One that will he described 
has been developed by Plessey at 
Roke Manor and recently deli- 
vered to the Ministry of Defence 
(see "Easier h.f.?". October 1987, 
page 1067). The Plessey system is 
based on the use of two trans- 
ceivers. one for traffic. the other 
as monitor. linked by an adaptive 
processor that seeks out a suit- 
able channel among a menu of 
pre-set assignments. changing 
frequency when necessary on the 
basis of the error rate. with fall - 
hack frequencies programmed in 
the event of contact being lost. 

The use of adaptive proces- 
sors. channel evaluation and 
frequency -hopping systems is 

also putting more emphasis on 
the need for transportable and 
ship -borne broadband antennas. 
Surveillance is being aided by the 
development of techniques for 
automatic signal identification 
and classification. Active receiv- 
ing antennas and the use of 
phasing techniques for reducing 
co -channel interference are also 
the subject of papers. Engineers 
from the Royal Aircraft Estab- 
lishment are reporting work on 
Blossom, the RAE's meteor burst 
communications system. 

A less pleasing prospect for 
communications is the growing 
use of h.f. radars. reelected in 
nine papers including some from 
the UK. China. France. and Au- 
st ralia. Perhaps surprisingly 
there appears to he only a single 
(Marconi GEC) paper on digital 
signal processing receivers. 

Power without 
wires 

Over twenty years ago. in Octo- 
ber 1964 at the Spencer Lahora- 
ton' of Raytheon at Burlington, 
Massachusetts. a model six-foot 
helicopter climbed vertically up 
a guide wire to a height of 50ft, 
powered by microwave energy 
received on the model from 5k\\' 
of power generated on the 
ground. This was one of a series 
of experiments aimed at fulfilling 
the long -sought-after goal of 
Nikola Tesla to transmit electric- 
al power without wires. The 
model helicopter project was 
part of a US defence project 
aimed at being able to drive a 

hovering vehicle from the 
ground as part of a laser com- 
munications system above the 
level of air turbulence. \Vhat 
eventually became of this project 
has escaped my notice. 

Now. 23 years later, a Cana- 
dian Department of Com- 
munications project. "SHARP - 
Stationary High \Ititude Relay 
Platform", is working along the 
same ambitious lines. A recent 
successful flight of an ex- 
perimental microwave -powered 
model helicopter with a span of 
four metres has been reported. 
The model was taken up to about 
100 metres with the aid of on - 
hoard batteries: these were then 
turned off and the model kept 
aloft by means of 2.5G Hz energy 
beamed up from a dish antenna 
on the ground. 

The model is only one -eighth 
the size of the planned oper- 
ational helicopter platform 
which, when fully developed, is 

expected to he able to hover at 
heights up to 20km for months 
on end, as a k,,, cost alternative 
to satellite communications or 
regional television services. This 
is expected to have a 36.5m span. 
a fuselage 24m long and to carry 
a 9.6m dish antenna set up he - 
hind the wings. The helicopter 
and its transponders will he po- 
wered from about 12 ground 
dishes, and it is estimated that up 
to about 10kW should he avail- 
able for on -board communica- 
tions or broadcast equipment 
which could have a service area 
of up to 600km diameter. 

The Canadian Department of 
Communications plans to spend 
about ten million Canadian dol- 
lars on the model trials and 
another $20M on an operational 
model ($1M on the aircraft. 
$19M on the ground transmit- 
ters). Operating costs are put at 
about $:50 000 annually. It is 
claimed that the power density of 
the up -going microwave beams 
will not he sufficient to affect 
birds, hang-gliders, ultra -light 
aircraft or balloons. 

Radio Communications is writ- 
ten hr Pat Hawker. 

The Mobile Radio Users'Asso- 
ciation's 1988 conference is to 
take place at Cambridge. 29-31 
March. Details on 0223-323877. 
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Whither UK 
radio? 

The long-awaited announce- 
ment on replanning UK radio. 
finally made by the Home Secret- 
ary. Douglas I -turd, in a written 
parliamentary reply on 19 Janu- 
ary, seemed more concerned 
with adding to listeners' "choice" 
than worrying about the result- 
ing programme or technical 
standards -a sort of "never mind 
the quality, feel the choice". 
Possibly the promised White 
Paper and subsequent legislation 
will remove some doubts about 
the multiplication of largely de- 
regulated stations fighting for 
national and local advertising. 

With the BBC virtually certain 
to lose a significant proportion of 
its audience by largely departing 
from medium wave national ser- 
vices. we may well see the UK 
heading for radio services based 

almost entirely on commercial 
recordings and d.j. chatter or the 
fully -automated cartridge play - 
out machines developed for low- 
cost, unattended commercial op- 
erations in the USA and now 
spreading in Europe. This is not 
to deny that there is a real place 
for genuine "community radio' 
or streamed "community of in- 
terest" stations. 

The present key proposals 
appear to he for 

The BBC to continue to pro- 
vide puhlic service broadcasts 
hut to relinquish the frequencies 
used for its Radio 1 and Radio 3 

networks (or. if the commercial 
lobby gets its way) the superior 
Radio? frequencies. 

Frequencies to he allotted for 
three new national commercial 
networks, two on medium waves 
and one on v.h.f.. with each 
expected to provide "a diverse 
and varied" programme service. 
although without any public ser- 
vice ohl igat ions. 

The phasing out of all duplica- 
tion (simulcasting) of v.h.f. and 
medium wave broadcasting by 

national. local or community 
services (although the BBC is 

expecting to continue carrying 
Radio 4 on 198kHz for much of 
the time). 

Provision for up to 300 
community/local stations in 
addition to the existing Indepen- 
dent Local Radio services. 

A new Radio Authority to 
license and regulate "with a light 
touch" all non -BBC radio. The 

IO BRO A 

IBA is to cease to be concerned 
with the regulation of radio. 
although its engineering divi- 
sion expects to be free to contract 
on a commercial basis for the 
provision of technical services. 

The possibility that once the 
Radio Authority has satisfied it- 
self that applications for national 
commercial stations fulfil the 
basic requirement of promising 
diverse and varied programmes. 
licences would be allotted to the 
"highest bidder", presumably in 
terms of their offering a larger 
percentage of revenue which 
would pass to the Treasury. 

These proposals have been 
criticised both on grounds of 
commercial viability of diverse 
programming and also from a 

regulatory viewpoint. Lord 
Thomson. chairman of the IBA, 
has written "I applaud your aims 
hut denounce your means. Your 
proposals are radical and im- 
aginative in their objectives hut 
ill -thought out and potentially 
damaging in their effect not only 
on those engaged on indepen- 
dent broadcasting hut on the 
audiences who listen to it..." 

A.m. stereo or 
hi-fi? 

In the February "Feedback" 
(page 134). Kerim Fahme sug- 
gests that rather than providing 
stereo on a.m. broadcasts he 
would prefer the added quadra- 
ture signal to carry the 5 to 
10k1 Iz audio components which 
are filtered out on most Region 1 

broadcasts because of the narrow 
9k11z channels and congested 
state of the band. Unfortunately. 
analogue phase -sensitive signals 
are subject to considerable cross- 
talk, in multipath conditions or 
where the encoder or decoder 
does not provide highly accurate 
phase quadrature over the full 
audio bandwidth. For example. 
in his system, a 6k1-Iz signal 
would also produce some level of 
lkl-Iz tone in the output of the 
receiver and would almost cer- 
tainly result in unacceptable dis- 
tortion. Such crosstalk is far less 

worrying with stereo sum -and - 
difference signals. The effect 
might come near to resembling 
the "speech transposer for radio 
hearing aids" coincidentally de- 

scrihed in the February issue and 
intended for those with severely 
limited hearing rather than as a 

means of faithful reproduction. 

