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Rental schemes tailored to meet your exact needs mean
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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 hurnround 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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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-qutomatic mode enables a
measurement or sequence of measure-
ments to be repeated without control
reset

. Automatic mode - remote
controllable via IEEE-488 (IEC 625 bus),
RS-232 interface or over phone line

s Pre- and post-triggering

. Separate text and trace display
areas

. Autoset function sets timebase.
amplitude and triggering
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A 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 S50Mbit
pattern generator up to 204 channels; or
a 1GHz iming analyser up to 80
chdnnels.
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“It’s a pretty small battery-powered PROM programmer
— so what?”

Tools which are convenient get used a lot - that justifies
their existence. There is no wav we could
explain all the usefulness of S3 here.
Instead. if vou're interested we're

going to let you see it, use it
and cvaluate 1t in your own
workshop. We went to a lot
of lroul\‘c to design S3 jusl
the way 1t s no other
PROMMER 1s all CMOS and
all SMT. So we must be con-
vinced that $3 would be a for-
midable addition  to  vour
armoury. Now all we have to do
is 1O convinee you.

“Such a little thing can’t be
powerful, like a big bench-

programmer — er — can it?”’
Yes. it can. 1t is more powertul. S3 leaves
other prommers streets behind. 83 has
continuous memory. which means that you
can pick it up and carry-on where vou left off
fast week. S5 has a huge library EPROMS and
EEPROMS. 83 can hlo“ a hundred or more

PROMS without recharging. 83 also works re-
motely, via RS232. There’s a DB25 socket on the
back. All commands are available from vour computer
(through a modem, even). Also S3 hefps vou develop
and debug microsystems by memory-emulation.

“What’s this memory-emulation, then?”

IU's a technique for Microprocessor Prototype Develop-
ment, more powerful than ROM emulation, especially
uscful for single-chip “piggy
back™ micros. You plug the

% “I’m bound to let the battery go flat.”
‘d;‘ 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 overnight or boost-charge for three
hours will restore full capacity. You can kch using
it when charging. So there really 1s no problem.

. “‘l already have a programmer.”

g Pity it doesn’t have S3 features. eh? But
here's a trick worth knowing. If you plug
$3'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?”
N Dataman tools are designed to
be used by Engineers. Not
just sold to Management
Have you ever been misled
by some mouthwulenng
ad for a new product’
Great artwork and ex-
citing promises which
feed your fancy? On
impitlse vou buy and
when the thing arrives
you feel let down. The pic
ture looked better. The claims
are hardly justified; not exactly
misrepresentation,  just
hoor  mmplementation.
3ut you've bought it

lcad with the 24/28 pin header
in place of the ROM/RAM.
You clip the Flying-Write-
Lead to the nucroprocessor
and you're in business. The
code is entered using either

Softy3is here!

And you're stuck with 1t
It stays in the cupboard.
most of the time. So how
about this: buy S3 and
use it for up to a month.
If you're not still thrilled

the Keyboard or the sernal
interface. Computer-assembled
files are downloaded in standard format

INTELHEX, MOTOROIL.A. TEKIEX.
Your microprocessor can WRITE 10 83 as well as READ. You
can edit vour variables and stack as well as vour program. if
vou keep them all in $3.

S3 can look like any PROM up to 64K bvies. 25 or 27 series.
Access is 100ns — that's reuhy fast. Memory-emulation is
cheap. iU's universal and the prototype works “like the real
thing”.

ASCII, BINARY.

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
“fiddled.” New programming algorithms can bhe written from
the keyboard. Voltages are set in software by DACs. It you
want (o 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 tor various
micros. We will support a User Group.

then you can have your
money back.

“Refund in the first month! How can you offer
that?”
We trust 83 to tire vour enthusiasm. We trust you not 1o use us

as a free hireservice. We bet vou won't send it back. How
would vou manage without 1t?

“These things cost a fortune and take months to
arrive.”

We wouldn't get you all excited and then let you down. [t Costs
£495 plus VAT. That includes P & P, Charger. EMULead.
Write Lead and a HELP program in ROM. S3'is in stock. Buy
it today. Use it tomorrow. (That's a fuir promise. But please
reserve product by phone or telex 10 make it come true).

oATAMAN

Lombard House,

Cornwall Rd.

DORCHESTER

Dorset DT1 1RX.

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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COMMENT

Component or
composite?

without doubt the most contentious issue in television technology at present is the

Ifwe can disregard for amoment the battle nver high-definition standards, then

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 compenents are recorded on the tape
separately. But D1'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, whick 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 evebrows 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 warkhorse 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 isa commercial success,
it will inevitably prejudice the adoption of D1, and with it the move to all-digital
production. It will replace D1's universality with a recording format geared toan

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 awhole digital studio, it may prevent us — possibly for ever -
from attaining that most desiratle 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.tvis eventually thrashed out - if that day ever comes —we shall be able to reopen
the debate onv.t.r. formats once again, with renewed enthusiasm.
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Z-MATCH
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package.
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Component .ibrary facilities.

ANALYSER 11

For IBM PC/XT/AT

A.C. CIRCUIT ANALYSIS
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Write or phone for full details: Ref WW
NUMBER ONE SYSTEMS LIMITED
Harding Way, Somersham Road,

St lves. Huntingdon,

Cambs. PE17 4WR

Tel: 048061778

We offer full offer-sales support with telephone
“HELP HOTLINE” service.
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Happv Memories

Part type : 1 off
4116 200ns (PUllS)....cooeveeieeiviiiinaenn. 1.00
4164 150ns Not Texas
41256 150ns............

41256 120ns......... .3.85
41464 120ns............... .3.45
2114 200ns Low Power .. 1.75

6116 150ns Low Power ..

6264 150ns Low Power .. ...4.95
62256 120ns Low Power .................. 9.95
2716 450NS5 VoM. ..ovevicevieiiierein. 3.20
2532 450ns.............. ..5.40
2732 450ns..... .3.20
2732A 250NS .......oce.. .3.95
2764 250ns Suit BBC.. .2.85
27128 250ns Suit BBC 4.55
27256 250ns............... ...4.55
2751225008 .0.ciiiiiereieiaiiecie e 8.45
Low profile IC sockets: Pins

Pence

25-99

.90
1.85
3.25
3.55
3.20
1.60
2.60
4.75
9.25
3.05
4.85
3.05
3.70
2.65
4.25
4.25
7.95

100 up
85

1.75
3.00
3.35
2.99
1.50
2.50
4.65
8.65
2.95
450
2.95
3.50
2.50
3.95
3.95
7.65

8 14 16 18 20 24 28 40
5 910 11 12 1517 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 74L_S 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)
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HART - The Firm for QUALITY

LINSLEY-HOOD 300 SERIES AMPLIFIER KITS.
Ultra hugh quality Mostet cutput Fully integrated Hi-Fi ampliier kats by this
famous designer Two models 35 and 45 watts per channel Capable of
superb sound quality with greater delicacy and transparency ol fone than
most commercial amphhiers Building 1s very easy with our comprehensive
building instructions as mos: components fit on the PCBs and setting-up
only needs a mulimeter
K300-35 Total Parts Cost 138 28, Discount Price for Complete Kit £98 79 K300-45 Parts Cost £142 74 Kit
Discount Pnce £102 36
RLH4&5 Reprints of Onginal Articles from Hi-FiNews [t 05 (FREE with Kity

LINSLEY-HOOD SUPER HIGH QUALITY AM FM TUNER SYSTEM
A combinalion of his ultra high quality FM funer and stereo decoder descnibed n ETI and the Synchrodyne
AM recewver described n “WW Cased to maich our 300 Senes amplifiers this kit leatures a ready built
pre-aligned FM front end. orase 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 builld
K400-FM FM Only Kit Comp ete
K400AM/FM Full AM/FM Kit

134 61
£205 92

STUART TAPE RECORDER CIRCUITS
Complete stereo record. replay and bias system for reel-to-reel recorders These circuits will give studio
qualty with a good tape deck Separate sections for record and replay give optmum performance and allow a
third head monitoring syst2m to be used where the deck has this tited Standard 250mV input and output
levels These circuits are ideal for bringing that old valve tape recorder back to hfe
K900W Stereo Kit with Wound Coils and Twin Meter Drive
RJS1 Repnnts of Original Articles

£6567
£130n0 VAT

REEL-TO-REEL TAPE HEADS
Special offer of heads to surt *he Stuart Tape Circuits Four track stereo format (2/4) Universal mount ready to
fix to your base
998E Erase Head (tmH)
999R Record/Play Head (110mH)

£7 50
£8 50

HIGH QUALITY REPLACEMENT CASSETTE HEADS
Do your tapes lack treble' A worn head could be the problem Tape heads
are constantly improving and hiting one of our latest replacement heads
could restore performance to better than new' Standard mountings fit
most decks and our TC1 Test Cassette will make # easy to set the s
azimuth spol on As we are the actual importers you get prime parts at ’ q -
lowest prices All our heads are suitable for Dolby machines \
HX 100 Standard Sterec Pe'malloy Head £249
HC20 High Quality Permalloy Sterec Head £7 66
HS16 Sendust Alloy Super Head Quite simply the best Longer hfe than permalioy higher output than ternte
fantast-c frequency response metal tape capabiity €14 86
HQ551 4-Track head lor auto-reverse of guadrophomic use Full specificahon record and play head £1160
Full data on these and othet heads in our range are contained n our free list
HART TRIPLE PURPOSE TEST CASSETTE TC1

One e test ¢ you to set up VU (Dolby) level head azimuth and
tape speed without test equipment Vital when fiting new heads Complete with instruchons £4.66

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

\ ELECTRONIC KITS LTD
1, Penylan Mill, 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 howa
V.22/V.22bis modem works. Subsequently the author will
illustrate the implementation of these standards with a

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 Teléphonique, 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
1180Hz (space) and 980Hz (mark) on chan-
nel 1 and 1850Hz (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
feft 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 amaximum speed capability of 75bit/s.

Primarily, V.23 is used in half duplex
systems where the back channel carrier is
ignored and the clear to send (c1s) signal is
merely a delayed version of the request to
send (rts) input, the delay being used to
enable the channels to be 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 back 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

Because of the restricted bandwidth of

ELECTRONICS & WIRELESS WORLD

practical hardware example.

KEVIN J. KIRK

extra services on Prestel and other viewdata
networks, and more especially the use of
two-way interaction via full alphanumeric
keyboards isuch 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
50 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 databases 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 1.

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.
e Differential phase-shift modulation with

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

V.26 (V.26bis)

2400b|t/s asymmetric duplex (75 baud back channel)
with fallback to 1200bit’'s. Forward channel uses
four-phase modulation of a 1800Hz carrier at 2400bit/
s and two-phase at 1200bit/s. The back channel uses
fsk as for V23. This modem does not contain a
scrambler and is only capable of handling synchro-
nous erminals. (US equivalent Bell 201)

V.27 (V.27bis. V.27ter)

V.27 and V.27bis provide 4800bit/s full duplex over
leased lines with V.27bis having a fall-back to 2400bit/
s. V27ter provndes 4800biv's half duplex over public

itched tel twork (p.s.tn) two-wire circuits
with a fall back to 2400bivs. All have an f.s.k. back
channel of 75biv's. The forward channel uses eight
phase modulation at 4800bit's and four-phase at
2400biv's. V.27bis and V.27ter modems contain adap-
tive equalization with V.27 containing a manual equaliz-
er;h ver, V.27 is rec ded only for high quality
leased lines meeting CCITT recommendation M1020.
This modem contains a scrambler.

V.29 S

Thls sundard allows 9600b|t/s full duplex over leased
lines and 9600bit/s half duplex over the p.s.tn., with
possible fall-back to 7200 and 4800bits. It uses
eight phase modulation and amplitude modulation. At
480Cbit'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 2400bit's
channel, or one 4800bit/s and twc 2400bit's channels.
or four 2400bit/s ch Is. it has a scrambler and
adaptive equalization.

V.32

Full duplex 9600b|t/s trellis-coded modulation over
p.s.to. systems.

V.33

Capable of \;orking up to 14.4kbit's full duplex on
four-wire leased lines using trellis-coded modulation.

V.35/V.36

Wideband 48kbit’'s modem working over d\ea
108idHz band.

v

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

Note: V.22 covered formerly the standard signalling
rates for p.stn. 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 1200Hz tone (originating modem) or
2400Hz (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 550Hz 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.
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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

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 rp
(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 bit transition. This is
referred to as the break signal.

ELECTRONICS & WIRELESS WORLD



SCRAMBLING

After conversion, the synchronous bits 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 passband. 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 egualization
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:

D=D,®&D.X "eDn.X "7

where D, is the output data stream from the
scrambler: D; is the input data stream to the
scrambler; @ denotes modulo 2 addition
and . denotes binary multiplication; and
where mark=logic 1 and space=logic 0: and
where the shift register clock rateis 1200Hz,

This means that if the number of shift
registers is N then the resulting bit sequence
representing a semi-random character will
be 2N—1 bits long and the maximum num-
ber of identical sequential bits will be less
than N. In addition. to ensure that remote
loop 2 is not instigated by a scrambler
lockup. circuitry must also be included to
detect a sequence of 64 consecutive 1s at the
scrambler output (D) and if detected the
circuit must invert the next input bit to the
scrambler (D,). This circuit will be inopera-
tive during handshaking (where detection of
1s 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-
plving the demodulated data sequence by the
generating polynomial, thus:

D,=D1+X "X ')

where D,, is the output data stream from the
descrambler and D), is the demodulated
scrambler data stream. Note that some
modem designers include a further circuit at
point D, to detect a sequence of 64 consecu-
tive 1s 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 aiter the handshaking
process is complete and as such is best
implemented in d.s.p.-based modems. This
scrambling process suffers from one major
disadvantage in that any single bit errors will
be multiplied by three with the first error
occurring during the recovered bhit sequ-
ence, the second at the first shift register tap
(14 clock pulses later) and the third at the
end of the shift register chain.

MODULATION

After the scram_}mmesultant datz;
hits are paired to form di-bits 00, 01, 10 and
11, with the left hand bit of each di-bit being
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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 be used during modulation
to form phase changes of 90° (00), 07 (01),
180°(10) or 270°(11).

Note that the phase to binany assignations
do not follow the natural order (i.e. 0°=00,
90°=01, 180°=10 and 270°=11): this is to
minimize errors due to phase inversion of
one of the carrier oscillators.

\'.22bis differs only in that the data chain
is broken into four sequential hits, called
quad-bits, with the first two bits being used
to determine the phase changes as before
(i.e. in relation to the preceding signal
element) and the last two bits 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.22bhis a special training
sequence is provided during the V.22his
connect sequence. Plain 600hit/s transmis-
sion in V.22 is carried out without di-bits.
using a 90° phase change to represent O and &
270° phase change to represent 1.

However, V.22 and V.22his are similar in
that transmission is carried out at the
optimum rate of 600 baud. Di-bits are passed
to the complex modulator, which consists of
two transmitters of identical frequency but
90° out of phase (in guadrature to each
other). In mathematical terms, if we have
two baseband signals Vim(t) and Vm.(t) we
can use a complex modulator (Fig.3) to
produce modulated carriers:

Vi) =Vm,(t)cosw,
Vg( t) =Vm3(t Psinu)‘

where w.=27F (1), creating sum and differ-

Teble 2: CCITT V.22 modes

Made Speed

1 12C0bit/'s synchronous

2 12CObit's start-stop (8.9.10 or 11 bits per
character)

3 600bit/s synchronous

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

5 Asynchronous mode 1200 bit/s start stop

or Z200bit/s anisynchronous.

1 In moce 5he modem always transmits data ata
faster rate than it receives it from the terminal.
Permitted rates are:
0-301sit/s and 1170-1204bit/s in to 1205bit's
0-3053it/s and 1190-1221bit/s in to 1223bits.

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

3 Bell 212A is the nearest US equivalent and
drfers in tha: it has no 600bit/s fallback, can only
accept eight or nine-bit length characters and has
orly overspeed (+1% to - 2.5%). However it has
scme additional features: for example, it can
detect originating modems in answer mode and
wll automatically disconnect on receipt of a ‘long
srace’ (essertially a space lasting between 3.8 and
4.7 seconds). As a matter of interest. many
cemputer bulletin boards running in the UK are
using Be | 212A rather than V.22 (probably unbek-
newn to the system operator, since many higher
speed modems automatically detect and select
Bell 212). This means of course that true CCITT
V22-only modems (or those with hardware select
limes), sLch as the Thomson 7515, will not work
properly through no fault of their own. Symptoms
ol this zondition are continuous errors, most
neticeable during the quiet periods when every
ehth bit is missing: depending on the receiving
terminal, this usually produces Y or Ya signs on the
screen. For this reason our design will be capable
otworkirg 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-
¢y, thus:

V=V +Va(t)
Vm, (t)cosw, + Vmo{l)sine,

Demodulation is a relatively easy matter
because similar quadrature-locked oscilla-
tors are used to permit product demodula-
tion to take place (Fig.3). The advantage of
this system of modulation is that it enables
two baseband signals to occupy the same
carrier space. However. 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 *+100us over the frequency range
800-1600Hz (low channel) and 2000-
2800Hz (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 (modem transmit and return, modem
receive and return).

HANDSHAKING

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

This sequence
® detects carrier:
e adjusts automatic gain control circuits;
® sets timing synchronization;
e converges the adaptive equalizers, if
fitted:
e synchronizes the descrambler.
This training sequence is crucial and must
be strictly adhered to. Figure 5 illustrates
the V.22 connection sequence: Fig.6 covers
\'.22his. Note that the S1 bit pattern is the
only difference between V.22 and V.22his
and so | shall describe only V.22 in detail.

~ ORIGINATING MODEM SEQUENCE

After 155ms (+50ms) of unscrambled 1s
from the answering modem have been de-
tected. psk is turned on. The originating
modem will then remain silent for a further
456ms (+10ms) after which it transmits
scrambled s for equalizer convergence on
the receiver. Similarly, the answering mod-
em will transmit scrambled 1s, after which
both modems will go into data mode.

Fig.6. V.22bis modem connect sequence
(2400bivs).
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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 s to permit coarse
timing and equalization convergence. It
detects a chain of scrambled 1s for 270ms
(+40ms) and then transmits its own chain of
scrambled 1s. Lastly it waits for 765ms
(£ 10ms) prior to raising cts and going into
datamode.

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. ldeally
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 IMHz 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. circuil 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 be 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)
1t 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.
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Some devices (such as the Thomson 7515)
offer only a fixed compromise equalization

& WIRELESS WORLD § & WIRELESS WORLD

asthisisall 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 flat 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 be 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 Roval Air Force. Having 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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A.m. quality
radio

I read with great interest the
paper “Putting the quality back
into a.m. radio” by J.L. Linsley
Hood in the October 1986 issue.
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 be 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, but
the dual-gate mosfet output re-
sistance can be 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 f, 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 f, while the other
peak moves to the right(Fig.1(b))
or left (Fig.1(c). (d), (e)).

Tesu lon-Constantin,
Polytechnic Institute of lasi,
Romania.

Open lettertoa

school leaver

With regard to the possibility of
our offering you employment, |
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.
However, 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

the reception of radio transmis-
sions in the sub-microvolt level,
with signal bandwidths down toa
small fraction of a Hz — to take a
random selection from recent
design commissions.

Since our main effor: 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 back 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 and 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 much.

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. toiit.
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
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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.lLs.i.

In the early 1950s Dr W. Crey
Walter, of the Burder Neurolo-
gical Institute, Bristol, built a
number of electronic functional
models of neurophysiological
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

S

DEFINE U1 AS 7400
BEGIN
C:=2 UL
Q= U1, 11701, 10
Az U1, 9
Q:=U1,8/U1,7
END

Fig.2

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, 1 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? | 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 | 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. 1 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.1.

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 isa
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.1) is
best 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, | guess, that makes it
so recognizable in Fig.1. Well,
looking again at Fig.2 you will
see that | wrote it in a wavy line
down the page but, to me at least,
it still seems a lot less structured
or recognizable than Fig.1.

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, 1 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 EWW. 1
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, | 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
be put aside.

| believe radioactive ‘avalan-
ching’ might be accomplished by
the imposition of several ‘keys’
which- exploit known atomic
phenomena to elicit the required
response. Naturally, 1 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 be inserted into the
nucleus to initiate and control
the avalanche!

1 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 EWW, January, 1988, p.15
suggests that an abundant and
inexpensive energy source may
soon be attainable if only we
come to terms with the role the
ether plays in causing atoms to
have a stability 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 1
wish to mention by way of feed-
back on what Carl Adams says.

As EWW 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 | remind readers of my
article in WW 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-

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

From my own studies of re-
sonant interactions betweeen a
structured ether and matter, |
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 w, 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.

H. 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.
However, 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 1 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

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 Ippm 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

EWW is always of interest, so the
moving coil head amplifier in the
December 1987 issue is most
welcome.

The circuit described showed a
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over the single operational|

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 ¢lec-
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 10000uF re-
servoir might be bypassed hy a
better-quality 100uF electioly-
tic, a 1uF polypropylene and a
10nF polystyrene. Their effect is
improved reproduction of the
higher frequency part of the
music.

1 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 (e.g. R, 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
be 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- I

thor's comment on the cost of
the 2SB737. Its base resistance is
only 2¢), so one 2SB737 will
replace three 2N4403s. 1 believe
my business, Audio Kits Preci-
sion Components, is currently
the only British supplier which
advertises both devices. Curinus-
ly, in my latest list the price of
the 2SB737 is exactly three times
that of the 2N4403.

If any of your readers should
be 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 guality and
reliability.

Graham Nalty,

Borrowash,

Derby.

1 should like to thank Mr Sage for
his kind remarks about my arti-
cle on moving-coil preamp
stages. However, 1 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 Lf. boost of an RIAA
stage with respect to midbhand 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 | cannot speak

| for the BC650 or the ZTX655, 1

can assure Mr Sage that neither
the 2N4403 or the 25SB737 show
noise distributions with frequen-
cy that are markedly eccentric,
and 1 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, 1 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 I, 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
V.. 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'.
I 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 uF)
input capacitor is essential for
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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 TLO72. It certainly makes a
poor m.c. preamp, but it finds a
niche in professional audio, giv-
ing moderate gain at medium
impedances with moderate
loads. The equivalent input noise
is about —105dBp. under these
conditions; in other words a
TLO72 operating at 10dB of gain
would have an output noise of
—95dBp., comparable with the
noise floor of 16-bit digital audio.

The use of TL072s 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 | 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 be careers masters
and lecturers whose responsibil-
ity it is to place graduates on the
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first rung of the irdustrial ladder
but who, when reguesting 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 asubject 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
s0'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 EWW 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
EWWyou 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 “The 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

counter has quietly undergone a revolu-

tion. Ten vears ago a typical instrument
contained several boards 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 le.d.
display. The 1970s saw the introduction of
simple. by today's standards. small-scale-
integration. hotly pursued by ls.i. and
microprocessors in the 1980s. The range of
products increased enormously as did the
facilities offered.

Today. instruments can be 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

In the past decade the humble tfrequency

Amplifier

fiput Schmitt

trngger

Gate

meters are described.

R.A.PAGE

technology has brought, it is helptul to
review the operation of a basic frequency
counter. The input signal. Fig.1(a), 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(h). and the effective resolution be-
comes the reciprocal of the gate time, i.e. a
one second measurement will resolve the
input to 1Hz.

For frequency measurement the input

Display

—y—

Decade count chain

N o 8

AgcC

AU
Gatetime L
selector 10 10 10

Reference

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. Resolutionis + 1input 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.

[aY]
Input

Schmitt nr

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.
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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. l(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 500MHz 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
bands, ‘convenient” meaning those the de-
signer would like rather than anything
related to use or application, Typical ranges
are 10Hz to 10MHz, corresponding to the
operating limits of c¢.m.o.s. 5MHz to
100MHz (t.t.1. and e.c.l.}, and 50 to 500MHz
(highs-speed e.c.l.). Even so, switchable
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
gencrators).

To overcome the very wide dvnamic 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
“pragress” 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
proauce the required reading. Counter-
timers invariably have more comprehensive
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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.

Extra counts due

(b) With a.g.c.
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control of the trigger point, as accurate
measurement of time intervals necessitates
this.

SIGNAL CONDITIONING FOR
TIMING MEASUREMENTS

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-
ments of pulse width, rise time, etc.

This is not the whole story. however. The
actual trigger point depends not only on the
trigger level set, but 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 band
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-off 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 be
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
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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 s

Actual trigger point

M@WMWW

i

Actual trigger

Hysteresis
polrlns band
Set A’/
trigger
level
v
True pulse width
S Measured
— pulse width Lnga s

WWJMM“’W

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 (5-100MHz) custom Ls.i. chip.
This had to be driven by a number of
high-speed counter chips at the “sharp end”.
The major manutacturers 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.l.
or one of the newer t.t.I. to c.mos techno-
logies. To go much beyond this, two routes

can be 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 1GHz and beyond. The emerging GaAs
technology extends to at least 4GHz. The
only penalty of prescaling is a loss of resolu-
tion (or an increase in measurement time)
proportional to the division factor. which
may or may not be 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 500MiHz. the
gate signal must be accurate to better than
Ins, and its rise and fall times even faster. In
practice, commercial instruments using this
technique have reached 500-600MHz, 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 l.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 1Hz which at
100Hz is a 1Y% 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 10MHz. A 100Hz
input signal producing a 10ms gate time will
result in the accumulation of 10°+1 clock
cycles. Hence the resolution has increased to
1in 10° 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. To put some numbers to this, a basic
10MHz clock gives results equivalent to a
1GHz 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
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mate* - compatible instruments are becom-
ing available. The speed of measurement of
such instruments can become extremely
important inan 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 be 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
Lf. counter within them, and some as many
as three.

© TRANSFER OSCILLATOR
TECHNIQUE

The transier oscillator technigue 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 acomb of v.c.o. harmonics, one of which
produces a beat signal in the i.f. band (about
100MHz). 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.0. frequency by normal means, multi-
plying by the harmonic number N and
adding or subtracting the i.f. To maintain
resolutior:, multiplying by N means extend-
ing the gate time by the same factor. For
example, a measurement at 20GHz using a
v.c.o. at 200MHz 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 inpul.

Unfortunately, the f.m. tolerance is poor
(less than 10MHz pk-pk). as the loop is

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

Hysteresis band
maoves for negative
going signal

Fig.5. Hysteresis compensation is the solu-
tiori to the problemiin 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
shortinterval in (b). Trigger hold-off uses a
monostable period, (c), to inhibit the signal
during bounce time to produce the re-
quired measurement, (d).

@

Hpiglipin

0 | L

Fig.7. Analogue interpolation increases the
resalution 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, F,,=NF,*i.f., {primary loop)
=N(F,+F,) +if, (secon-
dary loop)

if—if.
fromwhichN = "—‘7—2'

Tolerance to a.m. and multiple signal discri-
mination can be very good. and depend on
thea.g.c.

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

HARMONIC HETERODYNE
TECHNIQUE

Another popular architecture for microwave
counters uses the harmonic heterodyne
technigue. The input signal is again mixed
with a harmonic of the local oscillator, Fig.9,
but in this case the lLo. is produced by a
frequency synthesizer locked to the counter
reference, and the i.f. is allowed to vary over
a wide range (20-100MHz). In operation the
l.o. is rapidly swept over its full range until
the processor has calculated the best fre-
quency to set the Lo. to, in order to give a
suitable i.f. The harmonic number can be
calculated in three different ways. Oneway is
to use asecond 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 very fast
measurement time: as the lLo. 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 L.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 l.o. runs at a subharmonic of the input
frequency. The harmonic multiplication
factor can be determined by varying the
l.o. frequency slightly and measuring the
changeintheif.

This appears to be 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 f.m. and the L.o.’s stepping rate
will result in an incorrect reading. To over-
come it the l.o. must be stepped in a random
or pseudo-random manner, and the i.f. shift
averaged over a number of readings. Good
f.m. tolerance to 50MHz can be obtained
with acquisition time up to a second.

The third method of determining the
harmonic number is to precede the counter
with a tunable bandpass filter, usually im-
plemented with yttrium-iron-garnet tech-
nology. A yig component is electrically
tunable over the full band of interest with a
bandwidth of about 20Mliz. If the tuning
voltage is generated by the processor. the

I

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 for a signal that may not be
the largest in the band. 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 be 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 back into the f.m. input of the source.
The result is a signal source with
svnthesizer-like stability.

R.A. Page is principal eng-ineer 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.

* RS$232 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.

* P55 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 P65 sealed

* RS$232, parallel or multidrop RS485 interface.
* Customisation service available.

For further information contact:
CONTROL & DISPLAY TECHNOLOGY LTD
BROOKSIDE, S. KILVINGTON, THIRSK, N. YORKS YO7 2NL.
TEL: 0845 22918

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, 16K dictionary RAM/PROM, 256 bytes
EEPROM, 16K Forh. You can attach 64 key keyboard,
LCD and I)C 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 MOTT5)

ENTER 29 ON REPLY CARD

1 -

ENTER 26 ON REPLY CARD

TM357

£39 + VAT

4{ 3.5digt0.4" 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 rages.
Conductance and hegg measurement

TM452

£138.50 + VAT

4.5digt 0.4” LCD hand-held. 0.05% basic accuracy: 31 ranges.
Conductance and frequency measurement

j TM355

£89.50 + VAT

29 ranges.

3.5 digt 0.5" LED bench/portable. 0.25% basic accuracy.

TM356

£95 + VAT

29 ranges

3.5 digit 0.5 LCD bench/portable. 0.25% basic accuracy,

TM351

£115 + VAT

29 ranges

——> thandar

ELECTRONICS LIMITED

3.5 digit 0.5 LCD bench/portable. 0.1% basic accuracy,

Thandar Electronics Limited

London Road. St. lves, Huntingdon
Cambnidgeshire PE17 4HJ, England
Teleohone (0480) 64646 Telex 32250 Test

THE LOGICAL CHOICE

ENTER 10 ON REPLY CARD
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The observer in science

father said to his son, who suffered
Afrom double vision, “Son, you see two
instead of one.”

“How can that be?" replied the boy. *If |
were seeing double, there would appear to be
four moons up there instead of two.”

This little story' illustrates two points
about how we ohserve 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 but 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€WIV 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
descriptions 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."”

Ths sounds a bit like a bad-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 be precisely measured and
described by laws or mathematical equa-
tions. Equipped with this deterministic body
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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 birthtoit.

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 no way an inferior
form of truth to that of the exact sciences.

You, dear reader, however much you may
be 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
liguid” 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.

THE 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 Husserl (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 for 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
investigations 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. D.
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 be 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.

Rationalism 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
but never be 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 be 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 be real.
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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 author®. 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 Hume, 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 Hume's
famous analysis of causality. This has already
been discussed in E€WW . Hume'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 possitility of a synthesis between the
two®. 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-
ately 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.

THE 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. He 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
motal 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 prior:
construction.” After mentioning discoveries
of scientists such as Galileo and Torricelli 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.
but 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

yathetic
judgements

A posteriori
judgements

posteriori judgements.

Synthetic g 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.
“A>B so B< A” and “a bald man is a man”). These are represented as the small right-hand circle. They are
tautologous re-arrangements. 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 Lh. 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 Lh. circie) a

Kant's major contribution was to show that some judgements could be both synthetic and a priori, as
indicated by the overfap of the two large circles. Being a priori, they have thelr own internal truth and dont
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 priorf 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.

Rationgl zone

judgements

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, but in
that of ajudge, who compels the witnesses to
reply to those questions which he himself
thinks fit to propose.

