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OrCAD/PC13 II, a new printed 
circuit board layout package, is 
now available from ARS 
Microsystems of Camberley with 
twice the speed and twice the 
power of OrCAD's original 
package OrCAD/PCB. 

It contains many new capabili- 
ties as standard such as design rule 
checking, post -route optimization 

.1.. ..:11e v- a 

and semi -automatic rip -up and re- 
try routing for 10(1% completion. 
Capacity is doubled to 270 equiva- 
lent i.c.s and the package now sup- 
ports printers. 

The price of OrCAD/PCB II is 

£1795 and includes a years free 
updates and telephone support. 

( lh'( 11 %(1. 1110% hII'll 

OrCAD has designs on 
programmable logic 

Now available from ARS Mi- 
crosystems is OrCAD/PLD, a de- 
sign package for programmable 
logic devices. 

ARS says that OrCAD/PLD in- 
tegrates with OrCAD's other CAE 
software in a PC -based system that 
unifies the design, simulation and 
documentation of programmable 
logic devices such as PALs, PLDs 
and PROMs. It creates an industry 
standard JEDEC file from a high 
level specification which can he in 
a variety of formats. These include 
boolean equations, procedural state 
machine programs. truth tables. 
numerical maps, indexed equations 
or schematics. 

Indexed equations allow a set of 

can often reduce large and comple 
functions such as synchronoi 
binary counters, barrel shifters an 

custom multiplexors to a single I in 
of OrCAD/PLD code. 

OrCAD/PLD costs £595 an 

comes with a library of the mo: 
popular programmable devices. Th 
price includes one year of fre 
updates and telephone support. 
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related equations to he grouped -- 
together. OrCAD claims that this 
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27,000 users 
can't be wrong 

OrCAD Systems Corporation 
have shipped the 27,000th copy 
of OrCAD/SDT III, the world's 
most popular schematic capture 
package. 
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This makes OrCAD/SDT Ill the 

hest selling of any computer aided 
engineering package for the elec- 
tronics industry. 

OrCAD/SDT Ill allows a hard- 
ware engineer to quickly create a 

schematic diagram of his design on 
his own PC and then to plot it on a 

printer or plotter. It costs £595 and 
conies with a years free updates and 
telephone support. 

I IK( II NO. II i On h'I I'1 1( Ah'I 

Programmable model 
A software package which cre- 

ates simulation models of pro- 
grammable devices is now avail- 
able from ARS Microsystems of 
Camberley. 

OrCAD/MOD is designed to 
work with OrCAD's logic simula- 
tor, OrCAD/VST. It generates 
complete timing and simulation 
models from fuse map files created 

Syscon simulates before build 
Syscon Limited of the Science 

Park, Cambridge have developed 
an image handling system for use 
with image analysis hardware. 

"This was a very complex de- 
sign and we used OrCAD's simula- 
tor, OrCAD/VST, to check that the 
design we had in schematic form 

worked to our original specifica- 
tion before making a prototype. As 
a result when the PCB came back 
from the manufacturer it took only 
ten days to get the board working " 
said Paul Duesbury, Syscon'sTech- 
nical Director. 

( 1K( 11 NO. 114 (/% Krl'11'( AKI) 

OrCAD is a trademark of OrCAD Systems Corporation. ARS is the sole distributor of OrCAD products in UK 

simulates PAL/PLD; 
in industry standard JEDEC for 
mat. This allows the design engi 
neer to fully exercise his design be 

fore programming any devices. 
The package includes a librar 

of over 300 full specification tint 
ing models. I t costs £595 and come: 
with a years free updates and tele 
phone support. 

( lK( II %O. I 16 ON RF1'1 1CAW) 

ARS Microsystems Ltd., 
Doman Road. Camberley, 
Surrey GU I5 3DF 
Tel: 0276 6215005. 

Fax: 0276 61524 

O 1 



CONTENTS 
óFEATURES " 

e 

SOUND MOSFET DESIGN 760 
After three decades of study, is there anything 
more to learn about power amplifiers? Most 
definitely yes, says Doug Self. 

SOUND BY NUMBERS 766 
The recording industry has taken digital audio 
engineering to its heart. Stan Curtis looks at 
equipment and working practice, assessing the 
spin-off for consumer audio. 

,. .y 

Digital recording at Metropolis Studios. 
Photo courtesy Studio Sound. Page 766. 

SOUND CONCEPTS 774 
New aspects to speaker design extend bass 
response to the parts that other methods cannot 
reach. By David Berriman. 

INTERFACING WITH C 785 
Howard Hutchings designs software to create 
digital filters derived from the convolution techni- 
ques described in an earlier article. 

REVIEW - PC FREQUENCY 
COUNTER 793 
Can virtual instruments which fit into the back of a 

PC outperform their bench -top cousins? Michael 
Tooley puts Amplicon's GT200 under scrutiny. 

REVIEW - AVSIM 801 
Simulating a microprocessor on a PC can cut 
development time - but only if you can read the 
screen. John Mosely reports. 

SYNTHESISER NOISE... 820 
The presence of synthesiser phase noise produces 
severe performance penalties in receiver systems. 
Ian Poole examines the origins of phase noise and 
methods of its elimination. 

REGULARS 

COMMENT 747 APPLICATIONS 807 
A world -class confidence trick. 80MHz instrumentation amplifier, voltage to fre- 

quency conversion, etc. 
RESEARCH NOTES 749 
Manufacturing ball lightning, unspecialised man, 
radio pollution from space, royal ghost writer for 
Shakespeare. listening with light and black hole 
radio waves. 

UPDATE 754 
Fast forward on video chips, IBM sees writing on 
the wall, DTI spectrum review, satellites running 
out of space and a solar powered plane. 

UPDATE SPECIAL REPORT 781 
Electricity in medicine. Electric fields seem to 
possess healing as well as pathogenic properties. 
That an effect exists is beyond dispute, says Simon 
Best, reporting from a bio-electrics conference. 

CIRCUIT IDEAS 799 
Square to sine converter, digital seconds timer. 
single to push-pull audio stage, and stepped 
current source. 

NEW PRODUCT CLASSIFIED 810 
New product details at -a -glance. 

PIONEERS 814 
E II Colpitts "lifted the art of telephone engineer- 
ing to a higher plane and established it as a 

science" 

LETTERS 817 

R F CONNECTIONS 826 
Breaking public key cryptosystems, declining solar 
cycles, vandals, EMC and 1992. 

In next month's issue. Russian electronics. The 
communists tried hard, hut largely failed in their 
attempts to copy western equipment designs. They 
have some success in one area, the Soviet PC. 

GET YOUR OWN COPY ... SUBSCRIBE NOW! USE THE FORM ON PAGE 832 

September 1990 ELECTRONICS WORLD+WIRELESS WORLD 745 



The best way to appreciate 
our new thermal array? 

I 

8 I 9 10 11 12 13 14 15 

A fifteen -inch trace.That's probably the first 
thing you'll notice about our new TA4000. But 
at Gould, we know that trace width alone isn't 
enough to make a superior thermal array 
recorder. In fact, we've included so many new 
and advanced features on the TA4000, they're 
best appreciated one by one. 

First, consider the single printhead, a feature 
you won't find on any other high-speed, wide - 
format recorder. With it, you'll get continuous, 
high -resolution tracing across the entire 
fifteen -inch chart width. No gaps. No blank 
spots. 
Then have a look at the TA4000's full 
programmability. In addition to the standard 
control capabilities, our new recorder will 
actually calibrate your complete system 
set-up all by itself. Which 
means you'll be able 
to run an entire test / 
to touch or readjust :5 
without ever having / , 

the instrument. ' 

And if multiple ,` 
7 

measurements 
are what 
you're after, the 
TA4000 has up to 24 channels, 
each able to handle either analogue or 
digital signals. What's more, our 
new recorder will simultaneously record 
analogue and digital inputs, giving you 
maximum measurement flexibility. 

The TA4000 is designed for maintenance 
efficiency; it features MicropulsingTM, a new 
technology that extends thermal array head life 
and increases contrast quality. 

But why measure the TA4000 by words alone? 
For full product specifications simply return 
the coupon, or just dial 100 and ask for 
FREEFONE Gould Electronics. 

Meropulsing TM is a Trade Mark of Gould Inc. 

Gould Electronics Ltd., 
Test & Measurement Sales Division, 
Roebuck Road, Hainault, Ilford, Essex IG6 3UE. 
Tel: 081-5001000. Fax: 081-501 0116. 
Telex: 263785. 

I 

Inch by inch. 
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Please send me more information about the TA4000. (please print) 

NAME' 

JOB TITLE 

COMPANY 

ADDRESS 

NATURE OF BUSINESS: 

TEL NO: EXTN 

Gould Electronics Ltd.,Test & Measurement Sales Division 
Roebuck Road, Hainault, Ilford, Essex IG6 3UE 
Tel: 081-500 1000. Fax: 081-501 0116.Telex: 263785. 
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A world class confidence trick 
What would happen to the world if the 
chemical industry couldn't make CFCs 
anymore? 

The consequences would surely he 

serious. We would wipe out a whole 
family of advanced anaesthetics; halt 
the manufacture of... refrigerators... 
cleaning systems... deodorants...? 

Of course we wouldn't. 
The electronics and semiconductor 

industry still uses substantial quantities 
of CFCs but has generally responded 
well in the search for ozone -harmless 
replacements and processes. 
Developments in cleaning systems, the 
most significant CFC use in electronics, 
will eventually lead to replacement 
with water or something equally 
innocuous. 

Chemical companies have reacted 
quite differently. Their priority has 
been to work flat out to develop CFC 
alternatives: hydrofluorochlorocarbons 
(HCFCs) and hydrofluorocarbons 
(HFCs). These relatively inert classes 
of chemicals possess the virtue of direct 
CFC replacement in refrigerators 
without alteration to mechanics. 

But they cost five times the price of 
the old compounds and even the best of 
them reacts with ozone in the presence 
of UV radiation, albeit at a tenth of the 
rate of standard CFCs. Yet 
manufacturers of these proprietary 
chemicals would also present them as 

the salvation of the electronics 
industry. 

No wonder the Indian foreign 
minister spoke out at the Montreal 
Protocol on protecting the ozone layer, 
making clear that her country would 
only sign the protocol if the developed 
world helped with the enormous cost of 
providing ozone -friendlier technology. 
China feels the same way. The 
developing world has clearly adopted 
the notion that continuing progress 
depends on high-tech, expensive, 
proprietary chemicals for which it will 
demand financial help. It will get it. 

What a marketing coup! The 
boardrooms of the world's chemical 
giants clearly viewed a decline in sales 
of CFCs - also proprietary chemicals - 
with concern. But they have wrested 
the situation around to a point where 
now they are anticipating replacement 

sales of patented chemicals costing up 
to five times as much. How ever much 
the PR exercise cost, it was worth it. 

As Debora MacKenzie, writing in 
the New Scientist points out, there are 
alternative chemicals for the mass 
refrigeration market over which 
DuPont, ICI et al have no control. 
Working fluids such as propane and 
butane - simple, cheap hydrocarbon 
gases- actually produce higher 
efficiency in conventional refrigerators 
than CFCs or HCFCs. The point has 

already been proven in a programme 
taking place at the South Bank 
Polytechnic to replace CFCs with 
propane in domestic fridges. 

Doubtless the chemical industry will 
state that hydrocarbon gases represent 
a hideous fire risk, pointing to the 
possibility of explosions, the narcotic 
effect of hydrocarbon inhalation, etc. 
A reasonable person would counter 
that h't' saying hydrocarbon usage is 
ubiquitous. 

We deal with hundreds of litres of 
propane in bottled -gas heating systems, 
tanks -full of volatile hydrocarbons 
every time we fill our cars with petrol, 
cans -full of the stuff in lawnmowers, 
decilitres in camping stoves; and just 
100 millilitres in a properly designed 
propane fridge. 

A quick calculation suggests that 
1111)m1 of liquid propane occupies about 

411 litres at room temperature. The 
average kitchen holds around 25 cubic 
metres of air so even if the whole lot 
leaked out this would result in an air to 
gas ratio of 625: I . A propagating flame 
needs a maximum air to fuel ratio of 
25:1, a most unlikely situation to arise, 
even with stratification. 

One could add that hydrocarbons 
burn safely to carbon dioxide. 
Compare that to chlorinated 
compounds which produce 
carcinogenic dioxins and neurotoxic 
agents such as carbonyl chloride. 

The multinational chemical 
companies are not hurrying to spell out 
the hazards or the alternatives. But 
their silence amounts to a world -class 
confidence trick, played on both us and 
the developing world. 

Frank Ogden 

September 1990 ELECTRONICS WORLD+ WIRELESS WORLD 747 



NEW MATMOS 286 and 386 
COMPATIBLE COMPUTERS 

MATMOS 286 AND 386 HIGH PERFORMANCE COMPATIBLE 
COMPUTERS 
16MHz 286 system: E479 plus VAT 
A quality system using the industry standard 80286-12 processor, running at a Landmark speed of 
16MHz; clock speed 12MHz. Complete with 1 Mbyte RAM expandable to 4 Mbytes. Serial and parallel 
(Centronics) ports, 101 keyboard, mono graphics card, 1.2 Mbytes 5.25 inch floppy drive. floppy 
controller for up to 4 drives, hard drive controller, eight expansion slots 13x8 bit, 5x16 bit). AMI bios 
with full setup routine and diagnostics including HDD formatting, well made stylish case with space for 
up to three 5.25 drives and two 3.5 inch drives; lock, front panel switches and LEDs, full manual 
included. 

33MHz 386MHz system: E979 plus VAT 
Same system as above but with state -of -the art 386 motherboard. Uses full spec. Intel 80386-25 
motherboard running at a Landmark speed of 33MHz; clock speed 25MHz This is not a 386sx but has a 

full 32 bit CPU. Comes with 1 Mbyte of RAM upgradable to 8 Mbyte Also available in quality full height 
tower case at £1079 plus VAT. 
Carriage on systems C14 plus VAT. See below for add-ons. 

FLOPPY DRIVES 
Internal 
720K 3.5 INCH DISK DRIVE !AMAZING NEW LOW PRICE TO CLEAR WAREHOUSE! 
Excellent Japanese low component. half.height chassis drives. Ex almost new systems, 80 track double 
sided £29.95 (carr 03). Easy fit kit for Amstrad 1512/1640, IBM XT and AT, etc., including adaptor board 
and cradle for 5.25 inch slot. E8.49. Box of ten 3.5' disks £9.95 lean E1). NB Drives work with virtually all 
computers including Amstrads, IBM XT and AT compatibles BBC's etc. not Ataris and Amigas. 
360K 525 inch standard quality IBM half.height chassis drive E29.95 (carr £3.50). 
720K 3.5 Inch NEC FD1036 30mm drive £32.50 (carr £3). Fitting kit for 5.25 inch space £8.49. 
1.44 Mbyte 3.5 Inch Citizen OSDA 45A 3.5 inch slim (25mm) drive £49.50 (carr E3). Fitting kit for 5.25 
inch cavity C8.49. 

External 
1.44 Mbyte cased Amstrad FOB drive for Amstrad 2286 only £59.50 (carr C3.50). 

HARD DISK DRIVES, etc 
20 Mbyte Miniscribe 8225 'state of the art' hard drive with embedded controller and all cabling to 
connect straight to 16 bit AT slot. 5.25 inch, half -height £159 )carr £51. £129 when ordered with 286 and 
386 systems. 
40 Mbyte Western Digital 584R RLL hall -height 3.5 inch drive in 5.25 inch chassis £199 )carr C4). 

NEARLY NEW DRIVES: Range of ex -equipment and reconditioned drives, tested and guaranteed, 
bargain prices, details on request. HDD cables C5.00. 60 Mbyte Irwin tape back-up unitf199 (carr C4). 

DISK DRIVE CONTROLLER CARDS 
Range o1 Western Digital XT and AT hard/hard and floppy controller cards at bargain prices, list 
available. 

IBM COMPATIBLE XT MOTHERBOARDS, CASES, MEMORY, 
CARDS AND KEYBOARDS 
10MHz 8088 turbo processor, 8 expansion slots, legal bios. 8087 socket £49.50 (carr E41. 

640K RAM for above E49.95 
Mono graphics cards. E22.50 

VISA 
Visa & Access 
phone service Dotmos 

J° 

Multi I/O hoard for XT systems including parallel port, serial port, real time clock, floppy disc controller 
and game port £29.95 (carr C2.50) 
102 key compatible AT and XT keyboard E34.50. Used but clean 101 key compatible keyboard £19.50 
(carr £3.50). 
RAM -4164164K chips) E5 for a tube of 15. 

MONITORS - MONO 
12 inch Xerox System 60 Hercules paperwhite; very smart case with tilt -and -swivel base, particularly 1 

good, user-friendly high res. display £59.95 (can £6.501. 
12 inch Hercules amber; 12 volt supply voltage Ipsu needed) 034.50 (carr E5). 
14 inch VGA paperwhite; smart case, tilt-and.swivel base E89.50 (carr £6.50). 

MONITORS - COLOUR 
Famous name 12 inch high resolution analogue RGB monitor; high definition 180 column. 0.28 dot 
pitch), modern, very stylish case with tilt -and -swivel base. Suitable for BBC, Amiga etc. (Atari with 
modilication) E129. or E149 convened (carr El 01. 
14 inch Toshiba high resolution (028 dot pitch) VGA compatible in all modes except when synch. is 
negative Smart Euro -style case. Modification necessary for lull compatibility E135 (carr C121. 
Hitachi CAD monitors CM1686A; 16 inch 64KHz ultra high resolution C385; CM1588; 15 inch ultra high 
res. 48Khz, £199; 20 inch CM2073 48KHz high res. ex -demonstration £199 (carr C25). 

PRINTERS 
Olivetti 0Y200. Modern, office quality, bidirectional daisywheel prInter. Complete with manual, 
daisywheel, ribbon and standard Centronics interface. Prints at 25 cps, variable pitch; 132 characters in 
12 pitch, proportional spacing. Full IBM and Diablo emulations. £89.50 (carr £6.50). Cut sheet feeder 
E49.50, tractor feeder £45 (carr E4). 
Laser printer special offer. Data Products LDP12-12 page/minute, HP Laserjet - compatible. Very well 
made, fast printer with Toshiba engine in nearly new condition. Service and maintenance available. 
Unrepeatable value- ONLY £599 (carr C251- limited stocks. 

VGA CARDS 
16 bit VGA card; 256K. all emulations, up to 800 x 600, with software to run all major packages £89.95. 
16 bit designer VGA card, all emulations up to 800 0 600, 256K RAM, upgradable to 512K. Paradise 
chip -set with software to run with all major packages, C99.50. Other VGA cards available (carr on card 
£2.00). 

WESTINGHOUSE WPC500 MODEM CARD 
Standard size card to fit inside IBM -style or similar PC and communicate at 1200 Baud, 1200/75 Baud or 
300 Baud. Sold 'as is', with limited details and no support £9.50 (carr E2.501. Full user's manual 
available at E4. 

POWER SUPPLIES 
Astec BM 140 IBM compatible 150W; 5V at 15A. -12V at 5A, -5V at 0.3A, -12V at 0.5A; fan cooled, 
rear panel switch, good value at £19.50 )carr E4). Farnell N180 cased. 180 Watt, +5V at 20A, u 12V at 2A. 
-12V at 2A, +24V at 5A and -5V at to Professional psu £26.95 (carr E3). 

THEATRE LIGHTING CONTROL (second-hand) 

Rank Strand Compact 123 desk - well known semi.portable memory system to control 120 channels, in 
excellent condition, with menu) E599. Rank strand 17x20 Amp dimmer racks in cabinets, C450 each or 
E1275 for 3. Rank Strand Duet 60 channel memory desk. C799. Permus 24x10 Amp dimmer racks E499. 

LOUDSPEAKERS - Ex -broadcast LS31s 15 inch plus HF. pair (79 (carr £15). 

NB 
VAT and carriage must be added to all items (quotes for carriage oversees) 
Everything new unless stared 
Access and Visa telephone service 

MATMOS LTD, UNIT 11 THE ENTERPRISE, PARK LEWES ROAD, LINDFIELD, 
WEST SUSSEX 8H16 2LX. 
Please note new telephone numbers 0444 482091 and 0444 483830 IFaa 0444 484258) * 
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RESEARCH NOTES 

Diabolus ex machina? 
Zoologists have often observed that 
specialisation in the animal kingdom 
leads to short-term success and long- 
term extinction. Dinosaurs, especially 
the huge carnivorous variety. must 
have put the fear of death into lesser 
beasts as they lumbered their way 
around the Cretaceous landscape. By 
70 million years ago, however, these 
kings of pre -history were all dead, 
victims no doubt of their lack of adap- 
tability to environmental change. 

Mankind, by contrast, isn't particu- 
larly strong or agile. In tact, he's 
remarkably unspecialised as animals 
go. Unlike creatures that grew very 
large or ran very fast. Man became 
successful because of his adaptability to 
live anywhere, eat anything and to 
make tools and weapons. 

This strategy works well when these 
artificial aids are reliable, but is dis- 
astrous when they are unreliable or 
ill-suited for the task in hand. Thus, 
while electricity is an immensely useful 
tool in the battle for survival, the likes 
of Chernobyl and Three Mile Island 
are definitely not. The problem. of 
course, is knowing what technological 
avenue is safe to venture down and 
which is not. Worse still from a survival 
point of view, the stakes grow higher 
every day; technology that would once 
have placed only a small subset of 
humanity at risk now threatens homo 
sapiens as a whole. 

With those thoughts as background, 
two Australian computer scientists, 
Tom Forester and Perry Morrison, 
have attempted to assess the extent to 
which mankind has become vulnerable 
to computer failure. Writing in Futures 
(June 19901 they conclude that even the 
most advanced of today's systems are 
so inherently unreliable that they 
should not he entrusted with any life - 
critical operations. 