Another reader has questioned 
whether independent sidehand 
techniques would not prove bet- 
ter than quadrature systems for 
a.m. stereo. In fact. i.s.b. is the 
basis of the Kahn/Heseltine a.m. 
stereo system which has battled, 
with diminishing success. for the 
prime place in the USA. where 
the Motorola system has been 
established as the market leader. 
Kahn has long argued that i.s.h. 
has many advantages and is'ess 
affected by the reflections. etc.. 
that can degrade phase -sensitive 
systems. However this system 
did not show up well in the 
various field trials. The FCC re- 
fused to specify any one system 
hut left it to the market -place to 
decide. 

Pioneers depart 
The death on December 11 of Dr 
George H. Brown added one 
more name to the list of eminent 
broadcast and communications 
engineers and scientists who 
died during 1987. These also 
included Arthur Collins. founder 
of Collins Radio, on 25 February. 
aged 77: Phillip H. Smith who. at 

Bell Telephone Laboratories, de- 

vised the Smith Chart for solving 
antenna and transmission line 
problems. on 29 August, aged 82: 

and Walter H. Brattain, co - 
inventor of the transistor for 
which he shared a Nobel Prize. 
who died in Seattle on 13 Octo- 
ber, aged 85 (see also E&(,11,1: 

March. page 273). 
George Brown, a frequent visi- 

tor to Europe. played a key role 
as RC \'s director of research in 
the development of NTSC colour 
television and in the subsequent 
controversies in the USA and 
Europe on standardization. But 
it was his pioneering work on 
antenna design in the 1930s that 
has secured him a lasting place 
in the history of broadcast and 
communications technology. 
Ilis 68 page paper "Directional 
Antennas" (Prot. IRE. January 
1937) remains the classic text on 
the design of multi -mast m.f. 
and hi broadcast directional 
antenna design. It also directly 
inspired the development by 
radio amateurs of rotary close - 
spaced h.f. antenna arrays. in- 
cluding the 1937 driven arrays by 
I)r John Kraus. W8JK and the 
close -spaced Yagi array by Walter 
Van Roberts of RCA. 

The development of the uhi- 

quitous elevated groundplane 
antenna and the omnidirectional 
turnstile v.h.f. broadcast anten- 
na was also due to George 
Brown, who was responsible for 
the antenna installations on the 
Empire State Building. He held 
80 US patents and contributed 
over 100 technical papers. 

Radiation 
hazards? 

After 40 years of investigation 
into the possible hazards of low- 
level. non -ionized electro- 
magnetic radiation, for example 
in the immediate vicinity of 
broadcast transmitters, scien- 
tists are now claiming that the 
field is still littered with incon- 
clusive. ambiguous and con- 
troversial reports. impossible to 
evaluate fully. and that it is time 
to reconsider the need for more 
research. 

The problem. they suggest. is 

not that too little is known about 
the biological effects of micro- 
wave. u.h.f.. or lower -frequency 
energy. Rather. Kenneth R. Fos- 
ter (University of Pennsylvania) 
and William F. Pickard 
(Washington University. St 
Louis) in a commentary "Micro- 
waves: the risks of risk research" 
(Nature. 10 December. 1987) 
argue that "many of the 
thousands of papers... are con- 
cerned with heating of tissue. 
which. when excessive. is clearly 
hazardous. Yet. fundamental 
questions are still being raised 
about the very existence of 
hazards associated with low 
levels of exposure. and signifi- 
cant public concern remains". 
They do not suggest that low- 
level radiation is hazardous or 
take issue with the 1982 ANSI 
standard: rather they underline 
the difficulties involved in de- 
monstrating the safety of en- 
vironmental agents of all sorts, 
and believe that guidelines need 
to he established for halting risk 
research. concluding: "Granted. 
society must search for hazards 
of its technologies. But how to 
cope with the scientific noise 
that these studies produce? Such 
searches for hazards can go on 
too long, and guidelines for en- 
ding them must he established." 

Radio Broadcast is compiled by 
Pat Hawker. 
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SOAR ME -1510 CABLE LENGTH CHECKER 
FAULT LOCATION FOR COAXIAL; TWISTED PAIR,. POWER' AND FLAT.CABLE. 

" ° METER OR FEET DISPLAY. OPEN OR SHORT DISPLAY. 
4 digits display for the length of coaxial 
cable from 5m (15 feet) to 2000m 
(6000 feet) and indicate whether cable 
termination is "OPEN" or "SHORT" 
Convenient front panel switch allows 
selection of "Feet" or "Meter" 
Two digital switches allow easy setting 
of the cables "nominal velocity of 
propagation" (NVP) from 0.01 to 0.99 
Rechargeable Ni -Clad batteries, AC 

adaptor and carbattery cigarette 
lighter attachment permit long life, 
reliable, ready -where -you -are operation. 

Virtually any type of cable, including 
coaxial cable, twisted pair, power cable, 
cabtyre cable and multi -conductor 
shielded cable may be measured. 

Using a 5.10m (15.30 feet) sample 
cable, NVP value calibration is possible 

The input is voltage protected to 50Vpp 
(150V surges) to enable measurement 
under even these conditions. 

Improved energyefticient design 
requires only approx 

300mA current. 

Soars complete range of T & M equipment has an enviable reputation 
throughout the world for manufacturing high quality products at extremely 
competitive prices. Extensive product planning takes place throughout the 
year which leads to products with total uniformity of operation, The range of 
equipment available is extenstva, loom a basic pocket O.M.M. to the most 
sophisticated industrial energy monitor. 

Full details from: Solex International, 

95 Main Street, Broughton Astley, - 
Leicestershire 1E9 6RE, 

Tel: (0455) 283486 

Telex. 342523. Fax: (0455) 283912 

9959 

INTERNATIONAL 
ENTER 64 ON REPLY CARD 

^..... 

The sole UK representative for the 

complete range of Soar T & M Equipment. 
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what fits on a pcb this size ? 

8051 FAMILY MICROPROCESSOR 
RAM-EEPROM-EPROM TO 64K 
ON BOARD EE PROM PROG. & FILING SYSTEM 
4 MODE SERIAL PORT WITH H -S (RS232) 
SERIAL PORT (RS232) 
SERIAL CHANNELS OPERATING 
3 16BIT TIMER -COUNTERS 
4 CHANNEL PULSE GENERTOR 
WATCHDOG TIMER 
REAL TIME CLOCK 
8 CHANNEL ADC WITH SAMPLE & HOLD 
32 DIGITAL 1-O LINES 
12 INTERRUPT SOURCES- 4 PRIORITIES 
KEYPAD & LCD CONNECTIONS 
SERIAL LED CONNECTION 
PERIPHERAL HANDLING SOFTWARE 
EXPANSION BUS 
MONITOR & DEBUG SOFTWARE 
BATTERY BACK-UP MODES 
ONBOARD SUPPLY REGULATOR - REMOTE ON -OFF 
REQUIRES ONE 5.6 - 15 V SUPPLY OR 5V REGULATED 

SOFT WARE 

the 535 mini micro-thats what ! 

NO PROGRAMMER OR EMULATOR REQUIRED TO DEVELOP 
FROM £87_50 (OT Y. DIS. AV.)- IDEAL FOR EDUCATION & OEM 

PLEASE CONTACT US FOR FURTHER INFORMATION- 
ib technology ELMSDALE HOUSE 9 BUCKLAND HILL 

MAIDSTONE KENT ME16 OSB 

PHONE (0622) 674192 
FAX (0622) 64214 
TLX 965633 
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Turn your IBM-PC into an 
EPROM Simulator 

ENGINEERING 
SOLUTIONS 
LIMREO 

Now you can develop programs for any microprocessor 
system using your IBM-PC (or compatible) without the 
high cost of an in -circuit emulator. 

Octagon add -in card simulates up to 4 x 32k bytes 
of EPROM 
Unique de -bug window 
Ribbon cables connect to your target 
microprocessor's EPROM sockets 
Accepts binary or hex load files 

We can also supply most cross-assemblers/compilers 
to make a complete low cost development system. 
For more details contact: 

Engineering Solutions Limited 
King House, 18 King Street, Maidenhead, Berks. SL6 1EF 

Tel: (0628) 36052 Telex: 849462 Fax: (0628) 74928 

ENTER 62 ON ItEI'LY CARD 
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CD factory in a 
record shop 

In the basement of Virgin Super- 
store in Oxford Street. London, 
is an area divided off from the 
rest of the shop by windows. 
Behind the windows. in view of 
the shop's customers is a com- 
pact disc pressing plant, the first 
on public view in the world. In 
front of the windows are a num- 
her of video displays which ex- 
plain the processes on view. 