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 B and ruin A. | 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 Heidegger’, a pupil of
Husserl. 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. His 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 rather like our
way of using a hammer or screwdriver, or
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some very familiar instrument or machine.
We 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. Qur ‘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 Heidegger'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 be 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 bank 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 RG2 OLU. Tel: 0734
311055.
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10KHz to 1024MHz
AM/FM SIGNAL GENERATOR
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Microprocessor controlied AM/FM signal generator TF2017
Superb specification. Dem’ use only. 10KHz-1024MHz

£5000
2 AVOB151 RCL bri
TF1020A RF power meter 0-100W 250MHz g75 | AYOBIST RCLbridge

ADVANCE BRM40.30.PSU. 0-40V 30A

1
®
£

15Hz-50kHz.  30nV

3581A Wave analyser
Price £1500

sensltivity. 80dB dynamic range

1122A power unit for fet probes
116023 transistor fixture

334A distortion meter

355E & F attenuators, pair
435A/8481A RF power meter/head

TF1152A/1 RF power meter 0-25W 250MH2
TF1066B/6 AM/FM signal generator 10-470MHz

£75
£350

ADVANCE VM77E AF milli-voltmeters
BIRD 4340 standard RF wattmeter
BRUEL & KJAER 1013 BFO

4800A vector mpedance meter
5300A S0MHMz counter 6 digits
608F AM signal generator UHF

TF1245/1246 Q-Meter and oscillator £500
TF2002B AM/FM Signal Generator 10KHz-88MHz £400
TF2011 FM signal generator 130-180MHz £325
TF2012 FM signal generator 400-520MHz £325

F2016:21 M 10KHz-120MH 0 GEN RAD 16068 RF bridge
¥F§gggénz?s: réf::xvse‘rgnal ge T ‘ §320 GREEN 2601 RF wattmeter 0.3-300W to 50CMH2z

PHILIPS PM2554 audio milli-voltmeter
TF2162 MF attenuator 0-111db in 0. 1db steps £100 1 3400A milli-vo tmeter
TF2006 FM signal generator 10-1000MHz £750 | BHILIPS PME302 LCA component bridge i > 30MHz oscill
TF2001 AF signal source/monitored attenuator £200 | PHICIPS PMB597 VHF TV Modulators ‘1" 5E SWR meter
TF2300 modulation meter AM/FM to 1GHz £250 RACAL-DANA 8083 2-Tone signal source 0
TF2300A as above with deviation to 1.5KHz 1sd £350 RACAL-DANA 9084/9934A sig gen GPIB iface. 10aMHz
TF23008B modulation meter as above £450

RACAL-DANA 9301A RF millivolt meter. 1.5GHz
TF2303 modulation meter AM/FM 2.5-520MHz £325 RACAL-DANA 9303 digital RF mVmeter c/w 2 head
TF2304 modulation meter automatic £425 TEKTRONIX 7S11 sampling plug-in unit
TF2331 distortion meter £350 TEKTRONIX S1 and S2 sampling heads £500
TF2356 level oscillator 20MH2 £650

RACAL 9918/04A 560MH2 9 digit counter
TF2430 frequency counter 80MHz 7 digits [

€75 FEEDBACK PMG390 variable-phase oscillat
TF2501 power meter 0.3W fsd DC-1GHz £150 | WAYNE KERR B642 auto-balance bridge £295
TF2600 millivoltmeter AF 1mV-300V fsd £

WAYNE KERR B905 automatic precision bridge £1500
TF2600B video voltmeter 1mV-300V fsd £1 WIDTRON S50 phaseymieter 10hiz;2MLIZ L2
TF2604 electronic multi-meter £150

PgSSGES Vz\lave(of-n monitor = 529(5)
DRANETZ series 305 Phase-meter 2Hz-700KHz 0
TF2807A PCM multiplex tester £400 | DARTINGDON off-air frequency standard 1MHz & 10MHz
2019 AM/FM synthesized signal generator 1024MHz  £2250 utput £250
2828A/2829 digital simulator/analyser £1500 | TEKTRONIX 191 constant amplitude signal ge £150
2833 digital in-line monitor £275 WAVETEK 157 prog’ waveform synthesizer 100uHz-tMHz  £325
TF2905/8 sine squared pulse & bar generator £250
TF2908 blanking & sync mixer £250
TF2950/5 mobile radio test set

6460 RF power meter

6460/6420 power meter/microwave head

TF893A audio power meter 1mw-10W fsd

TF995A/5 AM/FM signal generator 1.5-220MHz

TF995B/5 AM/FM signal generator 0.2-220MHz

BRUEL & KJAER 1521 comparator bridge
BRUEL & KJAER 2209 sound level meter
FLUKE 8600A digital multimeter 4'% digits
GEN RAD 13908 tone-burst generator

8004 pulse generator

80078 pulse generator

8407A/8412A network analysef/phase-mag display
8733A pin modutator

8600A & 86632A Sig gen/mod section

400F milli-voltmeter

1417 sitorage main-frame £950
85528 1.F £1500
8553E 110MH2z analyser unit £1000
85548 1250MHz analyser unit £2000
SPECIAL OFFER 1405/8552B/8554B complete 1250MH2
syster just £2750

TEXSCAN Model AL60B spectrum analyser 0-3GHz ~ £2500
TEXSCAN Model 3650 Tracking sweep analyser. 0-350MH2
sweep generator/spectrum analyser/display £1500

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

SALE

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

[Toroidal & E...

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 & 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, 1000va 49.40.
Aiso 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

AIR & Air Link Transtormers
LINK Unit 6, The Maltings, Station Road, |
Sawbridgeworth, Herts. Tel: 0279 724425

ENTER 58 ON REPLY CARD

FINETON '| GENERATORS
SENER 8 WAY We will quote you keenest prices but only whilst
LB | stocks last.
Ask now for
o WormL full details.

MEASUREMENT (TTL) 1/0 [
SYSTEM

w Also other items.
16 BIT M

gl ... Bl | DANESDURY INSTRUMENTS
Conquering your supply problems

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

Moordene, Axtown Lane, Yelverton, Devon PL20 6BU. Telex: 825633 OTSS-BG
Tel: (0822) 853585. Telex: 45441 IMAGE (M A INSTR)
ENTEEK 50 ON REPLY CARD

ENTER 18 ON REPLY CARD
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Off-delay timer
without auxiliary

supply

Delay timers that keep a relay held on for a
short period after power has been removed
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
meeling either of these requirements.

Good linearity and repeatability of the
time adjustment are obtained by using a
programmakle unijunction transistor to dis-
charge C, through s.c.r. Dy. To achieve 3%
linearity, discharge time through C, and the
relay resistance should he at least three
times the maximum delay required.

CIRCUIT IDEAS
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charges through Dg. 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 WAIT input
mabkes 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 WAIT signal being asserted and
thus a Z80 read from data register Ry.

Monitoring WAIT through the control/
status register, the host processor can now
put the first program byte into data register
Ry and read Rj, causing strobe signal ENABLE
to terminate the WAIT state. On leaving the
WAIT state, the Z80 reads the byte in Ry 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
asserted.

During the WATT state, the dynamic mem-
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When power is switched off C, discharges

'CIRCUIT IDEAS

: . *Svolt
through the relay coil. Potentially, the capa. LD
citor's charge can keep the relay energized l I I
for two thirds of the discharge time, at which f/8 Enable 8,
point the drop-out voltage of the relay is Amplify timit » fe | ¢ fin
reached, but after a third of the time con- fin L“,f.;e’.,'ym[ flh szmgl €6k ;real;cl;na o :6
stant. on-time becomes non-linear. translate to Ak £1256 —  Seect 32
Potentiometer R. determines the dis- thL Trl L = =
Lo fraction __| Bo
charge rate of C4. When the p.u.t. gate
reaches 8V, it turns on and draws current B ‘ _'[_
from Cy to turn on s.c.r. D,. On turning on, :33121;1 77“'[_5519937
the s.c.r. discharges C, and turns the relay BEYT0 vl _l_
off at the set time before the non-linear Toway BBC Microcomputer
reglpn. [, . ribbon cable it
Linearity is within 0.5s and repeatability is
fair. Timing capacitors C; 4 should be high- Using a computer to control, process and
stability low-leakage types. Frequency display readings greatly simplifies the design
T.S. Doraiswamy of a frequency meter. Only five i.cs are used
Bombay measurement in this circuit for interfacing to thev.i.a. ina
India lnterface ?BC microcomputer, yet' it works at up Fo
200MHz. Auto-ranging is easily done in
software.
Input is amplified and limited then di
( To memory ) vided for counting by the 6522 versatile
interface adaptor. Port B data lines of the
Dy 780 data bus fl f v.i.a. communicate with the interface, its
first timer gates the count period, and its

(—T;m_emory) second counts received pulses.

- At the input* a fast e.c.l. line receiver i.c.
amplifies and limits the signal. Next, ane.c.l.
dual bistable configuration divides the signal
by four and a transistor changes the level to
t.t.1. Further division by 8. 16, 64, 256 or 512

I —— +5V
N
Q000000000
Pin19 Pin0
Fn 20 Pin1
J OO0 00000 O0 (D)
s
D
| / \ B, B B, 8, B
UNWAIT =
K 5 @ is then selected under computer control by
addressing the 151 multiplexer.
osv-l— RAMRD Line B, from the v.i.a. carries the frequen
(OAD ——= (To memory} cy fractiqn to the computer Vfor counting
RESET Control line B; sets the multiplexer enable
‘W input low when count pulses are to be
allowed through; this happens during one or
ENABLE ——e—r’ more programmed periods set using the

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>

INCHL

until done.

ELECTRONICS & WIRELESS WORLD

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™".

John Cooke
Edinburgh

v.i.a.’s first timer

My 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 1 A.11.
Boot applied the resonator technique to the
magnetron, designed by Hull 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

Multiple-spark ignition. Mosfet switching
devices have made possible the development of
high-energy, multiple-spark ignition systems.
Apractical circuit illustrates the design
process.
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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 D1 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.

ELECTRONICS & WIRELESS WORLD



Laser frequency
multiplication

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

adio-frequency multipliers using har-
Rmonic 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-LINEAROPTICS

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

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 36¢cm and the laser thatis 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-densitv 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

droplets in the atmosphere.

for investigating the nature of fog or mist.

in meteorology, laser-frequency muitipliers provide a means of calculating the size of water

Two laser beams of different frequencies are transmitted 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

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.

ELECTRONICS & WIRELESS WORLD

refractive index of the interface, n. If the
wave's velocity through air or a vacuum is ¢
and its velocity when travelling through the
crystal is v then n=c/v. Velocity of the wave
in the crystal is therefore v=¢/n, but since,

N=V Wty

v &

V €,

where ., is relative permeability and e, is
relative permittivity.

In & transparent crystal, ., is unity which
simplifies the equation to,

v=-"

£y

If the incident wave approaches the crystal
at right angies to the surface, the intensity I,
of the wave as it crosses the boundary and
entersthe crystal is given by,
1,= lLidcev
T o(c+v)
where |, is the intensity of the incident wave.

However, v=c/Ve, so that by sub-
stitution in the above equation,

L4Ve,

=13 VE
(Ve +1)
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W Filter
Generator tuned to Nw

Nw

w3

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, &, re-
mains constant for a given frequency and I,,
being I, multiplied by a constant, is com-
pletely linear.

At the extraordinary intensities that exist
in laser systems however, ¢, varies through-
out each cycleand,

_4Ve,
(Ve +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.

e -
w 2 S 9 Sinusoidal Filter
o= Q& 7 Laser intensity generator tuned to Nw
rw & &
|l = A
EEL /
Z=] ¢ €
o5
w
== Sine wave Complex wave Sine wave
g
0

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

0 INTENSITY OF INCIDENT LIGHT

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

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

Non-linear crystal

Being distorted in this way, the output
wave now contains harmonics which were
not present in the input wave and the desired
harmonic can be 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
2.82x10'*Hz (1064nm). Laser output pas-
ses through a lithium-iodate crystal which

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

High-pass filter

nfrared

Green light

behaves non-linearly when subjected to
high-intensity light. This non-linearity in-
troduces a second-harmonic component of
visible green light at twice 2.82x10"Hz
(532nm) into the wave.

Finally, the wave passes through a high-
pass optical filter which absorbs the fun-
damental frequency but 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 MSL 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 bearings
and springs in analogue meters. Normal
servicing and testing takes between seven
and fourteen days. There is also an emergen-
¢y 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

348

Hitchin, Herts, 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.

MSL 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 Hitchin 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 GCHQ. However, the main part of
the business is in the non-security area;
getting those trusty oscilloscopes back into
action. MSL Calibration Centre, Wilbury
Way, Hitchin, Herts SG4 0TA. Tel: 0462
31211.
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TIME AND FREQUENCY

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

. i * Synchronisation of remote sites
% .. m=-:- W RADIO CLOCKS % Time Stamping GMT/BST
[;;::—- CHRONOMETERS * Quartz master/slave systems.
. /___._.——'—"— »
Accurate off-air standard (MSF Rugby|
K E ** STANDARD FREQUENCY * Calibration and reference for timers, counters
. . RECEIVERS frequency meters
l’:’—"’;;' ' Generators, Readers with high speed t h
._-—-—-—'#""' TIME CODE enerators, Readers with high speed tape searc
and control. Timecodes IRIG A, B, vela, EBU
et INSTRUMENTATION NASA, XR3
G2y Analogue, digital and self-setting analogue types
N < (desk, wall or console mounting).
W DISPLAYS * Public time displays for airports, bus, railway
ls ‘ stations and factories

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

CONSULTING AND * Feasibility studies and consultancy

* Small quantity manufacturing and test services

MANUFACTURE * 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 Limited,
Maldon, Essex CM9 6SW, UK.

Telephone: 024 5415911 Telex:995917 EULECG Fax:024 5415785

ENTER 22 ON REPLY CARD

CONQUERING NEW HEIGHTS

% Variable Hold Off
% Triple DC Source
N * DC -25 MHz

Low Cost .
* £51t9

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

Yes its 25MHz for £379 - LiDteEh instiuments Limited

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

ENTER 6 ON REPLY CARD
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The seven-per-cent rule

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

y discovery of the seven-per-cent
Mrule 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 technigues
involved replacing short strings like ion, the,
andby 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 be compressed being ion, the, and and
ation. 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,
Huffman idea of character-by-character
searching, looking for frequently recurring
strings, seems to be obsolete.

The Lob 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 be 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
(48) in text compression.

**K. Hofland and S. Johansson, Word Frequen-
cies in British and American English, pub. The
Norwegian Computing Centre for the Humani-
ties, Bergen, 1982.
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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 2'* = 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 10° words. Figures in brackets are estimates.
Number of words, starting with
themostcommon (catchment) 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384
%of text that they represent 710 16 22 29 37 44 51 58 64 7 79 (B6) (93) (100)
Average number of characters

inwords so far 3272624242526 28 4.5)
Number of additional words 11 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192
% of the text that the
additional words represent Ti-omenh! TSR SR 8T 7 8 ) Yy}
Average number of characters
in the additional words 3 2 2520252929 39 (5.1) 7:2 16

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, but 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 be part of its
informational content.

It appears that something like a 7-bit’
code for the most common 128 words, and
one bit to indicate whether the code is 7 bit
or 15 bit, would give efficient (X3 or so) text
compression m a manner easy to effect with
our hardware'". It would also not signifi-
cantly interfere wnth 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 bits instead of 1500
bits. There is a further small improvement
down to 1100 bits 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 be 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 be 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 be 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 1 feel that
further analysis should be of other bodies of
text. Analysis should be 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. However, perhaps this article will
lead many students to go for fashionable
computer-based Ph.D. research projects.

***This is, of course, the average length of a word
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 be varied between 5 and
10with very little penalty — only 3% or so.

"*The average length of uncommon words is seven
characters.
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TAY L OR R.F. EQUIPMENT MANUFACTURERS

PERFORMANCE
& QUALITY

19" RACK MOUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATOR
PRICES FROM £203.93 (excluding VAT & carrlage)
Prices CCIR/3 £203.93
CCIR/3-1 £260.64

19" RACK MOUNT VHF/UHF

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

CCIR/3 SPECIFICATION

Power recuiremen 240V 8 Watt (available other voltages)
Video Inpu: IV Pk-Pk 75 Ohm

Audio Inpu 8V 600 Ohm

FM Sound Sub-Carier 6MHz (available 5.5MHz)

Modulation Negative

IF Vision 38.9MHz

IF Sound 32.9MHz (available 33.4MHz]

Sound Pre-Emphas s 50us

Ripple on IF Saw Filter 6dB

Output (any channel 47-86(MHz) +6dBmV (2mV) 75 Ohm

Vision to Scund Power Rato 10to ]

Intermodt lation Equal or less than 60dB

Spurious Harmonic Output 40dB (80dB if fitted with TCFLI filter or
combined via TCFL4 Combiner/Leveller

CCIR/3-1 Specification as above but output level
60dBmV 1000mV Intermodulation 54dB

WALLMOUNT DOUBLE SIDEBAND :
TELEVISION MODULATOR |Fme, Oprons Avaiable LF. Loop/Stereo Sound/Higher Power Output l

PRICES FROM ONLY £404.53 (exc|uding VAT & corrioge) Alternative Applications CCTV Surveillance up to 100 TV channels

down one coax, telemetry camera control
signals, transmitted in the same coax in the
reverse direction

802 CEMODULATOR SPECIFICATION

Frequenc~ Range 45-290MHz, 470-860MHz
AFC Control 1.8 MHz
Video OQuiput IV 75 Ohm
Audio Ourput 75V 600 Ohm unbalanced
Audio Moaitor Oubout 4 Ohms
Tunable by internal preset
Aviilable for PAL System I or BG

Options Channel selection via remote switching.

Crystal Controlled Tuner

Stereo Sound.

CCIR.'5 MODULATOR SPECIFICATION

Power Requiremen 240V

Video Inpu 1V Pk-Pk 75 Ohms

Audio Inpu 1V rms 30K Ohms Adjustable 4 to 1.2
Vision to Scund Power Ratio 10to 1

Output 6dBmV (2mV) 470-860MHz

Modulatio Negative

Audio Suk-Carrier 6MHz or 5.5MHz

Frequencr 3tability 25 Deg temperature change 150KHz
Intermoduletion less than 60dB

Sound Pre-Emphass 50u;

s
Double Sideband Modulator(un~anted sideband can be suppressed using TCFL4
Combiner’Leveller

ZHANNEL 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
?rices TSKO Enables up to ¢ xTCFL4 or TCFL2 to be combined.
CCIR/5-1 1 Modulator £104.53
CCIR/5-2 2 Modulators £159.99 TRYLOR BROS (OLDHAM) LTD.
CCIR/5-3 3 Modulators £226.28 BISLEY STREET WORKS, LEE STREET,
CCIR/5-4 4 Modulators £292.56 OLDHAM, ENGLAND

CCIR/5-5 5 Modulators £358.85 ENTER 19 ON REPLY CARD TEL: 061-652 3221  TELEX: 669911  FAX: 061-626 1736



NO PROBLEM!

manufacturing defects.

economical.

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

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

... 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

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

GETIN 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, Platts Common Industrial Park,
Barnsley. South Yorkshire S74 9TG
Telex: 547938 EXPERT G

SOLDER BRIDGES!

COUNTERS & OSCILLATORS

COUNTERS MET 100/600/1000/1500

8 digit 0.5" LED. SHz up to 100/600/1000/1500MHz.
Resolves 0. 1Hz. Sensitivity 5mV up to 10MHz. Low pass
fiter. Mains/rechargeable battery powered.

LEVELL RC OSCILATORS TG152D/DM

3Hz-300kHz. S ranges, acc 2% +0.1Hz up to 100kHz,
3% at 300kHz. Sine or square <200uV to 2.5Vmms. Distn.
<0.2% 50Hz-50kHz. TG152DM has an output meter

LEVELL RC OSCNLATORS TG200D/DMP

1Hz-1MHz. 12 ranges, acc 1.5% + 0.01Hz to 100kHz, 2%
at 1MHz. Sine or square outputs <200uV-7Vmms.
Distortion <0.05% 50Hz-15kHz. Sync output >1V.
TG200DMP has output meter and fine frequency control.

LEVELL FUNCTION GENERATORS TG302/3
0.02Hz-2MHz n 7 ranges. Sine, square, tnangle, pulse and
ramp 20mV to 20Vpp from 50Q. DC offset 0/=10V. TTL
output. TG303 also has a CMOS output and 6 digt 10MHz
counter with INT/EXT switch.

TEST METERS

LEVELL AC MICROVOLTMETER TM3B
16 ranges 15uVfs/500Vfs, accuracy 1% + 1%fs+ 1.V
20d8/ + 6dB scale. +3dB 1Hz-3MHz. 150mVfs output
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LEVELL ELECTRONICS LTD.
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LEVELL

LEVELL BROADBAND VOLTMETERS TM6B
16 LF ranges as TM38 + B HF ranges 1mVfs/3Vfs.
accuracy 4% + 1%fs at 30MHz. +3dB 300kHz-400MHz

HC DIGITAL MULTIMETERS HC5040/5040T

3 digt 12 7mm LCD. Up to 1kVdc, 750Vac
10A, 20MQ Resolution 100uV, 100nA, 10mQ
(5040T: 100mQ) Buzzer. dcV 0.25% Battery life
2000hrs 5040T: has a TR test

HC DIGITAL MULTIMETER HCA4510

4% dgt Mmm LCD Up to 1kVdc, 750Vac, 10A, 20MQ
Resoln. 10LV, 100nA, 10m! Buzzer dcV 0.05%

LEVELL DIGITAL CAPACITANCE METER 7705
0 1pF-2000uF, acc 0 5% 3% digt 12 7mm LCD

LEVELL INSULATION TESTER TM14

Log scale covers 6 decades 10MQ 10T{) at 250V, 500V,
750V, 1kV, TM1TQ at 25V-100V, 100k 100GQ at
2 5V 10V, 10k 10G§? at 1V Current 100pA-100uA

ENTER 120N REPLY CARD

Moxon Street, Barnet, Herts., EN5 55D, England
Telephone: 01-440 8686 & 01-449 5028

OSCILLOSCOPES

CROTECH SINGLE TRACE 20MHz 3031/36
2mV-10V/div. 40ns-0.2s/div. Cal 0.2V. Component test
3031: CRT 1.5kV 5x7cm. 3036: CRT 1.8kV 8x10cm
HAMEG DUAL TRACE 20MHz (@2mV) HM203-6
2mV-20V/icm Ch2+Ch1. X-Y. Cal 0.2V/2V 1kHz sq
20ns-0.2s/cm. Auto. normal or TV tng. Component test
HAMEG DIGITAL STORAGE 20MHz HM205-2

2mV 20V cm Ch1:Ch2 Single shot and X-Y modes
20ns-0.2s cm Auto, normal or TV tng  Component test
Cal 0 2V 2V 1kHz.5MHz sampling Two 1K memores
Dot Jomning feature Y out CRT 2kV 8x10cm

HITACHI DUAL 20MHz V212/222/223

1mV-12vicm. 20MHz at 5mV Ch1:Ch2. X-Y. Chi
output. 100ns-0.5s/cm. Auto, nommal or TV tngger
Cal 0.5V 1kHz square. Z input. CRT 2kV 8x10cm
V222: Plus DC offset and altemate magnity function.
V223: As V222 plus sweep delay 1us- 100ms.

LEVELL DECADE BOXES

CB410/610 - 4 /6 decs. 10pF steps, acc 1% +2pF

R401/410 . 4 decs. 12 or 109 steps, acc 1%, 2.5W
R601/610 : 6 decs. 12 or 109 steps, acc 1%, 2.5W
R601S 6 decades. 10 steps, acc 0.3%. 2.5W

R701 7 decades. 19 steps, acc 1%, 2.5W
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Aeronautical
data satcoms

Trials of the European Space
Ageney's experimental low bit
rate data communications sys
tem are going ahead on civil
aircraft this year. This satcoms
svstemwill provide both in-flight
public telex for passengers and
airline business communica
tions for the crews and ground
staff operating the aireraft. 1twilt
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 Advanced 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-band frequencies to an existing
ESA ground station at Villafran
ca, Spain, through Inmarsat’s
Marecs B2 communications
satellite stationed at 26°W.

In engineering terms, this
scheme can be seen as part of the
current trend in exploiting the
possibilities of low-speed data
svstems for satellite-hased 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
satetlites 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.i. 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 vears - by aero-
nautical organizations such as
ICAO. ARINC and. more recent
Iv. SITA and Inmarsat. As a re
sult, a number of

schemes are now in various
stages of development

ESA's low-speed satcoms svs-
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 tand ap
plications.

An outline of the aeronautical
scheme is shown in Fig 1. Data
in multiple channels is transmit-
ted from ground station ‘o satel-
lite in the 6GHz satcoms band by
time-division multiplexing. The
carrier is modulated by binary
phase shift keving. The t.d.m.
frame has a duration or 1.024s
and is divided into 64-bit slots.

Each of these time slots repre-

L&

the user ata rate of 47hit/s. Other
coding system. The Marecs satel-
lite then relavs this signal to the
aireraft data terminal through a
1.5GHz downlink with a trans-
ponder e.i.r.p. of 24dBW. Lower-
power operation is possible by
the [ 1 ] I.m

Aircraft with
data terminai

frame.

In the aircraft the radio signals
are transmitted and received via
separate transmit and receive
quadrifilar helix antennas, each
with a gain of 0dBi and a hemis-
pherical radiation pattern ex-
tending from about 5° ¢levation
up to the zenith. These are
mounted in two small. low-dvag,
aerofoil blades [00mm high, in
stalled inthe top of the fuselage

Data messages originating in
the aircraft are uplinked at
1.6GHz to the satellite. Here
again a multichanne! transmis
sion svstem is needed - actually
32 channels — by the multiplieity
of aircraft using the sat 2llite. But
in this case the multiplexing ot
channels is done not on the time
division principle but by code
division, which uses spread-
spectrum  transmission. This
method is called c.d.m.a. (code
division multiple accessy, in ¢on-
formity with the alternatives ot

ESA’'s experimental low-speed
data communication system
for mobile satcoms, as used in
current aeronautical serv.ce
trials with civil aircraft and the
Marecs B2 comsat over the
A

16 GHz uplink

_,_.---""'"-..".’._- 3 P ]

T

__——"1.5GHz downlink

Low speed
data

with tdm

Cdma down.'.-nk‘

Public telex
Air traffic control

Airline business
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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 rf.
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 scequence
(p rnsd® Each code is bops.k.
modulated by a data message.

In broad principle this direct
sequence spread spectrum
scheme is similar to that used in
the GPS/Navstar and Glonass L
band satellite navigation systems
(April 1987 issue, pp. 377-378).
To prevent the 32 signals from
interfering with each other the
c.d.mia. 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 tor the air-to
It
ground-to-air t.d.m., for several
reasons of technical simplicity
and low cost. One factor is that
the transmitter e.ir.p. of the
aireraft terminal has to be kep
very low, However, we under
stand that this choice of trans

MARECS B2
Comsat

with cdma,  .—
____...--r‘_ -

/

iy
/b

/ 6 GHz
/ multichannel
tdm uplink

2 Earth terminal
(Spain)
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mission method is in fact 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 be
allowed to send their data mes-
sages whenever they want to. So
all 32 channels must be 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 ¢.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, Prodat is a system
intended for land and marine use
as well. and here multipath in-
terference 1s 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 be
adebatable matter.

At the Villafranca 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.ns, 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 (FEC)
and automatic repeat request
(ARQ) which is designed to suit
the constraints of the low bit-
rate system. such as long mes-
sage transmission times.

Astra uplink

A new 9.5m parabolic dish anten-
na has been installed by Sociéte
Européenne des Satellites at its
Betzdorf earth station in Luxem-
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hourg for the Astra television i whole hog and declare itself a

satellite.

The antenna will be mainly
used by the company’s network
operations centre at Betzdorf,
but will also be 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 West 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 L-band signals to
and from helicopters. according
to Inmarsat. This was one result
from an experiment designed to
see how effective low-speed satel-
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 carrving a com-
pact transmission equipment
flew a rectangular course of NE,
SE. SW. NW from Great Yar-
mouth. Norfolk, and sent simu-
lated position-report data via the
Inmarsat Marecs B2 Atlantic
Ocean satellite to BTI's earth
station at Goonhilly, Cornwall.
Good radio communication was
said to have been obtained. ex-
cepl when the helicopter's fusel-
age obstructed the line of sight to
thesatellite,

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 vears, as we have re-
ported. it has been making deci-

| sions to allow its nine comsats to

be used experimentally for aero-
nautical and land mobile com-
munications as well.

Now Inmarsat is obviously
thinking it might as well go the

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 Mobile Satellite Organiza-
tion. though the present
acronym could remain. A deci-
sion to handle aeronautical ser-
vices officially was made several
vears ago.

Otof Lundberg. director

general of the international co-
operative, has welcomed the
German proposal. He recently

| commented. “lf adopted. the

amendments would enable In-
marsat to use its expertise and
resources o 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
be made hefore 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 bit/s, 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 itis affected throughout the link.

Signal power

Radio frequency carrier power from the satellite’s transmitter, Py, is fed
to an antenna with gain Gy, which is a power density factor relative to an
isotropic radiator. In general the gain of a parabolic antenna is given by
G=4nan/A? where G is a power density factor, a is the aperture area, A
is the wavelength of the carrier frequency and v 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)=10log,,
(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 Py + Gy (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 10° watts).

To be continued

Satellite Systems iswritten by Tom Ivall.
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inear systems and
random inputs

Indiscussions of how linear systems respond to random
inputs, the Wiener-Khintchine theorem, autocorrelation
and cross-correlation are not always given the prominence

the limiting factor. Many advanced

signal-processing technigues 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 technigues
routinely available.

Discussions in my previous articles have
heen restricted to finding suitable mathema-
tical models of signals and systems in the
time and complex frequency domains'=.
1 will now demonstrate how mathematical
representation can be 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 h(t) transformed into the complex
frequency-transfer function H{s) or
frequency-transfer function H(jw). The fun-
damental attraction of this approach is that
the output v(s) is related to the transfer
function H(s} and input x(s) by the operation
of multiplication.

When the input signal is a random wave-
form, this simple relationship no longer
exists and the random characteristics of the
input signal cannot be modelled in terms of
transforms. To retain the operation of multi-
plication 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,

In the detection of small signals. noise is

S

J IX(De"dt<=

Since fe™’"|=1, asufficient condition is,
J. Ix(O1dt<=

with one eye on the answer, this can he
rewritten without any loss of generality in
the form,

J. IX(U)Pdt<

where the integral is finite as before.
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they deserve.

HOWARD J. HUTCHINGS

Employing Parseval's theorem gives the
frequency-domain model,

J. ﬂtigtt)dt=#‘|‘ Flw)Gl—w)dw

Writing f()=g(t)=x(t), shows that the in-
tegral on the left is an expression for the
mean-square power in the time domain,

J. [xﬂ»lﬂt:ﬁji X(jw)X(—jwidw

i

)lJ. X(w) dw
2

i

ﬁJ. P (w)dew

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 be given a special
name — the power spectral density function
— symbolized by P.(w). Figure 1 and
reference 3 give further details.

X{jw) = H{jw) —>— Y(jw)=X{jw). H{jw}
2
l [I” magnitude squared operation
. 2
Pxxio) = [Hijwll? f—s— Pyy = Pyt Hijwl

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 Parseval's
theorem,

1 ,
Pa\'cmgr = ﬁ P“‘ w)dw

The factor Yam is necessary since the units of
average power are V°, while ,,(w) has units
V*/Hz and the integration is with respect to
dwwhich has units rad/s .

An alternative description of the average

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

P‘,\- == 1{_[ P“((v) )dw
0

Fourier transforms describe the integral

relationships between the time and frequen-

cv domains. Stated formally, the trans-

formation from time domain to frequency

domainis,

Hu.,)=J. hit)e ™ "!dt

while the inverse transformation is,

h1l)=#J. Hlwle"'dw

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

Hiw) = hitye Sty

—

hit=L [Hiw) e 0
()ZTP,,IHM)E dw

hit) Hiw)

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 summation.

To acyuire a little hands-on experience of
using the power spectral-density function,
consider the transformations required to
express the decaying exponential x(t) =Ae ™"
in the power spectral density form, Fig.3.

WIENER-KHINTCHINE THEOREM

Using the inverse form of the Fourier trans-
form with H{w) replaced by P, (w). the
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Time domain

Frequency domain

2
F 1 Il
hit) (N Hw O Py, W)
|Hiw)] Pyx (W)
AZ
Hk"hao]w Py xiw) = Tl

0 w

Fig.3. Transformations necessary to evaluate the power spectral density function

P.,(w) of time-domain signal h(t).

autocorrelation function can be expressed
as,

rxJTi‘—#J P w)e' dw

Recognizing that P, (w) is an even function
and that e =cosoT+jsinwT, the autocor-
relation function, a.c.f., can be written in the

equivalent form,
1| i .
r\\17)=ﬂj Phim)C()STduH-ﬁ'J. P (w)sinoide

Notice that P (w) and sinwt are mutually
orthogonal over the interval £ =, so that the
second integral is zero. Hence

1

rom=5-] Pulwlcoswrde
-

Since Py dw) is symmetrical about the ori-

gin, the autocorrelation function can be

expressed in the form,

'.“(T):;J P (wicoswrdw
0

Additionally, the Fourier integral rela-
tionship expresses the spectral power densi-
ty function Py (w) in terms of its autocor-
relation function,

P lw)= 2J r.(T)cosmTdT
i

Ltence the a.c.f. and power spectral-density
function are related as a Fourier-transform
pair, Fig.4.
TIime domain

F.T

) Pyx w)

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.