Despite the pervasiveness of compu- 
ter technology, say Forester and Morri- 
son, "little is known about computer 
failures except perhaps that they are all 
too common!" 

Famous examples of the vulnerabil- 
ity of computers (many previously cited 
in this journal) include the time when a 

faulty 74175 chip caused the scrambling 
of a B52 bomber squadron in response 
to what looked like a Soviet ICI3M 
attack. Then there was the loss of the 

Mariner -IS and Phobos -I space 
probes, both the result of one -line 
programming errors. 

More frighteningly, two cancer suf- 
ferers in Texas were given 10(I times 
the radiation that their treatment 
demanded; both patients died soon 
afterwards. No-one ever discovered the 
cause of the problem nor what caused 
the equipment to flash on its screen the 
laconic message: "malfunction 54". 
Similar failures, also involving loss of 
human life, were five crashes of the 
USAF's UI I-6(1 13lackhawk helicopter. 
Only when these crashes were investi- 
gated in detail was the cause found -a 
glitch in the computerised fly -by -wire 
system. 

What frightens Forester and Morri- 
son more than anything is our increas- 
ing dependence on computer systems 
that are inherently unreliable, either 
because of their complexity or because 
their size makes testing impossible. 
The authors argue that even a modest 
computer of the sort used to monitor a 

nuclear power station could never ade- 
quately be tested. With around 1034 

possible logic states, any realistic test 
procedure would take longer than the 
age of the Universe! 

Programming, say the authors of this 

spine -chilling paper. is even more 
fraught with error. They say that it is 

now accepted that for programs with 
more than around 1(15 lines of code, the 
chances of introducing a serious error 
during correction of original errors is so 
large that only a small proportion of 
original bugs should ever be corrected! 

Solutions do exist in theory. Program 
verification and software de -bugging 
techniques are constantly under 
development. Hardware difficulties can 
be circumvented. Duplication can 
always he implemented. Unfortu- 
nately. say the Australians. none of 
these techniques can yet handle prog- 
rams or equipment of even modest 
size. in the case of software checking, 
the maths is often longer than the 
original programs. This problem. 
moreover, is unlikely to improve in the 
short term. 

So ire we, I wonder, running the risk 
of entrusting our future to a technology 
that cannot reasonably be trusted? And 
if so, will it eventually lead us down the 
path the dinosaurs followed? There 
may be no easy answers, but it's not too 
soon, say Forester and Morrison. for 
governments, manufacturers and users 

to ask themselves some highly perti- 
nent questions. 

Ball lightning freshly served 
Ball lightning is one of those natural 
phenomena reported so frequently that 
it's difficult to doubt its existence. 
What's often seen is a glowing sphere 
floating through the air and then dis- 
appearing or disintegrating explosively 
on contact with some conducting 
object. One report even described such 
an object about the size of a football 
drifting down the gangway of an air- 
craft and then just fading away. 

Theories to explain ball lightning 
have been as diverse as they are numer- 
ous, usually involving some sort of 
stabilised plasma. The only difficulty in 
these studies has been to trap a light- 
ning ball long enough to study it.... Or 
alternatively to create one. 

The latter option has been reported 
by a team of researchers working for 
Professor Yoshihiko Otsuki at Tokyo's 

Waseda University. Initial reports are 
lacking in detail, though what the team 
appears to have done is create ball 
lightning out of doors using a 2kW 
microwave oven attached to a tube of 
copper wire mesh, presumably as a sort 
of open waveguide. 

When switched on (one imagines 
from a safe distance!) the apparatus 
produced a glowing hall 2-3cm in dia- 
meter that floated along the mesh for 
about 2 minutes. The colour is said to 
have changed from white to a dazzling 
orange during this time. 

How repeatable this experiment is 

and what exactly the ball consists of 
will clearly have to await publication. If 
it does prove to be anything more than 
a simple discharge, it should certainly 
provide a considerable insight into a 

most puzzling natural phenomenon. 
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BUILD YOUR OWN FILM -NET DECODER 
CITY SATELLITE SYSTEMS LTD & MONTIQUE CONSUMER ELECTRONICS UK LTI) 
OFFERS YOU THE OPPORTUNITY TO BUILD YOUR OWN HQ MONTIQUE DA100 SIGNAL 
ANALYSER FOR ASTRA SATELLITE TRANSPONDER No. 11. 

THIS EXCITING PROJECT INCLUDES: 

* FILM -NET MAIN DECODER P.C.B. 
* VIDEO PROCESSING VIDEO P.C.B. 
* PARTS LIST 
* WORKING THEORY AND DETAILED TEST PROCEDURE 
* HQ P.C.B. THROUGH PLATED, SOLDER RESIST, DOUBLE SIDED, COMP IDENT 
* DIMENSIONS MAIN P.C.B. 250mmx 125mm, VIDEO P.C.B. 1 IOmmx 125mm 

ONLY £34.99 + P&P POWER SUPPLY EXTRA £7.99, 12V 1 AMP REGULATED. 
CONTACT CITY SA'T'ELLITE SYSTEMS LTI) ON 081-503 5326 OR SEND CHEQUES TO 272 
BARKING ROAD, EAST HAM, LONDON E6 1LB. ACCESS, VISA, AMEX AND SHOP CALLERS 
WELCOME. 

No. 1 IN SATELLITE TV. 

, r / 

CITY SATELLITE SYSTEMS LTD 
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272 Barking Road, East I lam, London Eó 1 LB 
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electronica 90 
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Electronica is the world's largest trade 

fair for electronic components and 

assemblies. Here state-of-the-art tech- 

nology is on display, and developments, 

trends, methods and solutions are 

showcased in a comprehensive, precise, 

clear and up-to-the-minute style. 

Accompanying events at 
a glance 
Congresses and lectures on the follow- 

ing subjects will take place during 

electronica 90: 

AVT - Layout and connector 

techniques 

PKO - Cost optimizing in testing 

Micro -electronic sensors 

5th international power electronics 

conference 

PHA - Product liability 
MST - Microsystems engineering 

EMV - Electromagnetic compatibility 

DGQ/ZVEI Symposium: quality assur- 

ance agreements for assemblies 

Information: 

Pattern Ltd., London House, 

243-253 Lower Mortlake Road, 

Richmond/ Surrey TW 9 2 LL, 

M u n i c h Tel. 081.940 4625, Fax 081-9481442. 

6-10 November 1990 For travel arrangements contact: 

Commercial Trade Travel, 

Tel. 0622 686676. 

MESSF MUNCHEN INTERNATIONAL 
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RESEARCH NOTES 

Radio pollution from Space 
According to Dr John Galt of the 
Hertzberg Institute of Astrophysics, 
Penticton, British Columbia [Nature, 
Vol. 345 no 62751, electromagnetic 
pollution from navigation satellites, 
especially Soviet ones, is seriously 
hampering radioastronomy. Galt says 
that when the GLONASS satellite sys- 
tem is complete, it will produce a total 
of 42 spurious signals within the 1660.5- 
1668.4MHz band, a part of the spec- 
trum where radioastronomy and pas- 
sive space research share an exclusive 
primary allocation. Already strong sig- 
nals have been identified on 1660.9275, 
1661.4900, 1663.2250, 1663.2775, 
1664.9600 and 1668.3350MHz. These 
are in addition to a spurious emission 
on 1667.4900MHz from a US global 
positioning satellite in the GPS system. 

Up till now, radioastronomers have 
been largely able to escape man-made 
radiation by building their telescopes 
well away from populated areas. 
Usually also, terrestrial interference is 

spasmodic, which allows it to be elimin- 
ated by integration techniques. Spu- 
rious emissions from satellites can't, 
however, be avoided by either 
approach, at least not when the offend- 
ing satellite is above the horizon. So 
strong are the space -borne emissions 
that they break into virtually every 

sidelobe of even the most directional 
antenna. Paul Murdin of the Royal 
Greenwich Observatory says that when 
a GLONASS satellite is in view the 
only realistic option for radioastronom- 
ers operating in the 1660MHz hand is 
to go and have lunch. 

What's particularly disturbing about 
this state of affairs is that the band in 
question contains some of the most 
important cosmological spectral lines, 
including that of interstellar -OH mole- 
cules. Observing these natural emis- 
sions, often at the limits of high -gain, 
low -noise technology, is the only way 
we shall ever gain a reasonably com- 
plete picture of the state of much of the 
matter that makes up the darker areas 
of the Universe. 

Intrusion by the satellites into the 
radioastronomy band isn't, of course, 
deliberate. Galt believes it indicates 
merely a lack of appreciation by the 
designers of GLONASS of the 
extremely low flux levels that radio 
telescopes are able to detect. Using 
such a telescope pointed directly at one 
of the offending satellites, he observed 
the 10th, 11th and 12th sidebands 
resulting from modulation of the 
1612.125MHz carrier. 
For GLONASS, he says, the frequen- 
cies of the nth sidehands are given by: 

1602+0.5625m±5.11 mMHz 

where m varies from 1 to 24 according 
to the satellite in question. 

John Galt says that the US GPS 
satellites launched since 1986 appear 
free from these extended spurious side - 
bands. This implies that, given the 
necessary technical expertise, it is 
possib_e to suppress unwanted emis- 
sions within the radioastronomy band. 
That being the case, he makes a plea 
for the USSR to clean up its technology 
before launching any more GLONASS 
satellites. Otherwise the future of 
radioastronomy in the 1660MHz band 
is likely to be grim indeed. 

1660 1665 '.670 1675 

FREQUENCY (MHz) 

Did Queen Elizabeth I write Shakespeare? 
Who wrote Shakespeare? As with the 
authorship of many books of the Bible, 
the answer is not necessarily the 
obvious one. Ever since the mid -19th 
century, alternative authors have been 
proposed for many of the works attri- 
buted to the Bard of Avon. 

Now, thanks to a computer program 
developed by Robert Valenza of 
Claremont McKenna College in Cali- 
fornia, there's an even more unlikely 
runner in the Shakespeare stakes - 
Queen Elizabeth I. 

What Valenza did was to use a 
technique called modal analysis to 
compare poems attributed to 
Shakespeare with those known to have 
been written by twelve contemporary 
authors, including Elizabeth. 

Aided by a grant from the Sloan 
Foundation, Valenza and his co- 
worker Professor Ward Elliott spent 

three years establishing what they call 
'structural relationships' between a 

selected set of 50 keywords. 
Initially the computer selected the 50 

most common words found in 
Shakespeare, an approach which pro- 
duced no clear-cut results. When it was 
realised that this group of 50 included 
unavoidable words such as "and" and 
"the", a second attempt was made 
using Shakespeare's 50 next most 
favoured words. This time the compu- 
ter produced startling results. 

Of all the pretenders to the 
Shakespearean throne, Edward de 
Vere emerged "badly wounded". Out 
also went Marlowe, Bacon and many 
others. Those who survived this 
structural relationship test included 
Elizabeth I (whose modest known out- 
put consists mainly of translations of 
the Psalms), Sir Walter Raleigh and 

Faulk Greville, author of an obscure 
set of sonnets. 

Unfortunately (at least for the pre- 
tenders), all those who at this stage 
were still in the running fell down when 
the computer examined their verbal 
styles. Shakespeare used far more com- 
pound words and only half as many 
relative clauses as any of his challen- 
gers. Exit the Virgin Queen. 

Of the poems that are merely attri- 
buted to Shakespeare, most also seem 
to fail these tests. Conversely, at least 
one collection of unattributed poems 
comes out as being more Shakespea- 
rean than Shakespeare! Ward Elliott 
says that the former conclusion is 
perhaps the more reliable. 

One thing is sure: as with the authen- 
ticity of the Turin Shroud, no classical 
Shakespearean scholar is likely to let 
the arguments rest there. 
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RESEARCH NOTES 

Listening with light 
Laser acoustic techniques developed at 
the Georgia Institute of Technology 
which allow scientists to "see" sound 
and vibration through laser light could 
lead to new methods for non- 
destructive testing of aircraft compo- 
nents, noise analysis in mechanical 
equipment, underwater sound 
measurement and other potential 
applications. The techniques use lasers 
both to generate and measure sound 
and provide important advantages over 
other acoustic research methods. 

Yves Bert helot, assistant professor 
of mechanical engineering, and Dr 
Jacek Jarzynski have developed a laser 
probe which will be used to study the 
intricate coupling between vibrations 
and the radiation of sound from a 

structure submerged under water. Pre- 
liminary tests have been carried out in 
air to study waves emanating from a 

vibrating metal beam. An understand- 
ing of that coupling could lead to 
improved techniques for suppressing 
noise in mechanical equipment. 

The probe uses a technique called 
differential laser Doppler interfer- 

Y' ,,, 

C 

/)r Yves Berthelot and the Georgia laser vibration -measuring probe. 

ometry. First. a beam splitter is used to 
divide a laser into two beams. which 
are led into optical -fibre cables. The 
cables carry the beams to the 
experimental location, where their 
paths are crossed at the precise location 
of the vibration under study. 

Radio waves reveal monster 
Black Hole 
Australian and US radioastronomers 
have produced the clearest evidence 
yet of a black hole at the centre of our 
galaxy. Although not large by the 
standards of other black holes in the 
Universe, its pull is enough to devour a 

sun every 10000 years. 
Black holes, by definition, are invisi- 

ble; their enormous gravitational 
attraction prevents even the escape of 
radiation such as light. It is possible, 
however, to infer the presence of a 

black hole from the behaviour of 
nearby matter in space. Astronomers 
analysing the movements of stars near 
the centre of our galaxy have long 
suspected the presence of a black hole, 
though the evidence has always been 
circumstantial. 

Observing the centre of the galaxy at 
optical wavelengths is particularly dif- 
ficult, owing to the presence of obscur- 
ing gas clouds. For that reason, clearer 
images have had to await studies at 
radio wavelengths, using high - 

resolution interferometers. 
Signals from the giant radio tele- 

scope array near Socorro, New Mex- 
ico, have revealed - after months of 
computer processing - images showing 
gas clouds swirling round what can only 
he a black hole. The images reveal a jet 
of gas which has every appearance of 
being the remnants of thousands of 
stars in the process of being torn apart 
by immensely powerful gravitational 
fields. The jet, with the energy of ten 
million suns, resembles those seen on 
the edges of black holes observed in 
other, more distant, but more clearly 
visible galaxies. 

The study, done in collaboration 
with the University of California, Los 
Angeles and the Anglo -Australian 
Telescope team in Sydney, estimates 
that since the formation of the Uni- 
verse, our friendly neighbourhood 
black hole (a mere 25,000 light years 
away) has devoured, no less than a 
million stars. 

The light beams are scattered off the 
structure in all directions. and vibra- 
tions on the structure modulate the 
scattered light, causing measurable dis- 
turbances in the interference patterns 
which normally result from crossing the 
beams. 

Measuring sound waves in water is 

based on a similar technique. Instead 
of being scattered by a vibrating struc- 
ture, however. the light is scattered by 
microscopic particles in water which 
oscillate in the presence of sound 
waves. These moving particles scatter 
the laser beams and that scattered light 
can be picked up by a photodiode. 

An important use for lasers in acous- 
tics is in the contactless generation and 
detection of ultrasound to inspect 
materials for defects. Bert helot and 
Jarzynski have used an array of optical 
fibres to guide the laser light over the 
surface of a material, generating sound 
waves which move through the mate- 
rial in a narrow sound beam. This 
sound beam can then he used to gener- 
ate a detailed picture of the interior of 
the material. 

Because they are carried in optical - 
fibre cables, the laser beams can be 
snaked into nearly inaccessible areas. 
offering advantages over traditional 
bulky ultrasound transducers. 

Research Notes is it'rine t by John Wil- 
son of the BBC World Service science 
unit. 
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UNBEATABLE PRICES 

GROUP 
GREAT OFFERS ON TRIED AND 

TESTED USED EQUIPMENT 
SWEEP GENERATORS 

HP 8350B Sweep Generator Mainframe 

HP 83590A Plug -In 2-20 GHz 

HP 835928 Plug -In 0.01-20GHz 

LOGIC ANALYSERS 

HP 1630D 43 Channel Logic Analyser 

HP 1630D:A Logic Analyser with Disc Drive I/F 

HP 1631D Logic Analyser/Digitising Scope 

HP 1651A Logic Analyser 

HP 1650A Logic Analyser 

FLU 9010/6800 Personality Module 

FLU 9010/68000 Personality Module 

FLU 9010/6502 Personality Module 

SPECTRUM ANALYSERS 

HP 8568A/B Spectrum Analyser 100Hz -1.5GHz 

HP 3582A Spectrum Analyser 0.02Hz -25.5KHz 

HP 3561AÁ001 Dynamic Signal Analyser 

HP 3562A Dynamic Signal Analyser 

HP 35858 Spectrum Analyser 

HP 8562A Spectrum Analyser 

OSCILLOSCOPES 
HP 1740A Oscilloscope 

HIT V209 20MHz Oscilloscope 

PHI PM3256 75MHz Oscilloscope 

PHI PM3055 50MHz Oscilloscope 

PHI PM8926 100MHz Probe X 10 

TEK 2245 100MHz Oscilloscope 

TEK 2445 150MHz Oscilloscope 

TEK 7880 Plug -In Timebase 

TEK 7A 19 Plug -In Amplifier 

TEK 7887 Plug -In Timebase 

TEK 7613 100MHz Mainframe 

TEK 7A29 Plug -In Amplifier 

TEK 2465ACT 350MHz Oscilloscope 

TEK 7A24 Plug -In Amplifier 

TEK 7603 Oscilloscope Mainframe 

TEK 7A22 Plug'In Amplifier 

TEK 2225 50MHz Dual Channel Oscilloscope 

TEK 2215A 60MHz Dual Channel Oscilloscope 

TEK 2235 100MHz Dual Channel Oscilloscope 

TEK 2236 100MHz Dual Schannel Oscilloscope 

TEK 2445A 150MHz Quad Channel Oscilloscope 

TEK 2465A 350MHz Quad Channel Oscilloscope 

TEK 2465A-OPT10 350MHz Oscilloscope 

PHI PM3350 50MHz Dual ChannelD.S.O. £ 1,999 

£ 2.050 TEK 7S11 Plug -In Sampler £ 666 

£ 6,663 TEK 2201 20M1 -1z Dual Channel Oscilloscope £ 794 

£10,199 GOU 1604 20MHz D.S.O. £ 1,538 

GOU 4074 Oscilloscope £ 5,074 

£ 2.409 HP 54501A 100MHz Quad Channel Digitising Scope £ 1,845 

£ 1,538 PHI PM3320 Digital Oscilloscope £ 4,049 

£ 3,946 TEK 2430A 150MHz Dual Channel D.S.O. £ 3,844 

£ 1,999 PULSE GENERATORS 

£ 2,921 HP 8161A Pulse Generator 

£ 231 HP 8112A Pulse Generator 

E 820 TEK PG508 Generator Plug In 

£ 256 TEK TG501 Time Mark Generator 

TEK PG506 Pulse Generator 

£17,938 FUNCTION GENERATORS 

£ 4,613 HP 8111A Pulse/Function Generator 

£ 6,663 HP 3200B 500 MHz Oscillator 

£11,788 HP 3314A Function Generator 

£14,606 PHI PM51935 Function Generator 

£18,450 TEK SG503 Generator 

TEK SG504 Generator 

£ 974 i1FGENERATORS 

£ 507 ADR 742A Signal Generator 

C/W Battery Pack £ 1,025 MAR 2022 1GHz Generator 

£ 641 MAR2019 1024 Hz Generator 

£ 26 MAR 2017 Signal Generator 

£ 948 EX -DEMO EQUIPMENT (AS NEW) 

£ 1,640 Bryans 84 IEEE A4 7 Pen Plotter 

£ 256 Bryans 83 RS232 A4 10 -Pen Plotter 

£ 666 FLU 8021B 3%, Digit Hand Held DM.M. 

£ 103 FLU37 Bench/PortableD.MM 

£ 513 HIT V222 20MHz Oscilloscope 

£ 974 HIT VS22 50MHz Oscilloscope 

£ 3,588 LLOYD 2002 2 Channel Chart Recorder 

£ 712 MAR 2018A AM/FM Signal Generator 

£ 1,128 MAR 6960 Power Meter 

£ 769 PHI PM2519-514 4.5 Digit D.M.M. (Inc GPIB) 

£ 564 PHI PM3305-40 35MHz 4 Channel D.S.O. 

£ 507 PHI PM5193 Synthesised Function Generator 

E' 871 PHI PM6668-02 1GHz Counter 

£ 1,538 RACAL 1998 1.3GHz Universal Counter 

£ 2,050 TEK 2335 100MHz Field Service Oscilloscope 

£ 2.870 TEK 2336 AS 2335 +Timer/Counter/D.M.M. 

£ 3.331 THA TA2500 72 Channel Logic Analyser 

All prices advertised are exclusive of carriage and VAT. All equipment sold subject to availability. 

Warranty period 12 months on all equipment (except computers MDS -3 months). 

WE BUY TOP QUALITY For further information telephone 
TEST EQUIPMENT LONDON 0753 580000 
LONDON OFFICE 8 HEADQUARTERS 
Dorcan House, Meadfield Road, Langley Berks, SL3 8AL, Tel: 0 753 448 78. 
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UPDATE 

77 satellite network 
may run out of space 

Plans for a global communications 
system based on 77 low orbit satellites 
have been unveiled by Motorola in the 
US to mixed reactions. The $2billion 
Iridium programme, which the 
company hopes will he the basis for a 

complete personal communications 
network, will be accessible with a 

handset similar in size to the current 
cellular telephone. 

Motorola says the system will not 
compete with existing cell networks but 
will supplement current technology, 
being preferable in areas where present 
systems do not operate effectively. But 
questions are already being asked over 
whether the shortage of spectrum 
available to satellite operators could 

prove a major hurdle as Iridium will 
need a large amount of spectrum if it is 
to prove viable. 