Discs are mastered for Virgin 
by Nimbus Records in Wales to 
produce 'stampers' - moulds for 
the records. All other processes 
take place in the shop. 

First in the production -line is 

an injection moulding machine 
where high -purity polycarhonate 
is squeezed into a mould con- 
taining the stamper. Highly 
polished. the mould also pro- 
duces the optically flat surface 
through which the laser pick-up 
will operate. A reflective surface 
is added to the coded music side 
of the disc by sputtered deposi- 
tion of aluminium in a vacuum 
chamber. A thin layer of protec- 
tive laquer is coated on to the 
metal and cured under ultra- 
violet light. Finally the label is 

silk-screen printed onto the disc. 
All discs are checked by 
computer -aided quality control 

Radio Show 
back after 22 

years 
It's 21 years since the BBC re- 
placed the Home. Light and 
Third services with Radios 1.2.3 
and 4. To celebrate the 
anniversary the corporation is 

going hack to Earls Court. Lon- 
don 30th of September to 9th of 
October. to revive the Radio 
Show which was last held in 
1966. 

Inevitably there will be a nos- 
talgic look back over the story of 
radio but also a look forward at 
some of the latest technologies 
including demonstrations of 
radio data services. \ isitors will 
he able to meet some broadcast- 
ing celebrities, including story- 
tellers in a 'Listening Corner' for 
children. They can also watch. 
and maybe participate in. the 
making of programmes: and tour 
the stands of companies from the 
broadcasting industries. 

4 

UPDATE 

equipment and are procuced t a 

rate of about one every ten 
seconds in the highly automated 
plant which includes the latest 
generation of CD -production 
machinery. 

The 'factory' operates in a 

clean room atmosphere with fil- 
tered air conditioning. The staff 
enter through an air lock. 

In-store production of com- 
pact discs was the brainchild of 
Richard Branson. i rgin's found - 

'ti 

or\ 

4 

er. Apart from offering a specta- 
cle for the customers, the plant is 

especially useful for the produc- 
tion of short runs of discs and 
many producers are queuing to 
use the facility for 'limited edi- 
tions'. Another advantage is that 
on promotional occasions. visit- 
ing pop -stars can sign discs 'hot 
off the press'. Commercially the 
plant is also a success and is 

expected to repay for its installa- 
tion within a year. 

Screen prompts guide an engineer through the final electrical 
check on a Rolls-Royce car. Siemens ECOS (electrical check-out 
system) automatically tests the voltage, current drain and resist- 
ance of every lamp, motor and electronic sub -system in turn. This 
takes about 40 minutes, since there are 26 individual electric 
motors, about a mile of wiring, 2330 connectors and five main 
electronic sub -systems in each car. The resultant measurements 
are stored as part of the car's record for future reference. 
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After Chernobyl 
More specialized research to cov- 
er permitted radioactivity levels 
in food and water. and the im- 
plications of a possible future 
accident within the European 
Community. are the concern of 
Euratom's Joint Research Centre 
tiRC1. 

As directed by the Commis- 
sion of the EEC. the JRC is to 
redirect its efforts from more 
esoteric research into practical 
projects connected with industry 
and the environment. 

The Community radiation 
protection research programme 
has had to be given additional 
funds as. before the accident, the 
budget had been reduced. New 
areas of research are the radiolo- 
gical consequences of the Cher- 
nobyl accident: the possible 
effects of future, hypothetical. 
accidents: and a number of other 
research studies including the 
evaluation of data on the transfer 
of radionucleides in the food 
chain. the improvement of prac- 
tical counter-measures in the 
environment. and monitoring 
and surveillance after an acci- 
dent. 

Meanwhile, the Council of 
Ministers have agreed to set new 
limits of permitted radiation in 
foodstuffs in the event of a future 
accident. These are 
1000Becquerels/kilogramme for 
milk products and 1250B/kg for 
other foods. I lowever. the cur- 
rent limits of 3711B/kg for milk 
and 6006/kg for others will re- 
main in force for two more years. 

Keep the talking 
books talking 

If you like audio equipment and 
are willing to visit a handicapped 
person occasionally. Talking 
Books needs you. Some of the 
tape players sometimes go wrong 
and need fixing. You are not 
obliged to accept every request 
for a service call and you don't 
need any qualifications or even 
much experience: all is explained 
in a service manual sent to 
volunteers. 

Send for an application form 
to Don Roskilly or Sheila Finch, 
The National Listening I.ihrary, 
Freepost. 12 Lant Street. London 
SEI 1Q1 -I. or telephone 01-407 
9417. 
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Environmental 
test summaries 

There is an enormous collection 
of national and international 
standards for testing the fitness 
of electronic and electrical 
equipment and components. The 
International Electrotechnical 
Commission (IEC) in its Publica- 
tion 68 lists and specifies a whole 
series of environmental tests for 
international use. But publica- 
tion 68 is actually a library of test 
procedures. 68-2 lists more than 
50 test methods for a range of 
environmental conditions. 
These are further subdivided into 
individual tests. For example. 
Test Z/AFc (in Publication 68-2- 
50) describes the application of a 

cold test in combination with a 

sinusoidal vibration test. 
This is all very well for those 

who actually carry out the proce- 
dures. but offers a forest of con- 
fusion to the specifier. who only 
needs to know which tests to 
apply. 

Help is at hand in Publication 
68-4: Information for specifica- 
tion writers - test summaries. 
which provides an introduction, 
definitions. cross references and 
39 summaries of basic test proce- 
dures. It indicates which section 
of 68-2 the test was taken from, 
so the full test specification can 
he checked if necessary. The 
summaries are in loose-leaf form 
so that changes or additions can 
he easily inserted. The Commis- 
sion stresses. however. that 
those who carry out the tests and 
assessments will still need the 
full specification. Full details 
from the IEC. 3 rue de \'aremhé. 
PO Box 131, 1211 Geneva 20, 
Switzerland. or from the British 
Standards Institute. 

Wanted - 
emergency life- 

saving radio 
Many lives could he saved at sea, 
or on mountains, it there were a 

miniature radio beacon that 
could he carried by an individual 
and picked up by a directional 
receiver. So says our sister maga- 
zine. Yachting World which is 

encouraging designers to create 
such a transmitter. 

"What is needed." said Dick 
Johnson. editor of 1W. "is a 

UPDATE 
cigarette -packet sized transmit- 
ter that would he always carried 
by any crew member on deck. 
The device should float and, if 
not completely watertight, must 
he capable of operating in water 
for at least three hours. - 

Ideal ly it should also he able to 
transmit its exact location from 
signals it has received from navi- 
gational satellites. hut the editor 
admits that there may he insur- 
mountable problems in develop- 
ing a device of that sort. More 
realistically, if it transmitted in 
the radio direction -finding wave- 
band, the simplest receiver 
should he able to get a direction- 
al fix. A further target is that the 
price of the transmitter should 
he below £50. 

As an incentive. Yachting 
World is offering £200 towards 
the further development of the 
most promising. working. equip- 
ment. Any company willing to 
produce the winning design will 
receive tree advertising in the 
magazine. 

"It cannot be beyond the wit of 
today's electronics wizards to 
come up with a simple device 
that would add immeasurably to 
the safety of the yachtsman," said 
Dick Johnson. 

Who mends the 
p.c.b? 

While promoting its own pro- 
ducts. Schlumberger ATE's Win- 
ter edition of Infotest makes 
some interesting remarks about 
field -servicing electronic equip- 
ment. 