Fyx (T)

Autocorrelation 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 hy,

r“(7)=-J. X(Ux(t+7dt

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

r. (%) m

T« |T

T2
I—J Xit)x(t+7)dt
.

T,
1 2 rxx{t)
+/ ot
_T/z
1
Variable deloy Average

Fig.5. By making observation interval T
sufficiently long and progressively varying
the time shift 7. 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 7= 0 gives
the mean-square value of the signal.

Real time ACF  Parametric time
x(t) rexl?)

Asin{wt+ d) —> (A%2)cos ot
Acos(wt+d) —> (A%2)cos v+
A+Bsinwt —> A2+ (B%/2icoswt
Ae —> (A%20)e "

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

EFFECT OF FINITE
OBSERVATION TIME
It is interesting to examine the effect of the
finite observation time T associated with the
signal processing svstem shown in Fig.5.
Consider the problem of calculating the
a.c.f. of the signal x(t) =Asin(wt + &) over the
interval [0,T]. Writing the a.c.f. as,

T-7
r\.h-i:ﬁJA X(Ox(t+7)dt
1

and substituting x(t)=Asin{wt+d), so that.

B A_-L;‘Hﬁ,q;f usinimr +2dh)

o

ro (T =5coswt

The first term is the theoretical a.c.f. while
the other represents an ervor. Provided that
observation time T is very much greater than
the delay. the error will be small but as +
approaches T, the error becomes more and
more significant .

CALCULATING DISCRETE
AUTOCORRELATION FUNCTIONS

Sampled data sequences can be processed to
obtain the discrete form of the autocorrela-
tion function. This is probably best under-
stooa in terms of the autocorrelation coetfi-
cient. A sampled-data sequence of length
2N+1 samples has the autocorrelation
coefficient defined by,

N\

]
I'“‘k' :BT Ex’nx\ -k

N\

The autocorrelation function is simply a
graph of the autocorrelation coefficients.
Consider the sampled data form of the
sinusoid x(t)=sinot, sampled every T
seconds. Figure 6 has the details (see over).

WIHITE NOISE

Arandom 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 be 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 band-limited white noise shown in Fig.7
(see over) use the Wiener-Khintchine
theorem so that,

i
ra(7)= lj Picoswrds

)
Py ['I‘Sinun]

it

_PuB sinl{-)
T m \ B

Sampling function sinx/x characterizes the
autocorrelation function. Clearly the greater
the upper angular frequency (B) of the
band-limited model, the narrower will be the
central pulse of the autocorrelation func
tion. Treating this as a limiting process it
can be concluded that as the noise band-
width increases towards infinity, so the a.c.i.
tends towards the weighted impulse centred
on zero. By inspection the a.c.f. has a
maximurr value for zero delay, and as hefore
1. (0) equals the mean-square value of the
random noise.

An example should help: consider the
effects of applving wide-band noise with
constant spectral density to the first-order
low-pass system of Fig.8 (see over). Use
signal-processing technigues to evaluate the
total mean-square value of the filter-output.

Metnod 1 — signal processing in the fre-
quency domain. The transfer function of the
svstem is given by,
Hjw) . —

et = +jwCR
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Fig.6. Signal processing necessary to generate the autocorrelation coefficients from a

captured and sampled data sequence.
smn conversion

Analogue | = ——

signal input

A-to-d

omputer
converter | Comp

Display

Conversion :omple?ed

Signal processing diagram of the progressive shift, multiply and summate algorithim

realized in software form.

Delay

Input sequence T

x(n) T
/

| )

%)

1
mzxnxnok
n=-N

-
|
> T p—>— Etc. --
-
Summate and gverage
N Autocorrelation coefficient
prnroo—————>

Fyx (K]

Evaluating the autocorrelation coefficients.
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To calculate r,,(0) align the samples as
shown so that,

rex(0): 513()(0)(°+x,xI + XX+ X3X3t XaXa+ X5 X5+
XX+ X7X7+ XgXg)
= %(0 +0.707°+1.0°+0.707°+ 0+ 0.707* +
1.02+0.707%+0)

~0.5
To evaluate the value of r,(1) shift the
sampled waveform one place to the left so
that,
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1
rex(1): -g(xox, + XX+ XaX3+ X3Xg+ XaXs+

X5Xg+ XgXy+ Xy Xg)

= %(0+0.707x1+1x0.707+ 0+0+

{—~0.707x ~1)+(-1x0.707)+0)

0.3535

The other coefficients follow by progres-
sively shifting the sample of interest one
place to the left until none of the samples
overlaps. My results are,

rex(2)=0
ro(3) = —0.3535
r(4)=-05
r(5)= 03535
7"(6) -0
ro(7)=—0.3535
r(8)-05

So that the autocorrelation function of the
sampled-data sequence is r,,(7)=(V¥
2)coswr as expected.

ryx(t) " s / 05
03535 03535
l
!
!
\P q
of v+ A s k78 1
[y ']
\ ’
0334 | 0383
A Y
\ 4
-0-5%47
Py x fw)
FbXX

B w

Wiener-Khintchine

Since the input is a wide-band white-noise
signal. the spectral density of the output is
given by,

P, (w)="PylH(jw)

Pok”

Porte0) = 3 (WwCRY?

To evaluate the mean-square value of the
output signal, integrate using Parseval’s
theorem,

p.=1| P (w)de

A

1] Py.100.dw

7| 1+{wCR)
v

P,.100 dw
v 14+ {wCR)

Substitute u=wCR and du=CRdw,

P,.100 du
wCR 1+u
Po. lOoltan Yu)]
T

Py. 100 l:]
«wCR 12
Using the data. substitute numerical values

CR=-—— o

I X5% --seconds

%5=10"° V¥/Hz

P=1571V

Method 2 — signal processing in the time
domain. The system’s transfer function is

GO =15

andintermsofsis

kwy

H(s):
wp+Ss

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.

ryxit)

T

L

.5

g
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ATATAY,

the autocorrelation function of the processed output will be,

Data
RZ/R]: ‘:)
(R = Frento? seconds ral(7) -

Wideband noise
Pp=10°V¥/Hz

)

Output

|

Fig.8. The linear signal processor is made up of a first order
low-pass filter of 5SkHz bandwidth connected in cascade with an

amplifier of gain 10.

Power spectral
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Sinusoidal signal
plus wideband noise

Time domain
Pxx (w)

Frequency domain

Autocorrelation
function
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ryx {T)

—
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Fig.9. Autocorreiation function of a sinusoidal signal corrupted by wide-band white

noise.
Time domain Frequency domain
Fourier
rex (T Jo fyy ey Th=J(0) Pkl [H(j w0} e Pyylw) = Pyx (il Hiyw)l®
transform
Autocorrelation Magnitude squared
Fourier
xit) hit) yih=xiti«h(t) () Xjw) Hijw) YHw) =X{ I H(jw
transform
Cross-corretation Cross spectrum
Fourer
e (1) hit) fy(tafxx(t) * hit) Py lw) Hijw) Pyylw) =Pextw) H{jul
transform

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,

h(t)= 10w, w!

Using Table 1, the autocorrelation function
of h(t) can be determined,

100w,
e €

- 'm“lﬂ
2w,

W)=

The a.c.f. of the output signal is given by,
7=t (7)+J(1)

Since the a.c.f. of the wide-band white-noise

input is an impulse function, the operation

of convolution is replaced by multiplication.
Toevaluate the mean-square value, put =0,

Tl =P J =10 " 500w,=1.571 V*

This demonstrates the equivalence of time-
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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,
x;. a small-amplitude periodic signal and x.,,
a random signal modelled as white-noise.
The autocorrelated output is given by,

r“n;:.llffl 'lrj x(Ux(t+7)dt

LA

and the noisy input x(t)=x; (1) +x.(t) so that

lim

lim

l_ h
Tosz|T
12

(16
+<J GIOX- L+ TIdt+
12

|
. %J [x {0+ X (0] L+ + X+ 7] dL
rz

x|ll)X|(l+T)dl+::-J Xttt +7)dt
; |

12
%, J X (U (t+7)dt

hence,
ro o) =R ) e (T4 (7).

The first and last terms represent the auto-
correlation functions of the signal and noise
respectively, and the two middle terms rep-
resent the autocorrelation functions of the
uncorrelated signal and noise components.
Since these signals share no common char-
acterstic thev may be equated to zero. [t can
then be concluded that the autocorrelation
function of the sum of two uncorrelated
sigrals is the sum of the autocorrelation
functions of the individual components so
that,

ro ) =T+t

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 be related in some
way to the input, in other words they will be
correlated. Autocorrelation identifies simi-
ltarities in amplitude and frequency
although it fails to reveal the phase charac-
teristics of the system.

This restriction can be overcome by mod-
ifying the autocorrelation function, and
cross-correlating the input and output sig-
nals. Cross-correlation is defined as.

12
_dim 1 _
r,_m-,.r_)_/_ Tqu(H.)_\it)dt

where a time shifted version of the input
signal x(t+71 is multiplied by the processed
output vtt) and the product integrated over
all time. The cross-correlation function ve-
flects the similarities of the amplitudes,
irequencies and phase angles of all the
components in the integrand. The aperation
of integration gives the long term average of
the product.

The integral form of this expression is very
similar ‘o the operation of convolution
discussed earlier*. Convolution, correlation
and filtering are a triad of signal-processing
operations and should be thought of collee
tively, rather than independently. This in-
structive approach will unify your percep-
tionof linear signal processing, Fig 10,

CROSS-CORRELATION IN FLOW
MEASUREMENT
The basic principle is to use cross-
correlation 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 sturry, 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 be 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 be
established”.

SYSTEM TESTING AND
CHARACTERIZATION
The output of a linear signal processor in the
frequency domain has been shown to be the
product of the Fourier transform of the
input signal X(jw) and the transfer function
H(jw) so that,

Y(jw)=X(jw).H(jw)
and the transfer function is given by,

. Y(jw)
l ”_'(t)" ,\’U(u’
Multiplying the top and bottom lines by the
complex conjugate X(—jw) (often denoted
by X+ (jw)),

M)'_\’ * (j(l) )

Ak X(jw).X*{(jm)

_Y(w)X+(jw)
T XGw)

ldentifying terms, recognize that X(jo) * is
the input power spectral density function
P (w) and Y(jw).X*(jw) is the cross spectral
density function P (w) (Parseval's theorem
may help here).

Note that the transfer function of the
svstem H{jw) is given by the cross-spectral
density P, (w) divided by the input spectral
density P (o).

When 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,
HGo)= -
1]
The time domain model of the signal proces-
sing operation is obtained from the inverse
Fourier integral relationship. Taking inverse
Fourier transiorms of both sides.

P, w)

N I
h(T)—P“"'(I)

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.12,

This form of system characterization may
be compared with the impulse response
testing of continuous systems. Unfortunate-
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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 x (T} Linear ylt)
generator system

Time shift Average Fourier transform

x'(,M:) i
H

1 x 1/ FRT il
-Tp
fxy(T)=Pohit)

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.

by 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 be prohibited since the response will be
obscured by system noise.

Svstem 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 Hutchings is a senior lecturer with
Humberside College of Higher Education
and a part-time tutor with the Open Uni-
versity.
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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 EGWW in April
1987) and a critical roundup of some of
the latest portables. WRTH is available in
the UK through Pitman Publishing.

A guarterly newletter 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 Lf., 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 Willingdon, Eastbourne, East Sus-
sex BN20 9NF (add 35p for postage).
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Fibre in the City
The City Fibre Network. a flexi:
ble access system (FAS) claimed
to be 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 supplv of new circuits.
prompt circuit reconfigurations.
rapid maintenance and high re-
lability,

FAS will allow new circuits to
be set up more speedily or to be
reconfigured oy 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-

tected. and centralized I'uult|

alarms will speed maintenance.

The first customers to benefit
will be 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 car be set up
with any other Dealerinterlink
user within 24 hours.

Eventually the 1otal 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.

\

]
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...andonto
Dockland

The system is to be further ex
panded to reach into Londen’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 £360 milhon.
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 exchanges to set up semi
permanent, private data links
across the country. It claims that
it is the first country in the world
to take such an advanced step.
Televerket. 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 64kbit/s 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 that
could include network supervi-
sion equipment.

[t 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 be set up or changed
in a matter of minutes. ent rely
by command from an operator
terminal. Ultimately. all 60 000
subscribers on the Swedish Datel
data service will be served by
links set up through these AXE
exchanges.

Main benefits for users are
expected to be speedier provision
of data hinks in line with chang-
ing needs, higher service availa-
bility, and better transmission
quality. The AXE exchanges will
also supervise the data links end
toend.

The equipment is expected to

be 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.

At 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 be 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

sherrv 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 PTAT (Private Trans
Atlantic Telecommunications)
cable system is jointly owned by
Cable and Wireless of the UK and
PTAT Svstems of the USA. Its
first cable, PTAT-1, is scheduled
to enter service in mid-1989 with
PTAT-2 following in 1992,

Gordon 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 lreland
with the first direct digital fibre
cable access to the USAand 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
CEPT.

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 platiorms. 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 Dyce,
Scotland, where usage and per-
formance will be monitored.

Worldwide
Dialcom

British Telecom'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
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around $100M, the worldwide
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 countriesworldwide.

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.

By 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
mailbox.

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 be interfaced with
fax. Interscan also expects to be
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.
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| Optical plastics

BT&D Technologies, the opto-
electronic 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
manutacture 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.

BT&D believes that it is the
first optoelectronic component
manufacturer to develop wave-
guides from such a photopoly-
mer material.

Racal-Milgo in
ISDN trial

Racal-Milgo is one of the vendors
selected by Bell Canada to par-
ticipate in the development of
ISDN terminal adapters (TA) and
applications.

ATAis a network access device
that allows digital equipment —
terminals and analogue devices
such as modems. to be 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
64kbit/s and one 16kbit/s all on a
standard local telephone loop.
The 64kbit/s channels can be
used for voice and/or any form of
data, and the 16kbit/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 1.544Mbit/s T-1 channel
capacity, this refers to 23 main
channels of 64kbit/s plus one
64kbit/s channel for signalling
purposes. The European equiva-
lent of 30B + D is hased on the
2Mbit/s channel.

BT chooses
ICL’s Oslan

ICL 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 Woking centre will now be
able to co-ordinate telephone ex-
change maintenance activity
over anarea 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
1987).

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 be
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 Adrian Morant.
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10 IMPROVE YOUR GONTAGTS
AND GONNECTIONS...

® Semiconductor Products ® Optoelectronic

1Spiays @ Fibre
e 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,

EXHIBITION IN THE
NORTH OF ENGLAND

TUESDAY 5th JULY 1988

WEDNESDAY 6th JULY 1988
THURSDAY 7th JULY 1988

Vibration & Temperature Measuring Instru-
mentation ® Soldering Equipment &
Production Aids ® Electronic Displays ® Fibre
Optics ® Components (including Wound) &
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FIELD ELECTRIC LTD. 01-953 6009.

anet Meters. First ters MR52P, size 6!
5050, MR65P 80 x 80. MR38P 42x 42, accuracy 2%. ne "
MR52P (SR} 30A AC M/lron £7.00. MR52P (SR) 10A AC M. £7.00
MR45P 1A DC M/Coil £6.00. MR65P 2A DC £6.00. MR65P 5V DC
M/Conl £5.75. MR45P 300V AC M/Coil with rect £6.25. MR45P 1 MA DC
M/Coil £5.75. MR38P (CR) 300V AC M/Coil with rect £6.00. MR52P (CR)
300V AC M*Coil with rect £6.25. MR52P 50V DC M Coil £5.75 MR38P
500uA DC M Coil £5.00. MRA5P 20V DC M/Coil £5.75 MRASP A
DC £6.25 SD830 82x 110 5A DC M/Coil £7.00 SD830 VU Meter
£6.25 MRt 0A DC M/Iron £7.00. PE7 e £6.0
Many n eters in stock, quantity

spplies All 240V AC input unless sta )A s/mode £18.50

5V 40A s/mode £25.00, 5V 60A £16.40. 12V 60A £70.00. Farnell SM
+5V 10A. +24V 4A. + 12V 500M —5V 1A new data £28.50. Farnell
SM 12V 2.5A uitra small £38.00 Far in Cooled SM +5V 10A. -5V
1A, +12V 3A 12V, 1A £32.50. 12V 3A Linear £17.25 Farnell SM 6V
40A £26.50, Farnell 6V 5A SM ultra small £25.00 105V 30A S|
£26.50, 5V | ar ated £8.60. ZX PS 1.4A £8.00
379,5V 40A. 12V 4A 1° mode £59.00. Power

Farnell Advance Go utant AC DC. Aztek. Solart

ecial Offer: AC ronics 5 A x

1t £50.00

Vanabl L 40V AC inpu

£35 040V 0-3Ax 2 £115 ( A £115 0-50V 0-3A £85. 0-40V

0-2Ax 2 £125 Wenr Maxireg 762.0-60V 0-2A £140 Lambda 0-40v 0-3A

£98 0-40V 0-1Ax 2 £125 Solartron 0-30V 0-1A » 2 £45. H.P.6824A
50V + 1A £75. Oltronix B401 0-40V 0-1A £50 B81750-10V 0-7A £98
rensen SRLA01 2 0-40V £345 60-40-60V £260. Lamt

LMG 12.12v DC +5% 65A DC Lin £345 c/p details please ring.

etered, King 1. 050V

Cherry Ipha Numenic ASCH Coded Keyboard. including § our
coded graphic keys, 108 keys form X-Y matrix, full cursor e
keys 9 graphic control ke ik
i £24.95 £22.00¢

Hewlett Packard 86A Personal np vith built in interface
nives an tr rnter, 64K iser

4 2fin, s, dis y160r24

c/with Y ' library, pocke

user manual etc. compl e £350.00

discount for quantity

1t SAA( full height disk drive

a supplied £20.60 2+ £37.50

3 SHENLEY ROAD, BOREHAMWOOD, HERTS WD6 1AA.

Peripheials f ht disk dr gle
d y. € £20.60

full neight, hard disk dr

¢/with user manual £145.00 ¢/p 3.50

SPECIAL OFFERS
Finlay Microtdm FM1, micro i
t'ﬁ!r

Xtal. 8 xMB8264 15, 1 xSN
t. £16.50

d for ¢ ct
10~ £20.60

ideo Monitor Chassis new & boxed. |
Mon £3450 Gre
Mor 9°£34.50 B White
M £4350
41 Mon £43508 White
put £4.00

Site

v 230v
& 0. £59.95
Newba isor 9
equp £149.00
arcan |

kt

tube
£200

£95.00

X

£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 tor 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 ¢/p unless stated
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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 wantsto 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.

n the eighty-odd years since radio and the wider area of
Ieleclronics 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 henefits of using
electronics for these purposes cannot be 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. Ina
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 be restrained in favour of a wider provision of more
basic requirements.

The application of effort in our field of electronics might not seem
immedialely 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 be 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 way
forward in engineering development. It may be that the admittedly
idealized thoughts expressed above will be considered too ingenuous
to be true. or that the existing regime is completely satisfactory. In
any event. we expect lo see a large number of thoughtful essavs which
should give rise to an interesting discussion. if nothing more useful
than that.
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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

Do. please. have a look al 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.

EWW will present a number of further prizes for the
runners-up.
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_..WE'VE SWITGHED THELEEDS

- ONEX If you're involved in Electronics...as a buyer or as a seller...you

really can't afford to miss LEETRONEX'88...not 9 °
simply because it's the North's leading f fn"
Electronics Exhibition but mainly because Y
‘ we've switched the venue to the new
f AR S University of Leeds Exhibition Centre. For Nonh’s Iongest esmb“sbed
Exhibitors and Visitors alike it's going to Now the ‘hition Is going to
be the best Leetronex Exhibition ever! E'ectronics Exhibiti than
B Over 125 Leading Exhibitors B Superb be bigger and betf’e'f
Custom-built Exhibition Centre ever before:=
B Free Parking for over 1,000 Vehicles
B City Centre Location B Cafeteria/Bars
B Seminar Programme Etc.Etc. ... i
MAKE THE LEEDS CONNECTION IN ’88!

TUESDAY 5th JULY 1988
NVEDNESDAY 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
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V A LVE "SPECIAL Prices are correct al tme ol press bul may fluctuale ( Used equipment - with 30 days guarantee. Manuals supplied if possible. This is a very
= L. Pieasgphoneloyh i oboivoniy A Thichged small sample of stock. SAE or telephone for LISTS. Please check availability before
A1065  1.40 | EF80 0.65 | PCLB2 0.95 | Z801U  3.75 | 6C4 1.10 [ 905 2.15 i e
N rel |Ers 39 | rcie 0% | Zaon a1 |ece 730 |TEe 1930 ordering. Carriage all Lnits £16. VAT to be added to total on Goods and Carriage.
A2900 1275 | CFBS5 0.60 L86 0.80 | 2900 45 75 | 1246 1.00
ARB 115 [ EFs 145 | PCLBOSES 095 | 1A3 275 | 6Cwa  7.40 | 12AT6 075 : OSCILLOSCOPES Foos SPECIALIOFFERS
ARP3 1.15 | EFg9 160 | PDS00S10  4.30 | 1L4 0.65 | 6CXB 460 | 12477 095 ! TR
ARP35  0.70 | EFQt 1.60 | PFL200 1.10 | 1RS 0.80 | 6CY5 115 | 12AU7 0.95 1 £1400 NOW OMLY £180 82
ATP4 0.90 | EFo2 21s | PFL200°  2.80 | 1S4 0.65 | 6D6 2.50 | 12AX7  0.75 1 £1.000 g
B12 6.90 | EFas o9s | PL3E 110 | 185 0.75 | 6F6G 195 | 123A6 140 11500 110
Cvy3a1 140 | grag 060 | PL8 0.85 | 174 0.75 | 6F6GB  1.10 :gg?@ ;-gg 1 1500 N M
DAF70 175 | Erias 075 | ! 0.70 | 1U4 0.80 | 6F7 2g0 12307 282 1 e 500 NLY £85 ea
DAF96  0.90 | Frygs g7 | PLB3 0.60 | 2X2A 3.80 | 6F8G oss | 1250~ 022 1300
DE122 3280 ' PLB4 0.90 0.70 | 6F12 150 | 12 ’ 450 ¥ £25ea (okp £7)
EFB12 075 12K7GT 1,15 b \ Dus 1300 RANSIS 10K AN . o
o
DF92 065 | ErB2 ) §ge | PLS0S 125 | 3AT2 340 | 6F14 11s | [oR72T 128 L300 e Sea )
Dl 85 : PL508 200 | 3828 12.00 | 6F15 130 [ 158781 078 e :
DH76 0.75 | EHOO 0.85 | py 509 5.65 | 3828"  19.50 | 6F17 310 [ 155C7 o080 1400 MULTIMETERS
DL92 185 | EL32 085 | pL5ig 5.85 | 3 0.60 | 6F23 065 [ 128117 125 £350 150
DY86/87 0.65 | EL34 325 | pLBO2SE  3.45 | 3E29 21.85 | 6F24 1.15 | 12597 1.40 £100 £10
DY802 070 | EL34 $.15 0 0.70 | 354 1.85 | 6F33 10.50 | 125K7 145 £90 v £90
2.80 32 0.70 | pPY81/800 0.85 | 4B32 18.25 | 6FH8 18.80 | 125Q7GT 2.20 A £300 N5 e
E1B0CC 11.50 | ELB4 135 { PY82 0.75 | SR4GY  3.35 | 6GAB 1.95 | 124 0.70 { £225 Ky 4
E1128 058 | EL86  0.95 | PYB8 060 | 5U4G 185 | 6GHBA  0.90 | 1303  2.80 " S s
E 1.60 | EL9O 175 | PYS00A 2,10 | 5V4G 0.75 | 6H6 1.60 | 13D6 0.90 o e
EB34 0.70 | EL91 650 | QQVO310 595 [ S5Y3GT  1.90 195 | 19AQ5  1.35 . e .
EBY1 0.60 | EL95 125 %vwvr 7.50 5§3G 485 | BMAWA 3101 19G3 1150 : Py
BC3 1.8 VOR/20A 27.50 | 5Z4 1.25 | 6J 2.30 | 195 - 1
E&aca [ 93 E 233 2'50 QQVOB/40A 28,50 | 524GT  1.15 | 6J5GT  0.90 | 1945 38.00 7000 RANGE TEKTRCNIX
- L 5.85 g 0.80 DISK DRIVE PSU 240V in SV L6A & 12V 1.5A Out Size WI25mm.
EBCO1 090 | Ei519 770 | QQV0BH0A" 49.50 | 6/30LS2  0.80 | 6J6 0.85 13 oA H75mm D180mm. Cased Un-used ONLY £10 00 each (n&pL3)
EBFBO  0.95 | grs21 845 | QVO312 575 | 6AB7 0.70 | 6J6W. 2.80 20F‘: 0-63 Vi HTY K XK
EBFBY 080 | Elgo2 95 | SP6! 1.80 | BACT 115 | eJE6C 810 | 20P1 o 060 ML~ £950 each NLY £5 each (pRpE3)
EC 065 | ELiaose aso | 112 37.50 | 6AGS 060 | 6us6C 8.0 | 22L8GT 150
EC 440 | Evmo - oso | 7122 37.50 | 6AKS 0.95 | 6JU6 6.35 ¢ GENERATORS £20 each (p&pd3)
EC92 185 | oo 300 | UABCBO  0.75 | 6AKE 2.85 | 6K7 ras | 8342, iss e
ECC81 095 | C : UBF80 0.70 | 6AL5 0.60 | 6XD6 8.10 6190 1800
ECC 095 | E¥5! 090 | uerae 070 | 6ALSW  0.85 | 6L6 .60 328 £1200 £150 each (pkp £7)
EC 0.75 87 0.6 uccs4 0.85 | 6AMS 6.50 | 6L6GC 6.25 7 4.30 N W BRUEL & KJOER EQUIPMENT AVAILABLE (Pleasr enquire)
E 0.60 | EYBH .60 | ucces 0.70 | 6AM6 160 | 6L6GTIC 255 | g11A  13.50 £900 13500
E 075 | EY88 065 | UCH42 2.50 | 6ANBA 250 | 6L18 0.70 | 12 32.00 M 1600
Ecces  1.10 | EZ80 0.70 | UCHS81 0.75 | 6AQ 1.75 | 6L020  0.70 | 813 28.50 ¥ A
ECC189 0.95 | EZ8) 0.70 | UCL82 1.60 | 6AQSW  2.30 8.10 | g13 44.00 £600 only £35 plp £7)
ECCB 0.65 | GM4 8.90 | UF41 185 | 6AS6 1.15 | 6Q7G 1.30 | 8298 16.00 N 40 only £45 p
ECF80 0.95 | GY501 130 | U 1.60 | 6AS7G 4.95 | 6SA 1.80 | g29B* 24.00 £400 - -
ECF82 095 | GZ32 1.40 120 | 6AU6 0.90 | 68 180 [ B65E 1495 o NEW EQUIPMENT
ECFS02 180 | GZ33 420 | 0.95 | saxaGT 1.30 ’ 180 [g31A 1395 5o
ECHa2  1.20 | GZ34 2.45 | WM 160 | 6AXsGT 130 | & »g;; 23 '?-?g £100 £583
ECHB!  0.70 | GZ34 4.40 § Yo | eBAs 115 | 68 = . 35
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$Si30 ger|KI s |uves oads| SGES  120leSwr  em S 4is %0
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ECL85 075 | ML4 320 | VAISoas 1as | 68GeG 160 | EveG, 150 |ece0 1.9 200 219
ECL86  1.10 6 320 | xg1M 170 1.75 | exa 150 | 190 280 °
EF9 3.50 | MX120/01 29.50 | X66 1.80 | 6BQ7A 0.85 | gx5GT 0.75 | 6146B  11.90 250 £99
EF22 3.90 | N78 9.90 | Z749 0.75 | 6BR7 4.80 | gY6G 2.80 0.95 ] £200 £126
EF37/ 2.15 | 0A2 0.70 | 2759 19.00 | 6BW6 6.10 | 624 1.30 0.95 £300 £175
EF39 110 | 0B2 0.80 | Z800U 345 | eBw 1.65 | 724 190 0.95 125 %o
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VALVES AND TRANSISTORS NEW PYE EQUIPMENT 5 £1200
:":nuuﬂoﬁc u;quu'neu for valves, transisio i & SPA R ES :‘7: JI
elail 7493934 Trade and Export 743 0899 > £3950
HARNESS “A” & “B” CONTROL UNITS A
FIELD TELEPHONE, CABLE TYPE D10 R J17 g2 QEONTS 51300 S
FIELD TELEPHONES TYPE "J'. Tropical etal case £1200 i
10-line MAGNETO SWITCH-BOARD. Can work with every M sNo5. 6 s
e olmaanaroiGis i
POSTAGE AND PACKING CHARGES: €153 55 c 205160, Ove STEWART OF READING Ttelephone: 0734 68041
yw 2kg Parctls over 2kg al C — R
COLOMOR —t 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
(ELECTRONICS LTD.) 170 Goldhawk Rd, London W12 Call | 9am to 5.30 MON-FRI (UNTIL 8 THURS
Tel: 01-743 0899 or 01-749 3934.  Open Monday to Friday 9 a.m. - 5.30 p.m. aliersiwelcomeian toror3pm -FRI( pm. )
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Digital storage oscillosco

€

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.

iile digital storage oscilloscopes are
Wncreasingly 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 50MHz analogue oscillo-
scope. This brings 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.l.
and ¢-mos asics, 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-
nigues’). Most importantly, the instrument
doesn’t cut costs by dropping out features.

ANALOGUE AND DIGITAL
BANDWIDTH

The maximum bandwidth of an oscilloscope
is an important parameter. Even when
measuring ‘slow’ devices, it may be impor-
tant to examine the switching edges and a
typical power mosfet may have rise and fall
times of 10ns or less, needing a 50MHz
bandwidth or more to be 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
10MUz signals as may be found in 16 and
32-bit processors. A very slow sampling rate
can be useful for using the instrument as a
chart recorder.

Sensitivity is another important factor.
The eight-bit vertical resolution of the
PM3350 gives a sensitivity of 2mV/div, which
can be translated as a hit-sensitivity of 8uV.,
enabling very low voltage signals to be
captured.
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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 AND CONVERSION

The PM3350 is built round a 68008 micro-
controller, and a family of gate arrays (see
panel ‘PM3350 architecture’). Instead of
expensive flash a-to-d converters, the new
oscilloscope employs P2CCD (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 100-Msample/s speed on hoth 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-bit a-to-d converter, which reads out
the signal to the oscilloscope’s main mem-
ory. This read-out can bhe 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. The memory

capacity has — alongside the sample rate and
hit 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 PM3350s memory
depth indeed compares favourably with
oscilloscopes costing much more. Each of
the PM3350'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
wavetorm 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. Here, 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 bits. This ensures that the
waveform on the screen is the same as that at
the input.
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" DISPLAYS AND 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.o0. is, after all, usually limited to
8 or 10 bits, compared with ar 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.0. timebase’s
crystal oscillator.

So when choosing’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.o0. 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, 1/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.1). 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)

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
aftenuator inputs, whether the front-panel potentiameters are at their calibrated positions,
whether the IEEE-488 option has been installed, whather the timebase has been triggered. it
also implements functions such as zoom and centre, and calculations such as for frequency,
rise timsa, and peak-to-peak voltage.

The microcontroller communicates with the majar circuit sections through the Philips 1 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-segmentl.c.d. During use, the
microcontroller scans the keyboard, and detects changes in potentiometer controls and
probes, updating the l.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 microconitroller is automatically updated with the
current positions of the channel switches, trigger swatches and timebase selector.