Break-even point for the system is 
predicted to be 700,000 users many of 
whom will have to be outside low - 
population rural North America where 
Iridium's initial market is expected to 
be. 

Seven circular 413 mile polar orbits 
will be needed for the 77 satellites and 
handsets will transmit at frequencies in 
the 1-2GHz area with calls being 
switched between the orbiting 
satellites, eventually connecting to the 
terrestrial telephone network. 

Motorola aims to take the role as 
equipment supplier and is looking for 

Solar plane flies on light -weight film 
Apart from the determination of the 
pilot, the attempt by the "Sun Seeker" 
airplane, to be the first solar aircraft to 
fly a transcontinental flight across the 
United States was largely made 
possible by a new solar material 
developed by Sanyo Electric. The 
company's Amorton solar film was 
applied to the wings and tail to drive an 
electric motor powerful enough to 
propel the one-man aircraft over its 
seven -days cross-country journey. 

The light -weight solar cell film 
material is only 0.12mm thick and is 

immre. Waft 

flexible enough to form a small tube 
l0mm in diameter which can be shaped 
into threee-dimensional surfaces not 
possible with fragile single or 
polycrystal cells or conventional glass/ 
stainless steel substrate flat panel cells. 

In addition, the film's light weight 
yields a power -to -weight ratio of 200 
m w/g, ten times that of conventional 
glass -type cells. Sanyo says applications 
include solar powered aircraft, 
satellites, dirigibles, cars and boats. 
Fifteen patents are pending in Japan 
and two in the US. 

consortia to run the network. 
Internationally owned voice and data 

communications company Inmarsat, 
amongst others, is considering the 
plans, but has already made clear its 
worries over spectrum availability. At 
the same time Europe's own progress 
with its digital cellular system expected 
to be implemented over the next two 
years means it will become increasingly 
difficult for Iridium to reach its target 
number of users. 

Equipment development is already 
underway and Motorola plans to 
demonstrate the system with a single 
satellite next year. If all goes well the 
company hopes to launch a full 
commercial service in 1996. 

Philips and Matsushita 
agree on D2B 
Philips and Japan's Matsushita have 
formed a joint venture, D2B Systems 
Co Ltd, for development of the 
standard for the domestic digital bus. 

Philips will have a 75% share in the 
new company, MEI 25% and managing 
director will be Coco Ciocan of Philips. 

D2B data control system for audio/ 
video and related consumer products 
should ease control and functionality of 
interconnected products. Products 
from different companies will function 
as an integrated system if the products 
are supported by the D2B system. 

Thomson Consumer Electronics, of 
France, and Sony Corporation have 
also agreed to actively support and 
promote the standard. 

Intel's 1992 goal 
Intel Corporation has said it is to 
eliminate chlorofluorocarbon (CFC) 
use from its worldwide manufacturing 
processes by 1992. Intel instituted a 
CFC tracking program in 1987 to 
assemble data on its worldwide use. 
Since then, using control, 
conversation, and alternative 
manufacturing methods, the company 
says it has reduced its CFC use by 
approximately 30%. 
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EASY-PC, SCHEMATIC and PCB CAD 

NEW VERSION: - 
NOW DRAWS EVEN FASTER! 

BRITISH 

DESIGN 
AWARD 

1989 

Also:- over 400 Symbols! 

Fast Professional Quality Output - Affordable Price 
SMITH CHART PROGRAM - Z MATCH II CIRCUIT ANALYSIS BY COMPUTER ANALYSER II 

For IBM, PC/XT/AT and clones 
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Z- MATCH - Takes the drudgery out of R.F. matching 
problems. Includes many more features than the standard 
Smith Chart. 
Provides solutions to problems such as TRANSMISSION 
LINE MATCHING for AERIALS and RF AMPLIFIERS 
with TRANSMISSION LINE, TRANSFORMER and STUB 
MATCHING methods using COAXIAL LINES 
MICROSTRIP, STRIPLINE and WAVEGUIDES. 
The program takes account of TRANSMISSION LINE 
LOSS, DIELECTRIC CONSTANT, VELOCITY FACTOR 
and FREQUENCY. 

Z -MATCH is supplied with a COMPREHENSIVE USER 
MANUAL which contains a range of WORKED 
EXAMPLES 
£195 ex VAT for PC/XT/AT etc. 

For IBM PC/XT/AT and clones 

!limn 
TV IF AMPLIFIER 

"ANALYSER II" - Analyses complex circuits for GAIN, 
PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE 
and GROUP DELAY over a very wide frequency range. 

Ideal for the analysis of ACTIVE and PASSIVE FILTER 
CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER 
CROSS -OVER NETWORKS, WIDE BAND AMPLIFIERS, 
TUNED R.F. AMPLIFIERS, AERIAL MATCHING 
NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS, 
LINEAR INTEGRATED CIRCUITS etc. 

STABILITY CRITERIA AND OSCILLATOR CIRCUITS 
can be evaluated by "breaking the loop". 
Can save days breadboarding and thousands of pounds 
worth of equipment. 

£195 ex VAT for PC/XT/AT etc. 

Write or 'Phone for full details:- The CAD Specialists Number One Systems Ltd. 
REF: WW, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND. 

Telephone: 0480 61778 (6 lines) International: +44 480 61778 ACCESS, VISA, AMEX Welcome. 
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UPDATE 

Has IBM seen 
the writing on 
the wall? 

Most computer users have now learned 
to love their mouse, at the same time 
looking forward to the day when they 
can simply talk to their machines. So 
there may he a rather short queue for 
the latest interface being developed at 
IBM-the pen and paper. 

I land -written character recognition 
is nothing new. but what has caused 
researchers at IBM's Thomas J Watson 
Research Center to become so excited 
is because their experimental 
"Paperlike" interface is showing 
success in recognising run-on 
handwriting in real time. 

The goal is recognition of natural. 
cursive, writing so that handwriting and 
gesture recognition could provide a 
way of interacting with computers. 
becoming as popular as the keyboard 
and mouse. 

To communicate with the computer 
a user writes with a stylus on a 

transparent digitising tablet placed 
over a flat liquid crystal display. The 
path of the stylus on the surface- the 
writing- appears as electronic ink on 
the display directly below. 

The ability to recognise touching or 
even overlapping characters in real 
time has been speeded up by analysing 
each character in terms of "strokes" 
rather than by trying to recognise 
whole characters. 

Strokes are then matched against 
templates and labelled to describe the 
possible characters they might 
represent. It the sequence of strokes 
corresponds to components of a 

particular character then the character 
has been recognised. 

A single template can represent a 

stroke common to a number of 
characters such as the downstroke of a 

B, D. E. For H and recognition can 
begin as soon as the stroke is made 
without waiting for the whole character 
to be completed. The system will adapt 
to a writer through "training" of the 
interface, not the user. 

Much work still remains to be done 
before the system is ready. But the real 
question researchers might ask 
themselves is whether there will he 
anybody left who can remember how to 
hold a pen by the time this interface 
makes it into the market -place. 

,` II 1. 0 

Message in a bubble 
Laptop -users on the move have always 
been faced with a dilemma when it 
comes to hard copy. Should you output 
work immediately on a fairly basic - 
quality portable printer, or waste 
valuable minutes waiting until you 
reach the office to laser print your 
Inter -City musings? 

But all that worry could soon be 
consigned to the past, because Canon 
has launched a portable printer for the 
travelling executive that fits inside the 
briefcase yet promises near laser quality 
through exploitation of bubble jet 
technology. 

Bubble jet printers are so called 
because an electric element in each 
nozzle in the print head heats up ink to 
vapourise it, causing a bubble to form. 
The sudden expansion results in a jet of 
ink being forced out of the nozzle. As 
the bubble cools and contracts it creates 
a vacuum pulling in more ink in a cycle 
so fast that thousands of bubbles can be 

, 

created per second. 
The technology is particularly suited 

to semi -conductor manufacture because 
the print head is made up of rows of 
nozzles, heaters and electrodes 
deposited on silicon in a similar way to 
microchips. 

Measurements of the Canon BJ-10e 
are 310mmx216mmx48mm - around A4 
in size -and weight, with the 
rechargeable battery pack, is 2.1kg. But 
resolution of the unit is 36Odpi, which 
should he good enough for those 
corporate pie charts and graphics as 
well as text. The printer can be 
customised to control image density, 
auto -sheet feed, page length and 
character set, and emulation and 
graphics modes can be selected. Pitch 
includes 10,12,17cpi or proportional 
spacing in either Courier or Elite. 

Canon says the printer should suit 
both the portable computer user, the 
small office or even users of home 
computers. 

Price is £345, or £399 with paper feed. 

Ethernet controller update 
Production volumes of Advanced 
Micro Devices' Am79C900 second 
generation local area communications 
circuit for 802.3 Ethernet are now 
available. The Ilacc (Integrated Local 
Area Communications Controller) 
circuir combines the functions of two of 
AMD's first -generation Ethernet 
circuits, the SIA and Lance. to provide 
an upgrade for manufacturers using 
any 32 -bit microprocessor, while 

promising the industry's smallest 
footprint. 

Common design elements should 
allow Ethernet equipment 
manufacturers to upgrade 16 -bit 
software based on AMD's first - 
generation Lance solution to I lacc with 
ease. 

The company says the circuit has 
been designed to cut six months off 
probable upgrade development time. 
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NEW DIMENSIONS 

SCHEMA III schematic capture 
SCHEMA SUSIE logic simulator 
SCHEMA PLD pld designlselection 
SCHEMA PCB hoard layout & routing 

FREE DEMO DISKS 
30 DAY GUARANTEE - SITE LICENSE AVAILABLE 

IN CAE 

Over 15,000 engineers around the world use 
SCHEMA CAE products to improve their PC 

Board, ASICs and PLD designs. Why? 
There is no more comprehensive or 

cost effective software available 
for the PC. Call today for your 

FREE demo disk and see for yourself 
how SCHEMA can increase productivity in 

design and manufacturing. 

OMW i iOi11 

Represented by: AUTOMETRIX U.K. 
Phone: 0672-63650 Fax: 0672-63417 

CI R(1( NO. 104 ON REP(1 CARO 

R.S.T.LANGREX R.S.T. 

SUPPLIES LTD 
One of the largest stockists and 

distributors of electronic valves, tubes 
and semiconductors in this country. 

Over 5 million items in stock covering more than 

6,000 different types, including CRT's, camera 
tubes, diodes, ignitrons, image intensifiers, IC's, 

klystrons, magnetrons, microwave devices, opto 

electronics, photomultipliers, receiving tubes, 
rectifiers, tetrodes, thryatons, transistors, 

transmitting tubes, triodes, vidicons. 

All from major UK & USA manufacturers. 

Where still available. 

Obsolete items a speciality. Quotations by 

return. Telephone/telex or fax despatch within 24 

hours on stock items. Accounts to approved 
customers. Mail order service available. 

LANGREX SUPPLIES LTD 
1 Mayo Road, Croydon, Surrey CR0 2QP. 

Tel: 081-6841166 
Telex: 946708 

Fax: 081-684 3056 

M & B RADIO (LEEDS) 
THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER 

Oscilloscopes 
Tektronix 24E5A 350MHZ Four Trace £17 
Tektronix 2445 250MHZ GPIB Four Trace £18 
Tektronix 2455 250MHZ Four Trace £16 

Tektronix 5223 Digitising Scope 5853/5132N-2 £1 

Tektronix 2225 50MHZ Dual Trace As New £ 

Tektronix 468 Digital Storage GPIB £12 
Tektronix 475 200MHZ Dual Trace £4 
Tektronix 465 100MHZ Dual Trace £3 
Tektronix 5403 Main Frame 5A48/5B42 £3 
Teleguipment 0755 50MHZ Dual Trace £2 

Telequipmern D83 50MHZ Large Display 
Tetequmpment DM63 Four Trace Storage £3 
Telequrpment DM64 Dual Trace Srorage £1 

HP 1715A 200MHZ With D V.M £5 

HP 1703A Storage Scope £2 

HP 1740A 100MHZ Dual Trace £3 
Philips 3217 50MHZ Dual Trace As New With 
Probes £ 

Hitachi VI 050F 100MHZ Dual Trace £4 

Gould 053000A 35MHZ Dual Trace Delayed T/8 £1 

Gould 08113051 30MHZ Dual Trace £1 

Telequipment D61A 15MHZ Dual Trace £1 

Tektronix T935 35MHZ Portable £1 

Tektronix 435 50MHZ Dual Trace £1 

Signal Generators 
Marconi 2015 2171 Sync 10MHZ-520MHZ 
AM FM £4 

Marconi 2016A 10KHZ-110MHZ AM FM £29 

Marconi 2008 10KHZ-520MHZ AM FM. Sweep . 

Marconi 2300 Mod Meter £125 

50 Marconi 131A 0 1%LCR Bridge £150 

50 Marconi 2162 MF ATT DC-1MHZ £75 

00 Marconi 6400 M crowave Power Meier 

500 6420 Head £175 
600 HP 4271B 1 MHZ L.C.R. Meter £1000 

00 HP 5340A Microwave Freq Counter 
95 1OHZ-18CHZ £1000 
50 HP 5345A Tinier Counter £450 
50 Iwatsu SC7104 1 CHZ 9 Digit Frog Counter (Newt £450 

75 Marconi 2432A 560MHZ Erect Counter £325 

£295 Wayne Kerr 84245 L C.R. Bridge L.C.D. 

75 Display £175 
75 Fluke 8520A Digital Munimeter £750 

95 Devon 1051 Multifunction Voltmeter £200 

25 Dalton 1061A Auto Cal Multimeler £850 

75 HP 3400A RMS Voltmeter £145 
HP 3465A Digital Mulhrrteter £145 

350 Tektronix DM501ITM501 Digital Mul6meter £295 

95 Tektronix DC508 1GHZ Frog Counter, TM501 £695 

85 Farnell TM8 True RMS 1GHZ Sampling IEEE 

75 Meter £450 

00 Texscan 7272 Signal Levell Meter £175 

95 Texscan 99000 Sweep Analyser 450MHZ £700 
95 HP 141T 855418552/A 1.2GHZ Spectrum 

Analyser 03000 
HP 855313110MHZ Analyser Plug In £375 

50 HP 5400A Signature Analyser £195 

5 
'Total VHF/UHF Calibrators £75 
P 1818A 182C Time Domain Rellecrometer £750 

RFL 5950A Crystal Impedance Meter £175 
radley 192 Oscilloscope Calibrator £450 
arconi Marlin Marine TX/RX As New £500 

Marconi Salvor 111 Sentinel Marine TX/RX £1000 
North Atlantic 225 Digital Phase Angle Voltmeter £145 
Farnell SG18 Generator GPIB INT New £100 

Philips PM5234 100KHZ-110MIIZ AM,FM 
SWEEP 
Philips PM6456 Stereo Generator 
Radiometer SMGI Stereo Generator 
WP 612 400MHZ-1200MHZ Generator 
Marconi 2012 UHF FM 400-520MHZ 
HP 334A Distortion Analyser 
HP 8112A Programmable Pulse Gen 

General TIM 
Tektronix 141A Pal Colour Test Generator 
Systems Voleo Vector Scope 
Marconi 2361 Video Sweep Generator 
TM96929603 
Marconi TF2950 Radio Comm s Test Set 
Amber 4406A Multipurpose Audio Test Set 
Marconi 2120 Function Generator 
Marconi 2331A Distortion Meter 

£200 
£185 
£150 
£100 
£100 
£295 
£950 

£950 
£500 

£450 
£400 
£450 
£200 
£295 

Special Otters 
Cossor CDU 150 35MHZ Dual Trace Scopes 
With Probes . Cover £130- 
Kenwood cS1021 2OMHZ Dual Trace (As New) £175 

50 OHM 300Wans 100k200MHZ Dummy Loads £25 
AVO 8 Multimeters With Case And Leads £50 
18 SWG 22SWG Solder 5 Core 1/2 KG £6.50 
Farnell LFM2 Audio Generator £65 
Heath Kit Stereo Generators £30 

Dymar 450MHZ Mod Meters £45 
Sony 5630 Umatic Videos As New £450 
Fluke 6160A Freg Standard 0-30MHZ 
Synthesized £100 
Telequipment D75 Tatty Working Scopes £1 

Marconi TF2604 RF Millivolt Meters £60 

ALL PRICES PLUS VAT AND CARRIAGE 

86 Bishopsgate Street, Leeds LS1 4BB. 

Tel: 0532 435649. Fax: (0532) 426881 
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UPDATE 

Fast forward on video chips 
Samples of Motorola's high speed 
version of its 56000 digital signal 
processing DSP chip should be 
available shortly. At 80M1 Iz the 16bit 
device is three times as fast as any of its 
current chips and will aid development 
of the company's interactive video chip 
set for Philips. The device is designed 
to handle 40 million instructions per s, 
four times present performance. 

Very fast DSP chips are needed for 
the compact disk interactive (CDI) 
system which relies on extensive 
processing to compress information for 
efficient storage. The aim is to use CDI 
for storing video pictures, text and 
computer graphics on compact disks. 

Architecture of Motorola's new 
device is similar to 32bit versions, 
allowing some parallel processing. The 
CDI chip set will combine a 56000 with 
a 68000 processor, with custom data 
compression chips. 

Latest chip to come out of 
Motorola's standard product stable is 
the 96002 "Media Engine". At $750 a 
piece, it offers an 800,000 transistor 
system, including eight internal 32 -bit 
buses, and three parallel execution 
units. 

IEEE floating point arithmetic and a 
DMA controller are included. allowing 
the execution of a 1024 -point real FFT 

in less than 0.8ms by the 33MHz, 
165Mops device. 

Two external 32 -bit ports, with their 
own internal data bus (X and Y), feed 
data from two separate memory 
spaces. The ports have separate data, 
address, and control lines, and allow 
linear arrays of 96002s to be connected 
without glue logic so it can function as a 
floating point co -processor for chips 
such as the 68(140 and 80486. 

Multiplexors decide which of the 
three internal address buses and five 
data buses get access to the ports, 
effectively changing system 
architecture according to application. 

The five on -chip data buses are X 
and Y data, a program bus carrying 
instructions and op -codes, a general 
purpose global data bus and a separate 
bus for the on -chip DMA controller. 

The ALU has ten 96 -bit registers and 
uses IEEE 754 standard floating point 
representation in an effort to get the 
chip designed in as a co -processor. 

Because much DSP processing 
consists of performing a repetitive 
operation on large blocks of data, the 
chip includes a hardware loop facility. 
The address generation unit (AGU) is 
also angled toward accessing blocks of 
data quickly, handling the creation of 
structures like circular queues and fifos 

Spectrum reviewers call for evidence 
The spectrum review committee set up 
by the DTI earlier this year to examine 
current and future civil and military use 
of the radio frequencies from 3400M1 iz 
to 30GHz has called for evidence from 
those working in the sector. The 
committee, chaired by Sir Kenneth 
Corfield, formerly of STC, is due to 
report jointly to the I lome Secretary 
and Secretaries of State for Trade and 
Industry, Defence and Scotland by 
May next year. 

Investigation of the microwave 
spectrum was initiated by the DTI as 
the second stage in an analysis of radio 
spectrum usage, and followed 
acceptance by the government of 
recommendations contained in the first 
stage report published last year which 

looked at demands on 470-3400M1 Iz 
range. 

'The DTI said that the Stage 1 report 
had "stimulated widespread 
discussion" of the future requirements 
and options for the key frequency 
range of 1-3GHz and was confident 
that this new review would likewise 
reveal "fresh challenges" for the UK 
and ensure "we continue to lead the 
field in making effective and efficient 
use of this scarce nature resource at 
these higher frequencies". 

Submissions should be sent 
immediately to Radio Spectrum Retie ' 
Secretariat, Room 508, 
Radiocommunnicationns Agency, 
Waterloo Bridge House, Waterloo 
Road, London SE/ 8UA. 

Those original recommendations, apart from making clear the need to look 
at the microwave sector, emphasised that frequency planning ought to 
maintain a long term perspective, but that in many areas the freedom for action 
is limited by international treaty obligations. However the committee found 
there was considerable scope for improvements in the way that radio spectrum 
is managed. 

without ALU overheads. The 512 word 
on -chip program memory space can be 
updated on the tly using the DMA 
controller, effectively creating an 
instruction cache. 

Such a huge chip, with a parallel 
instruction set, is bound to be a 
headache to program and an on -chip 
emulator is provided giving access to 
debugging facilities. Code from the 
existing 56k family is largely 
compatible with the 96k instruction set. 

Robert Noyce 
Electronics has lost one of its leading 
lights with the death from a heart 
attack of Robert Noyce, co -inventor of 
both the silicon chip, and 
microprocessor. 

Noyce, who was horn in 1928, led the 
setting up of Fairchild Semiconductor 
and pioneered development of the 
planar process by which chips are 
made. It was his name which, jointly 
with Jack Kilby of Texas Instruments, 
appeared on the patent for the first 
chips. 

In the 1950s he worked under Nobel 
Prize winner William Shockley 
developing the earliest transistors. In 
1957 he left Shockley to set up 
Fairchild, where, as well as gaining the 
chip patent, he was instrumental in 
pushing forward the work which gained 
patents for mos and c-mos technology. 

Eleven years later he set up Intel, 
with Gordon Moore and Andrew 
Grove. 

By 1971, Intel itself had played a full 
part in the development of 
microprocessors, srams, drams and 
proms, and gained an edge in c-mos 
technology which remains to this day. 
Noyce maintained that the key to this 
advantage was the fact that he and his 
two co-founders ran the company as a 
technological meritocracy. 