In order to get a customer's 
installation up and running as 

quickly as possible, the field ser- 
vice engineer will replace a faulty 
circuit board with one from his/ 
her kit. There is then often con- 
siderable delay, perhaps weeks if 
the engineer is busy. before that 
hoard is returned for repair. It 
may then he routed through a 

complicated pipeline until it 
actually reaches the repair shop. 

The repairer will then have to 
diagnose the fault, perhaps with 
only a hastily scribbled report 
sent in by the. now very remote. 
engineer. Quite often there is 

nothing wrong with the p.c.h. 
but it st ill has to be tested. 

I -low much more sensible, says 
Schlumberger. it would he if 
there were a number of local 
repair facilities, all equipped 

with their automatic test gear. 
There would need to he far fewer 
hoards in the field or stuck in the 
pipeline and this could result in a 

much reduced inventory, say 

30%. and consequently a reduc- 
tion in capital costs. 

Some advances 
towards DBS 

In preparation for the launch of 
direct broadcasting by satellite. 
British Satellite Broadcasting 
(BSB) is inviting suppliers in- 
terested in the design and manu- 
facture of domestic DBS receiv- 
ing equipment to submit pre - 
qualification information. From 
the information supplied. BSB 
will select three companies to 
submit formal tenders for the 
production of the equipment. 
Each set will include an antenna 
and a receiver/converter which is 

likely to sit on top of a tv set. 
"Technical guidelines have been 

sent to 50 companies from which 
the three will he selected. The 
small number was chosen to 
minimize the costs as there 
would be less capital outlay on 
each set than with multiple sup- 
pliers. 

The receiver equipment will 
include access control. since one 
of the planned channels will be 

on a subscriber basis and the 
other three. pay -as -you -view. 
Each receiver will possess a uni- 
que identification code which 
can he used to activate (and 
presumably deactivate, if the 
bills aren't paid) signal recep- 
tion. Codes will he issued to the 
three manufacturers. 

Meanwhile, at the transmit- 
ting end of the chain. ERA Tech- 
nology has been awarded a con- 
tract to provide uplink antenna 
systems for DBS. Two eight - 
metre dishes will he sited in the 
south of England. They will be 

the first to operate in the fre- 
quency hand allocated by 
\\'ARC77 for DBS: 17.3 to 
18.1GIlz uplink and 11.7 to 
12.5GHz downlink. Both anten- 
nas will have the capacity to cope 
with five channels and will he 

fitted with tracking systems to 
maintain accurate alignment 
with the geosynchronous satel- 
lite. 

ERA has designed the com- 
plete system and will manufac- 
ture the feeds between the 
various sections of the transmit - 

ling station. Larger structures. 
including the antennas are to be 

made to ERA's design. 

Taylor meter 
recall 

If you have a Taylor multimeter. 
model T1 )22 or TD23. you should 
return it to the company for a 

slight modification. It has been 
found that. in certain circum- 
stances, the screw fixing the bat- 
tery cover could become 'live' 
and therefore dangerous. The 
modification is free and instru- 
ments are returned as quickly as 

possible. Meters should be sent 
to Taylor Electrical Instruments 
Ltd, Parts and Service Centre. 
Archcliffe Road, Dover. Kent 
Crl7 9EN. Packages should he 

clearly marked "For Modifica- 
tion." 

Government 
backs super- 
conductors 

High -temperature superconduc- 
tivity is the target for a national 
collaborative research program- 
me. It is designed to "keep Bri- 
tain at the leading -edge of re- 
search." and is intended to 
stimulate companies into work- 
ing together, pooling their re- 
sources with those of higher 
education and with European 
industries. 

This initiative follows the dis- 
covery of ceramic materials that 
can conduct without resistance 
at temperatures as high as that of 
liquid nitrogen (88K or 
-185°C). There have been re- 
ports of experimental materials 
working at even higher tempera- 
tures. so the race is on to find 
materials that will superconduct 
at room temperatures. This is 

coupled with research into ways 
of using the materials in highly - 
efficient electric motors and 
electronic components. 

The Department of Trade and 
Industry will fund half of the 
research. Coordinating the pro- 
ject for the DTI is Derek Howarth 
who can be reached at the Re- 
search and Technology Policy 
Division, DTI. Ashdown I louse. 
123 Victoria Street. London 
S\\' l E 6R13. 
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PT 68K-2.:SINGLE BOARD -COMPUTER KIT 
Designed around the powerful MC68000 microprocessor the PT 68K-2 is an easy to build single board computer kit. 

When fully configured the PT 68K-2 becomes a full feature system that supports over I M byte of memory, floppy and hard disk drives, serial and 
parallel I/O and provides extensive expansion capability. 

User expansion of the PT 68K-2 is suported by way of six onboard IBM PC/XT compatible I/O ports. This gives access to a wide range of low cost 
PC add-on boards such as colour adaptors and Western Digital Winchester controller cards. 

Two powerful disk operating systems are supported: 
SK*DOS - a low cost, single user DOS compatible with the popular FLEX disk operating system. SK*DOS even runs existing FLEX 

software. 
OS -9/68K - the first choice for serious 68000 users. A Unix like real-time multi-tasking/multi-user DOS with a wide choice of languages. 

PT 68K-2 specification: 
Processor - MC68000 8MHz cock, optional 10, 12.5, 16MHz 

clock. 
Memory - 1024K DRAM, no wait states. 128K EPROM. 4K 

SRAM. 
Four floppy disk drives. (WD1772 FDC) 40/80 track, 
single/double sided/density. 
Winchester interface for WD1002A-HDO controller. 
PC/XT slots supports WD1002A-WX2 controller. 
Four RS232 serial ports. (MC68681 DUARTS). 
Two 8 bit parallel ports. (MC68230 PIA) 
Interlocked handshaking. 
Two programmable interrupt timers. 
Battery backed real-time clock. 
Six IBM PC/XT compatible I/O ports. 
Requires 5V (rr 2A and+/- 12V Or 20mA. 
12 x 8.5 inches. 

Floppy disks 

Hard disks 

Serial I/O 
Parallel I/O 

RTC 
Expansion 
Power 
Size 

The PT 68K-2 is supplied in kit form with all parts necessary to build a basic functioning 68000 computer. The user may then add additional parts 
to implement only those features required. 

A debug monitor in eprom is included in the basic kit which supports I/O from either a serial RS232 terminal or PC/XT video card and IBM style 
keyboard. £295.00 Price of basic kit including complete documentation 

Micro Conceptsl 
2 St. Stephens Road, Cheltenham, Gloucestershire GL51 5AA Telephone: (0242) 510525 
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The Waugh Oscilloscope Calibrator provides 
all the necessary highly accurate test signals 
needed to keep your oscilloscopes at their 
peak of performance. For details on this and 
other oscilloscope add-ons phone Peter 
Waugh 069-172-597. 

Wi1Ngh Instruments Limited 
Camhelyg Isaf Glyn Ceiriog. Llangollen 
Clwyd LL20 7PB Tel: (069 - 172) 597 

HIGH QUALITY - LOW PRICES +, 
\I\ 

> 
1141 

¡ / - '.;, - . 

J 4+11 GHz SATELL TE TV RECEIVING EQUIPMENT 
RECEIVERS, LNB's, LNC's, FEED HORNS, 

ANTENNAS, ANTENNA POSITIONERS, 
POLOR'3TORS, LINE AMPLIFIERS, ETC. 

For lunher cletads n' act 

HARRISON ELECTRONICS 
Century Way, March Camhs PE 15 BOW Tel .'1 '4. 51289 

ENTER 47 ON REPLY CARD 

SURPLUS/REDUNDANT 
STOCKS 

WE OFFER CASH for all types of redundant and 
surplus electronic components, including integrated 
circuits, transistors, capacitors, connectors, sockets, 
and many more besides. Top prices paid, collection 

no problem. 
Please contact us today with your list by fax, telex, 

telephone or letter to: 
MARLOW MARKETING 

151A Milton Road, Gravesend, Kent DA12 2RG. 
Fax: 0474 327960. Telex: 940 16512 (NWWO G). 