The FM3350 uses an advanced domed-mesh p.d.a. (post-deflection acceleration) c.r.t This
tube has internal magnetic correction to automaticatly correct for small tolerances in the
gun, wkich 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 S0+ MHz oscilloscopes.

CIRCUITS COMPENSATE FORTRANSFER EFFICIENCY AND LEAKAGE CURRENT EFFECTS.

The 512-cell c.c.d. in each channel js 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 tose 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 leftto right 1

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 memaory 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 PM3350C to benefit from the low cost of c.c.ds, but
without the reduction in resolution which they can bring.

I Output circuit Display bus Yo crt
Signal Amplifier p? cCD and a-to-d Display system
l convertor _— Gt
Sample clock T 1 Transport clock 1
Trigger Clock drivers Controt
v Sample clock
Trigger sync Enable Control Contgol
qndggl.a:’.’ng | e Acquisition Data processing
] detection J Clock control unit
f Terminal Slow
clock
Hold of f 1 T
Start [Sto Fast
i v dock 1
Trigger delay
counter
AV circuit T Processor
Clock B
l Processor
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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 be set
between 0 and 30. The IEEE-488 option
allows the scope to connect to any X-Y
plotter that accepts HPGL or Philip T&M
protocols — again selected using the soft
keys. A screen plot can be taken by pressing a
single button. thus eliminating the need to
photograph the screen.

The PPM3350’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. To the right of the screen are the rest
of the oscilloscope controls. These settings
areshownon a 140-segment |.c.d. display.

EASE OF USE

Many d.s.os are far from easy to work 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 wavelorm. initiates the
software. and autoranges through the
oscilloscope’s settings, setting the atte-
nuators and the timebase 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-
ber of kevs 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
asin 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 PM3350's
autoset button is useful here. too. since it
makes the PM3350 particularly convenient
for repetitive lests. where users often want to
look at the same signal path in different
sections of a piece of equipment. Oscillo-
scopes such as the PM3350 also allow com-
plex routines Lo be performed without
touching the front panel - in the case of the
PM3350 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 l.c.d. which shows the
settings of the rest of the scope’s controls.
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Fig.4. Pressing the ‘zoom’ (Restart) key automatically calculates

the delay and the timebase settings, and....

Dehugging 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-
totvping is particularly difficult because they
occur infrequently or at random intervals.
and individual transients usually have widely
difterent amplitudes and periods. The band-
width and voltage range are critical here.
Also uselul is the "zoom™ kev (Fig.4). When
pressed. the kev automatically calculates the
delay and the timebase settings. and draws
an expanded trace (together with the re-
levant cursor positions) on the screen. This
feature can be performed repeatedly to give
(together with the "centre’ key) increasing
detail down to the minimum resolution of
the scope. Rather than simply magnifving
existing data (which would vield 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
PM3350 has a full 100-MHz trigger band-
width.

TESTING. SERVICEAND
MAINTENANCE

Automatic test setups are highly significant
for production testing and maintenance.
The PM3350 has an optional IEEE-488
interface that allows it to be integrated in
lest systems. or connected directly to auto-
mated calibration systems. The link allows
full remote control, including cursors and
autoset function.

Checks can be 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 assemkly 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 seif extinguishing. Strong and rigid and yet lightweight, the
material retains its properties down to very fow 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 assemtly. Semi-automatic processor-controlled
test and adjustment stations are to become fully automated. Final testing involves the
complete instrument and consists mainly of such 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 botn sides and they are connected by
plug-in flat cable wiring which makes them easy to change.

Fig.6. The PM3350’s chassis is actuaily 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
rouline 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. timebase magnifier. X
deflection, triggering with both d.c. and
peak-to-peak triggering.
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Programmable links

Equipment often needs to be set up
to interface with other items. This is
usually a one-time operation, like the
setting of the data rate on a printer,
or the gain of an amplifier. Hitherto,
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.

Compatibility with the reflow
methods of soldering makes the
Greyhill 92 shunts easy to fit to |
surface-mounted p.c.bs. They offer
high insulation resistance and can
carry [A with amaximum
temperature rise of 20°C.
tlighland Electronics Ltd, Albert
Drive, Burgess Fhil, West
Sussex REHS5 YTN. Tel: 04446 54021,

Free cad software

Software for a general-purpose cad
systemwhich runson an IBM PCis
heing offered free by Pafec, a
Nottingham software house which
claims to be Europe’s largest
independent producer of cad

systems. {

PC DOGS, Personal Computer ‘
Drawing Office Graphics System,
previousty sold for £3000.
1t has all the functions of a two-
dimensional drawing package and
can cope with all but the largest
drawings. According to lan
McKenzie, a Pafec director: "DOGS is |
ideal for the first-time 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.
Asmall charge is made to cover the
cost of the discs, of which there are
fourteen, including screen and
plotter drivers.

The manual is the equivalent of |
about 400 printed pages but it can be
consulted on screenwhile 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-hased package later find the need
to upgrade to amore advanced
system. We have those systemsand |
that is where our growth lies.” said
lan McKenzie. Pafee Ltd, Strelley |
Hall, Nottingham NG& 6PE.

Tel: 0602 292291, |

|
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Tester for optical fibres

Considerable saving intime is
claimed for the lHewlett Packard
optical time-domain reflectometer.
Testing of optical fibres is said to be
more thorough and up to 150 times
faster through the use of a special
data-correlation technigue, which
increases the dynamic range of the
11P8145A instrument to more than
28d13 at a wavelength of 1300nm. The
reflectometer has a distance range of
200km and can pinpoint a fault to
within Imwith adynamic-level
resolution of 0.01dB.

For testing in the field, the
instrument is battery powered and
includes a plug-in, non-volatile
memory module which can store
over 100 traces complete with the

related measurement information.

On the benchit is used for testing |
fibres and cables during production.
Previous traces can be recalled for
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 be
programmed individually by the user !
and the instrument offers full 1IP113
communications. Alternative laser
modules provide wavelengths of
1300nm and 1550nm and the
reflectometer can be linked by four
different standard connectors.

Hewlett Packard Lid, Eskdale Road.
Winnersh Triangle, Wokingham,
Berks RG115dZ. Tel: 0734 696622.

Fax modem for PCs

Facsimile messages can be sent from
and received by an [BM PC-
compatible computer by usinga
plug-in modem from Dowty. Text
and graphics files can be transmitted
without the need to print or scan
them. saving time and improving the
quality of the received message. In
addition, features such as autodial,
auto-answer, delayved transmission
and automatic message distribution
are all included.

Amodem card, MicroFax, is
combined with a softwire package to
allow a PC to exchange fax messages
with any Group 3 fax machine or with
other computers with the same
tacilities. The modem is claimed to
be 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. The
modem can operate in “hackground”
mode, allowing incoming messages
to be received and stored on disc
while the computer isbeing used for
other purposes. These can be viewed
on screen and printed by a 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. Hard discs make the
operation faster and easier and
provide the large capacity to store
messages. Dowty Information
Systems Ltd. Steebek tHouse,
Newbury Business Park. London
Road. Newbury, Berks RG 13 2PZ.
Tel: 0635 33009,

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 board. An
additional advantage is the
possibility of developing a small area
on aboard, perhaps a modification
added later.

Non-toxic chemicals, without any
sodium hydroxide, are provided in
the Seno applicator, which hasa
shelf life of two vears and enough
developer for about 70 boards of
Eurocard size. Because of the safe
chemicals, no special precautions are
needed when disposing of an
exhausted applicator. Mega
Electronics Ltd, 9 Radwinter Road,
Saffron Walden, Essex CB11 3HU.
Tel: 077921918,
R e

Data acquisition
made easy

Full advantage of the windows
system is taken in the Labtech
Acquire PC-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 be put
to good use after a few minutes of
familiarization.

One menuis 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 be measured with one
additional digital channel. Maximum
data sampling rate is Ssamples/s on
each channel. Any signal-generating
equipment with outputs that can be
accepted by the computer’s

| interfaces can provide the incoming

data. Acyuired data is displayed in
real time inup to four windows. The
colour of each signal trace can be
selected so that multiple traces can
be displayed and compared in a single
window. Data can be stored while itis
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,
soa user of Acquire can upgrade to
Notebook while retaining the stored
data and configurations. Available
through Adept Scientific Micro
Systems Ltd. 3 Letchworth Business
I Centre, Avenue One, Letchworth,
| Hlerts SG6 2HB. Tel: 0462 675352.

ELECTRONICS & WIRELESS WORLD



VME workstation
with risc processor

Although the main processor in the
Torch VME32QX 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 board are a hR8K1
maths coprocessor and a 68551
paged memory management unit.

High speed is ensured throughout
this Unix-based computer by the very
high clock rate of 16.7 or 20MIz and
iMbyte or on-board memory with
the capacity to expand to 16Mbyte.
Communication is also accented
with a high-speed serial interface for
peripherals, VMEbus, 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 768pels and each pel can
be 4bits deep, providing a wide range
of colours.

Icons and windows are used to
operate the menu-driven system
which allows easy access toan
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’svstems. Torch
Computers Ltd. Abberley House,
Great Shelford, Cambridge C32 51.Q.
Tel: 0223 841000,

* OpenChip is designed by Torch for
their own use. High-speed memory
access is provided by using
application-specific instructions.
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 hy the use
of miniature d.c. to d.c. converters
from BICC-Citec. Auxiliary power

rails can be 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
45V, £ 12Vor £ 15V BICC-Citec
Ltd. Westmead. Swindon,

Wilts SN5S TYT. Tel: 07493 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, 1BM
PC or compatible computers can be
used to run the software which
allows component pads and tracks to
helaid ona 0.25mm grid on double
sided boards up to 180mm by
S500mm.,

Eight pad sizes are prov ded. as are
eight track widths. Component
layouts are selected from a pre-
defined library; any outline designed

by the user can be added to the
library. Editing facilities allow : ny
section of a circuit to be relocated.
rotated. duplicated or erased. E:ther
or both sides of the hoard can be
viewed on the screen at tour levels of
magnification.

Output istoany HPGL compatible
plotterat .2, torRtimes the
finished hoard size. Further details
from Lincar Graphics Ltd, 28
Purdeys Way. Rochford.,
lissex SS1INE.

Tel: 0702541663
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Analogue-to-digital oscilloscope adaptor

Any single trace analogue
oscilloscope can be converted into a
two-channel digital storage
instrument by using the DSAS2 4
adaptor from Thurlby. It is
connected to the oscilloscope by a
single cable and the analosue
instrument can have a bandwidth as
low as SMIz. Every tront panel
control on the adapto 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
anoption.

The adaptor has a sampling rate of
up to 20Msamples/s for single-event
signals: memory size is 4696 words
for each channel. It captures
repetitive signals of up to 35Mlz,
using an equivalent-time sampling
rate of up to 2Gsamples/s.

Non-volatile memory is used to

I store up to 16 waveforms or

reference and comparison.
Mathematical algorithms enables
digital interpolation to reconstruct a
waveform from a nunimum number
of samples. For example, a near-
perfect sine wave can be
reconstructed trom only four
samplesinacycle. This gives the
instrument a single-event bandwidth
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of 5MHz, much higher than maost
other instruments that sample at
20Msamiples/s.

Digital summation averaging is
provided for up to 256 recordings.
This improves the signal/noise ratio
for repetitive waves and allows the
recovery of signals that are
completely obscured by noise.

Host oscilloscopes are changed
dramatically by the adaptor. Text and
graphics are used to help set upand
operate the instrument. Cursor
measurcment provides on-screen
display of voltage or time differences.
Reciprocal timebase speeds between
50ns/div and 200minutes/div are
provided. At the lower speeds, te
display scrolls, rather like a strip
chart recorder. Recording times of
up to 133 hours are available inthis
mode. Input sensitivity 1s adjustable
between 2m\7/div and 10V/div.
Autoranging can be selected on
either or both channels and an
autoset system can select an
appropnate timebase.

Hard copy can be made on a
dot-matrix printer or a variety of
plotters.

Small and lightweight the
DSAS2 % costs €5K5 (+ tax) in the UK.
Thurlby Electronics Ltd. New Road.
St.ives, Huntingdon, Cambs PE17
ABG. Tel: 048063570,

Optical fibre cleaver

Iigh accuracy is needed when
cutting optical fibres as there can be
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.

Asingle blade can produce upto
24,000 clefts cut to within 1° from
the rectangular. Single and multi-
mode 125um fibres can be handled.
Centronic Sales Ltd, 275 King
Henry's Drive, New Addington,
Croydon CRY 0BG. Tel: 0689 47021,

T A B 30 ST

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 be 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 S50um
graded-index fibre, Attenuation over
this distance is less than YdB.
Repeaters can be used to extend the
range.

All modules operate from a 5V
supply and have a signal bandwidth
of TMHz. Output voltage is 1V peak-
to peak into 754 and can be
connected directly to a colour
monitor.

Siemens Ltd, Windmill Road.
Sunbury-on-Thames. Middlesex
I TWI6 THS. Tel: 0932 785691,
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Miniature kilovolt
power supply

Output from the K20/6 power supply.
which operates from a 12V battery. is
variable between zero and 20kV.
Current consumption is less than
0.25A at full output. Output voltage
is controlled by an external
potentiometer.

Switching techniques are used to
achieve a high output impedance of
LOOMA). This makes it suitable for
insulation testing, electrostatic
spraying and capacitor charging. A
stabilized version for c.r.t.
applications is planned. Small size is
afeature of the unit. with the largest
dimension being 115mm. Applied
Kilovolts, 51 Benett Drive, Hove,
East Sussex, BN36UQ. Tel: 0273
5074973,
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Highly stable
oscillator

Temperature-compensated
oscillators have been designed for
high-precision military and
professional equipment. STC claim a
frequency stability of 203p.p.m.in
the temperature range —20°C to
+70°C for the SQO3500 family of
oscillators in a range from 2.5MHz to
20Mtz.

Performance of the device can be
tailored for specific requirements
and there is awide choice of output
options. including t.t.1, c-mos. h.c
mos and clipped sinewaves. STC
Components, Edinburgh \Way.
Harlow. Essex CM20 2DE.

Tel 027926811
S L T RS AT P

IEEE-488 for PS/2

The first IEEE-A88 (GPIB) interface
for the new IBM personal computer
family is the proud claim of Ziatech
Corporation, It can controlup to 15
remote instruments and is
complemented by a range of
software, INSTALL. 488 allows
existing application software for
other systems to be run on the |
interface. Linkable device driver
software has the advantage of
addressing the interface directly,
bypassing the computer’s operating
svstem, and is intended for high-

speed applications.

Software configuration of the
interface is provided by the Adaptor
Description File which eliminates
the need for jJumpers and dip
switches on the adaptor.

Hardware additions to the

interface board include awatchdog |

timer, which regularly interrogates
the devices connected and can
transmit awarning if there no
response. Available through Data
Translation Ltd, Mulberry Business
Park. Wokingham. Berks RG11 2QJ.
Tel: 0734 793838,
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Global positioning receiver

You can telbwhere vou are towithin
25manywhere onthe globe if you
can decode the signals from the
Navstar global positioning system
(GPS) satellites. Naveore Fisa
receiver from Rockwell Collins that
does decode the signals and can
provide time and frequency
standards as well as navigational
mformation.

Coarse Aquisitior codes are
received sono speciallicencing is
required to use the system. Even

Accurate motion control

Highly accurate positioning is
claimed for the Portescap disc
magnet stepper motor with its
associated control system. The two
phase motor has 200 full steps ina
revolution, each of which can be
further divided intoup to 64
microsteps, giving aresolution of

12,800 positions or 0,028°. Error due

to the motor is typically 0.045°,
decreasing to 0,018 on afull step
with both phases energized. The
disc-magnet motor offers a linear

"NEW PRODU

higher accuracy is available, through
scrambled codes, to the US military
and some of their favoured friends.
Applications include mapping,
sunveving and the setting and up
dating of atomic and quartz clocks.
Animprovement of some ten times is
claimed to be achieved when
compared with other standard
methods. Available through the
Steatite Group. 2 The Square, Broad
Street, Birmingham B15 1AP.
Tel: 021 643 68588,

torque: current ratio, low noise and

smooth operation for speeds as lowas |

asingle revolution in a second. Other
parts of the system are a pulse-width
maodulated, two-channel current
source, a translator to convert
motion commands into motor
siginals, and damping circuitry which

within 5ms. Portescap UK Ltd. 55
Cobham Road, Wimborne, Dorset
BI21 7RB.

Tel: 0202 861500,

—

|

' Higher resolution
' graphics

Another step on the way to even
higher graphics resolution is
provided by the Xcellerator 1600
range of 20in (308mm) display
svstems. Up to 1600 by 1200pels can
be 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, 000vectors/s.

Inits 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.

Applications are thought to be
found particutarly in the cad/cam
area, colour electronic publishing
and graphic arts. With these
particular applications in mind, the
system is provided with 1Mbyte of
display ram which can be expanded
up to 8Mbyte.

To take full advantage of the
increased resolution, software

| drivers have been made available to

run Autocad, Microsoft Windows and
DGIS, direct graphics integrated
standard. Other links are being

| developed. Cambridge Computer

Graphics Ltd. Convent Drive.
Waterbeach, Cambridge CB5 YQT.
Tel: 0223 86331 1.

| High-voltage

capacitor chargers

The 5000 series of capacitor
chargers, which is suitable for use
with pulsed lasers and in capacitor
bank charging. uses a constant
power system with aswitch-mode
power supply. Eight models cover a
voltage range from 1kV to 50kV, all
with the same charging rate of 200
joule/s.

Particular attention has been paid
by Hartley to safety and an
emergency push-button activates a
dumpswitch, which canalso be
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 of avoltage.,

| evenwith the mains supply switched

off. The chargers can be operated
remotely if required. Hartley
Measurements Ltd. 4 Bear Court,
Daneshill East. Basingstoke. Hants
RG24 0QT.

Tel: 0256 56695,
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Industrial PC on
STEbus

Software written for a standard PC
can be run on acomputer designed
specifically for industrial use. By
dividing the functions of a PC
between four single Eurocards. and
hy incorporating a number of custom
i.cs. Arcom has produced a flexible
svstem which only needs to use the
cards required. Many target systems
might require the processor and ifo
cards but have no need for graphic
interfaces or disc controller.
Compatibility is made possibleby the
similarity of the STEbus to the IBM
PC’s internal structure; both offer
8-bit data buses and 1Mbyte of
addressable memory, This allows
exact emulation of the PC's functions
with all peripherals having the same
addresses, so standard PC software

can be run without modification.
Thus all PC languages and utilities
can be used, with the additional
advantage of having STEbus i/o
interfaces already wired in,
Expansion forup to 20/i/o boards is
possible with the STEbackplane.
Arcom Control Systems Ltd, Unit 8
Clifton Road. Cambridge C31 4WIH.
Tel: 0223 411200,
AT TR Y £ T, S TR

Breadboard card for
PS/2

Protoyping circuits for use with the
new series of IBM computers is
possible with a p.c.b. from Brain
Boxes that conforms to the Micro
Channel Architecture (m.c.a.)
backplanebus. 132 gold-plated edge
connector fingers are linked to a
matrix of plated-through holesona
0.1in grid. In addition to the m.c.a.
connector, the board includes a video
extension connector,

As the board is completely blank. it
could be used for anything. but some
suggested applications are digital i/o,
modems. memory extensions tup to
16Mbyte), network connections and
co-processor boards, Brain Boxes,
Unit 3G, Wavertree Technology Park,
Wavertree Boulevard South,
Liverpool L7 9PF. Tel: 051 220:2500.
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Portable signal analyser

No features have been left outby
Thorn when converting the 257
waveformanalyser to a portable
version. Indeed, it has been
enhanced by the addition of
spectrum analysis capabilities, signal
filtering, and GPIB. RS8232 and
parallel printer interfaces.

Other features include avariety of
input channels, a number of
triggering options and
programmable controls.

Operation 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

front-panel controls, Sequences of
operations can be programmed in by
selecting the options and the setups
can be 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 fermat is used.
50 it is easy to transfer data and
programs to and froma computer,
Thorn EMI Datatech Ltd, Spur Road,
Feltham. Middlesex TW14 (ThH.

Tel: 01-890 1477.

Systems multimeter reads r.m.s

Full systems integration is possible
with the Cropico Norma precision
multimeter, D4845; it includes a
GPIB interface. Different display
modes., 32, 4% or 51 2 digits, canbe
selected according to the precision
required for a particular application.
Basic d.c. error is 0.02% and the 2A
range has a resolution of 10pA.
Voltage ranges are from 200mV to
1kV and the resistance ranges from
20042 to 20M€) can accommadate
four-terminal devices. There is also

the facility touse a Pt100 probe to
measure temperature.

All alternating ranges give true
r.m.s. readings and so can accurately
measure distorted waveforms. The
meter can recalibrate 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 Lid, [ampton Road.
Croydon CRY 2RU. Tel: 01-684 4025,

High-voltage
alkaline batteries

Two additions to the range of
Duracell alkaline batteries produce
15V and 22.5V. Respectively they are
the MN154 with a nominal capacity
of 50mAh and the MN122 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, West
Sussex RH11 0PQ. Tel: 0293517527,
I e —————————

Real-time clock for
PCs

Standard timekeeping on IBM PCs
requires a number of components
which can all be replaced by a single
device. the DS1287 from Dallas
Semiconductor, Pin-compatible
with Motorola’s MC146818, the
hallas clock eliminates the extra
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 50bytes of
ram and 14 hytes 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 1AP. 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 filmtobe in
direct contact with the heat sink. to
allow increased power dissipation.
RCEC resistors are rated at 250W at
100°C or twice as much at lower
temperatures. Resistances range
from 1€2to 1M, with a maximum
working voltage of 5kV and isolation
of 10°MQ)., G.B. Electronic Products
Ltd. Hoddesdon Road. Stanstead
Abbotts, Ware, Herts SG12 8E).

Tel: 0920 871077,

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 Comcact “with disc drive

DmGRQ" I I - now also available for ARCH

Diagram I1 is a_comeletely new version of Pineapeles popular
drawing softuware. The new version has a whole host of additional
which make it into_the most powerful and et auick to use_drawing
svailable for the BBC micro. The new features mean that ’'Diagram
now be used for all types of drawings, not just circuit diagrams
drawings are poscible and the facilities for producing circles an
banded | ines together ith the pixel drawing routines make any ¢
drawing possible. This aduert has been produced comeletely using

Summary of Diagram II features
Werks on all medel BEC comouters and makes usz of Shadow memor
Rapid |ine drawing routires with automatic joins for circuit d
Rubber band line and circle drawina modes

and flood hllm?
Pixel drawing mode & fows sery fine detail to be added
Defired areas of screen may be moved. copied, deleted or saved
On-screen cursor position indication allows scale drawings to
Keyboard keys may be defined to print User Defined Characters
new character sets to be used
Worderocessor files maa be loaded and formatted into defined a
.Up to 880 UDC's if shadow memory available, 38l without shadow
Comeatible ulth Marconi Trackerball and most makes of 'mouse
All 'Diagram Utilities’ are included

=pararat  O-JOUT  BldfOr-

Whor- &

prxnted either horizontally or through e9 in scales th

n Ad sheet (5til] with readable text
14 :moov.h scrolling over the whole area of v.he diagram

Diagram II consists of a set of disc files and a 16k Epr
The disc is formatted 487 side® and 88T side2, Please shge if
is unsuitable for your system, or if you require a 3.5" Compact

MARCONI TRACKERBALL

For Mode] ‘B _and B+ (with Icon Artmaster
For Master 12§ (with Pointer Rom)
Bare Trackerball (no software)
Pointer Rom (available separav.elg
Trackerbali to mouse adapter

Postage and Packmg on Trackﬂrball:

mmmmmm
oSBT
JISYsss

DIAGRAM IT — £55.00 + vat - . e

TMEDES

Diagram
features
rogram
Ig can
Scale
d ribber
pe of
1397 am II

Y 1t POSS
xagrams

Makes use of the Acorn GXR rom to produce ellieses, arcs, sectors,chords

to disc
be made
allowing

reas

Comeletely ’scaleable print routines allow any area of the diagram to be

at may be

arxed in 1% steps allowing ugl'o 18 mode @ screens to be erinted on

this
disc

+ Lat
+ vat
+ vay
+ vat
+ vat

very rapidly using any model BBC micro and any FX comeatible dot-matr i prinier

sides of the boara in red and olue either ceparately or superimcosed mponent
layout screens are alsﬂlyroduwd for 3 silk screen mask

expanded defirition high contrast 1:1 or 2:1 scale._ The erint time is typically
about S mins. for a 1.l erint of 3 7° e 5° poard. This program has toc many
cuperb features to adequatelu dJescride here, so elease write or “ghone re

de

Pineapple’ = now famous PCE drafting aid produces comelex double sided PCR' s

The program is supplied on Zprom and uses 3 mode ! screen to display the two

The print routines allow a separate printout of each side of the board in 3n

tails and sample printouts

E 85 00 Plotter driver to suit
¢ vat nost ploHers £ 35 96 tvat

PCB  AUTO - ROUTING

This brand new addition to the PCB program areatly
increas2s the power of the software and speeds the
design of PCE ¢ even more

ist of ur to 190 connectionz may be entered in

the form of 3 ‘rats nest and then the comeuter does
[the rest' You may specify which side of the board
lyou wish a track to be on or you may leave the
Ichoice 10 the computer, and wou may also say whether
tracks should be alloued to pass between 1 pins

The proaram 15 1n the form of a second Eerom and
|Nll features are available on a standard model’ B

Please write or 'ehone for full details

CUHPLETE AUTOROUTE PACKAGE
(Includmg manval Epron E 185 00 + UM

scommands %0 the (ling sysiem 35 well as oroviding an =
facility with over 35 sub comrands covering ar=as such as repeateéd disc

co

creation of the required directories on the ADFS disc. All functions are full

compatible with Winchester drives includine eBACKUP which allows ba«.Lug up
Umchasters on;o mlupl; ﬂ Epies ENE

ommands are as follows: - Al
-mm TRy, 2B nnssmo -mm omstsmr otbn,s OFILEFIND «F‘wa‘
oILLADU, #LOCK, ®BNU, ePURGE, WALOCK, WWERIFY wire

ADFS Utilities Rom

ADL is an mvaluféle utility for o] ADFS ucers. Tt adds over Z re

action, saving and loading Rom images, auto bootina of files and many more
opying of DFS diccs onto FDFS discs can be made in one pass with automailic

PRICE £ 29.88 ¢ vat

QHorderssentbgreturn

MITEYSPICE -

Powerful A.C. 4 D.C circult analyser package - Eu‘) 90
1th Graphice 2uteut Send for more details

39 Brounlea Gardens,Seven Kings.1Iford, Essex 163 9NL Tel 01-599 1476 m
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EPROM PROGRAMMER

_

=

AT LAST! Over 50 Generic Device Types

1-2508/10ms 5-2764 29-8749 43-8744
2-2508/50ms 6-2764A 44-8051
3:2516/10ms 7-27 45 N
4-2516/50ms 8 87 46-8044°
5-2532/10ms 9 33-8750¢ 47-87C5
0 34-8741 48-63701V

7-25 10 4 35-87- 49-63701X
8-2564/50¢ > 36-80: 705\

10-2716 38-8048

11.2732 5-8 39-8049

12-2732A/10ms 26-8755A

13-2732A/50ms 27-8355" 87

14-2764-50ms 28-8748 87 ‘READ ONLY

. at a price to suit any budget!

THE MQP ELECTRONICS MODEL £189.65
18 PROM PROGRAMMER +VAT

* 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 Emuiator
+ 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
* Fastinteractive 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:

mm ELECTRONICS, 22 RINGSBURY CLOSE, PURTON,

SWINDON SN5 9DE. Telephone: 0666 825146

ENTER 36 ON REPLY CARD
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TELESCOPIC MASTS

® Pneumatic

® Hydraulic Ram
Operated

® Winch Operated

.l

Hilomast Lid.

THE STREET HEYBRIDGE, MALDON
ESSEX CM9 7NB ENGLAND
Tel: (0621} 56480 Telex: 995855

ENTER 34 ON REPLY CARD
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ipment
and Computer Products
A SMALL SELECTION FROM OUR STOCKS

ALL ITEMS CARRY DUR COMPREHENSIVE PARTS & LABOUR GUARANTEE
PRICES SHOWN, {SUBJECT TO AVAILABILITY). EXCLUDE OELIVERY AND VAT

Atlantic Research Buide Price £

Interview 4600 Serial Data/Protocol Analyser
Up to 19.2 kbps 4750

Gould

0os1421 20MHz dual trace Digital Storage
scope: 2MHz sampling

Hewilett-Packard

1417/8552B/8555A 0.01-18GHz Spectrum Analyser
system

1630G Logic Analyser: 65ch.state/timing:
Clock up to 100MHz

16310 Logic Analyser: 43ch state/timing:
Built in 2ch scope

1740A 100MHz dual trace/dual timebase
oscilloscope

3325A Synthesiser, sweeper, function
generator: 1microHz-21 MHz

3456A 3Y,/6, Digit high pertormance
sysiems voltmeter

4342A Q" Meter, with Internal source
22kHz-TOMHz

4951A/001/100 Protocol Analyser: inc. data
cassette & RS232/V24 pod

5342A Microwave counter: 11 digit:
10Hz-18GHz

7475A/002 AJ size six pen plotter with
HP-1B interface

8505A RF Network Analyser
0.5-1300MHz: Built in sweeper

86568 Signal Generator: Phase locked:
AM/FM 0.1-990MHz

Hughes

Probeye 649 Portable infra-red thermal viewer:
Argon cooled

Marconi

TF2370 Spectrum Analyser: bullt in
tracking gen.30Hz-110MHz

Philips

PM3310 60MHz dual ch. digital storage
scope: 50MHz sampling

PM3266 100MHz 2ch./2 t/base very fast
phosphopr storage scope

Tektronix

2445 150MHz 4ch/dual timebase scope

2465 300MHz 4ch./dual timebase scope

Thorn-EMI

6150/51 U.V. Recorder: 12ch. magnet block
6ch. conditioning amps built in
Galvos charged extra

Watanabe

MC6601-42 4ch. flatbed chart recorder:
overlapping fibre pens

MC6601-62 6ch .flatbed chart recorder
overlapping fibre pens

Carston Electronics Limited
2-6 Queens Road, Teddington,
Middlesex TW11 OLR

Tel: 01-943 4477

Telex: 938120 (CARLEC G)

Is your Carston Stock /i
Guide Up-to-Date? /i

If not
Phone 01-943 4477

ENTER 27 ON REPLY CARD

DIGITAL MULTIMETERS from £89

3% DIGIT 05" LCD

7000 HR BATTERY LIFE
0.1% BASIC ACCURACY
TRUE RMS

1000V DC 750v AC

10A AC/OC
DIODE/RESISTANCE TEST
CONTINUITY BUZZER

from £99 FREQUENCY COUNTERS

100MHz. 600Mhz. 1GHz. 1.5GHz
MOODELS

3 GATE TIMES

RESOLUTION TQ 0.1Hz

" BRIGHT LED DiSPLAY
MAINS/BATTERY

TCXO OPTION

LOW PASS FILTER

UNIVERSAL COUNTER-TIMERS fom

FREQUENCY DC — 100MHz
RESOLUTION TO 0.001Hz
RATIO

PERIOD

TIME INTERVAL

COUNT

STOP WATCH

RPM

SIGNAL CONDITIONING

S00KHz and 2MHz MODELS
SINE. SQUARE. TRIANGLE TTL
EXTERNAL AM
EXTERNAL SWEEP
0-30v OUTPUT
15V DC OFFSET
50 (2 and 6002 O/P's
0.-20dB. -40dB ATTENUATOR

FULL SELECTION PATTERNS
VHF/UHF

RF, COMP. VIDEOQ. IRGB O/P's
5.5, 6.0, 65 MHz SOUND
SEPARATE OR MIXED SYNCS
1V OR TTL IRGB

VARIABLE VIDEO O/P
INT/EXT SOUND

20MHz DUAL TRACE. COMPONENT
TESTER £295

e 15MHz DUAL TRACE BATTERY
OPERATION €399

o 3I5MHz DUAL TRACE SWEEP

OELAY €399
o S0MHz DUAL TRACE SWEEP
OELAY £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
ey e BlackdieStar
HUNTINGDON CAMBS PE17 4WR.