In more recent years, Noyce 
compaigned actively for US 
government support for high tech 
industries. In his role as head of 
Sematech, America's chip production 
consortium, he argued that because 
Japanese companies received 
government support a true free market 
in technology did not exist. 

Ile always maintained that if the US 
was ever to regain its world leadership 
in electronics funding from Washington 
was vital. 
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THE NEW SOUND TECHNOLOGY RTA-4000 
Real Time PROGRAM/ACOUSTIC ANALYSER 
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THREE MODES TO CHOOSE FROM: 

Dynamic Range vs. Freq. 

Comparison of two 
audio inputs 

RT-60 Reverb function 

S SOUND i TECHNOLOGY 
1,400 DELL AVENUE 
CAMPBELL, CALIFORNIA 95008 

graphs displayed on CRT 
prints direct to printer 
connects to EGA monitor 
RS -232 standard 
store and display 16 graphs 

Using on -hoard pink noise generators, dynamically set 

frequency response and channel separation of system. 

I-ligh speed transfer function shows statistical deviation of two 

audio inputs. ( an he used to show effects of audio processing, 

sweetening. compression, limiting, and transmission of signal. 

Analyse reverberation time in any space. 

» 
21 SUMMERSTOWN 
LONDON SW17 OBQ 
Telephone: 081-946 8774 
Telex: 8954667 VBSTLX G Ref PRE 

Fax: 081-944 1326 
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MICROPROCESSOR 
IN -CIRCUIT EMULATION 

SDT816 RANGE MICROCONTROLLER 
RANGE 

TRACE 32 RANGE 

8085, Z80, NSC800, 6502, 
6800, 6802, 6808, 6809, 

8051, 8031, 8032, 8052, 
8059, 80515, 

68300, 68008, 68010, 
68302, 68HC001, 68070, 

HD64180, Z180 80535, 80512, 800552, 8048, 93C100, 93C110 
ZS8, 68HC11 

68008, 68000, 68010, 
8086, 8088, 80086, 80088, 

DSP's 
68020, 68030, 

32008, 32016, 32C016 

80186, 80188, 80C188, 
80C186 

320C10, 320C15, 
32C017 

RING NOW ON 0254 682092 

NOR AL M I C R O LO G I CS Logic House, Gate Street, Tel: 0254 682092 
Blackburn, Lancs BB1 3AQ. Fax: 0254 680847 
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AUDIO 

Sound mosfet 
design 

()stet amplifiers 
undoubtedly present a 

tantalising prospect for 
simple circuitry. Unfor- 
tunately, practical 

application requires careful considera- 
tion of their many foibles. But my aim 
here is to stimulate thinking about 
possible improvements to fet power 
amps, and describe two new avenues of 
development. Each produces a prac- 
tical result, though neither should he 
regarded as a foolproof recipe for 
success. 

Power -amplifier design is as prone as 
any other branch of audio to folklore 
and confusion. One of the less extreme 
myths holds that high levels of negative 
feedback are "A Bad Thing" because 
they require heavier compensation for 
I IF stability, leading to low slew rates 
and generally indolent and sluggish 
behaviour. 

As far as it goes this is true. But only 
a poor designer would lose all sight of 
slew rate while adjusting amplifier 
compensation. Despite much study of 
TIM, DIM, SID, "internal overload", 
"delayed feedback" and the rest, 
everything comes hack to slew rate. 

If an amplifier can reproduce a 

20kllz sine wave at full amplitude 
without excessive distortion (say under 
0.1%) it can be regarded as blameless 
in respect of speed. Apply as much 
feedback as is decent, but always keep 
an eye on stability and slew rate. 

Design fundamentals 
Ground rules for this design study 
require l)C output coupling, one preset 
only (for quiescent current) and as 
simple a circuit as possible. 

In the current audio market, almost 

After three decades 
of study is there 

anything more to - 
learn about power 

amplifiers? 
Definitely yes, says 

Douglas Self 

any technological approach appears to 
be acceptable (an idiosyncratic hybrid 
with valves driving power lets is one 
recent design'), with the possible 
exception of capacitor output coupling. 

While problems can include capaci- 
tor distortion at LF (of the real and 
measurable kind2) and perhaps 
grounding difficulties, the overwhelm- 
ing simplicity of this method still has its 
attractions; the almost unnatural 
reliability of the capacitor -coupled 
Quad 303 should be mentioned at this 

point. 
But a designer must still prove that 

he knows what a differential pair is, 
and DC coupling has therefore been 
adopted. However, remember that 
proper offset protection is not a trivial 
problem, as the cost of a reliable 
output relay and DC detection circuitry 
can add 30% to amplifier electronics 
costs. 

A relay seems unavoidable, as my 
own experiences with kamikaze crow- 
bars have been distinctly unhappy, 
though I would not claim this to be a 

definitive judgment. So a simple unreg- 
ulated power supply looks to be the 
best. I realise this brings me into 
head -to -head confrontation with Mr 
Linsley I lood3, so I shall quickly 
explain my preference. 

Putting expensive power semicon- 
ductors in a high -current dual supply 
call easily double an amplifier's electro- 
nic -component cost and there is much 
more to go wrong. 

Ensuring PSU I IF stability can be 
difficult, and the PSU compensation 
required, threatening a steadily rising 
output impedance versus frequency, 
call lead to some awkward amplifier 
stability problems. 

Finally, the unregulated supply can 
deliver more power on a transient basis - which is exactly what is required for 
audio. 

The price to he paid for unregulated 
simplicity is the attention to be paid to 
the amplifier's supply -rail rejection. 
But since it is physically impossible for 
the voltage on large reservoir capaci- 
tors to change very quickly, this rejec- 
tion need only be extremely good at 
low frequencies. 

The excellent supply -rail rejection of 
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IC op -amps - and a power amplifier 
is, after all, only a big op -amp -- shows 
the problem to he distinctly soluble, 
although I admit that op -amp PSRR 
often differs markedly between the two 
rails, and usually declines above 'kHz. 
This sort of difficulty can he simply 
solved in a power amplifier with a little 
RC decoupling. 

Harmonic distortion should he kept 
as low as possible, but without spend- 
ing significant money specifically on its 
reduction. THD in commercial equip- 
ment varies more widely than any other 
performance parameter, ranging from 
0.003% to I% at similar powers' with 
the most expensive units often giving 
the worst performance. 

In marketing circles, there are 
clearly two routes to take: make the 
THD vanishingly small to show you 
know what you're doing: or make it 
poor and imply that this very practical 
parameter has been sacrificed in favour 
of some intangible and unmeasurahle 
sonic benefit. 

I have always gone for the former 
and so have concentrated on linearity 
as being the prime determinant of 
amplifier topology. 

Distortion performance is not easy to 
specify completely, ideally requiring a 

spectrum analysis of every combination 
of level, frequency and load impe- 
dance. But this is not practical and so I 

have summarised it as THD plotted 
against frequency, into SQ, at different 
levels where appropriate. 

Pros and cons of mosfet output 
devices have been thoroughly 
ventilated.", but one point needs qual- 
ification. They have been praised for 
having a large crossover region 

Fig. I. Standard mosfet power amplifier 
configuration. 

between the two halves of a Class B 

stage, but my experiments show this to 
he a very dubious advantage. 

Mosfet outputs, with or without the 

augmentations described below, may 
he uncritical of quiescent current set- 
ting, but this really means that nothing 
is exactly right. Bipolar stages, with 
sharper crossover regions, do at least 

make it obvious where to set the 
quiescent current, providing it is set by 

observing the distortion residual - and 

it certainly should be. 
Mosfet distortion residuals typically 

present a rather gnarled appearance, 

Fig. 2. Standard bipolar power amplifier 
configuration, using mo.sfets. 

In 

22k 

168k 

with plenty of harmonics at least to the 
seventh. Though it runs counter to 
conventional wisdom, in my experience 
complementary -pair bipolar residuals 
tend to he smoother. 

Another vital point is that mosfet 
complementary -pairs are rare, not par- 
ticularly complementary, and definitely 
more expensive than the profusion of 
strictly N -channel devices intended for 
switching. 

Determining performance 
Mosfet power amps have suffered more 
than most branches of technology from 
"application -note cloning" though 
some original designs have been uh- 
lished, ranging from the complexs to 
the wery complex'. But these are well 
worth ferreting out, though perhaps 
unattractive commercially. 

The "standard" mosfet amplifier cir- 
cuit (Fig. 1) differs from the equally 
standard bipolar -style circuit (Fig. 2) 

mairly in possessing a sort of push-pull/ 
current -mirror configuration in the vol- 
tage amplifier stage, probably intended 
to provide better charge/discharge of 
the mosfet input capacitances. This 
stage is sometimes called the pre - 

driver, but it is less confusing to call the 
first full -voltage -swing stage the voltage 
amplifier stage. or VAS. 

The first question to he asked is what 
improvement is made by this push-pull 
arrangement (Fig. 3). The linearity is 

not very different and the benefit at HF 
is not startling. As always in science, it 

pays to he sceptical. 
Given that the simpler bipolar con- 

figuration of Fig. 2 is workable, there 
are established ways to improve its 

overall linearity and some of these arc 
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Fig.2 circuit 0.03- 
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Fig.1 circuit 0.01- 
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mirror 
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Fig. 3. THl) VS frequency for examples of Fig. I and Fig. 2. Fig. S. Effect of R,. and current -mirror, input and VAS only. 
10V R,til.S into 852. 

shown in Fig. 4. 
Linearity can be enhanced simply by 

increasing open -loop gain (Figs. 4a and 
h) or a cscode arrangement (Fig. 4c) 
which attempts to linearise the VAS by 
eliminating Early effect. Cascode 
arrangements are relatively ineffective 
at reducing distortion in power 
amplifiers, since the Early effect seems 
to he dominated by non-linear loading 
of the high impedance at the interface 
with the output stage (points A and 13). 

The added emitter -follower and cur- 
rent -mirror enhancements (Figs. 4a 
and -lb) work because the input pair act 

.as a transconductance amplifier (vol- 
tage -difference in, current out) feeding 
a VAS that is basically a Miller integra- 
tor, thanks to the dominant -pole 
capacitance Jwn 

Emitter -follower Tr3 increases open - 
loop gain by enhancing the current - 
gain of the VAS. The current mirror 
does the same thing by doubling input - 
pair transconductance; also slew -rate is 
greater and symmetrical (30V/µs was 
obtained) as the input stage can now 
sink current as effectively as it sources 
it. Furthermore, input collector cur- 
rents are kept balanced, valuable if the 
I)C offset at the amplifier output is to 
be kept within acceptable bounds (say 
±5IImV) without adjustment. The 
input collector currents, and hence the 
base currents drawn through input and 
feedback resistors, must be roughly 
equal. 

Total input pair current is a critical 
parameter, since it affects input -stage 
transconductance and hence open -loop 
gain. and also defines the maximum 
slew rate, setting the maximum current 
that can flow in and out of the domi- 
nant -pole compensation capacitor 
C r Though not obvious, the 
input -pair current is an important 
influence on the I -1F stability of the 
amplifier. Power amplifier design has 

Fig. 4a. Added emitter follower. 

6mA 
A 

Fig. 4c. Cascode version. 

Fig. 4. Enhancements to the basic 
amplifier configuration. 

always been impeded by the fact that 
the crucial VAS, with its high - 
impedance collector, has to drive an 
output stage with markedly non-linear 
input impedance. The resulting interac- 
tion means that, when distortion 
occurs, it is not clear whether it arises 
in the output stage itself, or at the VAS 
due to non-linear loading. 

Distortion not caused by the output 
can be studied by replacing the output 
stage with a very linear Class -A vol- 
tage -follower. Resistor R, has a strong 
effect on I -IF distortion (Fig. 5) with a 

clear improvement when Re is replaced 
by a simple diode/transistor current 

Fig. 4b. With current mirror. 

71N 

68k 
6mA 

Tr t Tr2 3mA U A 

B 

Fig. 4d. With buffer .stage. 

mirror. This underlines the crucial 
nature of the interface between the 
input pair and the VAS. 

Similarly, the output stage can be 
tested in isolation by driving it directly 
from a low -impedance oscillator' and 
this technique was used to study the 
two output arrangements described 
below. 

Neither method, however, allows 
study of the VAS/output interaction 
directly. One strategy for side-stepping 
this problem is to use a unity -gain 
buffer between the VAS and the non- 
linear load of the output stage (e.g. 
emitter -follower Tr,. Fig. 4d). 

This has not been pursued with 
mostets, hut 1 have used it in a com- 
mercial design for a bipolar quasi - 
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1J 

Input 10V RMS 

011_ 
1k 10k 100k 

Fig. 6. Quasi -complementary output stage only (open -loop) 

showing almost flat THD. 8S2 resistive, measurement 
bandwidth 22-70011:. 

complementary amplifier. It proved 
effective at reducing distortion and is 

an approach which seems unfairly neg- 
lected. 

Reducing costs 
In the search for a better amplifier, two 
routes were examined. The first is to 
reduce the cost of a mosfet power amp 
by using two N -channel devices in a 

form of quasi -complementary output 
stage. 

The second is to increase linearity 
and improve quiescent stability by 
using bipolar drivers \\ith local feed- 
back around each output let. 

The quasi -complementary approach 
is directly analogous to that used in the 
early days of transistor amplifiers: a 

P -N -P transistor is combined with an 
N -channel fet to emulate a P -channel 

0 1- 

0.01- 

0 001 
100 1K 10k 20k 

Fig. 7. Complete quasi -complementary amplifier (closed -loop). 
10V RMS into 852. (Bandwidth 100-80kH:.) 

{et; and this works very well. 
The output devices are now the same 

(promising hulk -buying economy) and 
can be chosen without reference to 
complements. That used was the 
IRF530, offering IIIt0V, l4A, and 75W 
in a TO -220 package. a pair costing 
E5.1111 against 9.311 for the 2Sk 1341 

2S.I49 pair. Open -loop distortion of 
the output stage alone driven from a 

low impedance was shown (Fig. 6) to 
he I.Irr. 

Closed -loop performance (Fig. 7). 
(yielded by the practical circuit shown 
in Fig. R) demonstrated that, predict- 
ably, output symmetry is not wonder- 
ful. and crossover effects on the 
residual were clear. 

Fig. 8. Practical circuit for quasi - 
complementary ampli/ier. 

But this performance is acceptable 
from such a simple and economical 
circuit. and could almost certainly he 

improved at minor cost by adopting 
added emitter -follower and/or current 
mirror. 

Tests showed that the value of RC is 

non -critical. so there seems no dif- 
ficulty in driving the bottom mosfet 
gate capacitance. 

Quiescent setting is by transistor 
bias -generator: this is purely a regula- 
tor. and is not thermally coupled to the 
output devices. In an attempt to 
improve output symmetry, a 13axandall 
diode" was inserted at point U in the 
driver emitter. Sadly, TI -11) was 
unchanged. despite the dependable 
improvement that this modification 
gives in bipolar quasi -complementary 
designs. 

In 

1k 

516 

100 

150N 

Í 

M PSA 56 

5k6 5k6 

22k M PSA56 

Set quiescent 
to 50mA 

_J22k NFB 

680 

S100N 

BFY50 

47 

A 

BC184 

220 

NFB 

IRF530 

<OR22 
Output 811 

10 

BFX88 

IRF530 

+34V 

-34V 
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01 

0.1- 5VRMS 0.01- 

003- 10V RMS into 811 

0.01 
20 1óO lk 

1001- 
10k 20k 100 

Fig. 9. Hybrid output stage only, operated open -loop. 

Cdom =130p 

Cdom :30p 

Cdom =15p 

CF=15p for all 

Fig. 10. Hybrid amplifier (closed -loop) with varying 
values of Cd0,,,. 16V R,US into 812. 

In 

1k 

5k 

150» 

100 

MPSA56 

220 

8SS15 RE 

C184 

6 

PSA56 

CF ( 

22k 

45mA 

10 

NFB 1114, Set quiescent 
I15p to 

470 
22k NFB 

R 

>680 
10 22k 680 

47k 100» 
Cdatn BSS17 

15p 

AwP 
MPSA06 BFY50 220 

5k 6 

Reducing distortion 
If performance outweighs economy, a 

true complementary output pair is 
retained, with local feedback linearis- 
ing each mosfetb. An important vari- 
able here is the value of emitter - 
resistor Re. A high value increases 
output distortion, since it reduces the 
feedback factor within each hybrid 
bipolar-rnosfet loop, while a low value 
makes quiescent -current setting unduly 
critical. As a compromise. I0 -22Q 
works well. 

Figure 9 shows the output stage 
alone in open loop giving (1.05%, and 
Fig. l0 shows closed -loop performance 
as given by the practical design in Fig. 
11, plus the effect of varying C,,0,,,. 

An emitter -follower is added to 
increase the feedback factor, and C, is 
now needed for HF stability with 
C,,0,,,=15pF. The compensation is not 
necessarily optimised for all possible 
real -life loads. 

3k3 7 1k 

Fig. 11. Practical circuit for high -quality 
hybrid hipolar-rnosfet amplifier. 

Distortion across the hand is now 
very low. While it is desirable to define 
the closed -loop bandwidth of any audio 
device, do not put a simple RC filter at 
the input, as this makes the bandwidth 
dependent on the output impedance of 
the upstream equipment. 

The temptation to implement it by 
increasing Cr should also he resisted, 
because it it is large enough to provide 
a suitable roll -off, there is a danger that 
it will induce mysterious VHF instabil- 
ity in Tr2 -a common effect. It is only 
revealed by distortion that vanishes at 
the touch of a cautious finger. 

I have not tried to give the final word 
on this subject, though I hope it illu- 
minates a few new directions. The use 
of current mirror topology in particular 
looks promising. 

A 11 

=220n 

2SJ49 

OR22 

10k 20k 

, +34V 

Output 811 

00000)- 
15t 
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10 

220n I 
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.i. + 
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SMC South Midlands 
Communications 

H F SYSTEMS 
CHANNELISED SYSTEMS 

TM180 Pioneer 100W HF SSB 
transceiver, 6 channel, USB, 
base or mobile applications and 
a full range of accessories. 

BASE 
ANTENNAS 
SMC TDA Series 
trapped dipoles factory 
pre -tuned, easily 
installed, up to 6 
channels Rx to 1KW. 

HF MOBILE ANTENNAS 

HW4 1.5-30MHz single 
frequency tuned mobile 
whip complete with 
installation accessories, 
base mount and spring, 
spare channel coils 
available for multi frequency 
operation. 

PRO SERIES Multi channel ') 

tapped whip antennas up to 

4 frequencies 1.5-30MHz 
complete with base mount kl 

and spring. 

FOR FURTHER INFORMATION, OR JUST ADVICE, CALL: 

,1 S.M. HOUSE. SCHOOL CLOSE, CHANDLERS FORD INDUSTRIAL ESTATE, 
EASTLEIGH, HAMPSHIRE SO5 3BY. TELEPHONE: [-44] ([01703) 255111 ' FAX: (+44] (101703) 263507 SMC FX TELEX: 477351 SMCOMM G 

CIRC! E NO. 137 ON REPLY CARI) 

Versatowór:' 
A range of telescopic towers in static 
and mobile models from 7.5 to 36 
metres with tilt over facility enabling 
all maintenance to be at ground level. 

Designed in accordance will CP3 Chapter V; part 2. 

1972 for a minimum wind speed of 140 kph in 
conditions of maximum exposure and specified by 
professionals world-wide wnere hostile 
environments demand the utimate in design, quality 
and reliability. 
Suitableíor mounting equip rent in the fields of: 
Communications 

. Security surveillance - CC -V 
Meteorology 
Environmental monitoring 
Geographical survey 
Defence range -finding 
Marine and aero navigatior 
Floodlighting 
Airport approach lighting 
Further.details available on reque 

STRUMECH ENGINEERING LIMITED 
Portland House. Coppice Side. Brownhills 
Walsall. West Midlands WS.3 7EX. England 
Telephone: Brownhills (0543) 452321 
.Telex:335243 SEL.G. 
Fax: 0543 361050 

,r.. II __: p( 

Many Radio Amateurs and SWLS are puzzled. 
Just what are all those stránge signals you 
can hear but not identify on the I.f. and h.f. 
frequencies? A few of them, such as c.w., 
RTTY, and Packet you'll know - but what ° 

about the many other signals? 

Hoka Electronics have the answer! There are some well 
known CW/RTTY decorders with limited facilities and high 
prices, complete with expensive PROMS for upgrading, etc., 
but then there is Code 3 from Hoka Electronic! 
It's up to you to make your choice- but it will be easy once 
you know more about Code 3. 

Code 3 works on any IBM-compatible computer with MS- 
DOS having at least 640kB of RAM. 

Code 3 hardware includes a complete digital FSK Converter 
with built-in 230V ac power supply and RS232 cable, ready 
to use. You'll also get the best software ever made to decode 
all kinds of data transmissions. Code 3 is the most 
sophisticated decoder available, and the best news of all is 
that it only costs £249 plus VAT! 

The following modes are included in the base -program (with 
the exact protocols). 

Packet Radio AX 25,50 to 1200 Baud 

Hell: Synchronous/asynchronous all speeds 

Fax: Weather charts, photograpis with grey 

scales at 60, 90,120. 180, 240 rpm 

Morse: Automatic and Manual with speed 

indication 

Press DPA: F7b spec., 300 Baud ASCII 

Wirtschaftdienst: F7b spec., 300 Baud ASCII 

Sport Information: F7b spec., 300 Baud ASCII 

Autospec Bauer: ITA 2 including both modes 

Spread 21 and Spread 51 

Duplex ARO AMrac ITA 2 

TWINPLEX F7b-1 and Fib -2 Duplex ARO ASCII 

Baudot: ITA 2 plus all types of Bit inversion, 

at any speed 

ARO: CCIR 4/8, CCIR 825 mode A 

ARO -S: ARO 10005 

ARO-Swe: CCIR 518 variant 

ARO -E: ARO 1000, ITA 2-p Duplex 

ARO -N: ITA 2 Duplex 

ARO -E2: CCIR 519 ITA 3 

ARO -6: 5/6 character 90 and 98 

TDM 242: CCIR 242 2 4 channels 

TDM 342: CCIR 342 2/4 channels 

FEC-A: FEC 100(A) ITA 2-P FEC Broadcast 

FEC: 3-FEC CCIR 025, 476-4 mode B Sitor 

Amtor 

FEC-S: FEC 1000S ITA 3 

All modes in preset and variable uder-defined speedrates 
and shifts. 