Telephone: 0474 320062 
Also complete factory clearances undertaken. 

ENTER 61 ON REPLY CARD 

ELECTRONICS & WIRELESS WORLD 

ENTER 45ON REPLY CARD 
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" POINTMENTS 
Advertisements 
accepted up to 

12 noon March 30 
for May issue 

DISPLAYED APPOINTMENTS VAC \NT: £25 per single col. centimetre 1min. 3cm). 
LINE advertisements (run on): £5.50 per line. minimum £44 (prepayable). 
BOX NUMBERS: £12 extra. (Replies should be addressed to the Box Number in the 
advertisement, do Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS). 
PHONE: PETER HAMILTON, 01-661 3033 (DIRECT LINE) 

Cheques and Postal Orders payable to REED BUSINESS PUBLISHING and crossed. 

. :?,31.[ 
r jty, ' :1t ''l ... : "ill ' :ó . 

11-6- 
_ r61 

DEVELOP YOUR ENGINEERING CAREER AND 

SHAPE TOMORROWS 
COMMUNICATIONS 
12K -25K + Car S.E. ENGLAND 

We are now 
able to offer you 

the challenge of 
developing your 

career in the exciting 
and fast moving world 

of high-speed communi- 
cations in a highly successful 

company. The client enjoys a world-wide reputation for the design 
and implementation of some of the most advanced digital and data 
communication systems employing microwave, satellite and high 
speed circuit bearers, and is highly sought after for its ability to 
handle every aspect of modern communications projects. 

You will have the opportunity to be fully involved in total systems, 
including system configuration and design, advanced system 
studies and Project Management. You will also enjoy an up -front 
position in some of today's most prestigious communication 
projects with many prospects for on -going career development. 

FOR A CONFIDENTIAL DISCUSSION regarding opportunities appropriate to 
your own experience please telephone: GORDON SHORT on Hemel Hempstead 
(0442) 231691 during office hours or contact our Duty Consultant evenings or 
weekends on Hemel Hempstead (0442) 53300. Alternatively clip your card or 
letterhead to this advertisement and return to him at the address below (no stamp 
needed), enclosing your CV if available. All replies will naturally be treated in the 
strictest confidence. 

To cope with the increasing demand for their expertise, 
this go-ahead Company seeks to recruit further high calibre 
professional engineers who have an engineering degree or 
HND and at least 2 years experience in one or more of the 
following. 

Microwave/RF Design; 
Analogue Design; 
PMR Systems Planning; 
Communications Software Design; 
Installation/Commissioning; 
Quality Management; 
Engineering Management. 

Opportunities also exist at less senior levels for 
candidates with ONC/Tech. Cert. qualifications. 

With an attractive salary package and full company benefits, 
including a generous relocation package, these important positions 
present a major opportunity for the engineer set to really make his 
mark in major communication projects. 

H;Xe(.LIlive KP,CI'Ll it IIleI1t Services 
THE SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS. COMPUTING AND DEFENCE INDUSTRIES 

FREEPOST, Hemel Hempstead, HP2 413R 

Hardware/" 
Software/ 
Systems 

£9,000 - £25,000 

rti 
Recruitment 

As a leading recruitment consultancy we 
have a wide selection of opportunities for 
high calibre Design. Development. Systems 
and supporting staff throughout the U.K. 
If you have experience in any of the 
following then you should be talking to us 
for your next career move. 
ARTIFICIAL INTELLIGENCE IMAGE 
PROCESSING ANALOGUE DESIGN 

MICRO HARDWARE & SOFTWARE GUIDED 
WEAPONS C PASCAL ADA RF & 
MICROWAVE ELECTRO -OPTICS SIMULATION 

C 7I REAL TIME PROGRAMMING SYSTEMS 
ENGINEERING ACOUSTICS SONAR RADAR 
SATELLITES AVIONICS CONTROL ANTENNA 

VLSI DESIGN 
Opportunities exist with National. International 
and consultancy companies offering excellent 
salaries and career advancement. 
To be considered for these and other 
requirements contact John Spencer or Stephen 
Morley or forward a detailed CV in complete 
confidence quoting Ref. WW/101. 

STS Recruitment, Telephone: (0962) 69478 (24hrs), 
85 lligh Street, Winchester, Hampshire S023 9AP. 

UNIVERSITY 
COLLEGE 
LONDON 

TECHNICIAN GRADE 7 
(Electronics) 

is required by The Psychology Dept. 
to design a wide range of research 
and teaching equipment. The work 

entails a good working and theoretical 
knowledge of analogue, audio, and 

digital design plus a capability to 
interface User, IEEE, 8 RS232 ports 

on computers would be an 
advantage. Responsibility for the day 

to day running of a large workshop 
and personnel would be required. 

Candidates should have at least HNC 
or equivalent in Electronics with 

several years experience. 

Salary in range £ 10.276 -£11,643 
plus £1,527 London Weighting. 

Application form from: 

Personnel Officer, 
(Technical Staff CK13), 

University College London, 
Gower Street, London WC1 E 6BT 

589 

UNIVERSITY OF 
LEICESTER 
Department of 
Engineering 

Applications are invited for a post of 
Electronics Technician. Duties involve 

liaison with academic and research 
staff to design and develop electronic 

instrumentation systems and to 
maintain and repair a wide range of 
electronic and electromechanical 

equipment. The duties also include 
some microprocessor interfacing, 

software development and 
maintenance. 

Applicants should have a Higher TEC, 
HNC or equivalent and several years 
experience in practical electronics. A 
services training in electronics would 
be an advantage. Salary in the Grade 

5 range £7,696-£9,086, with 
superannuation. 

Applications in writing, with details of 
qualifications and experience. to the 
Head of Department of Engineering, 

The University of Leicester. Leicester, 
LEI 7RH. quoting the reference E/99. 

585 
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PUBLIC HEALTH LABORATORY 
SERVICE BOARD 

CENTRE FOR APPLIED MICROBIOLOGY & RESEARCH 
BIOTECHNOLOGY DEPARTMENT 

The Biotechnology Division at CAMR has production facilities and 5 R&D 
Groups concerned with Molecular Genetics, Protein Engineering, Diagnostic 
Enzymology, Microbiology & Fermentation and Sensors. The Sensor Group 
has multidisciplinary programmes in polymer biochemistry, biosensors, 
laser/optics and instrumentation development. We are extending our 
activities particularly in the last 2 areas and are urgently seeking applications 
for the following positions. 

APPLIED PHYSICIST Post No. 0926 

A graduate physicist or engineer, preferably with postdoctoral or similar 
experience is required for developing static and dynamic laser light 
scattering techniques; also other optical methods, primarily for the analysis 
of biological particles (cells, viruses and proteins). An interest in developing 
optoelectronic and fibre optic configurations is preferred. The successful 
candidate will work within a multidisciplinary team. Experience in 
biochemistry/microbiology is not essential. 

Appointment will be within Senior or Principal Grade Physicist scales 
(£11,164 to £14,591 or £14.389 to £19,895 respect.) depending on age and 
experience and will be for 2 years in the first instance (pay award pending). 

OPTOELECTRONIC/FIBRE OPTICS ENGINEER Post No. 0970 

We require a graduate physicist or engineer (or equivalent) with some 
experience in developing fibre optic and optoelectronic systems. The 
successful applicant will join a multidisciplinary team engaged in developing 
optical techniques for application in biotechnology and clinical analysis. An 
interest in laser light scattering is preferred, but no experience in 

biochemistry or microbiology is required. 

SYSTEMS ENGINEER/ELECTRONICS Post No. 0971 

We require a graduate engineer (or equivalent training) with interest in 

developing optoelectronic assemblies, applying sophisticated signal 
processing techniques and engineering prototype systems. The successful 
candidate will join other engineers and scientists undertaking multi 
disciplinary instrumentation system developments. 

Appointment will be within Senior Grade Physicist scale (£11,164 to 

£14,591) and will be for a period of 2 years in the first instance (pay award 
pending). 