Tel: (0480) 62440 Telex: 32762

ENTER 4 ON REPLY CARD
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INDUSTRY
INSIGHT

)

next phase: learning the lessons of

digital cellular @ in the nineties: how to
move toward ISDN e whatever happened to Britain’s
cabling? @ satellite service brings

® how to blow a network @ Charles Kao on

® data communication techniques ®

asynchronous working for -
new battery system to revolutionize
communicators?
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TELEPHONES
& PABX’s

=

COMPONENTS &
SUB-ASSEMBLIES

INTERNATIONAL EXHIBITION OF TELECOMMUNICATIONS, RADIO, CABLE, SATELLITE AND ELECTRONIC TEST
INFORMATION TECHNOLOGY. EQUIPMENT

10-13 MAY 1988 NATIONAL EXHIBITION CENTRE, BIRMINGHAM, ENGLAND
- NINTH INTHE SERIES

For sending the message

378

[AE DN & %
PR P ComMmuNICATIONS88 where you can really get the message on the latest 2 f'
developments across the whole spectrum of electronic communications. : "

P Independent research shows that the vast majority of nearly 21,000 g

" r‘- visitors to the last COMMUNICATIONS show in 1986, strongly favoured ., -3

I its broad scope and all-embracing product range. = ;

Over 400 exhibitors from five continents made it truly i 2

BUSINESS COMPUTERS &

F

NETWORKS

— calll wesys

international, indeed, a “total” communications event. And the
line-upin 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 pointefs to

future innovations in key communications issues.

:‘ P For all who have a special interest in communications, the

: exhibition w_ill be THE place in 1988 to make and renew contacts,

| assess alternatives, and see who’s sending what message — and

: which way.

{

: l_Plegs.egmet_he Cmm_wj @Vsﬁ)r Irormgn PE. w?:h |Edeg: mﬁmﬁary FIBRE OPTICS

| | registration ticket and details of how to make travel and accommodation arrangements easity | & CABLES

: NAME:

! | co name: |

I | ADDRESS: I
Y O,

Complete and return to: Print Services Dept., Industrial & Trade Fairs Ltd., Radcliffe House, Blenheim Court, Solihull, West Midlands B91 2BG, England
& 021-705 6707 Telex: 337073. Fax: 021-705 4380. @

— = - e —
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INDUSTRY INSIGHT

COMMUNICATIONS

EUROPE PUSH
BROADBAND INFRASTRUCTURE

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 Norjes.

The market for telecommunications ser-
vices is to open up progressively next year, to

Cellular radio’s next
phase: cells on the human
scale Professor William
Gosling, Plessey's

technical director, warns that Europe could

be set back relative to the rest of the world if
the lessons of digital cellular are not heeded.

Networking in the

3 2 nineties: towards ISDN
AT&T Bell Labs president,
lan Ross, says that large

data users with heavy investment in existing

approaches must be offered products and

services that allow a graceful evolution

toward ISDN.

Electronic message

3 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

Battery advance for

defining a European position on a whole
range of telecom issues.
orderly and effective way, says the director-
ate, to make the most of the new economic
ISR AR RRNE S X e
Data communication
388 acommon fallacy. Bob
Dubery of Feshon Systems
in synchronous networks can improve
efficiency.
cabling How far has
Britain got in cabling
and junction networks leave the local loop
standing.
and economic impact
Who better to take a look
fibre communication than co-proposer
Charles Kao.
cordless communication
Professor Alfred Tseung
photovoltaic battery system could lead to
true cordless communications in the home,

All these things need tackling in a rapid,
opportunities offered by advanced telecom-
techniques Pinpointing
shows how asynchronous modem working
39 2 Progress in optical
itself? Advances in trunk
39 5 Optical fibres: prognosis
at the future of optical
explains how a new
in the office and on the move.
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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 tke 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 cptical fibres, satellite links and
broadband switching nodes, beyond the
nineties and into the 21st century.

Blowing a network A
9 9 novel, little-known
technique from BT's
research labs greatly
simplifies fibre installation for in-building
and local area networks —and attracts

licencees.
year, suitably equipped

vehicles will be able to

receive and transmit data from virtually any
point on earth. Two-way trials start this

month.
the action is in

communications
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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 be operated in the
public “telepoint” mode so that users can
access the public telephone network via a
public base station.

This development of technology means
that evervone — 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, but its implications
are far more revolutionary than this sug-
gests, not least because it can also provide
full ISDN 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 be 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 19935

Installed base...

UK
Germany
France

3.8m
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 tvpically
account for 80% of European demand so
that we can postulate an installed base in the
EEC of at least 10 million units by 1995,

The guestion is whether this demand will
be 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.

A BAD START
3 standards...

low volumes...

many prices...

UK
Finland
Germany
France

£60

£700
£6800
£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 UK 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 UK 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

radio test set.
ENTER 200 ON REPLY CARD

2958 TACS, 2956 NMT, 2057 AMPS automated cellular

radio test system. ENTER 201 ON REPLY CARD
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SINGLE MARKET 1992

ITELEPHONE

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 be 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 be in operation and by
1996 we can anticipate the availability of the
pocket telephone. By this | 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 bearer.

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 back
Europe relative to the rest of the world in a
way which would be 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
900MHz.

The f.d.m.a. proposal is up to two vears
ahead of the t.d.m.a. proposal and the

mobile radio test

DIGITAL CORDLESS
FDMA/TDMA COMPARED

® FDMA 1 to: ahead

® gxperience curve opportumnity

fits for users

® price

Dend

technology is ready for the market. Both
technologies are realisable at similar cost by
hility «

means that the experience curve can be
exploited so that manufacturing cost be-
nefits can be passed on to customers in
terms of reduced prices. In line with theore
tical predictions, there is little to choose
between them. except that f.d.m.a. has
distinct advantages of being ahle 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.
microceltular 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
1.7GHz, for t.d.m.a. or f.d.m.a. or maybe
something else. But this spectrum cannot be
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 be 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 Y00MHz or 1.7GHz. The

test system with
Signal Generator
and Modulation

Meter.

ENTER 202 ON REPLY CARD
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CORDLESS PRICES
A

+ 20%

+30% |+ 70%

frequency-division development program

me is presently between one and two years
e n

programme. Spectrum at 900 MHz is li

mited, so the higher efficiency of f.d.m.a. is

an advantage. while spectrum at 1.7 GHz

will not be available for at least four years.

The figures in the box show our estimate
of equipment prices. taking account of the
time differences, but 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. hecause it will lag on
the experience curve. The 70% penalty for
t.d.m.a.at 1.7GHz is a minimum, because ir
this band the technology may require expen
sive equalization which will never be re
quired for I.d.m.a.

There can be no question that these
arguments are compelling. But if we look
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
deerly 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

Tel: UK (0727)
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he communications world is

on the brink of major change,

one that poses extraordinary

opportunity for the telecom-
munications industry. The change foretells
an important leap forward in our ability to
use information technologies to raise pro-
ductivity and living standards, even interna-
tional understanding. But this is by no
means an assured result. Much depends on
how well we manage the change - in
particular, on how well the computing and
communications industries work together
in devising network solutions that optmize
our total information system, rather than
the piece parts.

What is the nature of this change? We
often hear it described as the coming of the
information age, but people usually think
that just means the arrival of computers and
robats. The change is more profound than
that, because it means a drastic change in
the way we control and organise most of the
world’s work. In a nutshell, the change is
from a world where most work is directed
and performed by humans, communicating
by voice, to a world where much work is
directed and performed by intelligent
machines, communicating digitally.

Why the communications change is profound
To understand how profoundly this change
will affect our mission, consider how the
telecommunications industry has evolved.
From the outset, the purpose of our industry
was to satisfy the age-old human need to
communicate from person to person. And
for the bulk of human history, the com-
munication medium of choice has been the
voice. But without the aid of technology.
voice communication could only take place
over short distances, within earshot. And it
had to take place in real time; it made no
sense to speak without a listener.

With the invention of writing, people
began to use clay tablets. scrolls and books to
communicate across time and distance. For
more pressing needs, they devised the first
telecommunications systems, messenger
and postal services. It is interesting that for
some limited uses, they also invented a few
other clever technologies for long-distance
signalling. using flags, bonfires. smoke puffs
and mirrors. Some of these might gualify as
the first digital lightwave systems! Later
came the telegraph, the first electronic
digital communications system, and, even-
tually, the telephone.
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COMMUNICATIONS

TOWARD ISDN
Networking for the nineties

Driven by evolving

customer needs,

technological progress

and networking, the

years ahead will be

years of challenge

and change for the

telecommunications

industry.

Prior to the telephone, most communica-
tions technologies were used simply as
surrogates for the human voice. People used
them because they had to: they couldn’t use
their voices. But when Alexander Graham
Bell invented the telephone, that changed,
and so for the budding telecommunications
industry the customer need was clear. We
concentrated our energies on providing Uni-
versal Telephone Service.

In pursuit of that mission, our industry
exploited technology. But we didn't just use
existing technology. Beginning with the
telephone itself, we either invented or played
amajor role in developing new technologies,
including the vacuum tube, the transistor,
the laser and lightguide. And we brought
this technology together in a vehicle created
for meeting customer needs — telecom-
munications networking. Networking is a
powerful tool that supports and couples
evolution in customer needs and in tech-
nology.

Without networking and the systems en-
gineering skills that support it, we could
have made little headway toward Universal
Telephone Service. Without networking,
our voice communication systems would
scarcely be so practical, economical, de-
pendable and usable. Without networking,
we would have and, in the early days of the
industry, we did have, multiple terminals on
peoples” desks. Without networking, we
would have under-utilization of costly trans-
mission facilities, little protection against

equipment failure, little flexibility to
accommodate evolving needs, and a prolif-
eration of complex interfaces and protocols.

Thus, with great benefits, our industry
has orchestrated three powerful forces:
namely, evolving customer needs, technolo-
gy. and networking. Technology made ser-
vices possible, networking made it practical.
And these forces interacted in beneficial,
synergistic ways. The demand for economic-
al long-distance telephony stimulated de-
velopment of the vacuum tube, the transis-
tor, and later the laser. The transistor, in
turn, led to powerful stored-program con-
trolled switches. And they gave rise to
networking capabilities that stimulated the
development of, and the demand for, new
network services and features.

Until very recently, our focus on providing
Universal Telephone Service was entirely
proper. Almost all our features and services
concentrated on voice, because most tele-
communications traffic was among people,
and voice was the communications medium
of choice.

It is, however, true, since the industrial
revolution began, a range of ever smarter
machines have emerged. from the loom
through lathes, cars, calculators, typewri-
ters and most recently computers. But it has
mainly been people who operated the
machines, locally and in real time, who
handled both input and output and who
handled all necessary communications. So
while they contained many machines, our
workplaces remained highly peopled and
paper-intensive.

Today. largely as a result of technical
advances we are seeing a rapid and major
change. Low-cost digital processing and
low-cost digital transport are stimulating
demand for a qualitatively different kind of
communication — people-to-machine,
machine-to-people. and machine-to-
machine. There are many examples, Even at
Bell Laboratories, for example, engineers
design a circuit board at the console of a CAD
system. Then the machine transmits the
design data to the factory hundreds of miles
away, where another machine receives it and
transforms it into art masters. These are in
turn fed as instructions to machines on the
factory floor that make the product. No
speech, no paper. and except at the very
outset, just machine-to-machine com-
munication.

But machine-to-machine data com-
munication is inh~rently more complex
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This article is based on remarks made by Dr Ian Ross at Globecom ‘87, held in Tokyo.

than people-to-people voice communica-
tions. People, after all, speak in one frequen-
cy band, at about the same speed: they signal
which language to use, and when tostart 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 (re-
quently don't speak one-to-one. but one-to-
many. many-to-one and many-to-many. Soa
data network mav 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. We
should still be orchestrating the same three
forces: customer needs, technology and net-
working.

The role of ISDN

How are we responding to these new chal-
lenges? There is some very good news on
that score. [am talking about the Integrated
Services Digital Network. or ISDN. Strictly
speaking. ISDN is not a network or a service
offering, hut 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 deploving 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

384

services, especially services that will meet
the needs of data users.

And that is just what we have hbegun to do:
we are turning the ISDN plan into a reality.
For example, last December McDonald's
Corporation linked its corporate headquar-
ters near Chicago toan AT&T 5ESS switchin
an lllinois 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 supplving 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
ofter ISDN services over the inter-exchange
network by the end of this vear, 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
svstem 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. Yet data-only networks have
become highly strategic to the operations of
more and more companies. Already. finan-
cial networks or airline reservations svstems

can generate millions of dollars an hour for
their owners. Yet 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-based 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 best 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 huild multiple
dedicated networks. When 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 davs of the telephone industry,
hefore we began to develop our networking
skills. If you wanted to call a new customer.
vou 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. We
must make ISDN features evolve, too — for
example, to accommodate wideband access
for local area networks and video,

Going bevond 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

PRUF-UND MESSGERATE FUR DEN NACHRICHTENWESENMARKT

INSTRUMENTAL DE PRUEBA Y MEDICION PARA EL AMBITO DE COMUNICACIONES

Farnellinstruments manufactures
instruments for the production,
test, of repalr 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 manuat 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

Equipement pour reparation et
recalibration des radlos moblles

Equipement de recherche de
personnes et autres
equipements.

L'instrumentation comprend des
unités portables ainsl que des
modéles destinés aux
laboratolres et des systémes
complets pour les mesures
manuelles ou gutomatiques.

Equipements & la pointe de la
technologle, @ des prix
compélitifs et disponibies
partout dans le monde par un
reseau d'agents.

Die Firma Farnell Instruments
fertigt Gerdte fur die Herstellung,
Prifung oder Instandsefzung und
Nacheichung von fahrbaren
Radioapparaten,
Personenrufgeraten und
anderen
Nachrichtenweseneinrich-
fungen.

Die Gerdate umfassen tragbare
Einheiten tir den Aussendienst
geeignet, AustUhrunger zum
Anbringen an einer Wert-ank
oder einem Gestell, sowie
komplefte computergesteuerta
Systeme fir manuellen. bzw.
automatischen Betrieb.

Die Einrichtungskonstruktionen
beinhalten den neusten Stand
der Entwicklung. sind
konkurrenztahig im Prels und sind
weltwelt durch ein
Vertreternetzwerk erhaltiich.

Please ask for full details

Farnell Instruments fabrica
Instrumental para empieo en
produccién pruebas,
reparaciones y recalibracién de
radioaparatos méviles, de
radiopaginadores de boisiiio y
de otros equipos de
comunicaciones.

£l rengldn de instrumental Farneii
comprende unidades portatiles
de campo, modelos de mesa e
instalables en estantes, y
sisternas completos de
operacién manual u operacion
automdtica computorizada

Es instrumentol de avanzada
técnica y precio competitivo, y
se cuenta con representacion
de la marca en todo el mundo.

FARNELL INTERNATIONAL

JUBILEE HOUSE - SANDBECK WAY - WETHERBY - WEST YORKSHIRE L522 4DH - UNITED KINGDOM

TELEPHONE +44 937 61961 - TELEX 55478 FARINT G

INSTRUMENTS LIMITED
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ELECTRONIC MESSAGE
HANDLING FOR PCLANS

British Telecom is first with e e e L Mg
an X400 messaging system Tois I lin it “omens ratome: e
for microcomputer-based
local area networks

nection’ and the BT product is the first to
address the o.s.i. reference model "applica-
tion layer’ (laver seven). 0.S.1. 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

ater this vear British Telecom
will begin to market the first
microcomputer-based gate-
way for its public message
handling service. BT's message handling
service, Gold 400, is expected to go public

this July, when the current pilot service Kilostream, the packet switched service,
comes to an end. It is based on X400 T-NET WIDE AREA ISDN or private lines to link geographically
messaging. a CCITT standard designed to D13t SL GRS separate local-area networks, as the dia-
provide the architecture and support to & grams depict.

It joins the T-Net 1000 family of lan
products. of which BT 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 respectivelv). Details
of the range of products for T-Net 1000 are
available from BT on freephone 0800 800
800, quoting reference ACQ153.

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 network file
server. (A minimum configuration network
would be PC400 + file server + worksta-
tion.)

If you're not into the CCITT jargon, X400
may be something of a mystery. It's not
particularly new: developed four years ago
its aim is basically to combat incompatibility
hetween electronic mail systems. X400 sets
out to allow subscribers with the relevant

FAX/TELEX GATEWAY X 400 GATEWAY

FAX

OTHER
X 400
SYSTEMS
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y L.J. Technical Systems

MODICOM -

The Complete
Digital Communications
Training System

Now available from L.J. Technical Systems is a
modular system that meets the needs of mocern
communicalions training.

Communicaticns training from signal sampling and
re-construction trough to fibre optic technology.

For full details on the MODICOM System contact:- o ' Mo \ el -

Iy e g
L.J. Technicel Sysiems, Francis Way, Bowthorpe Industrial Estate, Norwich, NRS el (0503) 748001. Teﬁ;: 975504.
ENTER 13 ON REPLY CARD

[T vee— COMMERCIAL QUALITY

A range of telescopic towers in static
and mobile madels from 7.5 to 36

metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with CP3 Chadter V. pant2
1972 for a minimum wind speed of 140 kph in
conditicns of maximam exposure and specifizd by
professionals world-=vide where hostile
environments Jemand the ultimate in cesign, quality 1
and reliability.

Suitable for maunzing equipment in the fields of:
Communicatians

Securitv surveillance — CCTV

Meteoralogy

Environmenta menitaring.

Geograahical survey

Jefenc2 rang2-finding
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ATA COMMUNICATION

TR TR
COMMUNICATIONS

TECHNIQUES

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 be implemented at 300 bit/s
through a largish population of 300-bit users
still exists.

Information service providers are often
unwilling to force their users to change to
the higher speeds. Here, education is needed
as it is surprisingly common to hear it said
that the slower speeds give the best chance of
error-free 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

Bob Dubery discusses the

techniques of dial-up

data networks and

emerging trends inthe

industry, pinpointing

common fallacies

the earliest days when speeds of 3300 bit/s
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, but
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

Central computer site
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Asynchronous modems can lead to highest efficiency in synchronous networks.
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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

25, with motorists expecting that their
driving time around London would be dra-
matically reduced.

At one time, a remote data user equipped
with a "dumb’ computer terminal set to a
speed of, for example, 1200 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.

We 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 bit/s were possible. Using a ‘sophisti-
cated’ terminal with muitiple emulation
characteristics dropped the throughput to
around 4000 bit/s and worst of all, a PC
runing a terminal emulator package re-
sulted in a throughput averaging 3400 bit/s.
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In each case the terminal speed was set to
9600 bit/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 V22bis. 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
number of line signal transitions per
second). is in fact 1200 baud but with g.a.m
in which the amplitude and phase sent to
line is determined by a particular two-bit
data pattern, the effective transmission rate
can be 2400 bits per second

Error correction and compression
Within the asynchronous conversion pro
cess further intelligence can be introduced
to include two additional functions — error
correction and data compression

The error correction systems commonly
employed entail splitting data into blocks or

packets and adding checksum information
al 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 be impulsive and randomized.

Data compression methods allow the in-
coming data to be stripped of all redundant
data prior to transmission to line and for the
stripped data to be 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 com

monly found characters.

Using a combination of this and run
length encoding. whereby a string of like
characters is compressed Lo one character
plus a character indicating the length of the
string. compression factors of two-to-one
can be obtained with ease on asynchronous
Jata streams

Afurther facility included in modems that
feature data compression is the addition of a
serial data buffer that allows the connected
terminal to be set to say 9600 bit/s although
the V22bis standard is nominally designed
for 2300 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 o ensure that terminal trans
mission is held oft if the buffer cannot be
cleared due to temporary line noise situa-
tions.

Another advantage of this serial bufter 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
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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
existing 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 LAPD 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 bit/s throughput whilst still
using V22bis modulation.

Level six is also commercially available
with claimed throughputs of up to 19.200
bit/s but at a significantly higher price. Such

speeds are of little use unless the associated.

hardware can operateat similar speeds.

All the MNP levels offer 'universal link
negotiation” which allows the originating
modem to detect whether MNP is available at
the distant answering device, and if so to
automatically adjust to a common MNP
level. Normal connections can be make to
any V22bis 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.
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In practical terms, data sent by a nominal-
ly 2400 bit/s V22bis modem with built-in
error correction software to MNP level 2 will
actually achieve a throughput of only 1900
bit/s. (This 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 hit/s.

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 bit/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 be 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
V22bis modems can be programmed with
the desired number from the user terminal.

The command set that is most widely
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 be 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 D 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 be
4800 bit/s 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-
nating the turnaround delay of the older V26
standards

@ advanced techniques in stored-number
dialling can be terminal initiated

@ standard asynchronous terminals can be
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 bit/s. 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 bit/s to match the V22bis
standard. One can dial any V22bis-
compatible database but 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 bank of auto-answer MNP 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 bit/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 technigues 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 bit/s. This error-correcting scheme
uses 32 signal points coupled to an cight-
state comvolution encoder. At each haud
time, the encoder generates a code bit that is
combined with four data bits to select one of
the 32 signal points for transmission. Each
of these signal points represents a particular
phase and amplitude combination.

At the receiving end a powerful Viterbi
decoder examines the incoming data and
selects the sequence of bits that most accur-
ately represents the incoming data. This
technigue 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 V32 modem finds applications in
providing a back-up service to leased lines
and British Telecom Kilostream services. It
has taken over irom the old-style 4600 dial
back-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 V24
9600 full-duplex modem reqguired. Automa-
tic back-up systems utilising V32 modems
are now available whereby the normal digital
9600 service is continually monitored. and it
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
vears is the synchronous data compressor.
Equipment now available will accept data
from synchronous data sources, cach oper
ating at a true 9600 full-duplex rate and
compress each source such that all the
sources can be sent simultaneously over a
single 9600 bit/s synchronous modem.

This device is not to be confused with a
statistical multiplexer, which does really
much the same thing. but 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. A true data
compressor reduces cach data source such
that it occupies around one third of its
original data length and combined with the
inherent statistical nature of data flow,
compression efficiences of up to four-to-one
can be 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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fact all the traffic could be put over one line.
but generally users like to keep two lines
active to safeguard against total loss of
communication should one line fail.

Over 4000 of these data compressors are
in use throughout the world. In the UK, the
market for these devicesis limited as the cost
of data lines from British Telecom s
amongst the lowest in the world. The prob-
lem of backing up high capacity > 18,000
bit/s digital services is nevertheless one
where the data compressor can be ol great
value.

A combination of a four-channel com-
pressor and a two-wire dial modem can
provide a total data throughput of 384
bits per second over a single dial link.
Combined with automatic switching and
line fault detection equipment. this com-
hination can provide a truly effective means
of backing up digital service connections.,

Bob Dubeny formed Feshon Systems Limited
in 1980 to specialize in the supply and
support of data communication equipment
and networks. Feshon are on 0732 460088.
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Relatively minor impairments in digital radio
links that could lead to reduced overall bit
error-rate performance particularly during
fade conditions can be detected using con-
stellation analysis. Hewlett Packard’s new
3709B dedicated analyser can monitor many
of the in-phase and yuadrature digital modula-
tion formats, from g.p.s.k. at two bits per
symbol to 256 .a.m. at 16 bits per symbol, and
9, 25, 49 and 81 g.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 exv.act.

With the current interest in replacing the
f.d.m. radios of existing networks with digital
microwave radios, HP say they expect that all
“1ew system additions will be digital by the end
of the century. Enquiries to 0734 696622.
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PROGRESS IN OPTICAL

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 Feen made into the
junction network. The application of fibre in
the local network, closest to the subscriber,
is likely to be restricted to supplying the
business user whose regquirements 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, 25% 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
fibre usage, with military and
local area applications bheing the
most popular non-telecom-
munication uses.

A key factor in the surge in the
use of optical technology for
communications whether for
long-haut transoceanic trans-
mission, intra-office com-
munication, in automobiles, in-
side pipelines, or along electric-
ity power lines, has been the
dramatic fall in fibre prices from
around £1 per metre, little more
than ten years ago. to around 5p
per metre now. The reduction
has been achieved through two
factors. Firstly, the opportunity
tor growth in requirements sup-
porting volume production con-
centrated on single product line
manufacture te. high quality
single-mode acrylate-coated
fibre. Secondly, the introduction

1986
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CABLING

Justhowfarhas

Britain’s cabling

got’? With the trunk
| network almost complete
and inroads made into

the ]unctlon network
thelocal 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
1550nm window is improved, can offer
longer distances hetween repeaters which

World fibre market by manufacturing peggess, .. .

1987

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 $774m to $701m
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. lLon-
don’s City Fibre Network using STC'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,

A 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-
tore 1995, With such a wide
network of copper cables in
place, it is perhaps predictable
that the emphasis will be 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 be
more likely. Mercury Com-
munications have already instal-
led the first part of their optical
trunk network - the ‘figure 8
linking major UK business cen-
tres. They have also instatled
hundreds of kilometres of high
fibre-count cable into the City of
London to address the business
community’s reguirement 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 be 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 be 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 Dataflo, 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 procuremcent 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 signiticant proportion
of total cost. particularly within towns.

FROM PREFORM TO CABLE

Fibres are manufactured by three methods:
inside vapour deposition (MCVD), outside
vapour deposition (OVD) 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 Manutacturing

Techniques
ovD MCVD VAD
Corning  AT&T NKT Sumitomo
& Northern L.M.Ericsson &
Licensees Telecom Dawoo Licensees
Lightwave STC AEG
Philips  GEC
Alcatel  Research

Corning Glass Works have patents covering
both outside vapour deposition (OVD) and
some aspects of MCVD (inside vapour
deposition). Key manufacturers in the US
eg AT & T, Alcatel (previously ITT) and
Northern Telecom have cross-licensing
arrangements with Corning.

deposition and material content is of crucial
importance. The collapsed prefarm is heated
and drawr to produce an extremely fine strand
of fibre. For single-mode fibre, the product
manufactured in the largest volame, light is
constrained to travel in a single sath through
the central core of the fibre measuring 9nm.
This fibre is now being drawn in 43km lengths
involume 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 ins:alled in BT’s
City Fibre network in London. Other designs
include tightly butfered 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 ribban designs where fibres are honded
together to form a ribbon and inserted into a
tube or shot.

The fibre is generally required to operate at
1300 and/or 1550nm wavelengths where water
absorbtion is minimized and s gnal strength
can be maximized to allow long distances
between repeaters.
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Methods which minimize the distruption
caused by civil works are likely to becoming
increasingly adopted both for local and
trunk applications.

STC's Dataflo for example can be installed
within pipelines through a special glanded
entry system and can be 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.

British Telecom's blown fibre uses air
pressure to carry fibre bundles through
instatled tubes. see page 399. As demand
increases, additional bundles can be biown
into vacant tubes so that initial fibre invest
ment is minimized. This also offers further
flexibility as cable can be withdrawn and
re-installed along modified routes.

British Telecom and Mercury arve also
adopting an American process by installing
Mini-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
Cabhlecon from Integral Corporation. where
anv type of cable can be 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 s, therefore,
expensive, and the second will

need to be replaced should
subsequent  restringing  be
necessary, both have one

major drawback. They depend
on a conductor for support and
can only be installed with at
least one power circuit off.
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 Fibrespan cable has now been installed
at [.eatherhead for 18 months unaftected by
the recent 100 mile/h winds. With tensile
strength of 65.000N, three times the maxi-

Multi azcess radio
Copper system

Optical system

T T T i T T T T T 1
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 pultruded with a long- 244244

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. A 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 be contained (protected
but easily accessible for splicing)
in its fibre ribbons. Fibrespan
can offer a communications net-
work for an electricity board's
own use or an alternative, cost-
effective solution for a network
operator.

Over the next six months cable
will be installed in South East
England as well as in Canada in
extreme conditions where temp-

eratures of 50% below zeroare expected.

Edited from information supplied by Nick Bishop.
market planning manager. STC Telecommunica-
tions Cable Products Division, Newport. Tel 0633

MOBILE RADIO

A JOINT MRUA DTI1 INITIATIVE

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.
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OPTICAL FIBRE: PROGNOSIS

he prognosis for optical fibre
is bright. As we progress into
the post-industrial
revolution era we turn to-
wards an information-intensive society
where optical fibre is an essential compo-
nent. Just as the motorways. autobahns or
inter-state highwavs 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 (ibre 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 towiden.

Fibre loss of silica fibre is close to its
asymptotic value of about 0.14 dB/km at 1.55
um wavelength. The fine tun-
ing of this loss is aimed at

AND ECONOMIC

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 vield.

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 be single-mode type. Except

IMPACT

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" dB/km is, in princi-
ple. possible for operation at 4 to 10 um
wavelength. Indeed, fluoride glasses, cha-
colgenide glasses and infra-red transmitting
crystals should have the low losses as pre-
dicted if material structuyre 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.1. 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, isgiven in Fig.2

It is appropriate to note that
the bandwidth-distance product

= is capable of handling 1000 GHz

. . - ]
achieving a practical single- L :
mode fibre with low dispersion -Egyptian | Heavy metal Huoride

2 | glasses proposed

over a spectral region and 108} .
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cients will substantially
increase our ability to tailor
the fibres to specific applica-
tions. Continuing work on

new fibre-fabrication methods wooof&‘:‘:
promises to reduce the basic 1000} L2-16pm
cost further, so that single 100GHz km
mode fibre cost will one day £ .. o b
hg less (ha_n the cost of a pair 100t 13um 0.5Gb/s 2Gb/s 10Gb/s  opto-electronics
of copper wires. 8 ,A,‘j,f"’ ¥ _BIN-FET APD coherent detection detectors

The sol gel process, in which 7 S00MHz kM ] window multi A A-MUX
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mechanically shaped preform 3 LED  lasers single frequency lasers  source
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Fig.1 Fibre attenuation over the past and projected to the future

soot material in powder form,
are both volume-production
techniques requiring low

year

Fig.2 Key milestones for fibre-performance (spacing) projection
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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 Gb/s. Highest bit-rate
signal transmission demon
strated is below 10 Gb/s. Two
pertinent questions are: (i) is
10'%b/s or terabit rate possible
for future optoelectronic com-
ponents; (ii) If 10'°b/s can
indeed be attained. how should
the design of signal-handling
systems be changed to take the
advantage of such high signal-
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1000 B-ISDN
competitive line
L]
£ s
$100 opto-electronic/
o coherent technology
= e
§ 19 i X
'Ei GaAs technology
&l
€ silicon technology ™ data
CaTv telex + video-conference
1 F s i A 3 X ¢ : 2 ke 1 ) vidgo!ext teletex telephone videophone 1
1983 1985 1990 1995 radio/sterec  text fax + or all other services

Fig.3 Projection of high information-rate technologies

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 70 Mb/s per channel are as densely
installed as telephones at 64 kb/s per channel
today, the transmission requirement would
be 1000 times the current trunk-systems
transmission rates of 560 Mb/s: hence, 560
Gb/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,
but 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

remote control

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.3).

The evolution of optoelectronics is taking
place. Advances in electronic-material fab-
rication techniques, such as MBE and
MOCVD. are making new semiconductors
with “tailored’ properties possible. This is
sometimes referred to as bandgap engineer-
ing. Study of the electron-transport
mechanism in semiconductor material and
the availability of ultra-fast optical-
spectroscopy diagnostic techniques are
together causing significant steps to be
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

(2lectronic mail)

Fig.4 Broadband communication in integrated or separate networks.

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 be perceived, not
in terms of the extension of conventional
communication services such as telephones
to video phones, data to ISDN efc., but 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 backed by good
interactive data bases can provide the com-
petitive 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 £35.

Networking in the nineties from page 384

nect, or OSL Reference Model. ISDN occu-
pies the bottom three layvers in the model.
The upper level standards assure that, once
computers are communicating, the
machines can actually do useful work, no
matterwhat the application or architecture.

But [ want to leave you with an even more
immediate challenge. And 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

been adquately meeting their needs. These
data users could not switch right away, even
if ISDN were already ubiguitous and fit al
their needs. We 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 [SDN.
Clearly, the vears ahead will be years of
challenge for our industry. Yet despite all
this challenge and change, let me remind
you again about one thing that should not

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 lan Ross is president of AT& T Bell
Laboratories, New Jersey.