Three options are available to use with the Code 3 and 
consist of: 
1: OSCILLOSCOPE, this facility displays the measured 
frequency versus time, including split-screen, storage and 
non -storage modes at f25. 
2: PICCOLO MK VI (Everybody wants this facility, but it's 
only on offer from Hoka), the well-known multitone-mode at 
£60. 

3: LONG-TIME AUTO-STDRAGE in ASCII (up to several 
days) £25. 

Plus many other special codes. Send for details, price on 
application. 
Along with the many facilities listed, the analysis section of 
the Code 3 offers you a wide choice of unique facilities such 
as: a built-in low frequency spectrum -analyser for shift 
measurement and tuning, plus precision speed 
measurement up to 0.001 Baud resolution. Other tool - 
facilities include Speed Bit analysis, Speed Measurement, 
Character Analysis, Auto -correlation of MOD and RAW 
signal, Bit Analysis. All these state-of-the-art features are 
included in Code 3 to assist the experienced user. 

All options are available from the main menu, saving or 
loading to or from hard or floppy disk in Bit form (no loss of 
unknown signals), hard copy with printer, on -screen tuning 
indicator and very easy to use Help -files. 

Warning. The actual use of parts of this program may be 
illegal in some countries and any liability in this respect is 
disclaimed. 

To order, phone us for more details or send cheque, payable 
to: 

HOKA Electronics 
Téiko Clockstraat 31 

NL-96E5 BB Oude Pekela 
- The Netherlands 

Tel: 131) 5978 12327 Fax: (31.1597812645 
Please specify disk size 31/2 or 51/." when ordering! 

All prices ex. VAT and shipping, but including 6 month software 
updating free of charge! 

CIRCLE NO. 1390N REPLY ( ARO CIRCLE NO. 1.38 ON REPLY CARI) 
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There are no less than seven 
digital audio formats in com- 
mon use by studios and 
broadcasters, with various 
sub -types appearing through 

manutacturers "stretching" the format 
to improve performance. 

The situation would be impossible 
were it not for the fact that a lot of 
these formats are used in specialised 
applications, where commonality is less 
important, and that most equipment 
has inputs and outputs that match the 
internationally agreed AES/EI3U bus 
specification. So the equipment can be 

treated as a "black box" recorder and 
the actual storage medium ceases to he 
important unless the recording is car- 
ried from studio to studio. 

The oldest format still in use is the 
pulse code modulation digital audio 
processor such as the ubiquitous Sony 
PCM-1630 which converts, encodes 
and then records the signal on a mod- 
ified NTSC standard U -format video 
cassette recorder. Up to 75 minutes of 
recording is possible of 2 -channel audio 
with I6bit quantisation. 

This is popular because of its wide 
availability and relatively low-cost 
hardware, though it can no longer he 
considered state of the art. However, 
to the frustration of recording 
engineers, it is in almost universal use 
for CD mastering and most commercial 
CDs will have their music signal passed 
through this equipment at some stage. 

A direct descendant is the 8mm 
video -based multi -channel recorder 
used by Akai in their A -dam recorder. 
This remarkable machine costs a mod- 
erate £16,0011 and records 12 channels 
of l6hit digital audio on an extremely 
compact 8mm video tape. Only 17 

minutes of recording is possible, but 
this is adequate for most music record- 
ings. 

Akai's format, in common with 
digital audio tape format, uses eight -to - 
ten modulation and a double Reed - 
Solomon code for error correction; but 
there the resemblance ends. A -dam has 
a 40mm diameter head drum with a 

tape wrap -around of 221° and a 

78.586ntm/s tape speed. DAT relies on 

Optinnnt track II 

Guñrd hnnd 
5-Q5 x2 

anningn tjif . 

Sound by 
numbers 
Studios without tapes? Home audio so 
good you can hear the record producer 
biting his nails over equipment quality? 
Stan Curtis looks at the reality of digits 

a 30mm diameter drum with a 90° wrap 
around (to minimise tape wear and 
tension) and the much slower tape 
speed of 8.15mm/s to record two chan- 
nels of audio. 

Small studios entering the digital 
audio field on small budget have turned 
to A -dam, particularly as up to three 
units can be linked together to give 
synchronous recording of 36 channels. 
There were some early reports that it 
was prone to "incorrectable" errors but 
various software upgrades seem to 
have overcome this problem. 

DAT started out as a consumer tape 
product for enthusiasts, never intended 
for professional use. But its compara- 
tively low cost and excellent perform- 
ance meant it was inevitable that pro- 
fessionals would soon be using DAT 
machines as stereo master recorders. 

Fig. I. DAT tape format 

-6°22° 59.5- 

Initially the only machines available 
were domestic models modified with 
"XLR" connectors and sometimes 
balanced audio inputs and outputs 
together with AES;EBU compatible 
digital connections. But Sony, amongst 
others, accepted the situation and 
released a series of professional DAT 
recorders. These models are consider- 
ably more expensive than the modified 
domestic models, so it is hardly surpris- 
ing that many professional users con- 
tinue to buy and use the latter. 

Two key features professional 
machines, such as the Sony PCh1-7050, 
do have is the ability to edit and to 
carry time -code signals. The latter 
facility allows audio and video refer- 
ence signals to synchronise the DAT 
machine to other equipment, such as 

VCRs, and to other DAT players in 
what is termed a chase synchronisation 
mode. 

13-591tM 

N _ 
E T , f .,Rntnryhead 
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recordinn 2.296° 2 0 J 

2 13mm P C M 59.13 Si..,,i 

Guard hand 
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Fig. 2. Soundcraft 32000 recording console at Black Barn studio, Ripley, Satr. ey. Desk is an at alogue design, but is used with 
multitrack digital equipment. 

This enables two DAT machines to 
be locked together. In normal mode, 
playback can start automatically when 
the DAT locks to the incoming time 
code signal; in chase mode the DAT 
continues the chase after the reference 
signal (in its absence), allowing perfect 
synchronisation between the two recor- 
ders even when drop -outs and varia- 
tions occur to the master time code 
signal. 

The DAT format encodes to 16 bits 
with a 48kHz sampling frequency and 
generates a data rate of 1.536Mbit/s 
(48,000x 16x2). To this is added error 
correction information to compensate 
for tape drop -outs, bringing the data 
rate up to 2.46Mhits/s. Also added are 
control bits (sub -codes) which help 
locate a particular segment, giving a 

final data rate of 2.77Mbit/s. 
The recording process uses a helical 

scan of 23.501 mm length on a 3.81 mm 
wide tape. The 30mm diameter drum 
has two heads and the record/playback 
signal is recorded or played back 50% 
of the time. See Fig.l. 

Claimed advantages of this system 
are that the 900 wrap means only a 

short length of tape is in contact with 
the drum, reducing tape wear and 

allowing high-speed searching. Low 
tape tension can be used, increasing 
head life, and if four heads are fitted 
they can be separated by 90° to allow 
simultaneous signal monitoring. 

The record/playback signal can be 
converted to a high -frequency signal of 
7.5Mbit/s, overcoming some of the 
low -frequency losses of the rotary 
transformer and also increasing the 
rotary head signal-to-noise ratio. 

Some of the details on the six DAT 
formats now available are given in 
Table 1. 

Portability has proved to be a major 
attraction of DAT. where a unit such as 
the Sony TCD-D10 PRO - a mere 
2.0kg (including battery) and 
253x55x 191mm - has all the p.ofes- 
sional connections and interfaces and 
full DAT performance. 

Broadcasters like it because they can 
often record the music for a full pro- 
gramme on one tape, eliminating the 
repeated loading and cueing -in of vinyl 
disks "on air". 

Confidence is such that many record 
producers regularly take a DAT 
machine to recording sessions. It is run 
in parallel with the master recorder 
producing a "safety" copy, of a stan- 

r 

dard suitable for eventual use, and 
providing a high -quality recording that 
can he auditioned at home prior to 
editing. 

Tapeless studio 
For many engineers, the ideal has 
always been a tapeless studio with an 
absence of machines which suffer 
mechanical problems. Such an installa- 
tion may soon be here with the advent 
of hard -disk recording based on a 

Macintosh, Atari or a PC computer 
linked to a high -capacity disk drive. 

With the availability of low-cost 
computing power such systems are 
rarely used for just recording; instead 
considerable processing is possible 
including editing and mixing. 

One example of a stand-alone hard - 
disk recorder is the German DI-REC-T 
modular 32 -channel unit built up from 
blocks of eight tracks, each of which 
offers 12.5 minutes of recording time. 
It also handles some processing, includ- 
ing time compression and expansion, 
has 16bit Delta Sigma A -to -D conver- 
sion with 64 times oversampling and 
18bit D -to -A with eight times oversam- 
pling. 

But the tapeless medium of the 1990s 
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eurcg, 
Professional Solutions Limited 

18 Dalston Gardens, Stanmore, Middlesex HA7 1DA [,lf.or.Je 
Tel:(081)-206-2095 Fax:(081)-206-2096 C 

COMPLETE SYSTEMS - MOTHERBOARDS - DISC & TAPE DRIVES + CONTROLLERS 

MONITORS & ADAPTORS - DRAM/SIMM/SIP MEMORY -I/O CARDS - KEYBOARDS 

DTP/CAD - ETHERNET/ARCNET - NOVELL - TCP/NFS - DOS/C-DOS -XENIX/UNIX 

BELL RANGE OF IBM COMPATIBLE COMPUTER SYSTEMS 
BELL 80x86 Motherboards: 
Technical Information 

Prices (£): 
Motherboards 

Prices (£): 
Complete Systems 

Clock Land Max. Cache Slots 
CPU Speed -mark RAM RAM 8/16/32 

MHz MHz Mb Kb bits 
Installed RAM (Mbyte): 

0 1 2 4 
Disc Capacity (Mbyte): 

0 21 32 49 68 115 150 

8088 12 2.8 1 - 8/0/0 

80286 10 13.5 4 - 2/5/0 

80286 12 16.5 8 - 2/6/0 

80286 16 21.5 8 - 2/6/0 

80286 20 27.0 8 - 3/4/0 

80386SX 16 21.0 8 - 2/6/0 

80386 20 27.5 16 - 2/6/0 

80386 25 34.0 16 - 2/6/0 

80386 25 43.0 16 64 2/6/0 

80386 33 58.0 16 32 2/6/0 

80386 33 59.0 32 128 0/6/2 

80486 25 114.0 16 64 2/6/0 

80486 25 114.0 32 128 0/0/8 

42 102 - - 

89 149 235 389 

119 179 239 359 

159 219 315 399 

229 329 389 549 

299 369 419 539 

499 579 659 789 

575 665 745 875 

765 849 935 1065 

1019 1099 1189 1319 

1439 1529 1599 1739 

2039 2125 2209 2399 

3569 - - 3869 

395 615 649 715 759 - - 

455 675 715 785 829 - - 

545 765 805 875 919 - - 

595 815 855 925 969 - - 

679 - 935 999 1049 1379 1489 

725 - 985 1049 1095 1419 1529 

839 - 1139 1169 1215 1539 1649 

925 - 1225 1255 1299 1625 1735 

* 1359 - - 1689 1735 2059 2169 

* 1615 - - 1945 1989 2315 2425 

* - - - 2405 2449 2769 2885 

* 2639 - - 3009 3239 3335 3445 

** - - - 4659 4699 5025 5135 

All systems include: 1Mb RAM, 3.5" or 5.25" Floppy Disc Drive, Case, Power Supply and Mains Lead, 102 -key AT Compatible 

Keyboard, 14" Mono Monitor, 2 Serial Ports, 1 Parallel Port, 1 Games Port. *2Mb RAM included **4Mb RAM included 

ADD L79 for Mono VGA; 1259 for Colour VGA; L69 for MS-DOS 4.01; L49 for MS-DOS 3.3; 169 for DR -DOS 5; L29 for Mouse. 

' 

'Y' = Flip -Top Compact, 200W j r 
s 

Table top to profile, W 1 

', IQ y4 ; .. 

top compact 200W 1119 ñ 
Mini Tower XT table top, 200W 1149 (- 

í'1l 
Mini Tower AT table top, 230W 1199 r, 

, -, 

K Std. Tower AT floor stdg, 230W £229 

17-------2:_.v{4 
.: --j 

, 

- }_ t 

Maxi Tower AT floor stdg, 400W 1899 

SYSTEM CASES 4.i 't 
1 

_ 47 Pg.. System Enclosures include _ r . s 

s ' X 13 
=lc_á 

w 

Front Panel controls and - 

wiring, PSU and Fans)t' V ! r N 

\ , "... -.1 j ` NETWORK -w 
k a STARTER KITS ,'7.7.-"--, -x Complete package of LAN _- software and LAN controllers, cables, 

T -pieces, terminators and boot PROMs. 

,_ ArcNet Ethernet 

1 Server 3 Workstations: 
,..-, ,,, Novell ELS I L635 1880 ARCNET __f 

APX LAN 0/S 1540 1785 

1 Server 7 Workstations: 
IEEE 802.4 - 2.5Mbit/sec 

Novell ELS II 11800 12285 
Low Cost Network: 

ETHERNET 
IEEE 802.3 - 10Mbit/sec 
High Performance Network: 

APX LAN 0/S 1800 £1284 

1 Server 15 Workstations: 
Novell AdvNet 13330 14205 
APX LAN 0/S 11760 12635 

LAN card - BUS, STAR or 
Twisted Pair 159 

4 -port Active Hub card, 
coaxial or Twisted Pair 1109 

Stand-alone Hubs: 
4 -port Passive 185 

Boot PROMs: NOVELL 110; TCP/IP L20 
8 -port Active 1129 

!"'-.-«. I 

8 -bit W/S card "NE1000" £125 ;--- .S- 
16 -bit Server card "NE2000" 1159 Vii- 
8 -bit W/S for TCP/IP 1169 
16 -bit Server for TCP/IP 1239 
32 -bit EISA high-speed 

"NE2000" server card 1299 

Terminal Servers for TCP/IP-NFS 
networks, full functionality, 
includes fan -out cables and s/w: 

16 1 12695 

+ 

` 

f 

I 

4 

y,F 

a, " 

' i' 

t' '" 
'. i 

_ 

} ' C,, 7V'ill' 
11* 

' _ I::.= 

-- 

111' TOKEN RING -" 
. " IEEE 802.5 - 4Mbit/sec 

a - IBM Compatible Network: 

l¡ '_;,.;. 8 -bit Workstation Card 1299 
_ 

; 

16 -bit Server Card 1469 

-' serial ports, parallel - 

32 serial ports, 1 parallel 13995 ,% ***Call for 16Mbit/sec Controllers 
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euro/2/, 
Professional Solutions Limited 

18 Dalston Gardens, Stanmore, Middlesex HA7 1DA 

Tel:(081)-206-2095 Fax:(081)-206-2096 
COMPLETE SYSTEMS - MOTHERBOARDS - DISC & TAPE DRIVES + CONTROLLERS 
MONITORS & ADAPTORS - DRAM/SIMM/SIP MEMORY - I/O CARDS - KEYBOARDS 

DTP/CAD - ETHERNET/ARCNET - NOVELL - TCP/NFS - DOS/C-DOS -XENIX/UNIX 

ttr°(ecil 

HARD Wag DRIVES 
SIZE ACCESS MODE PEAK DIM PRICE 
(Mb) (ms) (byte/s) 
21 40 MFM 625K 3.5" L169 
21 28 MFM 625K 3.5" £209 
32 28 MFM 625K 3.5" L235 
32 40 RLL 940K 3.5" £195 
32 28 RLL 940K 3.5" L229 
42 24 MFM 625K 3.5" £275 
42 28 IDE 1.2M 3.5" L269 
49 28 RLL 940K 3.5" £265 
68 24 RLL 940K 3.5" L305 

115 19 ESDI 1.2M 3.5" £535 
150 16 ESDI 1.2M 5.25" £645 
320 18 ESDI 1.2M 5.25" 11259 
640 16 ESDI 1.8M 5.25" £1699 
1050 14 SCSI 4M 5.25" £3469 
Single drive cable set £10 
Dual drive cable set £15 
5.25" tray for 3.5" drives L9 

DISC CONTROLLERS 
Combined Floppy (360/720K+1.2/1.44M) 
and 16 -bit Hard disc controller with: 

1:1 interleave MFM 450Kbyte/sec 177 
1:1 interleave RLL 690Kbyte/sec £93 

£115 
£169 
£186 
L33 
L89 

1:1 interleave RLL 1.2Mbyte/sec 
1:1 interleave ESDI 800Kbyte/sec 
1:1 interleave ESDI 1.2Mbyte/sec 
IDE/AT-BUS 690Kbyte/sec 
SCSI "Future Domain" 2Mbyte/sec 
XT 8 -bit hard disc controller 1:1 

MFM - £43 RLL - £54 

Cache Disc Controllers: 
Ultra High Performance CACHE disc 
controllers, good for NOVELL, UNIX etc... 
(All are SCSI interface) 

16 -bit, 2Mbyte Cache, 2.5Mbyte/sec £1189 
16 -bit, 8Mbyte Cache, 2.5Mbyte/sec 11889 
32 -bit, 2Mbyte Cache, 7.5Mbyte/sec 11189 
32 -bit, 4Mbyte Cache, 7.5Mbyte/sec £1319 
32 -bit, 8Mbyte Cache, 7.5Mbyte/sec £1889 

September 1990 

RAM, SIP, SIMM 
All 8Ons speed:- 

256Kbit (256Kx1) DIP £2.39 
256Kbit (64Kx4) DIP 12.39 
1Mbit (1Mx1) DIP £7.39 
1Mbit (256Kx4) DIP L7.39 

256Kbyte SIMM or SIP 121 

1Mbyte SIMM or SIP £75 
4Mbyte SIMM or SIP 1475 

*All prices exclude VAT and Delivery 
and are based upon payment with order 
*Mail orders accepted with ACCESS/VISA 
*1 year warranty is given on all goods 
*Prices and specifications are subject 
to change without notice. 

*PSL is a licenced credit broker and 
can offer 1 - 5 year Lease/Purchase 
agreements to business purchasers. 

*OEM, S/W House and Dealer enquiries 
welcome. 

COM/LPT AND 
SUPER I/O CARDS 
All cards are for PC/XT/AT, 8 -bit: 

2 Serial, 1 Parallel, 1 Games L29 

As above plus clock/cal/batt. 
& Dual 360K/720K/1.2M/1.44M 
Floppy Disc Controller ¿49 

FLOPPY DRIVES 
360 Kbyte, 5.25 inch 

1.2 Mbyte, 5.25 inch 

720 Kbyte, 3.5 inch 
1.44 Mbyte, 3.5 inch 

5.25" tray for 3.5" drives 
Cable for 1 or 2 drives 

£64 

178 

£58 

L73 

£9 

£6 

FLOPPY ADAPTORS . 

All cards are for PC/XT/AT, 8 -bit 
and support 360K/720K/1.2M/1.44M 

Internal, 1 or 2 drives (A:,B:) £29 
Int/Ext, 1 or 2 drives (A: ->G:) £49 
Int/Ext, 1 to 4 drives (A: ->G:) L65 

KEYBOARDS, 
MOUSE, 
TRACKERBALL 
102 key UK AT kbd 
102 key French kbd 

L44 
,L68 

Hi -Res Serial Mouse, Microsoft 
Compatible, 3 -Button, s/w L35 

Serial Trackerball, Microsoft 
Compatible, 3 -Button, s/w L55 

MONITORS 
Hercules Mono 720x348: 
Amber or Paper -White 

12" - 175 14" - £85 

VGA Mono Paper -White: 
14" 640x480 
17" 1024x768 
21" 1280x1024 

Colour VGA, PGC, 8514A, 
and Multisync: 

14" 640x480, VGA, .31mm 
14" 1024x768, VGA, .28mm 
14" 800x600, Msync, .31mm 
14" 1024x768, Msync, .28mm 
16" 1024x768, Msync, .28mm 
20" 1280x1024, Msync, .31mm 

£95 
£669 
£999 

£269 

£349 
1389 
£419 

£779 
£1699 

BELL VGA MONITOR CONTROLLERS 
Columns 640 640 800 800 1024 1024 RAM VGA HIGH PRICE 
Rows 480 480 600 600 768 768 SIZE CHIP SPEED £ 
Colours 16 256 16 256 16 256 Kb TYPE CACHE 

Y Y 256 OAK 89 
Y Y Y Y 512 PARADISE 135 YYYYY 512 TSENG 159 
Y Y Y Y Y Y 1024 TSENG Y 219 

All VGA controllers support: * 8 bit and 16 bit bus. 
* VGA Mono with 64 grey scales. 
* Hercules, M[A, CGA and EGA software. 

Mono/Colour Graphic/Hercules/Printer Port adaptor, 64Kb £29 

TIGA/DGIS/8514A MONITOR CONTROLLERS: 
Texas Instruments TI34010 and TI34020 based Graphic Processor 
Controllers from £549 - High -Res, High -Speed, High -Colour. 