For further information contact Dr D J Clarke, Tel: 0980 610391, Ext.454. 
Applications should include a full curriculum vitae and should be sent to: 
Mrs M Bushby, Personnel Officer, CAMR, Porton Down, Salisbury, 
Wilts SP4 OJG. NHS terms and conditions. 

Closing date: 25th March 1988 
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CLIVEDEN 
Technical 
Recruitment 
TEST ENGINEERS r " Berks 
Repair & service of complex analogue 
& digital video circuits. C £8,800 

SERVICE ENGINEERS Bucks 
Test & fault finding IBM pc clones. 
Some field work. £7,000 

WORKSHOP MANAGER/SERVICE 
ENGINEER N.W London 
To set up a workshop facility for repair 
& maintenance of satcomm systems. 

to £17,000 

R.F. ENGINEERS 
Berks/Bucks/Hants 

Detailed design & development of 
mobile comms system £16,000+ 

TECHNICAL AUTHORS 
Surrey/Hants 

To write user manuals for video 
systems, CCTV & radio comms 

to £14,000 

CUSTOMER ENGINEER Berks 
Repair & service access control 
equipment based or DEC PDP111 

C10,000+ car 

Hundreds of other Electronic vacancies 

Roger Howard. C.Eng, M.I.E.E., M.I.E.R.E. 
CLIVEDEN TECHNICAL RECRUITMENT 

92 The Broadway, Bracknell. Berks 86121AR 
Tel: 0344 489489 (24 hour) 

PROFESSIONAL 
AUDIO ENGINEERS 
We are major suppliers of professional 
audio equipment to the recording and 

broadcasting industries and have 
vacancies for both Engineers and 

Technicians in our expanding 
professional audio laboratory in 

Boreham Wood. 

Relevant Electronics experience 
is essential. 

Apply in writing, or telephone 
Christine Melhuish, 

on 01 953 0091 for an application form. 

BRUCH 
F.W.O. Bauch Limited 
49 Theobald Street 
Boreham Wood 
Herts. WD6 4RZ 

Electronic Engineers - 
What you want, where you want! 
TJB Electrochemical Personnel Services is a specialised appointments 
service for electrical and electronic engineers. We have clients throughout 

the UK who urgently need technical staff at all levels from Junior Technician 

to Senior Management. Vacancies exist in all branches of electronics and 

allied disciplines - right through from design to marketing - at salary 
levels from around £8,000 - £25,000. 

If you wish to make the most of your qua.ifications and experience and 

move another rung or two up the ladder we will be pleased to help you. 

All applications are treated in strict confidence and there is no danger of 

your present employer (or other companies you specify) being made aware 

of your application. 

TJB ELECTROTECHNICAL 
PERSONNEL SERVICES, 

12 Mount Ephraim, 
Tunbridge Wells, 
Kent. TN4 8AS. 

Tel: 0892 510051 
(24 Hour Answering Service) 

MNNNIDONOHNNNINMNMN 1 

Please send me a TJB Appointments Registration form. 

Name 

Address 

(66u 
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Wanted urgently 
Practical people for the 
Third World. 
Many people want to help the Third World. 
But relatively few can offer the kind of help 
wanted most: the handing on of skills and 
professions which lead to self-reliance. 
You could make this priceless contribution 
by working with VSO. 

Current requests include: 
Electronics 
Instructors 
Studio 
Electronic 
Engineer 
Hospital 
Electronics 
Engineers 
Lecturers in 
Power and 
Communication 

Ultra -sound 
Technician 
Refrigeration/ 
Radio/ 
TV Engineers 

E 

Electrical Engineers 
for instruction/ 
installation 
Maintenance 
and repair 
Technician 

For more details, please complete and return 
this advertisement to: Enquiries Unit, VSO, 
9 Belgrave Square, London SW1X 8PW. 

Conditionsof work: Pay based on local rates Posts 
are for a minimum of 2 years You should be 
without dependants Many employers will grant 
leave of absence. 
I'm interested. I have the following training/ 
experience: 

Name_________ 
Address 

E W W,SIBe 

Helping the Third World help itself. 
24p S.A.E. appreciated Charity No 313757 

HI -TECH ELECTRONICS 
DESIGN ENGINEERS 

Wanted immediately. Design Engineers 
for MAC transmissions and Television 
Encryption systems. Must have a very 

thorough knowledge of all types of 
creative electronics. Degree preferable. 
Salary to (18.000 p.a. Send full C.V. to: 

Chris Cary, 
Hi -Tech Electronics, Innovation 
House, Albany Park Industrial 

Estate, Frimley Road, 
Camberley, Surrey GU15 2PL. 

Tel: (0276)684715 
579 

ARTICLESFOR SALE' 

173 MHZ FM TELEMETRY 
+ TELECOMMAND RADIO 

LINKS 
Remote Switching 
Voltage Monitoring 
Serial Data Transmission 

ADENMORE LTD 
27 Longshott Estate. Bracknell 8612 1RL. 

Tel: (0344) 52023 

A TREASURE TROVE of shortwave 
equipment and spares. Offers welcome. 
Tel: 01-994 0066 after 6pm. 582 

1 

1 

1 

1 

1 

1 

1 

1 

J 
ARTICLES FOR SALE 

UNWANTED PCB DESIGN SOFT- 
WARE WI'III SCHEMATIC CAP- 
TURE and lull I3C13 layout with auto - 
routing. All output and menu driven 
supplied with EGA colour. Fully sup- 
ported by supplier. Originally cost 
£4,000 will accept £2,500. Please phone 
0322 57223. 548 

FIGOLLEDGEI 

1 IELECT'RONICSJ 

QUARTZ CRYSTALS OSCILLA- 
TORS AND FILTERS of all types. 
Large stocks of standard items. Spe- 
cials supplied to order. Personal and 
export orders welcomed - SAE for lists 
please. OEM support thru: design 
advice, p ototype quantities, produc- 
tion schedules. Golledge Electronics, 
Merriott. Somerset YA16 5NS. Tel: 
0460 73718. (2472) 

It ill DC ES waveformn transistor 
analysers. Calibrators, Standards. 
Millivolt meters. Dynamometers. IC W 
meters. Oscilloscopes. Recorders. 
Signal generators - sweep, low 
distortion, true RMS. audio. KM, 
deviat ion. Tel: 040:176236. (2616) 

VIDEO ENGINEER 
(MOBILE) 

Ref: 23/88 
We have an immediate vacancy for a qualified Video 
Engineer to work in the Portsmouth and West Sussex 

areas. Experience must include maintenance and repair of 
high band U-matics, TBCs, Vision and Sound Mixers, 3 

tube colour cameras and CCUs. 
The salary package includes the provision of a company 
car and an excellent pension and life assurance scheme. 
For further details and an application form please contact: 

Mrs A.R. Sive, Assistant Personnel Manager. 
Tel: 02407 4461, ext 221 

/Tr THE SERVICES SOUND AND S C VISION CORPORATION 
Chalfont Grove, Narcot Lane, 
Chalfont St. Peter, Gerrards 

- - Cross, Bucks. SL9 8TN. 

AUCTION 

AUCTION 
on Tuesday 19th April 1988 at 10.30 am 

Industrial Sales Ltd., Daniels Industrial Estate, 
Bath Road, Stroud, Glos. GL5 3TJ. 
Will sell by auction at the above premises: 

High quality test equipment, PCB assembly equipment and 
components removed from Compucorp and other computer 

manufacturers. 
Including Universal programmers, Universal manuserts, 

Tektronix 8540 microputer, HP 1630 D Logic analyser with 
10269A, Gen Rad 1657 Ric digi bridge, Chamelion Analyser 

Tehelec model TET03, Tektronix 7633 oscilloscope, Tektronix 
prototype control probes, Wire Feeder, Bar code reader, 

Hepco Trimmer, Kencomatic dispenser, Desoldering station, 
Thermotron 5-1 2E, Mammert UL 30 and UL 10, Mitutago 

PV350. 
600 Zenith CRT's, Wyse 500 monitors, Computer drives, LC 
Displays, Keyboards, large quantity of components including 

IC's, Networks, LED's transistors, diodes, capacitors, 
connectors and cables. 42" Buss Bar System. 