Cellular revolution from page 381

FDMA EITHER NO VIEW

Finland

Belgium
UK
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price benefits, it would be a very great pity if
CEPT were to divide up along lines of vested
interest. Were this to happen. it would be an
abuse of the standards process which it
might not be 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, | have tried to sound some-
thing of a warning that the single European
market for telecommunications will be still-
born unless we recognise that a new climate
of opinion in the world of radio affairs is

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, [ hope that [ may be
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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BATTERY ADVANCE FOR
CORDLESS COMMUNICATION

he size and weight of mobile

communication devices are

undergoing a rapid miniatur-

ization process. But the tradi
tional 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, but they have a relatively low
energy density, around 30Wh/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.

ldeally, 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+2NiOOH + 2H,0 — Co(OH), + 2Ni(0H)

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 be recharged at 1.5

Alfred Tseung explains how a
‘'solar’-charged Ni Co battery
could revolutionize power
supplies for portable devices,
given adequate funding.
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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 Ah/g as compared
to 0.23 for the cadmium electrode (50%
utihization). Therefore, the price difference
for a 1Ah battery will be

1.37g cobalt at 1.06 cents
4.35¢ cadmium Cd at (.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
eries. more sus

ceptible to self-discharge on open circuit
than cadmium. However this would not be a
problem  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.

o
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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 1s
estimated to be 58Wh/kg compared to a
maximum of 35 Wh/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). However, based on
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Much development work needs to he done,
especially long-term life tests and optimal
design and individual cell components.
However, it is not envisaged that these
problems would present difficulties provided
adequate funding is forthcoming.

Scolar 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 1 lists some of the recent develop.
ments.

TABLE 1 Price forecast of different solar panels

1985 1990 1995
Single-crystal silicon:
Efficiency 15 b
Profitable price ($/Wp) 65 4° 30
Concentrators:
Eff 4
Profitable price {$/Wp) 33 5

Ribbon/sheet:
Efficiency 10 11 14
Profitable price {$/Wp)

Castingot:
Efficiency 1
Profitable price ($/Wp)

Amorphous silicon:

Hie .
Efficiency

Profitable price ($/Wp)

Average mode price ($/Wp)

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 arrav production
between 1982 and 1983 (Table 2).

TABLE 2 Growth of photovoltaic array production

1982 1983
Mw % Mw %
USA 57 61.3 131 66.4
Japan 18 193 50 230
Europe 16 17.2 33 162
Others 02 22 0.3 14
Total 9.3 1000 217 1000

urce: Photovoitaics: 1983 Status - 1990 Forecast, by P.D

Méy ock (11th Energy Technology Conference, 1984)

4 | @mmuniaue

HX307 - 2 Channel

The annual growth rate of photovoliaics 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 be 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
casselle 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 be 100m\\ for two
hours a day and 10mW for 22h. Therefore,
the total energy consumption is in the range
of 0.42Wh/day. Since the solar panel should
be capable of producing 0.8Wh during a
working day, there should be sufticient
electricity to recharge the nickel cobait
battery. Thus a completely cordless portable
telecommunication device will become a
practical reality.

Professor A.C.C. Tseung is director of the
chemical energy research centre. City University.
London.

COMMUNIQUE UK LTD, COMMUNICATIONS HOUSE,
PURLEY AVENUE, LONDON NW?2 1SB.

TEL: 01-450 9755 TELEX: 298765

HX307V 4 watt 160-174MHz
HX307U 3 watt 450-470MHz

HX407 25 Channel
HX407V 5 watt 160-174MHz
HX407U 5 watt 450-470MHz

COMMUNIQUE: MEET THE NEXT GENERATION. . ..

ENTER 8 ON REPLY CARD
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BLOWING A NETWORK

nvone who watched the Royal

Institution Christmas Lec-

tures televised a couple of

vears ago couldn’t have failed
to have been impressed by the demonstra-
tion 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 technigque demonstrates how
easily and with relatively little
care ablown fibre cable can be
laid, a particular concern for
data networks onaccount of
damage that might be
caused during
installation, especially
onacircuitous route.
Fibres laid by BT
Research Labs using this
technigue have been
shown to experience very
little strain onaccount 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 A
vears without the need for water \\

barriers or cable pressurization. VH

Patented first in 1982, the
technique was first used for a
trial system connecting two
computer local networks insepa
rate buildings to a lLeeds
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 Hunslett 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 unigue technology.

As BT's licensee Optical Fibres at Deeside
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

ELECTRONICS & WIRELESS WORLD

This novel technique from a
British research laboratory
simplifies optical fibre
installation for in-building
and local area networks,
And attracts licensees.

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
airn

=== ;: e
Cabl2 tube

Rubber wheels

instaliing 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 technigue, with field-terminable
connectors, allows the "spliceless-link’ con-
cept to be tully exploited, a major advantage
being the speed of installation — up to
100m/min. The delicate fibre is
the last link to be 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 is unique in its degree of
flexibility and ‘future proofing’.
Expansion, re-configuration and
latest technology can all be
offered within minutes and with
minimal disturbance once the
network tubes are installed.

@ Earlier this vear 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 Ymm SMA connectors
by eleven 50/125pm fibres from
each desk in runs up to 50 metres
long. The 3.5mm i.d. tube is

SM. 1ller than BT's 6mm type, its chief teature

being the flexibility it offers in the number of
fibres. 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
i
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. 1

ssomy _L [ _J520m

400m

399




INDUSTRY INSIGHT

I
COMMUNICATIONS

WORLD-SCALE MOBILE
ATA COMMUNICATIONS

ince it began operations in
1982, Inmarsat has revolutio
nized maritime communica-
tions. More than 6000 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 vears there
has been consistently growing demand for
its use in both the aeronautical and land
mobhile contexts.

In the wake of last vear’s World 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 WARC decision was to permit land
mobile communications in the L-band, that
band of frequencies where Inmarsat current-
ly offers maritime services. As a result,
Inmarsat is planning a comprehensive range
of new services designed to meet the needs of
long distance and remote area travellers

High-speed
data

The Imarsat system consists of three basic elements: the mobile equipment consisting of

From nextyear Inmarsat’s
new service will allow
suitably-equipped vehicles
to communicate between
any two points onthe earth

trucks, container operators, trains, buses,
businessmen and vacationers, explorers and
adventurers. The services 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

transceiver, terminal, printer, a communications satellite and a fixed earth station. The
earth station provides interface with the international telecommunications network.
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The only thing which distinguishes the

present, however, there may be well over five
million vehicles equipped with some form of
mobile radio equipment, whether cellular,
uw.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 mari-

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,
West Germany, and Netherlands have met
with resounding success.

Standard-C communicates text messages
to and from mobile terminals operating
virtually anywhere. The messages can be in
any type of text and be transmitted in a
variety of modes - telex, electronic mail,
packet-switched data and even graphics. It is
an all-digital, store-and-forward system

ELECTRONICS & WIRELESS WORLD April 1988



RAYCOM give you MORE
PURCHASING POWER!

FOR FAST SERVICE PHONE IN YOUR ORDER
WITH ANY MAJOR CREDIT CARD OR INMOST
CASES WE CAN OFFER YOU INSTANT CREDIT
OF UP TO £1,000.00 (SUBJECT TO STATUS
RAYCOM ARE LICENSED CREDIT BROKERS
APR 29.8%, SUBJECT TO VARIATION. FREE
CREDIT ON CERTAIN PRODUCTS AT LIST
PRICES, 50% DEPOSIT AND SIX MONTHLY
PAYMENTS. PLEASE TELEPHONE FOR MORE
DETAILS AND APPLICATION FORMS

-

B

e

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 - STIL
BEST BACK-UP, AND PLENTY OF PARKING FACILITIES AN
COUNTRY, WHY NOT POP ALONG AND SEE THE LATEST
PROFESSIONAL USERS WE OFFER SALES. HIRE, LEASE AN

CALL FOR MORE DETAILS.

NEW PRODUCTS

|
| WHILE sTOCKS LAST! NORMAL  SPECIAL
YAESU FT726 BASE STATION C/W 2ZMTRS £999 00 £695.00
YAESU YDB44A BASE STATION MIC 600/50K £39 95 £19.9
NEW ! YAESU FT77 5W-120W 1 6-30MHz PA UNIT £129 00 €7500 | FT767
1IC781 YAESU HORN RELAY ALARM UNIT WITH 555 £12.50 £4.50 GX RWC
2o | ICONICA20 AIR BAND CAA AP=ROVED H/H £429 00 £379.00 | pako s e
[ICOM, 4 ICOM ICA2 AIR BAND CAA APPROVED H/H £399 00 £279.00 L1 Wy
KENPRO KT400EE 2W UHF H/M C/W CHARGER £279.00 £199.00 YARESU £ .

Come and see the NEW ICOM I1C781
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!

NOW  AVAILABLE AT RAYCOM: CUSCRAFT

BUTTERNUT, HY-GAIN ANTENNAS, JAYULAM, TONNA.
MET, HAM-M ROTATORS, Call for full details, prices,
avalability and delivery costs

ICOM AH7000 SUPER 2501300MHz DISCONE £79.50
GSRV HALF SIZE HF ANTENNA ready to use £16.50
G5RV FULL SIZE HF ANTENNA ready 10 use £18.50
GBKW-TYPE 7.1MHz TRAP DIPOLE KIT S0239 £24.50
GBKW-TYPE as above for use with 300 OHM _ £23.50
GBKW.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 inc_instr. £14.50
RAYCOM/RWC HBICV 2 METRE 2E MINIBEAM £12.50
RAYCOM/RWC HBICV 70CM 2E MINI BEAM  £8.95
The above popular products POST FREE

Bearcat
by nniden

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 AE. FOR DETAILS

FROM £99.50

S

NEW HELPLINE 0836 28228 {until 9pm Daily)

COLOUR-ROTA 40KG ROTATOR 3 CORE CABLE £37.50
Please ask for aur SPECIAL OFFERS LIST. USED L!ST. SCANNERS LIST. and LATEST PRODUCT
| NEWS. Please send alarge S A€

CALL FOR BEST PRICES ON OTHER ICOM AND YAESU BASE STATIONS

ANTENNAS & ACCESSORIES

|

|
l Yaesu FRGI600 Basic Model Improved 'S™ Meter + Sens

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 £750.00 CARRIAGE FREE
PLEASE ALLOW TIME FOR PERSONAL
CHEQUES TO CLEAR. PLEASE CALL BEFORE
ORDERING AND FOR MORE DETAILS

PLEASE TEL: 021 544 6767

L WITH THE RAYCOM GUARANTEE, BEST EQUIPMENT BEST SERVICE. BEST PRICES.
D EASIER TO GET TO! WE NOW BOAST THE BEST CENTRAL FACILITIES IN THE
TRANSCEIVERS. SHORTWAVE/SCANNING RECEIVERS AND ACCESSORIES? FOR
D RENTALS OF BUSINESS RADIO SYSTEMS AND CELLULAR TELEPHONES. PLEASE

SPECIAL OFFERS

£45.00 | 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

BASE STATIONS

YAESU FT767GX RWC/MK2 ALL MODE/BAND BASE STATION £1499.00

YAESU FT767GX RWC,/MK2 AS ABOVE C/W 2 OR 6 METRES £1590.00 | Purchased new from us. If you are lucky
YAESU :;;576)( Mxyz MODEL WITH IMPROVED FEATURES £895.00 enough to own the FT767 already. send
YAESU FT726R MULTI-BAND MULTIMODE SPECIAL OFFER £695.00 . i fi l
YAESU FT747GX NEW MULTIMODE 100W HF TRANSCEIVER poa | Yourunit + £59.50 and wil""'" fi |" t’:’
NEW YAESU FT736R MULTIMODE BASE STATION C/W 2 METRES poa | Youl(inc. returncarriage). Also available
ICOM IC735 HF HIGH PERFORMANCE MINI HF TRANSCEIVER £892 50 at some Yaesu dealers. YAESU HAVE
ICOM 1C275 26W 2 METRE MULTI-FEATURE SUPERB BASE STATION £949.00 | ADOPTED OUR UP-GRADE IN CUR- |
ICOM IC575 10W 10 & 6 METRE ALL MODE SUPER BASE STATION £949.,00

RENT PRODUCTION MODELS.

HANDHELDS I

| “  Extended Receiver coverage available. call for details

: h 1 fi
YAESU FRGIBOC from the company who specialises w fitting extra options YAESUFT727R /ENBAA 2 SW (5W) OUAL BANDER /W CHRGR £395.00

as supphed to Gevernment departments and profess:onal bodies We also

upgrade existing models, please call for more details, prices. delery and *YAESL FT23R/FNB10 2 51 |5W) 2MTRS C/W CHARGER £249.00
information “YAESU FT73R.'FNB10 2 5W (5W) 70CMS C/Q CHARGER £259.00

£465.00 “ICOM MICRO 2E 2.5W 2MTR HANDHELD WITH CHARGER  £209.00
Yaesu FRGI600RWC Mk2 60-950MHz ‘N’ Connector Fitted ~ £495.00 CTE16CO {SAME AS ICOM IC2€) C/W NICAD CHARGER £179.00

Yaesu FRGI600RWC MK3 HF 100KHz 950MHz plus Mk2 Spec £595.00 Many other types of handheld stocked, please enquire

Yaesu FRGI600- RWC M5 HF 50KHz 950MHz A;u»eRMuev ngggg

com ICR7000 25M-2GHZ superb quality professional Rx 59,

icom ICR7000/A47000 Receiver plus Matching Discone F“’11937.6")2 PORTABLES

Keawood RZ1 New 25-905MH;z Mobile Wide and Narrow AM P )

Fox VHF-UHF Muitt Function Mobile Scanner FM only £139.00 l FT290RMK2 Z 51 MULTIMODE STANDARD ACCESSOR'_ES £399.00
Uniden-Bearcat WBC 50XL VHF-UHF 10ch H.'heid Szanner £99.50 | FT290RMK2 25 NATT M. M AS ABOVE C/W NICADS CHRGR £425.00
Uniden-Bearcat UBC 70XL VHF-UHF 20ch Miniature H/heid ~ £199.00 | FT290RMK2.FL2025 (STD} WITH 25W LINEAR AMPLIFIER £395.00
Uniden-Bearcat UBC 100XL VHF -UHF-Airband H/held Scanner  £189.00 FTE30RMK2 6MTR 2.5W MULTIMODE STANDARD ACCES £429.00
Uniden-Bearcat UBC 175XL VHF-UHF-Airband Desk-Top £175.00 ' FT690RMK 2 6MTR 2.5W MM AS ABOVE C ‘W NICADS CH  £425.00
BJ200 Mk2 VHF UHF-Airband-Miltary Awband H/ held £220.00 FT790RMK2 NEW 70CM 2.5W MULTIMODE DUE QUT SOON  £499.00
AOR 2002 25-550. 800-1300MHz Desk-Top/Mobile AM/FM ~ £469.00 |

Sony A 7 Top Quality VHF-Airband Handheld Scanner £245.00

MOBILES

YAESU FT211E 45W 2MTR MOBILE WITH FREE
1/4 WAVE ANT £299.00
YAESU FT212RH NEW 45W 2MTR MOBILE DVS FEATURE OPT £349.00

Package deal on above Mk3/5 FRGI600 ¢ 'w AH7000 discone. GERV, PA4
ACPSU, completz receicing station HF -UHF including delivery UK mainland
Add £100 00 10 :sbove price

PACKAGE DEAL AVAILABLE ON ALL MAKES

SHORT WAVE RECEIVERS

Yaesu FRGBBOO Short Wave 100KHz-30MH; all Mode » Mem  £563.00 “ICOMYC28E 2MTR 25W MOBILE WITH FREE 5/8 ANTENNA  £359.00
Yaesu FRGB800 "FRVBBOO as above with VHF Conv frted £679.00 | Many other types and makes stocked. please enquire

icom ICR/ 1 HF Top Grade Communications Recerves £799.00

Sony PROSO HF ‘VHF Handheld Scanner ¢/w accessories £345.00 | Opening hours 9am-5.30pm 6 days. late nights
Sony 20010 Shert Wave/Arband DEI IXF RX with ANI kit £395.00 | Thursday & Friday till 7pm

Many more makes and models n stock. PLEASE CALL FOR PRICES
DELIVERY COSTS and any advise or information, or send large SAE. {Insured
post and packing £10.00 Carrier £12.50)

SONY RAYCOM now appointed Official orders welcome.

ofticial Sony dealers, full range
of both p-ofessional and
domestic models available

to order.

E . GUARANTEE
mTEFNggIEONA BEST PRICES- -
HO BEST SERVICE

BEST PRODUCTS
BEST BACK-UP

RAYCOM COMMUNICATIONS SYSTEMS LTD.
INTERNATIONAL HOUSE, 963 WOLVERHAMPTON ROAD
OLDBURY WEST MIDLANDS B69 4RJ

Telephone 021 544 6767. Fax 544 7124. Telex 336483 Identi-G
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INDUSTRY INSIGHT

operating at 600 hits per second between the
mobile. the satellite, and the receiving
transmitting earth station. One of 20 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 be flush-
mounted or even hand-held. [ts power re-
quirements are minimal. Standard-C could
be easily fitted to any vessel. vehicle or into a
lightweight. portable briefcase or hackpack
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
Tovota Spacecruiser van fitted with an EGC
terminal manufactured by Thrane & Thrane
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 trames per 100 trans-
mitted. In addition. a lap-top computer
connects to the receiver so that frame-by-
frame results can be compared in real time
to the environment.

The different landscapes encountered in-

cluded many potential ohstacles to a satellite
communications link. Among 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 ve-
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. verv few of the obstacles
caused packet loss.

The 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 be 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 be particularly
important because the trials were conducted
using receive-only equipment. With a
Standard-C terminal. which isexpected tobe
a standard fitting for land mobile applica
tions. the transmitting station 1s sent con-
firmation bv the mobile of any messages
successfully received.

In the absence of this acknowledgement.
the message will be retransmitted several
times. Thus the reception of Standard-C
messages. regardless of terrain. is expected
to be 100%. If at the end of this sequence

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 be Racal, Danish company Thrane & Thrane, JRC in Japan and Sperry in USA.

402

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 vear.

WHATIS 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 bands designated
for maritime communication (1.530-
1.545 GHz 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 intertace.

Signals are coded in a 1200 symbols-
per-second format which corresponds to
a transmission rate of 1200 bit/s bit-for-
bit redundancy at the system’s 600 bit/s
data rate. In addition, data is interleaved
to facilitate correction should the signal
be subject to any fading during reception.

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 ASCIH message.
After transfer to a minimum capacity 32
kilobyte buifer 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

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
VM VALRADIO POWER LIMITED

GREEN LANE, HOUNSLOW,
50 YEARS OF EXPERIENCE

MIDDX TW4 6DU, UK
IN POWER CONVERSION Tel: 01-570 5622

ENTER 30 ON REPLY CARD

M & B RADIO (LEEDS)

THE NORTH'’S LEADING USED TEST-EQUIPMENT DEALER

SPECTRUM ANALYSERS GENERAL TEST EQUIPMENT

HP 8444A Traclung Generator O5GOP €1 200 HP 1600A 1607A Logic Analyser £550
HP 85588 1 10 1500 MHz 182 Frame £4 750 HP t600A Logic Analyser £350
HP 1417 8554L 8552A 1250MHz £2.950 Gould LAS00 S0MHz Logic Analyser £750
Tekironix 491 1 510 40 GHz £1.000 Goutd G200 Biomation Logic Analyser £200
4P 1601A Logic Analyser Plug in €375
OSCILLOSCOPES
Quantity of Cossor CDU150 Compact Soiid State 10 0 704 Logic Pafiern Generator ks
Data Lab DLGOS Transieni Recorder €150
Oscilloscopes Dual Beam 35MHz with delayed hme
base with probes Each one tested and checked for Marcon TF2300 Mod Meter £200
calibration - Marcom TF23008 Mod Meter £400
HP1741A 100MHz storage £800 Marconi TF2700 LCR Bridge €150
Radwometer MM2 LCR Bridge £175
HP108A Dual Beam 50MHz f
Marcom TF1313A 1% LCR Bridge £200
Philips PM3267 100MHz £
Marcon TF 1245.1246 Q Meter €195
Telequspment D83 S0MHz D/T £
Bird T 6254 100MW 1z £75
Telequipment D75 50MHz £250
Marconi TF2501 RF Power Meter £135
Telequipment D54 15MHz €140
Telequipment D67 25MHz D/B gigs  Marcom TF6460-6420 Head g8
HP141A Storage Main Frames Good lubes €120
Telequipment D61 €150
~ Ferrograph RTS2 Audio Test Set £250
Textronix 442 30MH2 £325
T - Kerco Bipolar PSU  20V-220V - 20A 20« £200
extronix 465 100MHz £650
- HP3400A RMS Voltmeter £325
Texiromx RM529 Wavetorm Monior £185
HP400EL Vottmeter £200
System Video Pal Vector Scope £600 HP e
HP 182 Mam Frame £350 3403C True RMS Voltmeter £650
Racal Dana 9915M €200
SIGNAL GENERATORS Racal Dana 9917A £235
Marcom TF2015/1 TF2171 Sync 10 to 520MHz Racal Dana 9916 £225
£675 HP 5381A 80MH2z Counler £175
Marcom TF2016 TF2173 Sync 10Hz 1o 120MHz HP 5300A 5304 Counter £195
£475 Schiumberger 7201 Locators 2 Pods New
Marconi TF1066/8 10-470MHz AM FM £175 Schiumberger 4980 ATT £250
Marconi TF 144/H 10Hz 72MHz £75 Brandenburg Alpha 30Kv PSU £150
Marconi TF10648/5 68-470MHz £100 HPB052 Sound Level Meter £100
Philips PM5234 100KH2-110MHz £ Marconi TF 1026 Freq Meter 500/1000MHz €15
Marconi TF2333 Transrmission Test Set £350 Racal RA17 Communications Receivers
Feedback F G600 Function Generalor £80 500 Kcs 1o 30MHz Checked & Tested €145
Lyons PG73N Bi Polar Generator £85 Eddystone EC958 £375
HP202C LF Oscillator £95 Eddystone UHF 3905 £175
HP 8620A Sweep Generator 1 210 12GHz  £3 000
zz&;%f;n‘::fﬂz’:;’;:’ : Tektronix 7603 Msin Frames in stock with
Marcom TF2330A Wave Analyser £300 Ratiouspikalins JEtoneitodoucis
Levell TG2008 RC Oscillator 40
HPES4A Test Oscillator £495 SPECIAL OFFERS
Fluke 6160A Freq Synthesizer £275 50/40 Soider BS441 22swq 18swg ' 2Kg £5 &
Texscan WB11 500MHz Sweeper €475 AVO8 Multimeter Tested £55
Radford LDO2 DMS2 The Par £235 Farnell £30 Bench PSU 0-30v 5A CL £25
Marcom TF2012 400 to 520MHz 2175 Revox A77HS Tape Recorders Stere) £250
Tektronix 184 Time Mark Generator £175 Bradley C 1471 Electronic Meters 10 1GHz

ALL PRICES PLUS VAT AND CARRIAGE
86 Bishopgate Street, Leeds LS1 4BB.
Tel: 0532 435649

Total
confidence

—

is what you'll derive from
Schlumberger's new 7150plus 6'%-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
compretensive 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.

i .

Instruments

Schlumberger-Solartron
Victona Roac, Farnborough, Hampshire GU14 7PW, England.
Telephone: Farnborough (0252) 544433
Fax: Farnborough {0252} 543854. Telex: 858245 Solfar G
Cables: Solartron Farnborough Hants
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. . . becomes 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.

PROTEL

The Circuit Designer’s
Dream. ..

!/ dreamt that the
computer was laying the
tracks automatically —
right there on my IBM PC

screen.

the dré2n protel

I dreamt that the i ty aCt' on
computer was drawing fea n
perfect schematic Engineering Solu§ons Limited
diagrams for me . King's House, 18 Kings Street, ENGINEERING
Maidenhead, Berks. SL6 1EF SOLUTIONS

Tel: (0628) 36052 Telex: 849462 Fax: (0628) 74928 LIMITED

ENTER 63 ON REPLY CARD

COMMUNICATIONS

COMMUNICATIONS BAROMETER

A ten-year look back on communications

topics from the IEE’s lnfqrmatlon services . = Caichantoais foned 2,029
database, prepared exclusively for Industry 1,662 4 |
Insight, shows the relative activity in areas of 15004 Rl 1427
communications technology. Four areas 1,058

computer communications, fibre optic links. 1000 67 &2

satellite communications and mobile radio so0d e 4%

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 vear'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 anvthing to
goby. 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

Optical inks & equipment

NUMBER OF PAPERS IN THE INSPEC DATABASE

; ‘ 798 S
telephone network, or through ten on-line M:gge o we":& | 583 a2 541 5% - T
services around the world. For details of 500 359 350 ‘ 5347
Inspec and how to consult the database, ! ! | R
contact Inspec Marketing, IEE, Station 015 1om 1980 1981 1982 1983 1984 1985 1986 1987

Road, Nightingale Road. Hitchin, Herts, tel.
0462 53331.
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NEW 8051 DEVELOPMENT CARD

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.

yra—— o, FEATURES:

% Ve ol

’ v LT ! 000000000000
! pab KRR LR TP T 1) ®redcommensas 0

D : 8 Only requires +5V supply and
. &{6‘ ‘ L.l t‘ dumb terminal
BN 1

@ Save assembled code or source
text in PROM on-card

@ Card 1/0 includes 9 x 8-bit ports
and 2 serial lines
9000 PoOORECON ‘hﬁ o @ Very fast interpreter
o E— ¥ specifically written to access
| P l{: . capabilities of '51 Family
N A i N 1) 8 32K user RAM, 16K user PROM
; ® fass 4 45 (RAM jumpered to access code
f - or data space)

@ Card supported by over 50
other types of CA1/0 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 PE19 1BN. Tel: 0480 219457 Telex: 32681 CAVCOM G
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ALL THE SCOPE YOU MAY EVER NEED

ON PAPER! FIBRE-OPTICS EDUCATOR
o= 4d

We are not decrying today's excellent test instruments but we think you ought to know
1. No longer must you wait 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. Versat”e tralnlng
eauipment for = * %‘]
Y e ey education anc 'z ""|

%
s

WA industry. < \
B Os—a

o ik FIBRE-OPTICS POWER METER
M, =— . |

Waveform through switching circuit Etfect of component tolerances in a filter

Those Engineers have always oflered the highest performance in analogue circuit
simulation. The latest version of ECA-2 is stacked even higher with useful teatures (fully
programmable signal generator, Monte Carlo and Worst Case tolerance analysis, Fourier
analysis of transients) and is up to four times laster 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 modetled complete with any saturation characteristics. Transducers
and signal conditioners can also be modelled using polynomial funciions. Most
importantly, desplte its capabilities, ECA-2 is easy to use and user-friendly. Interfaces are [
now available to schematic and PCB design software ‘

' dBm and uW
L SCale; battery life
.| 500 hours.

oy Mot

e R FIBRE-OPTICS MONITOR
il f

For continuity

internal generator pl;gra;med to produce sine hroug. “moduta g clrcuit  with teStl n g an d VlD I Ce
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 Com mS .

cost of many a ‘scope, phone us for a free IBM PC compatible demonstration disk

COMING SOON: GES1 graphic entry system, LCA1 togic clrcuit anatysis.
Piease send for detaits. .

g For further details contact: | AP - —=— N
S Lhesel S
[E [jﬁﬂ@@[}’g &@@ I ELLMAX ELECTRONICS LTD.,
Unit 29, Leyton Business Centre, E LLM AX
10Ge Fertuns @resn Road - Wiest Hempetend © Lemdan KRS (D8 Etloe Road, Leyton, Landon. E10 78T. /
Tei 014352771 .€-Mai One 10 One Ban 23332001-Tis #950511 (ansbk ONE ONE G) Quot gbas 2333200 Te|ephone: (01) 539 0136 ELECTRONICS
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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-carrving capacity than conven-
tional copper cables. They hold out the prom-
ise of the “fibred 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 Hockham
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.

1f an optical fibre with an attenuation as low
as 20dB/km could be achieved, wrote Kao and
Hockham, then optical cable communica-
tions would be feasible. Whilst existing figures
were of the order of thousands of decibels per
kilometre, they showed that, at least in
theory, the 20dRB figure was far from impossi-
ble. Four years later, Corning Glass in Amer-
ica achieved it and further reductions came
quickly. Fibre-optic communications became
areality.

In an age when satellite

CHINA

Charles Kao was born 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 Pear] Harbor. Against this
background Charles Kao spent his childhood.

After the war the family moved to Hong
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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16. Charles Kuen Kao,

father of optical fibre communications

W.A.ATHERTON

Before the optical fibre era: heavyweight
cable-layingin 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
Hong 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 (STC) at Harlow in Essex as a
graduate trainee. Subsequently he became a
research engineer at their laboratories (STL).
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 Hong 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
ITT'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
back 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 1 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 ST 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. How
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 problem definition was one with which
telecommunications pioneers have been long
familiar: to improve the signal source, identify
the best transmission medium and make a
better detector. E.H. Armstrong. A.G. Bell,
Lord Kelvin, Charles Wheatstone, Samuel
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Morse 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

transmission medium; but this suffers from
bad weather and air density changes. Guided
waves were soon considered, but 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 easv. 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 vear 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 mirrers.

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 fine 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-
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wards 1965. “What are the loss mechanisms
and can these mechanisms be totally re-
moved?” is how he has expressed the problen.
“It appeared that no ene had really asked this
question before.”

As work progressed., the worst ahsorption
was found to be 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 Im — a lot less
than the 1000dB/km or so achieved in prac-
tice. “As [ 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

Above: Professor Charles Kao (STC).

Main picture: 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. 1t 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
20dB/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 statioin. 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.

THE FUTURE

Charles Kao has received honours from

* around the world for his work on optical fibre

communications. He has published books on
the subject and many papers and holds around
30 patents. He is very 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, but in terabits per second (10'2bit/
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. “1 will be happy to be a
participating member of that fibre society”.

Next: John Randall, Harry 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 paperback
at£11.50.
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High power bench PSUs from

KENWOOD

* Current to 30A, voltage to 110V
* Wide model range, 22 versions
» Analogue or digital meters, rack mount

The TRIO connection. Trio is 3 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.

Th lb Thurlby Electronics Ltd., New Road
St. Ives, Huntingdon. Cambs.

PE17 4BG. Tel: (0480) 63570

Digital Storage from

KENW/OOD

« 10 Mega Samples/sec on both channels

» Stored and real-time waveforms on-screen
together

e 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

Thurlby Electronics Ltd., New Road
//I Thur lby ’ St Ives, Huntingdon. Cambs.

PE17 4BG. Tel: (0480) 63570
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MSL'’s

interested. . .

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

But we will listen. Call Dave, Peter, Shirley or Brian.

VISL.

CALIBRATION CENTRE
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WILBURY WAY WHITECRAIGS ROAD
HITCHIN WHITEHILL IND EST.
HERTFORDSHIRE And at GLENROTHES

Tel: 0462421234 FIFE

Telex: 82458. Fax: 0462 420012 Tel: 0592 77308

Telex: 727795 Fax: 0592 75634

/  KESTREL ELECTRONIC P QmALlTY (010).\ 4y 4

| @ COMPONENTS LTD. Q

" » All items guaranteed to manufacturers spec. CR ' S I ALS Q U I c KL I
« Many other items available. *
‘Exclusive of V.A.T. and post and package’ Our frequency ranges are:
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Webster Electronics

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

ILMINSTER. SOMERSET TA19 9QA. ENGLAND
TEL: (0460)57166 TELEX: 46571 FRONCY G
FAX (0460) 57865
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Powerful
solid-state

One of the most difticult. vet
pressing. decisions currently fac-
ing broadcast planning en-
gineers is whether or whento opt
for high-power solid-state trans-
mitters in place of established
tetrode or klvstron units, Both
the BBC and IBA are re-
engineering major parts of their
w.h.f. networks, with many new
high-efficiency, pulsed-klystron
transmitters at power ratings
from about 10 to 40kW peak sync¢
output. At present the highest
power all-solid-state u.h.f. televi-
sion installations in the UK are
2000 units, with many tetrode
and klystron transmitters at the
one to five kilowatt levels. Klvs-
tron installations are costly but
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
100MHz 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 2000 to 20kW at a total
“cost of ownership” that prom-
ises. on paper. to be highly
favourable up to at least 5kW and
debatably favourable at 10 or
15KW. Pulsed-klystrons or klv-
strodes remain clearly favour-
able only for the very highest
powers such as the J0kW units at
Crvstal Palace or the 110kW
u.h.f. installations widely used in
the USA.