CALL OUR SALES DEPARTMENT FOR DETAILS OF: 
* Single and Multi -User UNIX/XENIX systems. CIRCLE NO. 140 ONREPIVCARD * On -site hardware maintenance contracts. 
* Complete system integration of hardware and software. 
* Export Department for foreign orders. 
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Table 1. Alternative DAT operating modes (Sony) 

Mode 
Mode I Mode II Mode Ill Mode IV Mode V Mode VI 

Standard mode Option 1 Option 2 Option 3 Pre-recorded tape 

Compatible with 

satellite 

broadcasting 

A mode 

Long-time mode 4 -channel mode 
ne One-toLong-time 

l t0 
track 

High speed 

wide track 

playback only 

Available channels 2 2 2 4 2 2 

Sampling frequency 48kHz 32kHz 32kHz 32kHz 44.1kHz 

Bit numeral of 

quantisation 
16bit (linear) 16bit (linear) 

12fit 

(non-linear) 

12bit 

(non-linear) 
16óh (linear) 

Transmission speed 2.46MbitJs 2.46Mbit/s 1.23Mbitls 2.46Mbit/s 2.46Mbit/s 

Sub -code capacity 273.1 kbit/s 273.1 kbits 136.5kbitls 273.1 kbitis 273.1 kbits 

Modulation system 8-10 conversion 8-10 conversion 

Error correction system Dual Reed Soloman Dual Reed Solomon 

Redundancy 37.5% 58.3% 37.5% 37.5% 42.6% 42.6% 

Tracking system Area split ATF Area split ATF 

Tape width 3.81mm 3.81mm 

Tape depth 13pm±tpm 131un±1pm 

Tape in use Metal powder Oxide ape 

Tape speed 8.15mm/s 8.15mMs 4.075mm /s 8.15mmis 8.15mmis 12.25nm /s 

Relative speed 3.133Ms 3.133m/s 1.567Ms 3.133Ms 3.133Ms 3.129m /s 

Standard drum specs 0 30, 90° lap 030, 90° lap 

Drum revolution 2000 rpm 2000 rpm 1000 rpm 2000 rpm 2000 rpm 

Track pitch 13.591 pm 13.591 pm 20.41ám 

Track angle 6°22'59.5" 6°22'59.5" 6°22'59.5" 

Head azimuth angle ±20° ±20° 

Recording time 120 min. (tape depth of 13pm) 

180 min. (tape depth of 10pm) 

240 min. 

(tape depth of 

13pm) 

360 min. 

(tape depth of 

10pm) 

120 min. 

(tape depth of 

13pm) 

180 min. 

(tape depth of 

10pm) 

120 min. 

(tape depth of 

13pm) 

180 min. 

(tape depth of 

10pm) 

80 mn. 
(tape depth of 

13pm) 

120 min. 

(tape depth of 

10pm) 

Cassette size 73mmx54mmx 10.5mm 73mm x 54mm x10.5mm 

looks set to be the optical disk and at 
the forefront of activity are Akai with 
their DD1000 optical magnetic recor- 
der storing up to 50 minutes of stereo 
digital audio. 

To write data, a laser heats up spots 
in the recording layer of rare earth 
elements (usually gadolinium and ter- 
bium). A weak magnetic field created 
near the hot spot by a biasing magnet 
allows the layer to be magnetically 
polarised. 

When the disk cools it retains this 
magnetisation. Data is read by laser 
light, reflected from the disk, which is 

polarised depending on the magnetic 
polarisation of the layer. (The Kerr 
effect) 

Disks give 297 or 325Mbyte of stor- 
age on each side of a 5.25in disk, have 
an access time of around 95ms and data 
can be transferred at about 5Mbit/s. 

But despite these advances in the 
music industry, the overwhelming 
proportion of music is recorded on big 
multi -track tape recorders, only a small 

percentage of which are digital audio 
machines. High cost, an unwillingness 
on the part of record companies to pay 
extra for digital recording work, and 
the memory of bad experiences with 
early digital audio recorders have all 
contributed to slow take-up. 

There has also been the inevitable 
battle between two alternative formats, 
tending to slow down the widespread 
acceptance. 

However, studios must supply what 
clients demand, almost regardless of 
cost, so the day is now close when 
every major studio will have available 
one of the big 24, 32, or 48 -track digital 
audio master recorders. 

Digital multi -channel 
Two digital audio multi -channel for- 
mats are in popular use; Dash (digital 
audio stationary head) system 
developed by Sony (c1983) and since 
adopted by Studer, Matsushita and 
Teac; and Prodígí developed primarily 
by Mitsubishi (c1985) and since 

Table 2. Comparison of recording formats 

Dash Prodigi 

Audio channels 24 (48 

dol density) 

32 

Tape speed 

48kHz sampling 30ips 30ips 

76.2aNs 76.2aNs 

44.1kHz sampling 70.01amVs 76.2an/s 

Tape width half -inch one -inch 

12.7mm 25.4mm 

Recording time with 14 -in reel t hr 1 hr 

Longitudinal data density 1.152Mb's 0.896Mbls 

Bit length 0.6616µm 0.8505µm 

Data redundancy 33.3% 32.6% 

Track width (normal density) 0.24mm 0.29mm 

Gap width 0.20mm 0.27mm 

adopted by Otani and Telefunken. 
Both began life with 16bit quantisa- 

tion, a sample rate of 48kHz, and a 

tape speed of 30in/s (76.2cm/s). 
One notable difference between the 

two (Table 2) is that at its lower 
sampling rate (44.1kHz for CD) Dash 
runs at a lower tape speed (70.01cm/s), 
so that recording wavelengths are inde- 
pendent of sampling frequencies. 

With Prodigi, lower sampling fre- 
quencies mean less data are stored on a 

given length of tape so that recording 
wavelengths are inversely proportional 
to sampling frequency. Obviously the 
formats are incompatible, creating 
problems in an industry where the 
client may want to record the master in 
one studio and then mix and edit in 
another country. 

As a result, the industry has pola- 
rised with the Dash format now 
seemingly holding dominance. 

By March this year some 680 Dash 
machines had been installed, all, bar a 

handful, being manufactured by Sony. 
Originally the Dash format had 28 

tracks on half -inch tape with 24 used 
for audio. But recently Sony intro- 
duced the PCM-3348 machine which 
records 48 audio tracks on the same 
size tape. 

Compatibility with the old standard 
is achieved through double density 
recording. Tracks 1 to 24 are located in 
their normal positions on the tape so 

that they can be reproduced on a 

standard 24 track machine. Audio 
tracks 25 to 48 are then recorded in 
between the normal density tracks to 
give a maximum of 52 tracks made up 
of 48 audio, one control, one for 
time -code, and two cue tracks. 

All the data applicable to one digital 
audio channel (16bit audio data, sync 
words, error detection bits, and error 
correction bits) are recorded on a 

single track and so each track on the 
Dash machine is independent and fully 
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protected. 
Wíth the Prodigi format, each audio - 

channel track carries only the l6hit 
audio data, sync. words, and error 
detection bits. The error correction 
hits, known as P and Q words, are 
stored on their own separate tracks 
with two error correction tracks needed 
for every eight audio tracks. 

A 32 -channel Prodigi machine has 32 
digital audio tracks, eight error correc- 
tion tracks and five auxiliary tracks, 
making 45 in total. Pulse code modula- 
tion (PCM) is used for digital audio 
data and pulse width modulation 
(PWM) for auxiliary data. All 45 tracks 
are the same width with the same space 
between them. 

Both formats use the cyclic redun- 
dancy check code (CRCC) giving a 

very high probability of error detection 
during playback. 

Conflicting claims are made for the 
reliability of the two processes though 
Prodigi, with its lack of a reliance on a 
single track, is potentially the most 
reliable. In fact Mitsubishi claims its 
32 -channel machine could lose up to 
eight tracks due to tape dropouts, tape 
damage, or clogged heads, before there 
is any noticeable loss in audio quality. 

Mitsubishi's X-880 32 -channel 
machine is the most advanced Prodigi 
model and can be supplied with a chase 
synchroniser permitting locking to a 

video source, or to another Prodigi 
recorder for synchronous recording of 
up to 64 audio tracks. In this mode, 
locking is accurate to the period of one 

Fig. 4. Data Conversion Systems' 20bit 
A -to -D can give dramatic improvements 
in sound quality. 

Analogue inputs 

Analogue 
anti-aliessing 
filter 

Data 

1i2 3i4j5161718I 
1 block 

39mm 
22.7mm 

21314151617 

Dropout 

11'. 14: :é 

7 

Tape 

¡2 

4t 16'. B; 

' 1 

8 I Iii 13; 15, :71 

Tape 

I 21 ;4' I6' 181 1 
81 !11 131 151 117t 

Data 1 to is 
retained 

Fig. 3. Dash-MJorrnat allows tape 
splices to be accommodated without 
interpolation. 

digital audio word (±20µs). 
The Dash format now offers several 

variations beyond the original spe- 
cification. Double density recording for 
increasing the number of channels is 
one enhancement, but on some models 
there is also a choice of tape speed. 

Tracks can he traded for speed and 
hence longer recordings can be made 
or a saving made on tape: fast - 
76.2cm/s, one track required; medium - 38.1cm/s requiring two tracks; or 
slow 19.05cm/s, four tracks. 

"Twin -Dash'. is a new variant, where 
data is written in two different per- 
mutations in different places on the 
tape. As a result burst errors of up to 
39mm length can be completely cor- 
rected and tape splices can he 
accommodated without interpolation. 

It is ideal where absolutely no errors 
can be tolerated or where extensive 
use, with likely increased wear, of the 

Set master 
_ _ . mode sample 

1 rate 

In Out 
AES digital 

audio interface 

In Out 
9OIF2digital 
audio 
interface 

original master tape is anticipated. 
Lack of a "headroom" on perform- 

ance between studio mastering equip- 
ment and home systems used to repro- 
duce recordings is an area of growing 
concern to recording engineers. Both 
use 16bit quantisation, and the differ- 
ence between a 48kHz sampling rate 
and one of 44.1kHz is hardly signi- 
ficant. It is more of a nuisance than 
anything because a conversion has to 
be made when mastering for CDs. 

Yet by the time the signal has been 
through editing, mixing and some pro- 
cessing with likely truncation at each 
stage. there is going to be a definite loss 
of signal quality. 

Indeed it has been the availability 
and general use of digital workstations 
that has prompted demands for a 

higher performance standard. An 
examination of the recording formats 
and of the AES/EBU interface format 
shows that the slot allocated to the 
digital audio data can accommodate 24 
bits. 

Agreement has been reached that 20 
of these bits can be used for the audio 
(and potentially 22 bits) so there has 
been a move towards 20bit recording. 

Manufacturers such as Sony and 
Mitsubishi are expecting to offer 20bit 
A -to -D converters in the coming 
months. But at present the only proven 
unit is the DCS900 made by Data 
Conversion Systems in Britain, using a 

128 times oversampled front end fol- 
lowed by a decimating digital filter 
(FIR type with a -110dB stop hand 
rejection) and an output truncated to 
24bits. The converter's noise floor is 
nearer to 18bits (-105dB) but signal 
information is still present in the noise. 

My own experience is that the 
improvement in sound quality between 
16bit and 20bit recordings is little short 
of dramatic and cannot be overstated. 
It is a pity that at present there are no 
means of offering such improvements 
to the home market. 

Mitsubishi have also tackled the 
problem of signal bandwidth, and 
machines such as the X-86 can operate 
with a 96kHz sampling frequency 
extending frequency response beyond 
30kHz with 16bit quantisation. But it is 
difficult to use this extra performance 
when much audio equipment is only 
designed for use with the 48kHz sample 
rate. 

Dealing with digital editing 
One of the earliest problems of digital 
audio recording was postproduction, 
primarily editing. At the time of first 
generation 3M PCM recorders there 
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were no digital editing mixers and even 
cross -dubbing between two machines 
required conversion of the signal hack 
to analogue because of the difficulty in 

adequately synchronising two asyn- 

chronous data streams. 
For a time 3M offered an editing aid - a flat glass cylinder containing a 

magnetic fluid which would align itself 
with the recorded magnetic domains. It 
made "razor blade" edits possible but 
demanded great skill and patience for 
success. 

Initially the design of an editing 
"workstation" was very demanding. 
Too much capital would be tied up in 

using two recording machines so the 
video technique of synchronising 
machines via a "rock and roll" editor 
was not popular. 

Instead material would he taken 
from one or more tracks and rere- 
corded onto a spare track on the same 
tape. What was needed were two short- 
term memories where the two pieces of 
music (to be edited together) could be 

stored, and from which they could he. 
read using a single clock; together with 
a suitable processor circuit. 

This processor comprised two multi- 
plier digital volume controls and an 
adder to mix the two signals. Multi- 
plying signal A with progressively smal- 
ler coefficients forced its level to drop. 
At the same time signal B would be 

multiplied with progressively larger 
coefficients so causing its level to rise. 
Add signals A and B together and. 
arrange for the two sets of coefficients 
to change over a defined time period 
and the cross fade is born, with the 
output signal changing smoothly from 
A to B. 

Only a fixed linear cross -fade used to 
be possible, but recently designed pro- 
cessors permit the fade to be custo- 
mised to operate over any chosen time 
frame and to follow a variety of laws. 

Early editors used discrete TTL cir- 
cuitry and were complicated and 
expensive. But from these, two distinct 
types of workstation have developed. 
The most complex is the dialogue/ 
effects workstation - a multi -track 
recorder with a hard -disk in place of 
tape, combined with a digital mixer and 
editor. 

Workstation editors 
By far the most popular is the AMS 
Audiofile and over 300 are now instal- 
led in studios around the world. The 
Audiofile allows audio signals to he 
recorded, edited and auditioned 
through eight outputs represented 
graphically on the monitor screen as 

eight "tracks" of an imaginary multi- 
track tape machine. 

The "tape" can be put into various 
conventional modes including play, 
fast -forward, rewind and record with 
all activities ostensibly proceeding just 
as with a normal audio tape machine. 

The key difference is that the record- 
ings are stored on a hard disk as 

separate files or "cues". What is re, 
whenever any time -code information is 

locked to the signal (as in video and 
film production) it too will be stored as 

data in the same file. 
Depending on the configuration, 

several hours of audio can be stored on 
disk and small segments of dialogue, 
sound effects and music can be stitched 
together to form a continuous sound 
track. 

Broadcast stations and video produc- 
tion houses like this aspect because 
they can edit the video while shunting 
any audio material that mas he 
required into the Audiofile. Then, 
when the final video "cut" is ready, a 

matching sound track can be reconsti- 
tuted from all the hits and pieces 

scattered around as files on the hard 
disk. 

Latest generation of this workstation 
has even faster processing t' -)ugh use 

of transputers and nos* ,i to 20 
"tracks" are available for use. For 
archiving or hack -up against the evil 
day of hard -disk crash. AMS offer a 

removable magneto -optical read/write 
disk. 

At the top end of digital audio 
production systems is the £l 50.000 
Lexicon Opus with the emphasis on 

- c:i:ri pr- 
. -t - - 

F. 

random access to the vast number of 
files containing audio recordings. Opus 
encompasses the functions of a 99 -track 
digital recorder, an audio editor and a 

12 -channel digital mixer. 
Storage is an 800MB Winchester 

hard -disk allowing about 120 track 
minutes (for example 60 tracks each 
two minutes duration) of recording 
with the option to add three further 
on-line 800MB disks, giving a total of 
480 track minutes. 

Back-up and archival storage is pro- 
vided by a 2.3GB capacity 8mm helical 
scan tape cartridge, derived from the 
popular 8mm video format. Powerful 
error -correction algorithms allow "hit 
perfect" storage of up to six hours of 
audio on one low-cost tape. 

Recent Opus enhancements enable 
material to be input from all analogue 
and digital recording systems (up to 28 

may he connected at any one time) and 
for extensive equalisation, filtering and 
processing to be applied in the digital 
domain. 

Source material is loaded into mem- 
ory and located in a directory termed a 

"reel". Each reel has between eight 
and 99 separate "tracks" storing one or 
more files or "segments". 

Each segment represents a section of 
audio source material defined by its 
start and end points. So although the 
internal operations are very much 
those of computer processing, the user 
is dealing with familiar terminology 
and can scan the tracks across the 
monitor screen until the desired seg- 

ment is found just as though it were a 

real tape. 

-- 

_- 

I 1'.'','.)tltil 

Fig. 5. Studer DYAXIS hard -disk digital audio production system. 

tt 
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The whole system is extremely flexi- 
ble and the user can build up layers of 
audio material (the "mix") then edit -in 
various segments to produce the final 
audio track synchronised to any audio, 
video or film industry time codes. Or 
an operator can construct a time grid 
on the screen and move around the 
various segments to any desired time 
location. 

Its outstanding advantage over the 
traditional - and still popular - razor 
blade editing is that original source 
material remains intact and can he 
recalled at any timeYet up to ten 
variations of each edit can be stored 
and subsequently auditioned before 
select ion. 

Gains in flexibility and productivity 
through Opus are such that the film and 
broadcast industries have found that 
the admittedly high purchase price can 
be soon recovered. 

Producer preferences 
So far, the type of workstation 
described is best at holding thousands 
of short segments of sound which can 
he quickly accessed and repositioned in 
time relative to each other to form a 

complete sound track. 
But this is not normally what the 

music industry wants. Quite often there 
may be 20 or 30 takes of the same piece 
of music and to save time (and hence 
money) the producer may choose the 
first 20 bars from one take and then 
join them to the next 60 bars from 
another take. Theoretically there is 
now nothing to stop the joining 
together of the best bars from each 
take to produce a flawless recording. 

So anyone can now sing a hit record - a good voice no longer being 
required, as each line could he sung 
separately and then joined up later. 
But the difficulty comes in making the 
edits inaudible in an otherwise very 
high quality recording of music. 

Editing together the dialogue of 
several actors' voices is a demanding 
task, but the joins are less likely to be 
heard than they would in a music 
recording. For many studios the solu- 
tion has been the Desktop Audio Sys- 
tem from the aptly named Sonic Solu- 
tions company. 

This system couples the ubiquitous 
Macintosh to the Sonic Solutions pro- 
cessor card, carrying four Motorola 
56(X)O series DSP chips, and a Winches- 
ter disk drive. The power of this system 
lies in its software and so the operator 
will see little on the desk other than the 
Mac computer and a screen -full of 
graphical interfaces and icons. 

F`rv . ̀. 
-'k 

Fig. 6. Sony PCM-2500 professional'DAT recorder. 

Each hard disk holds two track hours 
and four drives can he connected with 
up to six mono channels simultaneously 
read and written to the disk. 

An added advantage is that all disk 
transfers take place in background 
mode, causing no interference to fore- 
ground editing and processing. 

One feature offered by Sonic Solu- 
tions is the NoNoise system to remove 
tape hiss, vinyl record surface noise, 
and unwanted hums and buzzes all 
"without affecting the original pro- 
gramme material". 

To date, over 100 CD reissue pro- 
jects have had the NoNoise treatment 
including many great jazz recordings 
from the 1920s which without proces- 
sing would only have been saleable to 
the most fanatical of collectors. 

The remarkably straightforward pro- 
cess begins with an analogue -to -digital 
conversion of the original recording, to 
be stored on hard disk. First the clicks 
and other impulsive noises are 
removed by locating them on the music 
waveform (displayed on the screen) 
then an algorithm interpolates the now 
missing piece of signal by analysing the 
material before and after the click or 
dropout. 

Background noise level then has to 
he adjusted. The noise signature of the 
recording is analysed by finding a short 
portion with none of the wanted signal 
present, such as the first few seconds of 
the recording, and then the system 
samples this residual noise into 2000 
frequency bands. At its simplest the 
system then subtracts the noise from 
the (music+noise) programme to leave 
just a clean music signal. 

Unfortunately this "automatic" 

- 
000 
woo ao 

mode is not always successful and so a 
wide range of manual adjustments can 
be made; the quality of the end result 
very much depends upon the skill of 
the operator. 

A large amount of computing power 
is required by the process and with 
some 53 million computations required 
for each second of material the original 
system was built around a Sun worksta- 
tion. 

Now the task can he handled by a 

dedicated processor board carrying 
four 56001 DSPs working with 24bit 
data word -lengths. 

The latest option to be offered by 
Sonic Solutions is a recordable CD 
system developed in association with 
Start Lab - a joint venture of Sony 
and Taiyo Yuden. It integrates the 
Sony CDW-W I optical recorder and 
the "That's" write -once optical record- 
ing disk. 

Full compatibility is ensured through 
the disk meeting the CD "Red Book" 
specifications. and uses a layer of orga- 
nic dye which changes optical charac- 
teristics when scanned by a laser beam 
at a power of 5 to 6mW. 

The system works well, though there 
remain the obstacle of price, since 
blank disks cost £29 each in the UK. 
But there is also the tantalising prob- 
lem that, when used on a badly aligned 
CD player whose laser current has 
been set too high, the disk could be 
overwritten and the contents des- 
troyed. 

We would then have the expensive 
"write once - read once" disk which 
would probably he too costly even by 
the standards of digital audio. 
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Apart from the occasional 
inspired creation, louds- 
peaker design does not 
progress in leaps and 
hounds, but develops by 

degrees. This conceals the very real 
progress which has been made since the 
1930s, when Rice and Kellog sliced 
contraceptives to make the roll suspen- 
sion on their then revolutionary mov- 
ing -coil drive unit. Little did they know 
how far-reaching in influence their 
invention was to become. This article 
explores a few of the more recent 
advances in loudspeaker technology, 
many of which are developments of 
what has gone before. 

One of the main objectives of high- 
fidelity sound reproduction is the 
achievement of greater bass extension 
and/or greater efficiency from small 
enclosures. There are, of course, very 
real theoretical limitations to bass 

extension and efficiency with conven- 
tional reflex and sealed box enclosures 
and claims of breakthroughs should be 
treated with suspicion. 

The coupled cavity 
This form of bass loading has been 
popularised by KEF more than any 
other manufacturer'. Though ostens- 
ibly similar to reflex loading, KEF's 
coupled -cavity system is really a sealed 
box enclosure, coupling the woofer to 
the room by way of an air cavity and a 

port. as shown in Fig. 1. 