In all some 500 lots mainly in manufacturer's boxes. 
On view Monday 11th to Friday 15th April - 8.00am to 4.00pm. 
Telephone Stroud (04536) 79482 for Free Catalogue. 

ARTICLES FOR SALE 

TEST EQUIPMENT 
6000 USED EQUIPMENT ALWAYS AVAILABLE & WANTED 
HP 1715A 200Mhz, D/T with delay, A time, in first class condition £1250,00 

HP 1740A 100Mhz D/channel, 5mv/div, A time, 3rd, channel trigger view 
£950.00 

HP 1741A 100Mhz, Vari/persistance, storage scope, mint condition 
£ 1250.00 

Solartron 1 172 frequency response analyser £1250.00 
Recently manufactured signal sources. Analysers, R.F. Meters, by Brand 

leaders. 
Considerably more always in stock; send for lists, or we will source for you. 

BUYING OR DISPOSING you should contact: 

COOKE INTERNATIONAL 
Unit 4, Fordingbridge Site, Main Road, Barnham, Bognor Regis, 

West Sussex P022 OEB. Tel: 0243 68 5111/2 505 

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 
CERAMICS, PLATE CERAMICS, etc. 

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES, 
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc. 

ALL AT KNOCKOUT PRICES - Come and pay us a visit ALADDIN'S CAVE 

TELEPHONE: 445 0749/445 2713 
R. HENSON LTD. 

21 Lodge Lane, North Finchley, London, N.12 
15 minutes from Tally Ho Corner) (1613) 
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ARTICLES FOR SALE 

VALVES - MAGNÉTRONS - 
TRANSISTORS 

Usually the lowest prices anywhere Rarities our 
speciality 

Discounts for large value enquiries Overseas 
enquiries welcome 

For quotations contact Martin Bdtington 

ILTS BILLINGTON VALVES 
39 Highlands Road, Horsham, W.Sussex 

RH13 5LS 
Tel: 0403 864086 Fax 0403 210108 

Telex: 87271 580 

Farnell Precision DC Supply & Differential 
Voltmeter, ImV-100.v. High Speed Recor- 
der and recording Bridge (Marconi) for 
morse and pulse £125. 40.W. RF Power 
Meter, leads & adaptor £39. Three range 
Radiation Monitor in case £59. Wayne - 
Kerr Testmatic A.60.. with manuals etc 
£125. Cambridge Illuminated Temperature 
Indicator Galvanometer £39. Mains oper- 
ated battery replacement power supply for 
radiation monitor (300.v.) £18. 60.W. IC 
power amplifiers £6.50. Pure Silicon slices 
£1.50. ea., or sealed pack of 25 £25. 
Fire-lite fire alarm sensor switches 
£3.50.ea.. or 400 ei £400. High & low 
voltage & isolation transformers, also 240/ 
110 etc. Four instrument workstation £75. 
Miscellaneous small computers £25.ea. 
Silicon rectifiers on heat sinks (3 rec's.) 
£1.50.ea. Oscilloscope single to dual trace 
converter £35. Wayne -Kerr Bridge Detec- 
tor £49. Alpha Counter with 20th Century 
tube & sample drawer £30. Siemens Chart 
Recorder £45. Marconi 70Mc/s Band Test 
Set £25. Hewlett-Packard VHF. Singal 
Generator £65. Farnell Dual Stabilised 
Variable PSU. etc.etc. 040-376236. 

2016 

ARTICLES WANTED 

WANTED 

STEWART OF READING 
110 WYKEHAM ROAD, 

READING RG6 1PL. 
TEL: 0734 68041 

TOP PRICES PAID FOR ALL 
TYPES OF SURPLUS TEST 
EQUIPMENT, COMPUTER 

EQUIPMENT, COMPONENTS 
etc. ANY QUANTITY 

I'LA'IINUM, GOLD, SILVER 
SCRAP. Melted assayed and paid for 
within 24 hours relay contacts, thermo 
couples. crucibles. Also printed circuit 
boards, plugs. connectors. palladium. 
rhodium. tantalum and ruthenium. We 
have the technology to do the difficult 
refining jobs that others can't handle. 
Totally free sampling service. Send 
samples or parcels I Regd post) or 
contact Eric Ilenderson. 0773 570141. 
Steinbeck Refineries tUK) Ltd, 
Peasehill Industrial Estate, Ripley. 
Derbyshire DE5 3JG. No quantity too 
l a rge or small. 495 

VALVES, TRANSISTORS. factory 
clearance wanted. Especially valve 
types PX4, PX25. KT66 and equiva- 
lents. Billington Valves. see P423. 581 

G.W.M. RADIO LTD 
40/42 Portland Road, Worthing, Sussex 

Tel: 0903 34897 

Communications Receivers - 
Racal RA 17 £175. Eddystone 
730/4 £110 plus carriage s.a.e. 
for details. SM 111 Oscilloscopes 
£150 plus carriage. Many 
bargains for callers. Headgear 
Nato no. 5965-99-620-5674 sold 
as is. £25 inc. P&P. 'Janes' 
Aircraft 1982183 £20 inc. P&P. 

565 

WANTED 
Test equipment, receivers, 
valves, transmitters, com- 
ponents, cable and electro- 
nic scrap and quantity. 

Prompt service and cash. 

M&B RADIO 
86 Bishopsgate Street 

Leeds LS1 4BB 
0532 435649 9956 

SERVICES' 

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 

(13911 

QUICK BOARD DESIGNS \ speedy 
printed circuit design service to get 
ideas into practice, Circuit Design, 
PCB \rtwork. Prototypes. Everything 
from concept to production. Tel: 01 404 
0020 

PC11 ARTWORK DESIGN. CAD Sys- 
tem. Outputs, Penplot or Pftotoplot, 
Driumap or Excellon 'rape. Conven- 
tional PTH or Multilayer. SMD and or 
standard parts. Contact it CL. Pendre 
Pontrhydvgroes. Dyfed SY25 6DX. Tel: 
0974 22670 

TURN YOUR SURPLUS i.cs 
transistors etc. into cash, immediate 
settlement. We also welcome the 
opportunity to quote for complete 
factory clearance. Contact ('OLES- 
H \RI)ING & CO, 103 South Brink. 
Wisbech. Cambs. 0945584I88. i92) 

P.C.B's DESIGNED. \rtwors 
capacity available for single double 
sided, P.T.H. and multi -layer P.('.B.'s. 
also silk screens, solder masks. labels 
etc. For C.A.D. Photoplot, artwork & 
photography. contact Mr. Williams. 49 
\Vest bourne. Honeybourne. Evesham. 
\VTres, \VIt 1 151"I'. Tel?03868:32152. 

SIG LENS Marc TF995A2 1 5220 Mc 5 AM,FM 
f115 USM 44 (0P608) 101420 MGS AM f95, 
TS405 1 9i4Gz TS419 09/2 t Gz £115 AF Gens 
CT439 10c to 100Kc sine 600 ohm f65 CT, 33 
(J t) 15c to 50 Kc sine 5 8 600 ohm f38. CT303 
Absorb WM head 1 9,5 1 Gz C24.50. W G 16 Ass 
with diode 8 BNC sk 5" long C9.50. Spare S Band 
WG 8 Klyst Ass for Marc Spec Anly f23. X Band 
Absorb W M 9 17 to 9 47 Gz direct cal £32.50. X 

Band Dishes ac radar 32-dia 5" deep ah new 
(28.50. Hand Geny Army nom 12/14v DC stab 1 

amp £24.50. Variacs panel mt 240v 2 amp 
C18.50. 4 amp 126.50. Isol Trans 240v 500w 
£17.50. Bird Meters spares for Thru line 30 Ua 
new 017.50 Tiro<r merh panel ml 0 to 8mm 2'Aa 
£8.50. Aerial SWT 'J swt for R1154,55 inst 
016.50. Educ Analog Comp Lan Elec LA -4 £135. 
Video Tape 12" Sony V -60H new 4 for (11.50 Ali 
prices inclusive list on request A.H. Supplies, 
Unit 12, Bankside Wks. Darnall Road. 
Sheffield S9 SHA. Telephone (0742) 444278. 