An all-day colloguium 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 Bob Wel'beloved
{IBA) noted that the adoption of
all-solid state for the highest
(UK) powers is still seen various-
Iv as "a godsend or a gamble” but
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 klystron transmit-
ters for the next phase of the ITV
transmitter replacement pro-

gramme (u.h.f. powers between |

7 and 20kW, but mostly 7 to
10kW) would result in financial
savings of about 25%. hvor Tup-
per was noticeably more con-
servative and his analysis could
be summed up as a warning not
to jump too fast, with the strong
possibility that future, more-
competitively-priced, klystron
installations would ofter a better
option at powers of 10kW and
above. All cost-of-ownership pre-
dictions depend to a considerable
extent on informed crystal-
gazing and risky extrapolation ot
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. trensmitters
are based on the bipolar
28C3660A device which can pro-
vide about T1OW at wh.f. In-
stallations rated at 30kW
(2x 15kW) have already been
sold to Australia. 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 30kW out-
put using 2SK410 mosfet devices
(16 devices in 2x8 push-pull for
1.5kW amplifiers) but also up to
30kW on u.h.f. using 28C3702
bipolar devices (2x 16 in push-
pull) in 1kW blocks. Toshiba
suggested that fets can be ex-
pected to provide even higher
reliability than bipolars and that
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these will be available for u.h.f,
in the near future. An advantage
of fets is the higher voltage rail
(50 to &0V) than for bipo'ars
(about 30V) and the less formid-
able current requirement.

SGS-Thomson
nics described its new range of
bipolar gold-metallized power
transistors with an output per
device of up to 240W (3 2dB gain)
on Band | and 150\ (8dB gain)
on u.h.f. Bands IV ard V. Gold
melallization 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
svstem for broadcast television
has been described by Soviet
engineers at the A.S. Popov Sci-
entific Research Instirute
(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 be designed. as used in
the sound-in-sync distribution
svstems, the Czech TERI system
and the MAC satellite systems.
However, it points out that the
MAC 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 & 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 G.I. Viasov,
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 be received on stereo
receivers (reverse compatibility)
no interference between picture

Microelectro- |

and sound: the possibility of
transmitting an independent
speech programme: and max-
imum possible technological
compatibility with the equip-
ment of an existing svstem.,
Unlike the additional 728kbit/s
digital carrier of the British
Nicam 728 system, the Russians
have developed a sound-m-sync
svstem with 4ps bursts of data at
8Mbit/s in each line blanking
period of their system /K
| SECAM  transmission  standard
(8MHz channels with 6.5MHz
sound/vision carrier spacing).
This provides a mean data rate of
488khit/s. The proposed arrange-
)y ment of the bit stream envisages
[ each audio channel. including
error protection, as having a bit
rate of 192kbit/s, using sophisti-
cated hit-rate reduction from the
448kbit/s rate of 32kt z sampling
I and 14-bit coding.
‘ The authors point out that
until recently none of the known
compression technigues suitable
for processing musical and artis-
| tic audio could achieve sufficient
'| bit-rate reduction (but 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 bands of hear-
ing. Zwicker discovered that
within certain bands, the most
powerful component conceals
adjacent, less powerful compo-
[ nents. including noise. making
them imperceptible to the ear.
| Between 301z and 20kHz there
exist 24 critical bands. their
[ widths varving from 100Hz in
the low-frequency domain up to
2kHz in the high-frequency do-
Imain. The dominant compo-
nents have to be transmitted
accurately, but other compo-
| nents within each of the critical
[ bands may be transmitted digi-
[ tally with a lower bit number.
permitting the total bit rate to be
reduced by three to seven times.
The experimental system re-
duces 448kbit/s to 150kbit/s, per-
mitting efficient error protection
with a rate of 192kbit/s per chan-
nel. Stereo decoders could be
implemented with from four to
seven Ls.d. 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
I by Pat Hawker,
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Paper batteries

Ten vears 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
0.1mm thick, suitable for power
ing "smart’ credit cards. With a
temperature range of —60 to
+100°C they would also be 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 be available for at
least one to two vears. 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 laver of a self-powered
printed circuit board. Or it could
be moulded into the plastic case
of a portable instrument.
Perhaps that ‘go faster” adhesive
strip on flashy sports cars will
actually be 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 but 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 be required for wiring up
artificial sense organs, difficul-
ties are legion. Contact resist-
ance is but 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 barriers
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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 already 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 bone 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 bones 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 be used to promote |
| cell growth on catheters and

plastic tubes that must be 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 but 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
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it unsuited for applications in
robotics and automation. A
camera records a scene two-
dimensionally in terms of chang-
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, but because they are
interfaced with a set of powerful
interpretive algorithms.

tHlow 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 ascene with a
laser beam and ohserve the re-
flected spot from a position away
from the laser. Imagine, for ex-
ample. what you would see when
a laser beam makes 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 ¢ 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 be sensitive
to the angular position of the
reflection. it is possible in such a
way to obtain 200 900 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

camera is in many respects ana- | would be the case if the input

logous to the human eye, its
strengths and weaknesses make

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-bit 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.

Ateam from AT&T Bell Labor-
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.

I 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, veasts and

other micro-organisms in a way
| that was hitherto impossible.
| Perhaps the same technique will
| one day be used as part of a new
fabrication technology for
molecular-sized electronics?

Microwave
crystal
oscillators

What 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 technigue for
generating signals of high spec-
[ tral purity with potentially low
s.s.b. phase noise and low power
I consumption,
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The crystal they use — an AT- |
cut unit resonant at 843MHz
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 be many vears
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 microstrip
board. It consumes only (.9mA
at 7.8V. In terms of s.s.b. 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|

dimensional structures (l.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. Lavers
produced to date include one
with the highest mobility ever
produced in a university
laboratory (2.1 million|
em®V's T 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 Hull, 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.

Already more than £12
million has been committed |
from SERC funds for l.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 l.d.s., which
are formed from very tnin 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. f

SERC's science and
engineering boards have agreed |
to develop a joint l.d.s. device
programme in which the physics
emerging from L.d.s. will be used
to develop new semiconductor
devices.
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Optical
catastrophe

Raman Kashyap and Keith Blow
of British Telecom's Martlesliam
Heath 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
10MWem °. Hitherto it had
been assumed that the safe limits
for a fibre were roughly that of
bulksilica.i.e. >10CWem ~,

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 Ramanand
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 nol) 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 seli-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

L R

| short length of monomode fibre

with a half-coupler block in the
middle. This is a component of a
standard directional coupler.
\When a mirror was brought into
contact with the coupler, there
was an intense flash starting at
the coupler and propagating
back to the laser. [n less than a
second the fibre had been totally
destroyed.

Further experiments showed
that the process could be trig-
gered by avariety 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 destroved
1.5km of fibre at asingle go.

To start this catastrophic dam-
age. the B.T. researchers say that
the fibre core must be heated at
some point to above its melting
point of 1700°C. This probably
happens over a very short length
{(~1pum} 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.
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Core region of a fibre after damage, showing oxygen-filled cavities

a few wavelengths across.
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Please phone with y Hitachi V18000 125 | PYE7I35LEAD 850 | —————————————— | 611712 WITHREMOTE AND
recorder model no. far our Notional Panasonic PYE 731/25 850 | Fuses SPECIAL OFFEER | MAINS OFF 1.50 AALI9  0.08 BYX36.150R
quotatian NV300/333/340 295 | RANKA774 6.35 100 PERTYPE | —— A 0.13 020
National Panasonic RANK AB23 6.95 | 2MM Q/QB @ 0.06 coch £4.50 | WIREWOUND RESISTORS JATAS 0.8 BYX38-600R
3nSSV for FerqusoVC 22.50 |y 70008 375 | RANK T20A 695 | 100Ma 200MA 250MA 500MA | & WATT 2RD. 10K 020 BAI4E 017 0.60
3HSSUIN for Nlanar.ul Notional Ponasonic SIEMENS TVK76/1 6.95 1Amp 1.25Amp 1.5Amp 7 WATT R47-22K 0.20 BA154 0.06 BYX55-60C 0.30
Panasonic/Philips 29.50 | w777 2758 SIEMENS EUROPA 750 1. 6Amp 11 WATT 1R-15K 0.2§ BAa156 0.15 BYX71-600 1.75
JHSSIN for National Panasonic Notional Panasonic THORN 1500 545 | 2Amp 2.5Amp 3.15Amp 4Amp 7 WATT IR-15K 0.30 BA157 0.30 BZxé 0.15
NV777/330 3950 | \va0008 375 | THORN 1600 5.45 B ——— BA244 0.5 BZX88  0.10
IHSSNI4HSS for National Nationol Panasonic THORN 3500 795 | 20MM A/S @ 0.15 cach £11.50 | LINE OUTPUT TRANSFORMERS A 0.75 BZY95(30 0.35
Ranosone 2950 1 Nv7000 275 | THORN 8000 6.95 | 100MA 150MA 160MA 250MA | DECCA 80 19 BAJ0Z  0.85 4 8.00
HSShilfonHinacki 3500 1 Notionol Panasonic THORN 8500 715 | 500MA BOOMA 1.25Amp DECCA 100 7.9 94313 075 ! 16.50
JHSSUIN for Nationat NVB600/8610/8620 175 THORN 9000 8.50 | 2Amp 3.15Amp SAmp CCA 1700 MONC 9.95 BA318 2.95 MRS 0.65
Ponosonic 3.00 [ o NTCs000 150 | THORN 9600 .50 (CA 173 8.25 BA28 295 | MRSI2 0.6
Jsskloyshorp 3800 1 Sonyo v1C5300 175 | VIl STICK 090 | 1.25inch /B @ 006 each DECCA 2230 823 A 175 | 0A47 015
JHSS6NA for Notional Sanya VTC5500 275 13 STICK 1.25 g4.00 | GEC 2040 7.50 BAV2) 0.30 0A%0 0.10
Panasonic Industrial — 75.00 | sgnu vTC9300 375 | TVIBSTICK 100 | 250MA 500MA 750MA 1Amp EC2 14.50 BAWS? 019 | OA 015
3HSSU2N for National Sanyo VIC9300P 3.90 V20 STICK V.40 | 1.5Amp 2Amp 3Amp 7Amp GRUNI 00 15.45 BAX13 0.04 OA 0.10
Panasonic 3950 | Shorp 6300 3.50 —_— 10Amg SRUNDIG 51 BAX16 0.12 04202 0.20
SHSSSE for Fisher/Fidelity 35.00 | 00 7300 350 VARICAP TUNERS 22 13.45 030 | INZIDR  5.00
3HSSR for Amstrod/Soisho/ Shorp 8300 350 | ELCIOAZOSMULLARD 8585 | 125 inch /s @ 015 each , 8.20 079 | IN2B 295
Triumph 35.00 | <horp 9300 350 | ELCI043/06 MULLARD  8.65 £1000 | 1T CY 8.20 0.0 IN23 495
PSJIBS for Sony SL(5.6.7 etc Sony €6 275 ua2l 8.25 SOMA 60MA J0OMA | SOMA PHILIPS G8 8.50 B on IN2JER 495
2500 ny (7 350 | vaz2 8.25 | 250MA SO0MA 750MA | SAmp | PHILIPS G9 8.95 B 0.05 | IN2IWE 295
PS3BT for Toshiba 39.50 | cony T 2.95 U324 1100 | 3amp 4Amp SAmp PHILIPS G11 13.95 BYlod 0.45 IN40O1 0.04
PS4B2S for Sony SLC20/30 etc Sony SL30008 gy | ———————— | T | prEsvier 11.50 Y176 1.20 INSOO3  0.04
39.50 Sony SLB00O/8080 4.50 THERMISTORS SUNDRIES Y 11.50 B 0.63 IN4004 0.05
PSSB3S for Sony SLCBACY etc Toshiba 7540 3.50 VA1040 0.23 | MONO TAPE HEAD 250 | PYET725 10.95 B 0.55 IN4007 0.06
49.50 | yochibo 9600 150 VA1054 0.23 | AUTOREVERSE TAPE HEAD 3.95 | PYE 73 9.95 BY1B4 0.35 IN4148  0.02
Philips V2000 6500 | T 7 | yaseso 0.45 | STEREO HEAD 350 | RBMT20A 12.40 BYIB7 045 | IN1448 0.0
VIDEO BELT KITS € H T MULTIPLIERS VA1097 025 | PYEIF GAIN MODULE 6.99 | RANK MURPHY TIBA  10.00 BYIS9 040 [ INS401 0.2
Akas VS9300/9500/9800 275 | UNIVERSAL TRIPLER 545 | — o 4.433 MHZ (RYSTAL (PAL) 0.45 Y20A 1250 BY206 0.14 IN5402 0.4
Amstrod 7000/Sarsho/ DECCA 30 6.35 PUSH BUTTON UNITS 5.5 MHZ CRYSTAL (SOUND)0.45 A640  8.50 BY208-800 0.33 IN5403 012
Triumph 1.50 | DECCA 80 695 | DECCAATT 6 wAY 7.95 | DELAY UNE DLSO/TAUB2 1.15 4823 M50 BY210-800 0.33 | INS406 013
Ferguson V16 275 | DECCA 100 6.95 | DECCA awaY 7.95 | FOCUS CONTROL GEC2110 1.50 | TANDBERGE 90 nis BY223 0.90 INS407 0.6
Ferguson 3V22/IVC DECCA 120 695 | HITACHI away 11.95 | FOCUS CONTROL PYE 731 1.50 | TELEFUNKEN 711A n1s BY298-400 0.22 | IN5408 0.6
HR3360/3660 295 | DECCA 1730 635 | PYE&WAY 1035 | FOCUS STICK 0.95 | THORN 1500 (15kV) 15.45 BY299-800 0.22 | (7144 0.04
Ferguson 3V23/J¥( GEC 2040 545 | GEC 213 6 WAY 9.50 | SAWFILTER 0.10 | THORN 1590 9.50 BYX10 0.20 117923 0.8
HR7700 1.50 | GEC2110 6.95 GEC 21106 WAY 1050 | ANODE (AP 27kv 0.69 | THORN 3500 (EHT) 9.50 BYX25-600 1.25 117200 0.10
Ferguson IV29/IVC T Ve -9 635 | GEC6WAY 1050 | SOLDER MOP 0.64 | THORN 8000 23.50
HR7200 275 | ITT(VC20/25/30 635 | GB(LATE)6 wAY 1450 | TV MAIN SWITCHES THORN 8500 17.50
Ferguson 3V31/IVC ITT (vC4$ 5.95 ITT 7 WAY 10.50 | MAINS SWITCH CVCS 1.00 | THORN 9000 19.50 ZENER DIODES
HR7650 275 | PHILIPS GB (550) 6.95 | NEONS 7 WAY 1250 | MAINS SWITCH DECCA/GEC1.00 | THORN 9800 22.40
IVC HRI330/3600 275 | PHILIPS G9 6.00 | RANK 4 WAY 1050 | G8SWITCH 100 | THORN MAINS 3IX61 Serres BZY88 Series
Hitochi VT11/33 275 | pyee97 650 ! RANK 6 WAY 1050 | GllswiTcH 0.95 | TRANSFORMER : 500 9.70 0.15 0.20
CATHODE RAY TUBES | additional cartioge CME-1S23W  29.00' | DI36IOGH  59.00 | D14-173GM  53.00 | DG7.32 45.00 [ £31.13GR 75.00 | M23.1126V 55.00 | M31-184W  65.00
A small selection per tube CME-2024W  35.00 | D13 61IGH §9.00 | D14-181GM  53.00 | DH3-91 45.00 | Fa1-1420C 185.00 | m24.120LC 59.00 | M31.190GR  55.00
from our stock of 15.00 | (ME-3132GH 3500 | D13-630CH  $9.00 | D14-2006M  75.00 | F16-101GM  55.00 | m7.120w 1000 | M24-122WA  59.00 | M31-191GV  55.00
10,000 tubes CME-822W  10.00 | D)0-210GH  45.00 | DI3 630GM  $9.00 | D16-100GH/97 65.00 | F21.1306R  75.00 | m14.1006M  45.00 | m28.131G  49.00 | M31195W 5.0

Please add £3 (ME-1428W  35.00 ! p10.230GH 35.00 D14-150GH 75.00 | D18-160GA 69.00 | F31-12LD 75.00 | M17-1512GVR 175.00 1826V 53.00 | M31.325GH  35.00




PHONE P. M. COMPONENTSLTD FEBRUARY/

0474 60521  gg| ECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK MARCH
4 LINES SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD PRICE LIST

] SA 9.95 0.70 295.00 [ 3828 15.00 : 0.85 Q¢ 2.50 1A 15.00
A selection from our oo | vy o | s | Sze s |ame s 2 1% 2500
KT66R 15.00 0.70 315.00 24.00 3.00 1.50 9! p
stock of branded valves | " 3 o , o000 1o 33 4% 5900
K 1.95 195.00 650.00 1.50 10.00 6.00 5.50
Al714 2450 | EBIOF 2500 | 25.00 11.95 o 0719 12,00 1.50 1.50 1.50 3.50 15.00
A1834 750 | €114 1.00 25.00 7.00 0 0.79 31095 29.50 4.00 1.35 350 | 812 35.00
A208 11.50 EA 1.00 0.65 K 10.95 3 72.00 VPA4E 4.50 3 49.500 85.00 1.50 2.50 35.00
34 1495 55.00 150 | K Q 13900 | wPa 495 39.50 115 2.50 350 2750
A2293 6.50 A76 1.95 3.50 Sele 15.00 Q 72.00 VR 2.50 1.95 115.00 6 135 19.50 14.50
A2426 3950 EA79 1.95 0.72 K188 595.00 VR105/30 2.50 3H 0.40 BN¢ 1.65 1.20 9.00 A 95.00
A2599  37.50 150 | Ex90 1.50 22.50 145.00 WR1S0/0 250 | 3 1450.00 BN 395 | 65K 135 35.00 45.00
A2792 27150 2.50 095 | KIWeé 250 | QQE 1950 | VU39 250 | 3 145000 0.95 1.95 33.50 6.50
A2900 11,50 1.20 5.00 2.50 Q 7.95 (2 450 | 3 0.40 1.50 195 9.50 A 20.00
23042 24.00 200 | € 295 | KTws 2.00 Q0E03-20 3500 | W 450 | 304 250 | 68R7 495 | 650 1.50 0.70 60.00
A3283 2400 34 150 | EL34MULLAR K12t 2.50 QQE06-40 4500 | w 5.00 SA 65.00 5.50 1.95 7.95 1.00
35.95 1 395 95.00 QQV02 6 19.50 WBIM 450 4 A 79.50 5.35 1.50 0.95 1.00
P1 5.50 0.85 15.00 1598 6.95 QQV03 550 W 1.50 4-400A  87.50 W7 1.50 U6 3.50 0.55 84S 315.00
ACSPIA 495 2.50 3 M 195.00 QQV! x24 4.50 4 JA 425.00 8 2.50 6 3.50 : 1.95 927 25.00
ACSPEN 850 1.95 | SIEMENS 450 | m5143 15500 | MULLARD 15.00 | x4 450 | 4832 35.00 | 6827 295 | ouBA 150 [ 20p 115 | 204 25.00
ACNP 450 150 | EL3s 250 | MSI199 29500 | QQwe 25.00 X6/ 495 | 4 125.00 1.50 V6 1.25 495 5.95
ACT2 5978 0.9 mM8079 600 | QQvos 40A X 195 | 48Q7A 175 195 | ove 195 | 21KQ 4.95 6.50
AH221 39.00 0.90 D 395 7.50 2750 150 4826 1.95 350 | ewac 1.95 21LU8 375 | 42124 250.00
AH238  39.00 0.95 9.00 3 328 A 050 | 4C 25.00 1.50 Y66 395 4 3950 | 47 35.00
ALSO 500 3 0.95 9.00 41 7.50 ULLARD 39.50 150 | 4¢3 145,00 495 X2N 1.00 489 39.50 | 4687A 9.50
AN 14.00 4 0.70 L 3.50 | MmB0%% 3.00 QQVO7 50 55.00 5 1.50 ( 4.95 4 1.50 Q 1.75 79.50
ARPI2 250 1095 200 | mM8098 550 | qQc 42.50 75.00 | EMAC  150.00 3.50 1.00 295 55.00
ARP34 125 2.50 450 5.00 Q 1.50 7.50 4(X2508 49.00 6(8 395 X 1.00 Vs 5.50
ARP3S 2.00 2.00 6.95 5.50 4.85 XNP 2.50 4 B 6806 1.95 6XBA 2.25 19.50 9.50
A 450 0.75 750 | 100 | 400 EIMAC 5950 4.50 450 KOS 650 2.50
2.50 175 ; 7.95 Q 6.95 49.50 4(X250BMm 1.95 1.50 0.50 195
250,00 7.95 AAR 095 650 | @ 118 \ 65.00 3.50 3.50 0.40 328
55.00 195 M8l 5.50 7.00 7950 | acxasox 6.95 2.50 148 28.00
25.00 1.95 D 3.50 M8 5.50 3.95 EIMAC  115.00 328 4.50 135 7.50
35.00 1.50 4.50 5.00 149.50 4 R 1.50 5.50 0.95 4.50
X 2750 5.50 S 250 | 6.50 9.50 695 | AMPEREX 2.95 7.50 L10 9 450
M 179s | K 1.95 450 | 550 | qu 5.75 75.00 125.00 0.75 1.50 1.25 3.50
13 3200 | E 150 | € 17s | meo4 550 | qu 250 | 26500 | 4Cx3504 100.00 095 ) 450 0.4s 3.50
195.00 { 7.00 1.75 M8? 4.50 QV0b 29.50 42.50 ACX350F  95.00 W4 8.00 7Y4 250 0.60 6.15
135.00 110 600 | mB224 200 | Qvos 1008 195.00 | 4CX1000A 238 2.50 0.60 2.50
32.00 12.00 E 1.75 MB2 3.95 145.00 195.00 425.00 1.00 2.50 4M 1.00 2.50
3.50 3.50 15.00 3.50 1 72.00 195.00 40X15008 1.95 ( 1.00 2.50
6.50 E( 3.50 136 6.75 ME 29.50 QY4 250 72.00 L 65.00 398.00 3.50 8( 1.50 0F 0.60 2.50
3.50 E( 350 1.95 ME1402 29.50 QY4-400 85.00 YL144C  450.00 ACXS000A 6DKé 1.50 8 1.50 1.00 1.85
6.50 1.50 A 195 4.00 4.00 1.20 1000.00 | 6DQS 850 | i8F 195 2.50 575
(V No S E( ECIAL 5.95 195.00 R 2.50 6.00 SA 6DQ6B 2.50 1.50 0.60 3.2%
ON RE T Q 225 5.25 5.50 R )A 14.50 12.00 85.00 1.50 128 175 9.50
D3 2750 | K 0.85 6.95 350 | RG3.250A 650 ) 9.00 032 125.00 ns 2.50 o 550 | s8 6.50
D63 1.20 3 3.65 12.50 R A 35.00 M 4.00 40! 225 395 2.50 19.50 3.50
DA41 22.50 Pl 1.95 6.95 N7 985 3.250 15,00 9.50 225 2.50 ] 195 J5A 395 5842 11.00
DA42 .50 | E 095 | 12.95 1.50 15.00 7 19.85 | 4)6A 2.95 EAB 2.50 OEW 295 A 450 | 5843 95.00
450 | Ecce3 E 22.50 2.50 12 38.00 1895 | 4KT6 150 | 6B 175 F 0.75 [ 4.50 8 13.95
DAF91 0.70 BRIMAI 2.5 EM34 12.50 JA 2.50 K 10.00 12.50 4X150A  35.00 o) 0385 1.95 2.00 894 39.50
0.65 | E £ 1.65 1.50 6.00 2 150 | A4XS00A 350.00 { 6EM 2.50 ] 2.50 195 99 4.50
1.75 P 1.95 EMB 1.65 2.50 é 3.50 4 12.00 2D 9.50 2.50 55.00 3.50 175
350 | K 395 2.50 V280/40 11.95 8.00 M 9.00 £ 175 R 550 H 5.95 9 215
DOX 4 5000 SIEMENS ~ 2.50 2.50 250 85.00 1y 6.00 63K 1000 | eEv 2.95 3.95 | 40KD6 550 | 60 375
25.00 | EC 3.50 1500 | oma 2.50 195.00 y 8.00 0K 625 | &F 150 | 124D 150 | 42 6.95 | 406 228
28.50 1.00 N 1.95 M 3.00 95.00 M 7.95 A-180M  9.00 OEW 4.50 5.50 6.00 60 6.95
2850 | E 278 2 450 A6 175 MIO4] 1400 | SA-206K 10.00 1 2.00 495 150 | ¢ 8.50
2.50 E( 1.00 0.80 P4 2.50 450.00 9.00 8 M 10.00 6 5.50 2A 1.00 1.95 6080WA  9.50
35.00 1.50 7.50 395 00 195.00 10.00 B-25am 1450 | & 5.50 2AT 1.25 0C 095 | 6132 10.50
35.00 2.00 2.35 250 500 495.00 .50 M 19.50 3.00 2 115 1.95 2.50
271.50 1.95 115 2.50 [ 9.00 SE M 15.00 1.00 Y 2.50 1.50 9.00
22.00 E 6.95 1.50 0.75 35.00 55.00 5 M 15.00 2.7% 1.50 295 72.00
32.00 | ECCBO3S  6.95 Y84 595 | P8 075 15.00 " 4.00 258M  14.50 0.60 2AL 0.85 3K 450 5 72.00
100 | Eccsos 0.0 0.50 0.75 45.00 4.50 2 125.00 128 AV6 195 B 3.50 5 2.50
DF92 0.60 395 0.55 350 45.00 150 2.50 1.25 2.50 450 3.20
DF96 125 | € 795 | EY91 5.50 110 69.00 AX2 350 2950.00 1.25 8 1.50 4.50 6.45
DF97 125 | K 105 | Evsooa 150 125 1254 85.00 10.00 295 | ¢ 25 2AX]7 095 | B 8.50 3.50
DGIOA 850 | ECF82 115 02 0.70 0.40 4400 85.00 §5.00 | SR4CB 550 3 12.50 AXTWA 2.50 A 750 | 4360 4.50
DH63 150 | ECF8é 170 1.00 0.55 760001 1500 | SRAG 495 H 6.50 7 7.95 A 6.50 | 6386 14.50
DH77 090 | E 185 275 | P 0.70 600.00 ) 75.00 4 5.95 H8 5.95 AY? 395 295 7.50
DK 120 | K 185 | E 215 070 " K 2.50 8A 195 | ofL 4.50 BaA 450 | S0AvV 15.00 8.50
K92 150 | E 0.85 | EZ80 075 | PCCIBY 070 365.00 ! 250 | su4 295 | 6FQ 3.50 284 1.50 3.50 | 65504 GE 10.95
2.50 B 2.50 3 0.75 0.70 9.50 25.00 4.50 3.95 Y 1.95 13.50 6550 RCA 15.00
100 | E 10.25 90 1.50 0.80 0.90 090 | Sva 2.50 2.50 A 295 X 1250 | ¢ 11.50
2.50 E 250 1-¢ 295 0.80 350 1.50 5X4 4.95 0.85 LIS 9.00 9.95
2.50 300 | G 9.00 | PCF 0.65 9.00 1.00 1.95 2.65 1.95 A 1950 | 497 7.95
DLY 395 | EHIS 350 80/2M 695 | PCF 0.60 695 175 450 7ns 275 1500 | 7 2.50
I 125 | ECHa2 1.50 D 9.00 0.65 2.00 1.00 2.50 095 250 6.50 6.95
1o | € VIS 17.50 1.20 300 | 1 250 0.70 W 2.50 1.95 10.00 8.50
3.50 ECHB3 1.00 17.50 125 0.70 16.50 6A K 9.00 6GYS 395 2X 1.20 2.50 ) 9.00
13.50 | ECHB4 1.00 17.50 1.80 1.00 1so | 6a7 495 250 063 350 6.50 5.50
1000 | ECH200 150 17.50 1.80 1.00 250 | 688 1.50 9.50 DW2A  3.50 9.00 7.50
DMT70 250 | € 0.60 17.50 135 2.50 6950 | 6ABa 350 | 6H6GT 1.95 3.95 2.50 495
DMIO 450 | E 0.79 6.00 0.85 350 7000 | oACTWA 200 | 6H 195 2 19.50 4 250 | 730 15.00
) 7950 | ¢ 2.50 200 5.00 128 065 3250 | 6A 250 5.50 38.00 150 | 72 5.00
DYSt 150 { 0.74 N4 6.00 1.00 1.00 39.50 6AG 195 2.50 V: 1.9% 25.00 7486 155.00
675 : 0.95 N 15.00 1.25 0.60 37.00 6AHb 3.50 HMS 2.50 3.95 15.00 85.00
0.85 | ECL8e 0.95 4.00 150 225 29.50 4 3.50 3.50 3.95 15.00 8.50
4950 | € 0.95 16.50 0.85 1.50 6000 | 6AJ 2.00 6HS6 495 3.98 150.00 9.95
19.50 250 | ¢ 1200 | P 2.50 1.00 250 | 6AKS 195 | o 2.95 3.5¢ 5.00 15.00
12.50 EF39 1.50 12.00 0.75 175 1.50 6AK6 2.50 6HZ6 350 2.9¢ 15.00 6.95
£80F 18.50 | EF 4.50 14.00 0.80 1.20 1.95 5 0.60 4 2158 K 1.50 59.50 59.50
E8OL 2950 | € 3.50 35.00 0.85 0.70 D2IWw 315 | 6AM4 325 250 1.9% 75.00 750
550 2.50 17.50 0.90 0.60 49.00 | 6AMS 600 | 66 2.00 KI 195 | 7 275.00 10.50
12.00 450 13.50 595 1.00 795 | 6AMs 1.95 415 150 275.00 10.50
4.50 4.95 24.00 69.00 1.20 295.00 5 4.50 115 1.95 75.00
450 | ¢ 1.20 X 1450 2.00 2.50 3500 | 6ANBA 450 | sJBoA 5.50 256 a7
€83 550 | EF73 350 150 | PEN4OD  3.00 | cwa2 250 <25 RAYTHEON 6AQS 175 | sies 750 K 195
£86( 9.50 | EF80 055 | Gvec 150 | PEN4S 3.00 1.00 7500 | 6AQ8 100 | 6me 7.50 7 150
7% | o 15 | o 2 30 175 | ks es00 | 6aRS 595 | 4 250 vl 165l CALLERS WELCOME
5 E ! 3 1 2.50 K 250.00 6AS 1.50 7.50 W 3.50 . c
6.95 | € 2.25 2.50 42.00 15 K48 140.00 A 2.50 200 | 1257 as0 [ OPENMON-THUR 9AM.5.30PM
€8aCC EF86 4.50 0.95 118 K56 250.00 ASTG 450 3.00 ) 1.95 FRI9AM-5.00PM
MULLARD 4.95 | MULLARD 450 | HAB(BO 1.50 175 175 A 5.00 | 6AT6 090 | 6K 7.50 3 24-HOUR ANSWERPHONE
E90CC 1.95 EFB6/( V4085 1.95 1.50 1.20 12.00 oA 175 6KGOA 6.95 32 SERVICE"
E90F 1.95 5.00 1.95 1.25 2.00 L 9.00 AUAG 2.00 2.50 320
4.50 i 1.50 1.50 0.60 7.50 L 11.00 450 2.95 7 2.50 ACCESS & BARCLAYCARD
:z: : z‘}i ! :z: g-% 3.50 12.00 g-zg ) 5.75 143'33 PHONE ORDERS WELCOME
- E g - 1.50 nso | 6Ave ! X
1850 | € 150 |+ 3.50 1.10 0.85 1) 150 AWBA 3.5 6.50 3.59 UK ORDERS P&P £ 1
650 s |1 V50 b H 350 | 3aa7l 730 | eAxacr  19s GAY 550 | 18 a5 PLEASE ADD 15% VAT
: 95 1 b S . 600 | 3a/167M 1000 | 6AY3B 195 66 2.50 4R 3.50 W £XPORT ORDERS WELCOME
9.00 0.90 K 71.00 4.85 8.00 Y 3.95 4.50 oV 5.50 5.50 CARRIAGE AT COST
8.50 090 | & 3.50 495 9.00 1o | ¢ 5.5¢ 350 | 15803 195
1.50 0.75 2.00 6.00 350 as0 | ¢ 1.5¢ 315 16GY 295 PLEASE SEND YOUR
N e = o 0.70 3.35 1.98 395 0.9 ENQUIRIES FOR SPECIAL
. ! . A 1.50 2.50 0.40
12.00 £F800 .00 X 5.00 0.60 25.00 e s V74 350 QUOTATIONS FOR LARGF
1750 | grsoa: 15805 1200 REQUIREMENTS
i EFB04S  19.50 | K 200 | Py 0.50 V238A/ K 200 | ¢ 350 750 | 17a%4GTA 155

ENTER 28 ON REPLY CARD



RADIO COMMUNICATIONS

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 Il thus overturning the
long-established expectation,
stemming from the now defunct
Television Advisory Committee,
that these bands would be re-
engineered for 625-line televi-
sion. The Government quickly
accepted the Merriman propos-
als that these bands 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 | and
II as the prime bands 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 heen 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 mobile
industry’s drive into Bands I and
11 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 [1I network.