The coupled cavity provides the high 
efficiency of a vented box with a 

second -order low -frequency roll off, 
providing the improved transient 
response of a closed box, but with more 
output. The vent is tuned to within the 
pass hand of the woofer and reduces 

SOUND 
CONCEPTS 
Advances in technology have made it 
possible to design loudspeakers which 
embody concepts previously thought to be 
impracticable. David Berriman reviews 
recent developments. 

cone excursion, thus reducing distor- 
tion and improving power handling. 
KEF claims that it is superior in distor- 
tion and power handling to either reflex 
or sealed -box loading. A glance at the 
curves shown in Fig. 2 shows how 
versatile the coupled cavity can be; the 
(ldB reference is the output of the 
woofer in a box, hut without the cavity. 

Tuned cavity systems can thus can be 

fine tuned to trade efficiency for band - 

Reflex 

Coupled cavity 

Fig. 1. KEF's coupled -cavity system 
compared with a reflex type. The cavity 
serves as coupling element from driver to 
room, providing second -order LF roll -off 
for better transient response. 

t0 

t0- 

-20- 

-4q r 
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Fig. 2. Response of coupled -cavity 
system of Fig. 1. Varying compliance 
ratio of inner and outer cavities varies 
bandwidth and efficiency. 

width by varying the total compliance 
ratio uT. For very compliant woofers, 
this is simply the ratio between the 
inner and outer cavity volumes 
(uT=VBI/VB2). Thus, a large uT gives 
wide bandwidth and reduced sensitiv- 
ity, while a small uT gives increased 
output over a narrower hand and can 

substantially boost the output. Because 
the cavity has a bandpass response, it 
acts as a natural filter, thus simplifying 
crossover requirements and avoiding 
the necessity for very high -value induc- 
tors in series with the woofer. 
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When the woofer low-pass filter cut- 
off is close to the system resonance in a 

conventional sealed box or reflex sys- 
tem, the crossover components interact 
with the woofer/cabinet motional impe- 
dance at resonance to interfere with the 
crossover filter shape. Due to sim- 
plified electrical filtering, the coupled 
cavity can avoid the worst of these 
problems, while obviating the need for 
high DC resistance inductors in series 
with -the woofer. 

KEF has had great success with 
loudspeakers using coupled -cavity 
loading and similar forms of loading 
have been used by Bowers and Wilkins 
and Acoustic Research to get deep bass 
from small sub -woofer boxes. It 
appears to be a system that, for once, 
really does deliver what is claimed. 

Third -order loading 
This is a very simple method of creating 
a system with a third -order, high-pass 
frequency response from a second - 
order sealed cabinet by feeding the 
woofer through a series capacitor. 
Figure 3 shows that, if aligned cor- 
rectly, the combination extends the 
frequency response deeper than would 
he expected from the box size. 

Reflex enclosures can achieve a simi- 

lar response, but they have a fourth - 
order roll off which, potentially, has a 

poorer transient performance and a 

lack of woofer -excursion restraint at 
frequencies below the vent tuning. 
Third -order loading gives the advan- 
tages of reflex systems without the 
problems; their one disadvantage is the 
large -value series capacitor (usually a 
few hundred microfarads). It can be 
argued that this should not affect the 
sound if the component quality is high 
enough, hut with the kind of electroly- 
tic component which cost and space 
limitations dictate, there is inevitably 
some loss of sound quality. 

Active servo technology 
This is a phrase coined by Yamaha, 
which describes the use of overall 

0- 

-10- 

-20- 

-30 

-401 
20 

positive electronic feedback to create a 

negative output impedance at the 
amplifier output to counteract the elec- 
trical impedance of the loudspeaker 
unit. Providing a negative output impe- 
dance to improve damping is not a new 
technique2, hut with AST Yamaha 
claims to achieve a significant improve- 
ment in bass extension compared to 
conventional reflex loudspeakers. 

Yamaha's description of how of the 
system works is sketchy; the company's 
publicity merely claims cancellation of 
the voice -coil resistance, as shown in 
Fig. 4, dramatically increasing the driv- 
ing force on the diaphragm. This is 
achieved by monitoring the current 
through the loudspeaker by sensing the 
voltage across a small value resistor in 
the earth return from the loudspeaker. 
To maintain an accurate feedback ratio 
and ensure stability, the sensing resis- 
tor is a small coil of wire designed to 
have a similar resistance versus temper- 
ature characteristic to the loudspeaker 
voice coil. 

Positive feedback therefore holds the 
current feed to the woofer constant in 
the bass region, where the rise in 
impedance due to motional impedance 
normally limits the current (and hence 
the force available to drive the cone). 
This results in increased voltage drive 

10 
where impedance is a maximum and 

o- _ . reduced drive voltage where impe- 
dance is at a minimum. 

AST is designed to work only at 

-20- / frequencies below around 200Hz. 
Because each loudspeaker has its own 
characteristics, the feedback must be 
tailored to suit the loudspeaker in 
question; there is additional frequency 
compensation both to tailor the fre- 
quency response of the speaker system 
and to ensure stability. Yamaha sells 
the electronics and loudspeakers as 
complete matching systems. AST is in 
contrast to many other feedback sys- 
tems which rely on acceleration or 
displacement sensors fixed to the 

Fig. 4. Yamaha's active servo technique, woofer diaphragm in order to detect 
which is claimed to cancel DC resistance cone movement. The AST unit looks 
of voice coil and increase driving force like a conventional reflex loudspeaker. 
on diaphragm. With AST, Yamaha claims to make 

,. . 
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Fig. 3. Effect of feeding driver through 
series capacitor. Top curve shows l0in 
driver in sealed box with no capacitor, 
while below is curve for same driver with 
600 µ F capacitor. 
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the reflex system work much more 
efficiently by rigidly controlling the 
woofer, making ít much stiffer, so 

reducing losses to the vent/box Helm- 
holtz resonance via the woofer and 
increasing vent output compared to a 

normal reflex enclosure. Whether simi- 
lar ends could he achieved by other 
means (for instance, using a larger 
magnet) is open to debate, but the 
Yamaha AST models do give very deep 
bass for their box and woofer size. 

Even Yamaha cannot, however, over- 
come the limitations to cone excursions 
which occur at low frequencies with 
very small bass cones. 

Equalisation 
Another way of getting deeper bass 

from loudspeakers is to equalise the 
output by boosting the input to the 
loudspeaker electronically to compen- 
sate for the woofer's natural low - 
frequency roll off. This must, of 
course, he done very carefully to avoid 
over -driving the woofers below reso- 
nance, causing driver or even amplifier 
overload. KEF has used this technique 
very successfully with its KUBE 
equalisation modules, which rely on 
the limited low -frequency spectra avail- 
able from most source material and 
also on the low distortion and high 
power handling of their coupled -cavity 
bass loading. It's certainly not a techni- 
que for general use. 

Conjugate load matching 
Loudspeaker systems present an elec- 
trical load which is, of course, far from 
resistive. This is due not only to the 
complex impedance of crossover net- 
works, but also to the electrodynamic 
behaviour, inductance and losses in 

moving -coil drive units, which can 

result in large peak currents and place 
extra demands on the power amplifier. 
With long cable runs, deviations from 
the nominal modulus of impedance can 
also affect the frequency response of 
the system. 

Non -resistive impedance characteris- 
tics of drive units also wreak havoc with 
crossover filter design. As a result, 
much of this has to be done empirically - or with the help of computer -aided 
design software. 

To overcome these various prob- 
lems, KEF employs conjugate match- 
ing (Fig. 5) in which the impedance of 
crossovers - and sometimes drivers - 
is compensated in both modulus and 
phase by additional, conjugate, reac- 
tive and resistive elements. This makes 
the overall loudspeaker system essen- 

Voltage 

Currents 

VRI 
Zx 

Typical unit 

Conjugated 
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LOG FREQUENCY 
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Source Speaker 
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& conjugate - resistor 

I J 

Current 

50 100 200 500 1k 2k 

FREQUENCY (Hz) 

Fig. 5. Conjugate matching used by 
KEF, in which crossover impedance is 
compensated by the circuit shown to 
provide essentially resistive 
characteristic, as shown in bottom trace. 

tially resistive, as seen by the amplifier, 
and eliminates the problems outlined 
earlier. 

It does, however, result in a substan- 
tially more complex crossover network, 

5k 10k 20k 

carries a cost penalty and, some would 
argue, a potential sonic loss, since so 
many components are needed. These 
will add distortion which, though small, 
may be audibly significant in high- 
performance systems unless designers 
are exceedingly careful. 

Vibration analysis 
Celestion was one of the first com- 
panies to employ laser Doppler inter- 
ferometry to measure the velocity of 
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Chipboard Aerolam 

Fig. 6. Laser Doppler interferometry 
used to analyse panel vibration. This is 
normally depicted by a moving graphics 
display. 

loudspeaker diaphragms at many 
points and to use this data to construct 
moving graphic images of cone vibra- 
tion. It has now applied this technique 
to loudspeaker panel -vibration analy- 
sis, using new software running on a 
fast Hewlett-Packard work station3 to 
measure the amplitude and velocity 
and phase of vibrations across a wide 
range of frequencies at all points of a 
mesh on the panel. 

Vibration at any one point can be 
viewed as a simple plot of vibration 
velocity versus frequency, which helps 
to locate trouble spots, or the structural 
analysis software can he run in moving 
graphics mode, as shown "frozen" in 
Fig. 6. This pictorial presentation 
should help to pinpoint the sources of 
unwanted panel flexure and to select 
the most effective positions for internal 
bracing or damping. Figure 7 shows the 
vibrations in an aluminium honeycomb 
"Aerolam" cabinet (SL700 type) and a 
braced chipboard cabinet (SL6-S type). 

The traditional technique of using a 
lightweight accelerometer glued to the 
panel can only tell the designer about 
one point at a time. It's a very useful 
technique and provides a lot of 
information, but not as clearly as the 
laser system. 

Dealing with panel 
resonance 

That loudspeaker panel resonances 
contribute significantly to the "sound" 
of loudspeakers is now more widely 
recognised than ever before; if their 
amplitude can be reduced, the clarity 
of reproduction is greatly enhanced. 
So, having found the resonances by 
measurement, how do designers deal 
with them? 

Most manufacturers use bracing to 
raise the frequency of resonances, 
while also reducing cabinet "breathing" 
at low frequencies. Traditionally, 
heavy damping materials, such as bitu- 
men, bitumised fibre, or fibre -board 
materials have been employed, but 
have been going out of fashion on the 
grounds that, while they reduce high - 
frequency resonances, they also add 
mass without increasing stiffness, thus 
reducing the frequency of resonances 
and increasing their Q. 

One method which does not incur 
this penalty is the bonding together of 
two stiff materials, which have diffe- 
rent resonance properties and damp 
each other's resonances rather than 
shifting them down in -frequency. The 
resulting composite baffle is also very 
stiff - not having the high stiffness -to 
weight ratio of exotic materials like 
Aerolam, but much less expensive. 

This is a technique used by Acoustic 
Research on their dual -density baffles. 
Figure 8 shows how the vibration 
modes can be substantially reduced, 
compared to those in a standard chip- 
board front panel. The difference can 
be as much as 10 or 20dB at some 
frequencies, while the vibration after 
the transient stimulus is much more 
rapidly damped. 

Drive -unit cone technology 
One can trace the ancestry of modern 
cone drive units to the early cone -type 
loud -speaking telephone receiver. 
Moving -iron armatures gave way to 

Fig. 7. Plot of vibration against 
frequency for an aluminium honeycomb 
Aerolam cabinet (lower trace) and a 

chipboard type. 

-70 

15 

dB/div. 

-130 

moving -coil motor systems, but the 
cone shape - ideal for rigid, light 
diaphragms - is still with us. 

We have seen paper (excellent 
strength/weight ratio but poor self 
damping and variability), Bextrene 
(consistent, low coloration, when tre- 
ated and moderate stiffness) and poly- 
propylene, (excellent internal damp- 
ing, but poor strength) used widely in 
commercial systems. Other materials 
with various pros and cons, such as 
woven carbon fibre or polyamide 
fibres, have also been pressed into 
service. Clearly, there is no such thing 
as the ideal cone material, but desig- 
ners keep searching. 

Injection moulding. One development 
from Infinity is to injection mould 
cones using a polypropylene and car- 
bon -fibre mix injected at the apex. This 
is claimed to combine the excellent self 
damping of polypropylene with the 
reinforcement provided by radially 
oriented carbon fibres. Designers can 
also add strengthening ribs or vary 
cone thickness, whereas conventional 
vacuum forming is limited to using flat 
sheet, which can stretch during the 
forming process. 

Metal diaphragms. Since dome drivers 
were introduced by AR in the 1950s, 
there have been domes made from 
paper, cloth, plastics films and glass 
fibre, to name only a few. Metal domes 
were first introduced in the 1970s by 
Yamaha in its seminal NS 1000 louds- 
peaker. In this model, both mid - 
frequency and tweeter domes were 
fabricated from vacuum -deposited 
beryllium. 

Metal -dome technology was later 
given a push towards the mass market 

R` 
Chipboard 

11 
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by Celestion, with the copper dome of 
the SL6 and, more recently, the easier - 
to -make and more sensitive aluminium 
dome units in the SL6-S. SL70(1 and 
DL models. Many other manufacturers 
quickly followed in Celestion's foot- 
steps, so that there is now hardly a 

manufacturer who does not offer this 
form of tweeter. 

Metal domes have the advantage 
that, instead of breaking up (deviating 
from perfect -piston behaviour) at 
around 5kHz. like plastic or cloth 
domes, a good metal dome stays pisto- 
nic and provides a smooth frequency 
response to beyond 20kliz. Typically, 
the first break up of a good metal dome 
is at -around 26kHz, where the ringing 
is very pronounced. This is beyond the 
audio range and should therefore he 
inaudible - provided no stimulus 
causes intermodulation distortion pro- 
ducts to he thrown hack down into the 
audio hand. 

Metal -cone woofers. Woofers have 
been slower to take the metal route. 
though there have been many metal - 
cone woofers in the past. There were, 
for instance, the GEC metal -cone unit 
from the I 950s, the Jordan modules 
from the 1960s and, more recently. the 
E.J. Jordan and l3andor metal -cone 
drivers. It took Acoustic Energy to 
capture the imagination recently with 

SEC 

Fig. 8. Acoustic Research composite 
baffle vibration analysis. Top curve 
shows amplitude/frequency trace of 
chipboard and dual -density baffle and 
lower result is transient response of the 
two materials.. 

its little AE1, followed swiftly by the 
Monitor Audio Studio 10. 

Is this the start of another trend? 
Only time will tell. Metal cones can 
stay pistonic up to a much higher 
frequency than conventional cones but, 
like metal domes. can ring. Unlike 
domes. this ringing is in the audio 
hand, even if it is beyond the bandpass 
of the woofer crossover. The Acoustic 
Energy and Monitor Audio cones are 
both made from anodized aluminium 
which has a soft centre and hard outer 
skins - a sandwich structure which is 

claimed to damp resonances. Both also 
feature straight -sided cones. 

This is the strongest possible cone 
shape and stays pistonic to a high 
frequency, which means that the whole 
of the cone radiates together until the 
first break-up mode. However, this is 

had news for directivity, because large 
diaphragms beam at high frequencies. 
One advantage of a flared soft cone is 

that it can he made to "shrink" with 
increasing frequency. It only the area 
around the voice coil radiates at the 
crossover point with the tweeter, it 

40.0000m 

makes for a smoother change over of 
directivity. Flared cones, in general, 
are also far less prone to severe ringing. 

Cost is the main drawback to metal 
cones. The diaphragms are easily dam- 
aged in production and so this techni- 
que is unlikely to reach the wide 
audience that metal domes have, unless 
a reliable method of mass production is 
developed. 

That completes this brief overview, 
which is by no means complete. Who 
knows where loudspeaker design will 
head in the future? Moving -coil drive 
units will be with us for many years and 
will undoubtedly undergo further 
refinement. Electronics will serve an 
increasing role, with active equalisa- 
tion, crossovers and bass -enhancing 
techniques becoming more common- 
place as an increasingly discriminating 
public demand reduced size, higher 
quality and better value for money. 

References 1. Fincham, L.R., KEF Electro- 
nics. A Bandpass loudspeaker enclosure, J. 
AES Preprint 63rd Convention, 1979. Preprint 
1512 (1)-4). 
2. Werner. R.E. and Carrell, R.N, RCA 
America. Applicatiion of negative impedance 
amplifiers to loudspeaker systems. J. AES 
Preprint October 7 1959. 9th Convention. 
3. Wright. J. R.. Celestion International, 
Automatic vibration analysis by laser interfer- 
ometry. J. AES Preprint 88th Convention 
1990. Preprint 2889 (B2). 
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THE ORIGINAL SURPLUS ;;;;WONDERLAND! 
MONITORS IBM KEYBOARD DEALS 

MONOCHROME MONITORS 
THIS MONTH'S SPECIAL! 

There has never been a deal like this onel 
Brand spanking new & boxed monitors 
from NEC, normally selling at about £1401 
These are over -engineered for ultra 
reliability. 9' green screen composite Input 
with etched non -glare screen plus switch - 

able higtvlow Impedance Input and output 
for daisy -chaining. 3 front controls and 6 at rear. Standard BNC 
sockets. Beautiful high contrast screen and attractive case with 
carrying ledge. Perfect as a man or backup monitor and for 
quantity users' £39.95 each (D) or 5 for £185(G) 

CALL_FQR__DISEOVNTS QN HIGHER__OUANTITiES! 
Zenith ZVM-1240-EA brand new & boxed 12" amber flat screen 
with optional swivel and tilt base. Sunfiex filter with dark tint. 
Standard TTL PC compatible. 18 mhz bandwidth. Very attractive 
'state of the art' tapered grey case. Standard 9 pin D plug 
(supplied) on 1 metre cord and mains cord terminated with IEC 
connector. 240 volts complete with operations manual. An ab- 
solute gift at: £59 (D) 10/£500 (G). Swivel/tilt base £4.95. 
Very high resolution, fully cased 14' green or amber screen 
monitor with non -glare screen and swivel/tilt base. The very 
latest technology at the very lowest price) Fully compatible and 
plug compatible with all IBM PCs and clones fitted with a high 
res Hercules or equivalent card) Enables superb graphics and 
resolution, all at a give away price. Has many extra features 
including aux+5 & 12v DC outputs to power at least 2 disk drives, 
If your PC power supply is getting hot' Supplied BRAND NEW 
and boxed. State whether amber or green screen required. 

Amber £79 Green £69 (E) 
Wang green screen 12' chassis monitor with composite video 
input. Adjustable for tilt. Requires 12 vdc. Brand new and boxed 
In perfect condition. Only £39 each or 2 for £75 (F) 
Motorola M1000-100 5' black & white compact chassis measur- 
ing only 11.614 x 12W x 22D. Ideal for CCTV or computer 
applications. Accepts standard composite or Individual H 8 V 
syncs. Needs 12vdc at only 0.8a. Some units may have minor 
screen blemishes. Fully tested with 30 day guarantee and full 
data. £29.00(C) 
Fully cased as above In attractive moulded desk standing 
swivel. Dim 12 x 14.5 x 26cm. £39.00(C) 
JVC 751 ultra compact chassis monitor for 12vdc 0.7a. Dim 1 

x 14 x 18cm. Simple DIY data included to convert to composite 
video input .Full data. BRAND NEW £55.00(B) 
20" Black & white monitors by Azlek, Cotton & National. All 
solid state, fully cased monitors ideal for all types of AV or CCTV 
applications. Standard composite video Inputs with Integral 
audio amp and speaker. Sold in good used condition - fully tested 
with 90 day guarantee. £85.00(F) 

COLOUR MONITORS 
Deco 16" 80 budget range colour monitor. Features a PIL tube, 
beautiful teak style case and guaranteed 80 column resolution, 
features usually seen only on colour monitors costing 3 times 
our pricel Ready to connect to most computers or video outputs. 
7511 composite Input with integral audio amp & speaker. Fully 
tested surplus, sold In little or hardly used condition with 90 day 
full RTB guarantee. Ideal for use with video recorder or our 
Teiebox ST, and other audio visual uses. £99(E) 3/£275(G) 

HI -DEFINITION COLOUR MONITORS 
brand new Centronic 14' monitor for IBM PC and compatibles 
al a lower than ever price) Completely CGA equivalent. Hi -res 
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 
bandwidth. A super monitor In attractive style moulded case.Full 
90 day guarantee. Only £149 (E) 

20",22" and 26" AV SPECIALS 
Superbly made UK manufacture. PIL all solid state colour 
monitors, complete with composite video & sound Inputs. Attrac- 
tive teak style case. Perfect for Schools,Shops.Disco, Clubs. 
In EXCELLENT little used condition with lull 90 day guarantee. 

20"....£155 22"....£170 26"....£185 (F) 

COMPUTER SYSTEMS 
TATUNG PC2000. Big brother of the famous Einstein. The 
TPC2000 Professional 3 piece system comprises: (Duality high 
resolution Green 12' monitor. Sculptured 92 key keyboard and 
plinth unit containing Z80A CPU and all control circuits. PLUS 2 
Integral TEAC 5.25 80 track double sided disk drives. Generous 
other features Include dual 8- IBM format disk drive support. 
Serial and parallel outputs, full expansion port, 64K ram and 
ready to run software. Supplied complete with CP/M, Wordstar 
and Basic. Brand new and covered by our famous 90 day 
guarantee and backup. Normal price of this unit is over £1400 

Our price .... only £299 (E) 

V22 1200 BAUD MODEMS 

A replacement or backup keyboard, switchable for IBM PC, 
PC -XT or PC -AT. LED's for Caps,Scroll & Num Locks. Standard 
84 keyboard layout. Made by NCR for the English & US markets. 
Absolutely standard. Brand new & boxed with manual and key 
template for user slogans on the function keys. Attractive 
beige,grey and cream finish, with the usual retractable legs 
unnddeerneath. A generous length of curly cord, terminating In the 
standard 5 pin DIN plug. A beautiful clean piece of manufac- 
turers surplus. What a deal £39 (B) 510175 (D) 

Brand new and boxed 84 key PC/XT type keyboards In standard 
IBM grey with very attractive mottled finish and "dick] solid feel 
keys. 10 function keys on side. English layout and £ sign. Green 
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5!£135 (D) 

CALL FOR DISCOUNTS ON HIGHER QUANTITIES! 