561 

When replying to classified 
advertisement readers are 

recommended to take steps to protect 
I their interest before sending money. 
L FIJ 

CLASSIFIED ADVERTISEMENTS 
Use this Form for your Sales and Wants 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

To "Electronics & Wireless World" Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS 

Rate £5.50 PER LINE. Average six words per 
line. Minimum £44 (prepayable). 
Name and address to be included in charge if 

used in advertisement. 

Box No. Allow two words plus £12. i Cheques, etc., payable to "Reed Business 
Publishing" and cross "& Co." 15á/e VAT to 
be added. 

NAME 

ADDRESS 

REMITTANCE VALUE ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
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ELECT 

OSCILLOSCOPES 

NIC BROKERS 

DISTORTION ANALYSERS 
Hewlett 
Packard 

334A 5Hz-600KHz 
339A IOHz-110KHz 
3581 A Wave Analyser. 

15Hz-50KHz 

£1,550 
£1,950 

£2,450 

OF SECOND USER 
TEST EQUIPMENT 

Hewlett 3585A 20Hz-40MHz. HPIB 
Packard 8565A-010 

10MHz-22GHz, HPIB 
Antritsu MS62B IOKHz-1.8GHz 
Marconi TF2371 50Hz-200MHz 
Takeda RikenTR4132100KHz-IGHz 

E13,500 

£14,950 
£6,950 
£5,950 
£3,750 

Tektronix 

Hewlett 
Packard 

485 350MHz, 2 channel 
465B 100MHz, dual channel 
475A 250MHz, 2 channel 
2445 150MHz, 4 channel 
2465 300MHz, 4 channel 
468 100MHz, Analogue 

Storage 
1715A 200MHz, 2 channel 
1740A 100MHz, 2 channel 
1741A 100MHz, Anolgoue 

Storage 

£4,250 
E1,550 
£2,250 
£2,350 
£3,250 

£3,950 
£1,750 
£1,150 

£2,750 

SPECTRUM ANALYSERS RADIO COMMUNICATIONS 
TEST SETS 

Farnell SSG520/TTS520 10-520MHz £3,500 
1 F R 100051-1000MHz P.O.A. 
Marconi TF2950/5 65-180MHz, 

420-470MHz £995 
Solartron 4010A0.01-480MHz £2,350 

SPECIAL OFFERS 
SIGNAL SOURCES Hewlett 5300/5305 90-1300MHz, 

Packard Counter £249 
Hewlett 86408-001-002 1333A High Res. XY display £695 
Packard 2OHz-1024KHz £4,500 1332A XV display £595 

8624B Synthesized, 7475A 6 pen plotter £995 
100Hz-2.11GHz P.O.A. 85A Micro £750 

8656A Synthesized, Hewlett 1411, 8552B, 8555A 98256A 256K Memory £250 
0.1.990MHz £3,600 Packard I0MHz-I 8GHz £7,250 Marconi TF2603 R.F. Millivoltmeter £295 

Marconi TF2015/1 10-520MHz £650 1411,85528,85548 Claude Lyonsl.VC 250 line voltage 
TF2013 800-960MHz £750 100KHz-1.25GHz £6,450 conditioner, 2.5A £175 

Wavetek 184 Sweeper, 5MHz £595 3582A 0.02Hz-25.5KHz £6,950 Tektronix 200C Scope Trolley £150 

j t [ + 

C C J 
C " C D r -t; 1-7_D 

_ 1 : 

C 
L=7 ^ 

CZZ t: GZJI Electronic Brokers ú E 

All products fully refurbished and sold with full one-year warranty. 
Electronic Brokers, Doman House, Meadfield Rood, Langley, Berkshire SL3 8AL. 
Fax: (0753) 682843. Telex: 935371. Tel: (0753) 44878. 
Pvr rs exs lude VAT and carnage All nl irmotion correct at lime of going to press 
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THURLBY DIGITAL STORAGE ADAPTOR' 

ricanyou gel or 
1 

20 megasamples/sec sampling rate? Fully programmable front panel 

4K words per channel recording 
memory? 

35 MHz storage bandwidth for 
repetitive signals? 

16 non-volatile waveform memories? 

On -screen text display and on -screen 
cursor measurement? 

Roll mode down to 200 minutes/div? 

Sweep speeds up to 5ns/div? 
Sensitivity down to 2mV/div with 
autoranging capability? 
40 division pre -trigger display? 

Digital sweep delay system? 

Post storage processing including 
waveform multiplication? 
Digital averaging for lower noise? 

Digital interpolation using sine or 
pulse algorithms? 

with -0 setting memories? 

® RS -232C compatible interface plus 
optional IEEE -488 interface? 

4 Full remote control and bi- 
directional waveform transfer? 

m Output to a dot-matrix printer, 
digital plotter or analogue plotter? 

A free conventional oscilloscope 
to connect it to? 

Surprisingly it's onlynumber 18 Y but you probably have that already! 
The Thurlby DSA524* links to any standard 
oscilloscope (using only one cable) and 
converts it into a highly sophisticated digital 
storage 'scope with all the features listed 
above. 
If you want to pay even less, the DSA511 has 

a tew less features but costs only £395. 
Send for full details now! 

illThuribyl DSA524 
Digital Storage Adaptor 
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MARCONI 
INSTRUMENTS 
2958 
Total Access Control 
System (TACS) adaptor 
combines with 2955 to 
allow automatic testing 
of UK cellular radio 

y systems. Non-volatile 
__ ! s - memory allows users to 

p set their own test --- programmes. Adaptor i fits to 2955 using GPIB 

' 

o module. eele 
£9160 
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MARCONI 
INSTRUMENTS 
2019A 
80KHz-1040MHz 
AM/FM signal 
generator, with 
frequency resolution of 
10Hz up to 50MHz. 
Excellent output level 
accuracy with output to 
2V emf. Comprehensive 
modulation includes 
auxiliary FM. GPIB 
option with Talk/Listen 
capability 

£4450 
Also: 2018A, 
80KHz-520MHz 
version £4150 
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MARCONI INSTRUMENTS 
2955 Radio Communications test set with comprehensive testing 
facilities for AM/FM/PhM radios to 1GHz. Modes include TX, RX and 
full duplex. Menu -driven CRT display with store/recall of 38 standard 
settings. Digital readouts for precision, plus bar charts and digital 
storage scope, built in self test and help facility. GPIB option for full 
instrument control. Single and two -port £5900 operation for benchtop and radio versatility. 
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MARCONI 
INSTRUMENTS 
2022A 
10KHz-1000MHz 
AM/FM signal 
generator, with 
non-volatile memory of 
100 settings. 
Comprehensive 
modulation covering 
AM/FM/PhM. Single 
push-button operation, 
large LCD display, 
optional GPIB 
programmability, low 
harmonic distortion. 

£2950 

MARCONI 
INSTRUMENTS 
2305 
Modulation meter with 
p.5MHz to 2.3GHz 
frequency range. 
FM/AM/PhM 
measurements. High 
0.5% basic accuracy. 
Fast testing with 
microprocessor 
operation and 
auto -tuning. 
Frequency and power 
measurements in 
addition to modulation. 
Programmable 
operation with GPIB 
option. 

£5600 

UK's No.1 Test Equipment Distribution Company ° °3 °= r g ElectronicBrokers 
u 1 o Dorcan House, Meadfield Road, Langley, Berks SL3 8AL. Electronic Brokers ° _ d 0 0 ti o U Fax: (0753) 682843. Telex: 935371. Tel: (0753) 44878 All prices exclude VAT and carriage and are correct at time of going to press. 
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