Cliff Dadson, chairman of the
Network Operators Committee
(Band 11D has bitterly attacked
the DTI/Home Office announce-
ment that consideration is being
given to possible limited use of
Bands [ and Il 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 DT pointing out that “The
members of this Committee have
been working closely with your
Department for the past five or
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| six years, overcoming the prob- | requirement for skilled oper- | hovering vehicle from the

lems, both political and tech-
| nical, of sharing radio spectrum
between the private mobile radio
(PMR) services in this country
with television services on the
Continent and in [reland. 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
comes into being?.... | 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 businessin Band 3.”

The anger of the Committec i3
understandable but in one re-
spect possibly off target. The
suggestion of re-allocating fre-
quencies in Band I to television
came not from the existing
broadcasters, who have shown
little enthusiasm for more com-
peting terrestrial channels, but
from the 2l4-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 between
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 he 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

ators. One that will be described
has been developed by Plessey at
Roke Manor and recently deli-
vered to the Ministry of Defence
(see "Easier h.f.2”, October 1987,

page 1067). The Plessey system is |

based on the us¢ 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-
back 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 Roval Aircrait 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, reflected in
nine papers including some from
the UK, China, France. and Au-
stralia. Perhaps surprisingly
there appears to be 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 Labora-
tory 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 SkW
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

ground as part of a laser com-
munications system above the
level of air turbulence. What
eventually became of this project
has escaped my notice.

Now, 23 years later, a Cana-
dian Department of Com-
munications project, "SHARP
Stationary High Altitude 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-
board batteries; these were then
turned off and the model kept
aloft by means of 2.5GHz 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 be able to hover at
heights up to 20km for months
on end, as a lu. 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 be-
hind the wings. The helicopter
and its transponders will be po-
wered from about 12 ground
dishes, and it is estimated that up
to about 10kW should be 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 $250 000 annually. It is
claimed that the power density of
the up-going microwave beams
will not be sufficient to affect
birds, hang-gliders, ultra-light
aircraft or balloons.

Radio Communications is writ-
ten by 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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L]
Whither UK
L]
radio?

The long-awaited announce-
ment on replanning UK radio,
finally made by the Home Secret-
ary, Douglas Hurd, 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 be for
@ The BBC to continue to pro- |
vide public service broadcasts
but to relinquish the frequencies
used for its Radio 1 and Radio 3
networks (or, if the commercial
lobby gets its way) the superior
Radio 2 frequencies.
@ Frequencies to be 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 obligations.
@ 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 |

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 viewpaint. Lord
Thomson, chairman of the [BA,
has written “1 applaud your aims
but denounce your means. Your
proposals are radical and im-
aginative in their objectives but
ill-thought out and potentially
damaging in their effect not only
on those engaged on indepen-
dent broadcasting but on the
audiences who listentoit...”

A.m, stereo or
L] L]
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
10klz audio components which
are filtered out on most Region |
broadcasts because of the narrow
9kHz channels and congested
state of the band. Unfortunately,
analogue phase-sensitive signals
are subject to considerable cross-
talk, in multipath corditions or
where the encoder or decoder
does not provide highly accurate
phase quadrature over the full
audio bandwidth. For example,
in his system, a 6kHz signal
would also produce some level of
1kHz 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-
scribed in the February issue and
intended for those with severely
limited hearing rather than as a
means of faithful reproduction.
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Another reader has questioned
whether independent sideband
technigues 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.

has many advantages and is 'ess
affected by the reflections, etc..
that can degrade phasc-sensitive
systems. However this system
did not show up well in the
various field trials. The FCC re-
fused to specify any one system
| but 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&WW

March. page 273).

George Brown, a frequent visi-
tor to Europe. playved a key role
as RCA's director of research in
the development of NTSC c¢olour
television and in the subsecuent
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.
His 68 page paper "Directional
Antennas” (Proc. IRE, January
1937) remains the classic text on
the design of multi-mast m.f.
fand h.f. broadcast directional
antenna design. [t also directly
inspired the devetopment by
| radio amateurs of rotary close-
spaced h.f. antenna arrays, in-
cluding the 1937 driven arrays by
l Dr John Kraus. W8JK and the

| close-spaced Yagi ar-ay by Walter

| Van Roberts of RCA.
| The development of the ubi-

Kahn has long argued that i.s.b. |

| quitous elevated groundplane
antenna and the omnidirectional
wrnstile 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
30 US patents and contributed
over 100 technical papers.

Radiation
hazards?

| After 40 vears 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. w.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
i 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 be 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 be established.”

Radio Broadcast is compiled [;_\'
I Pat Hawker.
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CD factoryina
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-
ber 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 polycarbonate
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 protee-
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

equipment and are procuced at a
rale of about one everv 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, Virgin's found-
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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 gueuing 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-
tionwithina 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 tive main
electronic sub-systems ir. each car. The resultant measurements
are stored as part of the car's record for future reference.

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 back to Earls Court. Lon- |
don 30th of September to Yth 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. Visitors will
be 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.

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
(JRC).

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 tor
other foods. However, the cur-
rent limits of 370B/kg for milk
and 600B/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 gowrong
[and need fixing. You are not
obliged to accept every request
[ for a service call and vou don't
need any qualifications or even
much experience; allis explained
in a service manual sent to
volunteers.
Send for an application form
to Don Roskilly or Sheila Finch,
| The National Listening Library,
Freepost. 12 Lant Street, London
SE1 1QH, 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 awhole
series of environmental tests for
international use. Butl 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 specitica-
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
be checked if necessary. The
summaries are in loose-leaf form
so that changes or additions can
be 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 Varembe,
PO Box 131, 1211 Geneva 20,
Switzerland. or from the British
Standards Institute.

Wanted —
emergency life-
saving radio

Many lives could be saved at sea,
or on mountains, if there were a
miniature radio beacon that
could be 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 YW, “is a

418

cigarette-packet sized transmit-
ter that would be always carried
by any crew member on deck.
The device should float and. if
not completely watertight, must
be capable of operating in water
for at least three hours.”

ldeally it should also be able to
transmit its exact location from
signals it has received from navi-

PDATE

with their automatic test gear. |

| There would need to be far fewer

gational satellites. but the editor |

admits that there may be 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 be able to get a direction-
al fix. A further target is that the
price of the transmitter should
be 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 free advertising in the
magazine.

It cannot be bevond 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 [nfotest 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
board is returned for repair. It
may then be 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.b.
but it still has to be tested.

How much more sensible, says
Schlumberger, it would be if
there were a number of local
repair facilities, all equipped

boards in the field or stuck in the
pipeline and this could result ina
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-
gualification 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 be 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, pav-as-you-view.
Each receiver will possess a uni-
que identification code which
can be used to activate (and
presumably deactivate, if the
bills aren’t paid) signal recep-
tion. Codes will be 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 be sited in the |
south of England. They will be
the first to operate in the fre-
quency band allocated by
WARCT77 for DBS: 17.3 to
18.1GHz uplink and 11.7 to
12.5GHz downlink. Both anten- '

|

nas will have the capacity to cope
with five channels and will be
fitted with tracking systems to |
maintain accurate alignment
with the geosynchronous satel- i
lite.

ERA has designed the com-
plete system and will manufac-
ture the feeds between the
various sections of the transmit-

ting station. Larger structures,
including the antennas are to be
made to ERA's design.

Taylor meter
recall

If you have a Taylor multimeter,
model TD22 or TD23, you should
return it to the company for a
slight modification. 1t 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
CTI17 9EN. Packages should be
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 House,
123 Victoria Street. London
SWIE 6RB.
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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 lat.

When fully configured the PT 68K-2 becomes a full feature system that supports over 1M byte of memory, floppy and hard disk drives, senal and
parallel 170 and provides extensive expansion capability.

User expansion of the PT 68K-2 is suported by way of six on-board IBM PC/XT compatible /0 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
0S-9/68K the first choice for serious 68000 users. A Unix like real-time multi-tasking/mult-user 00S with a wide choice of languages
PT 68K-2 specification:
[ Processor MC68000 8MHz ciock, optional 10. 12,5, 16MHz
lock.
Memory 1024K DRAM, no wait states. 128K EPROM. 4K
SRAM
Floppy disks Four ficppy cisk drves. (WD1772 FDC) 40/80 track,
single/double sided; density
Hard disks Winchester interface for WD1002A-HDO controller.
PC/XT slots supports WD1002A-WX2 controller.
Serial I/0 Four RS232 senal ports. (MC68681 DUARTS).
Parallel I/Q Two 8 tit parallel pcrts. (MC68230 PIA)
Interlocked handshaking.
Two programmable interrupt timers.
RTC Battery backed real-time clock.
Expansion Six IBM PC/XT compatible 1/0 ports
. Power Requires 5V ¢+ 2A and+/— 12V (u 20mA.
Size 12 x 8.5 nches.

The PT 68K-2 1s 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 momitor in eprom 1s included in the basic kit which supports I/0 from either a senial R$232 terminal or PC/XT video card and IBM style

keyboard. . .. £295.00

Price of basic kit including complete documentation

2 St. Stephens Road, Cheltenham, Gloucestershire GL51 SAA - Telephone: (0242) 510525

ENTER 39 ON REPLY CARD
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4+11GHz SATELL TE TV RECEIVING EQUIPMENT
RECEIVERS, LNB’s, LNC’s, FEED HORNS,
ANTENNAS, ANTENNA POSITIONERS,
POLORJTORS, LINE AMPLIFIERS, ETC.

For lurther details conlact
HARRISON ELECTRONICS

Century Way, March, Cambs PE158QW Tel (0354) 51289

ENTER 47 ON REPLY CARD

SURPLUS/REDUNDANT
STOCKS

WE OFFER CASH for all types of redundant and

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.

WaHygh instruments Limited

Camhelyg Isaf Glyn Ceiriog. Llangollen
Clwyd LL20 7PB Tel: (069 - 172) 597

ENTER 61 ON REPLY CARD

ELECTRONICS & WIRELESS WORLD

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 45 ON REPLY CARD
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- APPOINTMENTS

Advertisements
accepted up to
12 noon March 30
for May issue

DISPLAYED APPOINTMENTS VACANT: £25 per single col. centimetre (min. 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, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).
PHONE: PETER HAMILTON, 01-661 3033 (DIRECT LINE)

Cheques and Postal Orders pavable to REED BUSINESS PUBLISHING and crossed

We are now
able to offer you
the challenge of
developing your
career in the exciting

E 4 and fast moving world
e 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 olfice hours or contact our Duty Consultant evenings or

DEVELOP YOUR ENGINEERING CAREER AND

SHAPE TOMORROWS
COMMUNICATIONS

12K-25K + Car

S.E. ENGLAND

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,

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 avallable. All replies will naturally be treated in the
strictest confidence

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.

mt[

FREEPOST, Hemel Hempstead, HP2 4BR

Execulive Recruitment Services

THE SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS. COMPUTING AND DEFENCE INOUSTRIES

Hardware/
Software/

As a leading recruitment consullancy we
have a wide selection of opportunities for
high calibre Design. Development, Systems
and supporting stall 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 °I » REAL TIME PROGRAMMING * SYSTEMS
ENGINEERING ¢ ACOUSTICS ¢ SONAR * RADAR ¢
SATELLITES ¢ AVIONICS ¢« CONTROL ¢« ANTENNA
¢ VLSI DESIGN

Opportunities exist with National, International
and consultancy companies olfering excellent
salaries and career advancement

To be considered lor these and other
requirements contact John Spencer or Stephen
Morley or forward a detailed CV in complete

@ confidence quoling Ref. WW/101.

STS Recruitment, Telephone: (0962) 69478 (24hrs),
85 High Street, Winchester, Hampshire SO23 9AP.

Systems
£9,000 - £25,000

iy /e

J
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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 10
interface User, IEEE, & 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 expernence

Salary in range £10.276 ~ £11.643
plus £1,527 London Weighting
Application torm from

Personnel Otticer,
(Technical Staft CK13),
University College London,
Gower Street, London WC1E 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
5range £7,696-£9,086, with
superannuation

Applications in writing, with detalls of

qualifications and experience. to the

Head of Department of Engineering.

The University of Leicester. Leicesler,

LE1 7RH. quoting the reterence E/99
585

ELECTRONICS & WIRELESS WORLD




PUBLIC HEALTH LABORATORY

SERVICE BOARD PROFESSIONAL

CENTRE FOR APPLIED MICROBIOLOGY & RESEARCH

e AUDIO ENGINEERS
The Biotechnology Division at CAMR has production facilities and 5 R&D

Groups concerned with Molecular Genetics, Protein Engineening, 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

We are major suppliers of professional

activities particularly in the last 2 areas and are urgently seeking applications 4 4 .

for the foliowing postions ARy audio equipment to the recording and
APPLIED PHYSICIST Post No. 0926 broadcastmg industries and have
A graduate physicist or engineer, preferably with postdoctoral or similar Q Q

experience is required for developing static and dynamic laser light vacancies for bOth Englneers and
scattering techniques; also other optical methods, primarily for the analysis L : .

of biological particles (cells, viruses and proteins). An interest in developing TeCthlanS In our expandlng
optoelectronic and fibre optic configurations is preferred. The successful . » .
candidate will work within a multidisciplinary team. Experience in prOfBSSIOna] audlo ]aboratory n
biochemistry/microbiology is not essential.

Appointment will be within Senior or Principal Grade Physicist scales Boreham WOOd-

(£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 Re]evant E]ectronics experience
We require a graduale physicist or engineer (or equivalent) with some

experience in developing fibre optic and optoelectronic systems. The 1S essentla].
successful applicant will join a multidisciplinary team engaged in developing
optical technigues for application in biotechnology and clinical analysis. An
interest in laser light scattering is preferred, but no experience in
biochemistry or microbiology is required.

Apply in writing, or telephone

3\/25:-;“::::(;':55;5Zﬁ;::eorr::r:se:jz;;:t Ol?z:i:nng) with interest in ChriStine Me]hui.Sh’
developing optoelectronic ~ assemblies, applying sophisticated signal on 01 953 0091 for an appllcation form.

processing techniques and engineering prototype systems. The successiul
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 FWO. Bauch Limited
pending)

49 Theobald Street
For further information contact Dr D J Clarke, Tel: 0980 610391, Ext.454. Boreham Wood
Applications should include a full curriculum vitae and should be sent o
Mrs M Bushby, Personnel Officer, CAMR, Porton Down, Salisbury, Herts. WD6 4RZ

Wilts SP4 0JG. NHS terms and conditions.

Closing date: 25th March 1988

587

[
Electronic Engineers-

Recruitment
enaem e | What you want, where you want!

Repair & service of complex analogue

Technical

SrdighabadEaiGiaUs. < £8,500 TJB Electrochemical Personnel Services is a specialised appointments
SERVICE ENGINEERS Bucks
Test & tault finding IBM pc clones service for electrical and electronic engineers. We have clients throughout
Some field work. £7,000 ’
HORKSHOP MARAGEFSERVICE the UK who urgently need technical staff at all levels from Junior Technician
$NGItNEER ot _I_r:.\:vmndon to Senior Management. Vacancies exist in all branches of electronics and
0 set up a workshop facility for repair
& malntenance of satcomm systems. allied disciplines right through from design to marketing at salary
10 £17,000
i o ERETREETE levels from around £8,000 — £25,000.
Berks/Bucks/Hants p

Detailed design & development of If you wish to make the most of your qualifications and experience and
mobile comms system £16,000 move another rung or two up the ladder we will be pleased to help you
TECHNICAL AUTHORS .

Surrey/Hants All applications are treated in strict confidence and there is no danger of
To write user manuals for video -
systems, GCTV & radio comms your presept employer (or other companies you specify) being made aware

to £14,000 of your application.

CUSTOMER ENGINEER Berks 900000 00 000000 0000000002V LVCT SLOSVEPE08864
Repair & service access control
equipment based or DEC :ﬁm&gnar TJB ELECTROTECHNICAL Please send me a T]B Appointments Registration form

PERSONNEL SERVICES

Hundreds of other Electronic vacancies Name
Roger Howard, C.Eng, M.LE.E., M.LERE. 12 Mount Ephraim,
- LI\éEDEN rEc:chL .'?‘E“”";'.“é{‘z‘m Tunbridge Wells, Add
he Broadway, Bracknell, Berks 1€Sss
Tel: 0344 489489 (24 hour) Kent. TN4 8AS

Tel: 0892 510051

(24 Hour Answering Service)

ELECTRONICS & WIRELESS WORLD 421



__fF _rF ¥ 1 J
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.

Electronics
Instructors [

Studio
Electronic
Engineer

Hospital
Electronics
Engineers ]

Lecturers in
Powerand
Communication|.

leave of absence.

experience:

Name
Address

EWwi4B8 o

24p S.A.E. appreciated

HI-TECH ELECTRONICS
DESIGN ENGINEERS

Wanted mmediately. 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, Frimiey Road,
Camberley, Surrey GU15 2PL.
Tel: (0276) 684715

ARTICLES FOR SALE

Current requests include:

Ultra-sound
Technician

Refrigeration/
Radio/
TVEngineers O]

Electrical Engineers
for instruction/

installation ]
Maci’ntena_nce

and repair
Techm%ian OJ

For more details, please complete and return
this advertisement to: Enquiries Unit, VSO,
9 Belgrave Square, London SW1X 8PW.

Conditions of work: ® Paybased onlocalrates ® Posts
are for a minimum of 2 years ® You should be
without dependants ¢ Many employers will grant

I'm interested. | have the following training/

Helping the Third World help itself.
I N B N

173 MHZ FM TELEMETRY
+ TELECOMMAND RADIO
LINKS

W Remote Switching
M Voltage Monitoring
W Serial Data Transmission

ADENMORE LTD

27 Longshott Estate, Bracknell RG12 1RL.

Tel: (0344) 52023

A TREASURE TROVE of shortwave
equipment and spares. Offers welcome
Tel: 01-994 0066 after 6pm. 582

422

[

\
\
\
\

Charity No 313757

L--l‘-----

ARTICLES FOR SALE

UNWANTED PCB DESIGN SOFT-
WARE WITH SCHEMATIC CAP-
TURE and full PCB layout with auto-
routing. All oulg)ul and menu driven
supplied with EGA colour. Fully sup-
ported by supplier. Originally cost
£4,000 will accept £2,500. Please phone
0322 57223

—[GOLLEDGE -
L —[ELECTRONICS]-

QUARTZ CRYSTALS OSCILLA-
TORS AND FILTERS of all tvs
Large stocks of standard items

cials supplied to order. Personal and
export orders welcomed — SAE for lists
please. OEM support thru: design
advice, prototype quantities, produc-
tion schedules. Golle rdge Electronics,
Merriott, Somerset YA16 5NS. T(l
0460 73718.

BRIDGES waveformn transistar

analysers. Cahibrators, Standards
Millivoltmeters. Dynamometers. KW
meters, Oseilloseopes. Recorders
Signal gencerators sweep. low
distortion, true RMS. audio. RM,
deviation, Tel: 040 376236 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
THE SERVICES SOUND AND
Tv c » VISION CORPORATION
L J Chalfont Grove, Narcot Lane,
: T Chalfont St. Peter, Gerrards

\——--—-‘*--—-—A—-w M Cross, Bucks. SL9 8TN.

AUCTION

on Tuesday 19th April 1988 at 10.30 am

Industrial Sales Ltd., Daniels Industrial Estate,
Bath Road, Stroud, Glos. GL5 3TJ.

Wil 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 TETO3, 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

Solartron 1172 frequency resbonse analyser £1250.00
Recently manufactured signal solurces. 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 Regls
West Sussex P022 OEB. Tel: 0243 68 5111/2

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 Fin London, N.12

{5 minutes trom Tally

(1613)

ELECTRONICS & WIRELESS WORLD




ARTICLES FOR SALE | WANTED

SERVICES

VALVES - MAGNETRONS - STEWART OF READING
TRANSISTORS 110 WYKEHAM ROAD,
Usually th Ia.I::‘.-,w\.n--w Raries our READ'NG RGG 1PL-
Discounts lor targe value enquines Overseas TELZ 0734 68041
enguines welcome
For quotahions contact Martin Bilington TOP PRICES PAID FORALL
BILLINGTON VALVES TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
39 Highlands Rm;ol;hnm. W.Sussex EQUlPMENT, COMPONENTS
T el nptos etc. ANY QUANTITY
Farnell Precision DC Supply & Difierential
Voltmeter, ImVJOO.vB. I:;gh ?&eegoﬁsic%;
n, r arconi o . : N
%rsaengn:ie;%'ls(le %125|. %%.W. RF Power| ¥ LATINUM., GOLD, SILVER

SCRAP. Melted assayed and paid for
within 24 hours relay contacts, thermo
couples, crucibles. Also printed circuit
£125. Cambridge llluminated Temperature | hoards, plugs. connectors, palladium,
Indicator Galvanometer £39. Mains oper- [ rhodjum, tantalum and ruthenium. We
ated battery replacement power s“pw '% have the technology to do the difficult

racdhation monitor (300.v.) £18. 60. M . N
power amplifiers £6.50. Pure Silicon shices | refining Jjobs that others can’t handle.
Totally free sampling service. Send

£1.50. ea.. or sealed pack of 25 £25.
samples or parcels (Regd post) or

Fire-ite  fire alarm sensor swilches
£3.50.ea., or 400 « £400. High & low| contuact Eric Henderson, 0773 570141,
Steinbeck Refineries (UK) Ltd,

voltage & isolation transformers, also 240/
Peasehill Industrial Estate. Ripley.

110 etc. Four instrument workstation £75
Ml s small computers £25.ea. B eSS !

b LR iz Derbyshire DES 3JG. No quantity too

large or small 495

Meter, leads & adaptor £39 Three range
Radiation Monitor in case £59. Wayne-
Kerr Testmatic A.60., with manuals etc

Silicon rectifiers on heat sinks (3 recs.)
£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, Marcon 70Mc/s Band Test
Set £25. Hewlett-Packard VHF. Singal
Generator £65, Farnell Dual Stabihsed
Variable PSU. etc.etc. 040-376236.

ARTICLES WANTED

G.W.M. RADIOLTD

40/42 Portland Aoad, Worthing. Sussex
Tel: 0903 34897

Communications Receivers —
Racal RA 17 £175. Eddystone
730/4 £110 plus carriage s.a.e.
for details. SM111 Oscilloscopes
£150 plus carriage. Many
bargains for callers. Headgear
Nato no. 5965-99-620-5674 sold
as is. £25 inc. P&P. ‘Janes’
Aircraft 1982/83 £20 inc. P&P

VALVES, TRANSISTORS, factory
clearance wanted. Especially valve
types PX4, PX25, KT66 and equiva-
2016] lents. Billington Valves. see P423.  sa1

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 LS14BB
565 0532 435649

9956

@® Rate £5.50 PERLINE. 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.

@ Cheques, etc., payable to “Reed Business
Publishing” and cross “& Co." 15% VAT to
be added

Service.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Fmal Assembly. Full PCB Flow Soldering

Quality workmanship by professionals at economic prices.
Please telephone 01-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

(1391)

QUICK BOARD DESIGNS A speedy
printed circuit design service to get
ideas into practice, Circuit Design.
PCB Artwork, Prototypes. Evervthing
from concept to production. Tel: D1 404
0020

PCB ARTWORK DESIGN. CAD Svs-
tem. Outputs. Penplot or Photoplot,
Driumap or Excellon [ape. Conven
tional PI'H or Multilayer. SMD and or
standard parts. Contact ACL. Pendre
Pontrhydygroes, Dyfed SY25 6DX. Tcl:
(974 22670

TURN YOUR SURPLUS 1 ¢s
transistors cte, into cash, immedate
settlement. We also welcome the
opportunity to quote for complete
factory clearance. Contact COLES
HARDING & €0, 103 South Brink,
Wisbech, Cambs 0945 584 188, 192

P.C.B's DESIGNED. Artwork
capacity available for single double
sided. P.T.H. and multi-layer PR <,
also silk screens, solder masks. labels
ete. For C.A.D. Photoplot, artwork &
photography. contact Mr. Williams, 19
Westhourne, Honevbourne, Evesham,
Wares. WR1EASPT, Tel? 0386 832152

SIG GENS Marc TF995A2 1 5220 Mc/s AM FM
€115 USM 44 (HP608) 10 420 Mc'S AM €95
TS405 1 9/4G2 TS419092 t Gz £115 AF Gens
C

(J 1) 15¢ to 50 K¢ sine 5 & 600 ohm £38. CT303
Absorb WM head 1 9/5 1 Gz £24.50. W G 16 Ass
with diode & BNC sk 5 long £9.50. Spare S Band
WG & Klyst Ass for Marc Spec Anly £23. X Band
Absorb WM 9 17 10 9 47 Gz drect cat £32.50. X

W
£28.50. Hand Geny Army nom 12:14v DC stab 1
amp £24.50, Vanacs panel mt 240v 2 amp
£18.50. 4 amp £26.50. Iso! Trans 240v 500w
£17.50. Bird Meters spares tor Thru ine 30 U.

1

£8.50. Aerial SWT 0 5 S
£16.50. Educ Analog Comp Lan Elec LA 4 £135
Video Tape 127 Sony V 60H new 4 for £11.50 Al
prices inclusive hst on request A.H. Supplies,
Unit 12, Bankside Wks, Darnall Road.
Shettield S 5HA. Telephone (0742) 444278,

When replying to classified

advertisement readers are

|
|
|
recommended to take steps to protect :

their interest before sending money. |

-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

REMITTANCE VALUE ... . .. .. ENCLOSED
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OF SECOND USER
TEST EQUIPMENT

?n

Hewlett 3585A 20Hz-40MHz, HPIB  £13,500
Packard 8565A-010 £14.950
10MHz-22GHz, HPIB )
Hewlett 334A 5Hz-600KH: é:'ggg Antritsu MS62B 10KHz-1.8GHz £6,950

Packard 339A 10Hz-110KHz M : TF2371 50Hz-200MH £5,950
OSCILLOSCOPES 35814 Wove Anolyer f2450  TokedaRikenTR4132100KHz 1GHz  £3.750
Tektronix 485 350MHz 2 channel  £4,250 RADIO COMMUN|CAT|ONS
4658 100MHz, dual channel  £1,550
Z, Qual channel 2 TEST SETS

475A 250MHz, 2 channel 2,250
2445 150MHz 4 channel ~ £2,350

2465 300MHz, 4 channel ~ £3.,250 Farnelt $$G520/T15520 10-520MHz  £3,500
468  100MHz, Analogue IFR 10005 1-1000MHz P.O.A.
Storage £3,950 Marconi TF2950/5 65-180MHz,
Hewlett 1715A 200MHz, 2 chonnet  £1,750 420-470MHz £995
Packard 1740A 100MHz, 2 channel £1,150 Solartron  4010A 0.01-480MHz £2,350
1741A 100MHz, Analgoue
Storage £2,750 SPECIAL OFFERS
SIGNAL SOURCES B Hewlen 5300/5305 90-1300MHz,
Packard Counter £249
Hewlett 86408-001-002 1333A High Res. XY display £695
Packard 20Hz-1024KHz £4,500 1332A XY display £595
86248 Synthesized, 7475A 6 pen plofter £995
100Hz-2 11GHz P.O.A. 85A Micro £750
8656A Synthesized, Hewlett 1417, 85528, 8555A 98256A 256K Memory £250
0.1.990MHz £3,600 Packard 10MHz-18GHz £7,250 Marconi TF2603 RF. Millivoitmeter £295
Marconi TF2015/1 10-520MHz £650 1417 85528, 85548 Claude Lyons[VC 250 Line voltage
TF2013 800-960MHz £750 100KHz-1.25GHz £6,450 conditioner, 2. 5A £175
Wavetek 184 Sweeper, 5MHz £595 3582A 0.02H2-25.5KHz £6,950 Tektronix  200C Scope Trolley €150
All products fully refurbished and sold with full one-year warranty.
Electronic Brokers, Dorcan House, Meadfield Road, Langley, Berkshire SL3 8AL.
: Fax: (0753) 682843. Telex: 93537). Tel: (0753) 44878.
ElectronicBrokers - fes e : st coed WL of gBigg 1o FTs:
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o THURLBYDIGITAL

STORAGEADAPTOR

What don't vou get for £5857

20 megasamples/sec sampling rote2

4K words per channel recording
memory?

35 MHz storage bandwidth for
repefifive signals?

16 non-volatile waveform memories?

On-screen tfext display and on-screen
cursor measurement?

Roll mode down to 200 minutes/dive
Sweep speeds up to Sns/dive

Sensitivity down to 2mV/ div with
autoranging capabi ility?

40 division prefrigger display?
Digital sweep delay system?

Post storage processing mcludlng
waveform ~ multiplication?

Dlgltol averaging for lower noise?

?ltol |nterpo|ot1on using sine or
ulse algorithms?

@@ 2990 90 ©0 ® OO

@ Fully rogrammable front panel

with O sefting memories?

RS-232C compatible interface plus

optional [EEE-488 interface?

Full remote control and bi-

directional waveform transfer?

Output to a dotmatrix printer,

digital plotter or analogue plotter?

A free conventional osc1||os«.ope

to connect it to¢

Surprisingly it's only number 18
but you probably have that already!
The Thurlby DSA524* links to any stondard
oscilloscope (usi onlly one cable) and
converts it info a ighly sophlshcated digital
storage 'scope with all the features lis
above.

If you wont to pay even less, the DSA511 has
¥ less features but costs only £395.

Send for full details now!

® 96 ®

. [Thuriby] psas2a.

'} Digital Storage Adaptor
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ONIINSTRUMENTS

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.

MARCONI | MARCONI

INSTRUMENTS | INSTRUMENTS

2958 ' 2022A

Total Access Control 10KHz-1000MHz
System (TACS) adaptor | g AM/FM signal
combines with 2955 to =¥ generator, with

allow automatic testing oRHLS non-volatile memory of |
of UK cellular radio o o 100 seftings.

systems. Non-volatile | Comprehensive
memory allows users to modulation covering
set their own fest e - AM/FM/PhM. Single
programmes, Adaptor L | = S~ — push-button operation,
fits to 2955 using GPIB . : large LCD display,
module. ) § T ; optional GPIB

£9160 ; . : programmability, low

harmonic distortion.

£2950

MARCONI MARCONI

INSTRUMENTS INSTRUMENTS

2019A 2305
80KHz-1040MH2z Modulation meter with
AM/FM signal 0.5MHz 10 2.3GHz
generator, with frequency range.
frequency resolution of FM/AM/PhM

10Hz up to 50MHz. = measurements. High
Excellent output level . L 0.5% basic accuracy.
accuracy with output to 3 : : Fast testing with

2V emf. Comprehensive 1 i microprocessor
modulation includes ' ¢ oS > operation and
auxillary FM. GPIB i : . auto-tuning.

option with Tolk/Listen E Frequency and power
capability. measurements in

£44 50 3 addition to modulation.

Programmable
Also: 2018A,

operation with GPIB
80KHz-520MHz option.

version £4150 £5600

Electronic Brokers

Dorcan House, Meadfield Road, Langley, Berks SL3 8AL.
Fax: (0753) 682843. Telex: 935371. Tel: (0753) 44878

All prices exclude VAT and carriage and are correct at time ot going to press.
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