FLOPPY DISK DRIVES 
BARGAINS. GALORE ! 

NEW 51/4 inch from £29.951 
Massive purchases of standard 51/4' drives enables us to 
present prime product at Industry beating low prices' All units 
(unless stated) are removed from often brand new equipment 
and are fully tested,allgned and shipped to you with a 90 day 
guarantee and operate from +5 & +12vdc, are of standard size 
and accept the standard 34 way connector. 
SHUGART SA405. BRAND NEW £29.95(C) 
TANDON TM100-2A IBM compatible DS £39.95(C) 
TANDON TM1013 80 Track DS £49.95(C) 
CANON,TEC etc.DS half height.State 40 or 80T £75.00(C) 
TEAC FD -55-F.40-80 DS halt height. BRAND NEW £99.00(C) 

312 INCH BRAND NEW AT £19.9511 
Never before seen price for a 312' drive. Standard size believed 
to be by Canon. Brand new and packaged - mint condition) 40 
track SS, run from +5 & +12vdc with standard power connec- 
tor Only £19.95 or 2 for £34.50(B) 

CHOOSE YOUR 8 INCH1 
Shugart 800/801 SS refurbished & tested £150.00( 
Shugart 851 double sided refurbished & tested £195.00( 
Mitsubishi M2894-63 double sided switchable 

hard or soft sectors- BRAND NEW £250.00(E) 
SPECIAL OFFERS!! 

Dual 8" drives with 2 megabyte capadty housed In a smart case 
w th built In power supply) Only £499.00 (F) Ideal as exterior drives' 
End of line purchase scoop! Brand new NEC D2246 8' 85 
megabyte of hard disk storagel Full CPU control and Industry 
standard SMD I nterf ace. Ultra hi speed transfer and access time 
leaves the good old ST506 interface standing. In mint condition 
and comes complete with manual. Only £399(E) 

MAINS SUPPRESSORS & FILTERS 
Roxburgh SDC 021 2 amp mans RFI filter. Has an extra wide 
frequency range of 150 khz to 30 mhz. Can type, solder lug 
connection. Quality manufactured to BS 613 standards. Dims 
1-1/2'D x 1-3/4'H £3.95 or 3 for £10 (A) 10 for £28 (B) 
Roxburgh SDA 013/25 Similar to above rated at 1.1 /2 amps. 
Dims 1-1/2'D x 1-3/4'H £3.25or3 for £8.50(A)10 for £25(B) 
Suppression Devices SO5 A10. Extra compact general pur- 
pose suppressor. Plastic moulded case with single bolt fixing 
and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/47 
x 1-1/8"W x 5/8'H £3.95 or 3 for £10 (A) 10 for £28 (B) 
Belling -Lee type L2127 3 amp mains RFI filters. Has a built In 
mains cable (English coding), and a three pin miniature non -re- 
versible socket and a mating plug, to go to the equipment. Ideal 
for those who are bugged by RF Interference. Very compact. 
Dims 3-1/8' x 2.5' x 1.5' £3.95 each or 3 for £10 IA1 

RECHARGEABLE BATTERIES 

We got a tremendous buy on further stocks of this popular 
Master Systems2/12 microprocessor controlled V22 full duplex 
1200 baud modem - we can now bring them to you at half last 
advertised price! Fully BT approved unit, provides standard 
V22 high speed data Comm, which at 120 cps, can save your 
phone bill and connect time by a staggering 75%1 Ultra slim 45 
mm high. Full featured with LED status Indicators and remote 
error diagnostics. Sync orAsync use; speech or data switching; 
built in 240v mains supply and 2 wire connection to BT. Units 
are In used but good condition. Fully tested prior despatch, with 
data and a full 90 day guarantee. What more can you ask for - 

and al this pricell ONLY £69 (D) 

LARGE a(IANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL 

LEAD ACID 
Maintenance free sealed bong life. Type A300. 

12 volts 12 volts 3 am ours £13.95(A 
6 volts 6 volts3 am ours £ 9.95(A 
12 volts Centre tapped 1.8 amp hours. RFE. £ 5.95(A 
12 volts 12 volts 24 amp hours. A200. RFE. 129.00(B) 

NICKEL CADMIUM 
Quality 12v 4ah cell pack. Originally made for the Technicololor 
video company. Contains 10 GE top quality D nicad cells In a 
smart robust case with a DC output connector. Ideal for portable 
equipment. Brand new. £19.95(B) 
Ex -equipment NICAD cells by GE. Removed from equipment 
and in good, used condition: D size 4ah 4 for £5(8) 

F size 7ah 6 for £8131 

SPECIAL INTEREST 
Advance 6120 7 pin A3 plotter HPGL. New 
Trio 0-18 vdc bench PSU. 30 amps. New 
DEC VAX11/750 Inc. 2 Meg Ram DZ and full 
documentation, In brand new condition 
DEC VAX Station 100 
DEC LS/02 CPU board 
Calcomp 1036 large drum 3 pen plotter 
Thuriby LA 160B logic analyser 
1.5kw 115v 60hz power source 
Tektronics R140 NTSC TV test signal standard. 
Sony KTX 1000 Videotex system - brand new 
ADDS 2020 VDU terminals - brand new 
Sekonlc SD 150H 18 channel Hybrid recorder 
Trend 1-0-1 Data transmission test set £ 525 
Kenwood DA -3501 laser pickup simulator £ 350 

ANALOG to DIGITAL and DIGITAL to 
ANALOG CONVERTERS 

Brand new and boxed Amdek 
ADA-200 analog to digital and 
digital to analog converter pack- 
ed full of features: Interfaces to 
most popular PC's; 2 channel .,-.-u- 
Input & output by software selec- 
tion; Integral Input/output filters and address decoder, Input 
pre amp; over -level detecter, trigger signal detecter circuit; 
expansion availability and more. Input level 25mv to 50v p -p. 
Max. sampling frequency is 44khz and input gain variable to 
200 times. Designed for use with almost any personal com- 
puter, allowing conversion of analog signas to digital data for 
processing by the computer plus conversion back to analog 
signals. The 26 page manual supplied includes data on the 
correct connection to various CPU's including the 8080, Z-80, 
6800, 6502 and 6809 families plus data and schematics for user 
modification of 1/O filter cut -on frequencies. Complete with 50 
way ribbon cable and edge connector to go to the computer and 
power cable. All for a fraction of the regular pricel £49.95 (C) 

POWER SUPPLIES 
All PSUs 220.240vec input and are BRAND NEW unless 
stated. Many types ranging from 3v to 10kv always In stock. 
Fine OP -8619 20 watts switch mode. +5v @ 2a. +12v @ la, 
-12v @ 0.1a. 5' x 3' x 1-1/2'. £15.95(B) 
Aetec AC -8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 
2a. -12v @ 0.1a. 6.1/4- x 4- x 1-3/4'. £19.95(8) 
Greendale 19ABOE 60 watts switch mode.+5v @ 6a,112v @ 
1 a,i15v @ 1 a. RFE and fully tested.11 x 20 x5.5cros. £24.95(C) 
Convey AC130. 130 watt hi -grade VDE spec.Switch mode.+5v 
@ 15a, -5v @ 1 a,112v @ 6a.27 x 12.5 x 6.5cms £49.95(C) 
Boshert 13090.Switch mode.ldeal for drives & system. +5v@ 
6a, +12v @ 2.5a, -12v 00.5a, -5v @ 0.5a. £29.95(B) 
Famell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) 
Famed G24/5S. As above but 24v @ 5a. £65.00(C) 

COOLING FANS 
Please specify 110 or 240 volts for AC fans. 

3 Inch AC. 112' thick £ 8.50(B 
312 Inch AC ETRI slimiire.Oniy 1' thick. £ 9.95(B; 
4 Inch AC 110/240v 112' thick. £10.95(B) 
4 Inch AC 112' thick £ 9.95(B) 
10 inch Round.312 thick. Rotron 110v £10.95(B) 
62 mm DC 1' lhick.No.812 for 6/12v.814 24v. £15.95(A) 
92 mm. DC 12v. 18 mm thick. £14.95(A) 
4lnch DC 12v. 12w 112' thick £12501B) 
4 Inch DC 24v 8w. 1' thick. £14.5018) 

THE AMAZING TELEBOX! 
Converts your colour monitor into a 

QUALITY COLOUR 7V11 

TV SOUND 
& VIDEO 
TUNER! 

Telebox STL as ST but with integral speaker 
Telebox RGB for analogue RGB monitors 

NO 1T suitable for IBM or Clone type colour monitors. . 

PAL overseas version please call. SECAM not available. 

BRAND NEW PRINTERS 
TEC Starwriter Model FP1500-25 daisywheel printer renowned 
for Its reliability. Diablo type print mechanism gives superb 
registration and quality. On board microprocessor gives full 
Diablo/Qume command capability. Serial RS -232C with full 
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136 
cp.' In Pica, 163 In Elite. Friction or tractor feed. Full ASCII 
Including £ sign. Font and ribbon Diablo compatible £199(E) 
DED DPG21 miniature ball point pen printer plotter mechanism 
with full 40 characters per line. Complete with data sheet which 

£ 425 Includes dreuit diagrams for simple driver electronics £49(B) 
£ 470 Centronics 150 series. Always known for their reliablity in 

continuous use - real workhorses In any environment. Fast 150 
£3900 cps with 4 fonts and choice of interfaces. 
£ 295 150-SN up to 9.5' paper £155.00(E) 
£ 150 150 -SW up to 14.5' paper £199.00(E) 
£ 650 Specify whether serial or parallel required. 
£ 375 CALL FOR THE MANY OTHERS IN STOCK. 
£ 950 
£ 875 
£ 790 
£ 225 
£2000 

Brand new high quality, fully cased, 7 channel UHF PAL TV tuner 
system. Unit simply connects to your TV aerial socket and colour 
video monitortumin9 same Into a fabulous colour TV. Dont worry 
If your monitor does nt have sound, the TELEBOX even has an 
Integral audio amp for driving a speaker plus an auxiliary output 
for Headphones or Itl F system etc. Many other features: LED 
Status indicator, Smart moulded case, Mans powered, Built to 
BS safety specs. Many other uses for TV sound or video etc. 
Supplied BRAND NEW with full 1 year guarantee. 
Telebox ST for composite video Input monitors £29.95(B) 

£34.95(B) 

Visit our Shop - Technical help always on hand 
plus many un -advertised specials. You can buy a 

colour television for as little as £291 Come and 
Join the gang at 215 Whitehorse Lane! 

NOW! 

... .... .. MAIL ORDER & OFFICES LONDON SHOP 1 8TEL m The Original «ÁL=.1_ ENQUIRIES 
j j Open Mon -Fri 9.00-5.30 na dial -up database! t Dept WW. 32 Blggin Way, Open Mon -Sat 9-5.30 1000's of Items+Info On Llr 

100's of bargains! EEr 

081-679-4414 ' = Upper Norwood, 215 Whitehorse Lane, 300 bd 081.679-1888, NM see 
London SEI9 3XF. South Norwood, 1200/75 bd 081-679-6183, Fax- 081-679-1927 

London, SE25 . '200/1200 bd 081-679-876° Telex- 894502 

-Electronics All prices for UK Mainia d. UK customers add 157 VATto TOTAL order amours. Minimum order C10. PD orders Mom Ganmment.tiniversities,Scfnds & Local Authorities 
wekome-minimum account order £25. Carriage charges Wá2.00. (B) -í4.5o. (C)-£8.50. (D)-010.00. (E)-012.00 (F)á17.00 (G) -Cali . All goods ...spired subject to ous 

standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. At guarantees on a redrm to base basis.W a reserve the ni to change prices 8 specrrrcations 
without prior notice. Orders accepted subject to rtodr.Ouotatiors wilkngty given air higher quantities then those stated. Bulk surplus always required for cash. 
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UPDATE EXTRA 

Possible hazards as well as beneficial 
uses of EMFs were some of the topics 
discussed at a May conference at 
Birmingham's National Exhibition 
Centre, on the novel subject of 
"Electromedicine - an emerging 
science". 

Dr Richard Bentall- from the 
University of Maryland, spoke about 
the use of radio frequencies in wound 
healing. Ile described a particular RF 
dressing that he had developed, which 
starts to work as soon as it is exposed to 
light. Attached to the body, it lasts 
three weeks and is suitable for surgical 
wounds. The RF antennae operates 
using a 26MHz carrier wave, 
modulated at I00011z, with an 80µs 
pulse width, and producing a power 
density of 73µW per square 
centimetre. Dr Bentall postulated that 
the likely mode of action of the signal 
was by influencing the chemical 
reactions and enzyme systems in cell 
membranes which control ion pumps 
across membranes. 

A particular delight to hear was the 
lecture by Professor Yuri Gulyaev, of 
the Institute of Radioengineering and 
Electronics at the Moscow Academy of 
Sciences. His talk focused on his 
attempts to produce a computerised 
"functional tomography" of the fields 
and radiations generated by the 
physiological homeostatic systems of 
the body, to develop new non-invasive 
methods of functional diagnostics. The 
six kinds of such fields are: 

Infrared thermal electromagnetic 
radiation, which characterises the 
temperature of the skin, determined 
mainly by capillary blood Now. 

Radiothermal microwave EMR, 
which supplies information about the 
dynamics of thermal fields inside the 
living body. 
An electric field which reflects 
bioelectric activity in the brain, heart, 
muscles and other internal organs. 
Besides this, electric fields around the 
body are connected to an electric 
charge on the highly resistive epidermis 
layer. 

A magnetic field which reflects more 
directly than the electric field 
bioelectric activity of internal organs, 
since it is not screened by the 
electrically conductive tissues of the 
organism. 
Chemiluminescence, in the near - 
infrared and optical regions of EMR, 
which provides knowledge about the 
saturation of tissues by oxygen, anti- 
oxidant status, etc. 

Acoustic radiation produced by 

# 

/r ' 

{ 
;`' -: - 

. 

1 _- --1' u - 
- 1" 

Will the patient he as happy with some of the proposed unconventional treatments? 

ELECTRICITY IN 
MEDICINE 
Electromagnetics are 
playing an increasing 
part in modern 
medicine, not just in 
diagnosis but in 
treatment. Simon 
Best reports on a 
revealing conference 
different kinds of noises inside the 
organs- heartbeat, lung movement, 
blood flow murmur, intestines and 
stomach peristalsis. etc. There is also 
acousto-thermal radiation in the 
ultrasound wavelength region which 
characterises temperature distribution 
inside the organism. 

Prof Gulyaev then described the 
types of functional image taken in 
order to pinpoint changes in health by 
comparing "before- and "after- 
images. Pte -diagnosis of cancer was 
possible, he said, due to a 3° rise in 
temperature in a specific body area or 
organ. Magnetic field images can be 
used to study the heart and the 
possibility of infarctions by showing 
changes in the poles of the magnetic 
field produced by scar tissue around the 

heart. In the brain, thought changes 
produce a discernible change in the 
magnetic field of the order of I pT. 

Finally, Prof Gulyaev described 
work on the use of 1-10mm waves in 
microwave therapy. Stomach bacteria 
have been influenced using specific 
frequencies and their resonances, from 
which the Professor concluded that the 
effects are not thermal. The irradiation 
appears to act like a trigger since an 
increase ill intensity brings no change 
ill effect. Amplitude- and frequency - 
modulated waveforms are very 
effective whereas ordinary sinusoidal 
waveforms are not. Short, strong 
pulses produce the strongest effect. 

Large areas of the body may be 
irradiated, though a Kiev group is 

experimenting with a waveguide to 
locate and irradiate specific 
acupuncture points. Among the 
diseases apparently cured, according to 
Prof Gulyaev, are stomach ulcers, 
psoriasis, hypertension. skin 
melanoma, womb neck erosion and 
infected wounds. 

Work on the effects of EMR on cells 
involved with wound healing was 
presented by Dr Mary Dyson, who 
works with teams at the United 
Medical and Dental Schools at Guy's 
Hospital. and at St I3artholomew's 
I lospital. Low -intensity red light and 
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pulsed magnetic fields (PMF) have 
been apparently successful, she said, in 
speeding up the repair of chronic 
injuries such as varicose veins. 
Experiments by the two teams have 
now shown that exposing cells called 
macrophages, involved in the repair 
process, to certain wavelengths of light 
and infrared radiation at low energy 
densities can increase the release of 
growth factors, which then stimulate 
the further repair processes of 
fibroblast and keratinocyte 
proliferation. Specifically, they found 
that wavelengths of 660. 820 and 
877nm stimulate the proliferation of. 
keratinocytes, and a wavelength of . 

880nm inhibits the process. It was not 
necessary. Dr Dyson discovered, at 
certain wavelengths for the radiation to 
be coherent. 

Pulsed magnetic fields were also 
found to be able to stimulate 
keratinocyte proliferation, again with 
frequency "windows" having an 
increasing or decreasing effect. Dr 
Dyson observed a maximum effect at 
16.7Hz and 5.1mT. Using a sinusoidal 
waveform, a maximum effect occurred 
at 16.7 and 60Hz, with a peak at 45Hz 
and an inhibitory effect at 75Hz. Using 
either light or PMFs, which were also 
found to affect the behaviour of mast 
and endothelial cells, such effects were 
greatest in cells grown in adverse 
conditions, such as after injury, 
particularly in chronic lesions. 

Increasing our knowledge of what 
happens in epilepsy through the 
amazing powers of 
magnetoencephalography (MEG) is 

the special interest of, and was the 
subject of the talk by, Dr Peter 
Fenwick, from the Institute of 
Psychiatry at London's Maudsley 
Hospital. MEG is the study of 
magnetic fields arising from neural 
structures within the brain and 
measured just above the surface of the 
scalp, using a Superconducting 
Quantum Interference Device 
(SQUID). Fields coming from the 
brain are in the order of 5-200fT a 

million times weaker than the Earth's 
magnetic field. MEG fields are 
generated by high density, intracellular 
current flow and pass through the 
brain, skull and scalp without 
distortion. Thus, theoretically, 
magnetic measurement can produce an 
undistorted picture of the underlying 
magnetic sources. Such measurements 
are then used to try to model 
mathematically the most likely location 
and characteristics within the brain of 
the magnetic source generator or 

dipole. The deeper the source, the 
more difficult it is to model, and the 
greater the number of sources, the less 
specific the models will be. 

Dr Fenwick's work has attempted to 
answer the question of whether the 
MEG could exceed the standard 
EEG's ability in being able to pick up 
deep discharges in the temporal lobes 
of epileptics and model them. 

Dr Fenwick reported that, using 
three patients with intercranially 
implanted electrodes, he had in fact 
been able to pick up spikes not seen by 
an EEG. Currently, he is attempting to 
correlate such MEG ohservatioris with 
sources and activity on the brain's 
surface measured by the EEG. 

On the question of possible hazards. 
Dr Leslie Hawkins, from the Robens 
Institute at the University of Surrey, 
focused on electromagnetic fields from 
environmental sources. Fields around 
such sources vary considerably; close to 
an electric blanket the electric field 
may be 5-600V per metre, whereas 
within the right of way of high -voltage 
lines similar fields of 5-10kV per metre 
are the norm. 

Of those studies that have looked at 
possible hazards, Dr Hawkins found 
that 60 per cent show a higher relative 
risk for central nervous system 
tumours, particularly in the 
occupational setting. Those reporting 
on childhood tumours showed on 

"As little as two days' 
exposure of two -day -old 

eggs is sufficient to 
produce abnormalities in 

brain tissue." 

average a doubling of the risk, though 
this still represented a very small 
increase in actual numbers, effectively 
from 1 to 2 in 10000. 

The effects of EMFs on chick 
embryos was the subject of the next 
talk, by Dr Jocelyn Leal of Hospital 
Ramon Cajal in Madrid. Different 
studies performed in vivo on chick 
embryos have shown that early 
embryonic processes can be modified 
by weak, extremely low frequency, 
magnetic fields. As little as two days' 
exposure of two -day -old eggs is 

sufficient to produce abnormalities in 
brain tissue. 

In the so-called Henhouse Project, in 
which six laboratories around the world 
used the same methodology and type of 
chicks to conduct the same experiment, 
five out of the six results showed that 
weak AC magnetic field exposure led 
to early death, irreversible 
abnormalities in developed organisms, 
an increase in the level of abnormalities 
in embryos and a change in the 
orientation of the organisms. 

Again on the question of increased 
leukemia and EMF exposure, Dr Ray 
Cartwright, of the Leukemia Research 
Institute at the University of Leeds, 
noted that to date, 16 occupational 
studies have been published, producing 
an overall average risk of 1.2, i.e. 20 
per cent (statistically significant). For 
acute myeloid leukemia the risk 
increased to 1.5. 

But such data was difficult to 
interpret, according to Dr Cartwright, 
since the contribution of other known 
workplace chemicals and carcinogens 
was unquantified. Future studies 
already planned or underway would 
involve larger samples, better exposure 
assessment and dosimetry, as well as 

identifying and controlling for the 
degree of risk arising from the father's 
occupation. 

Dr Cartwright was followed by Dr 
Brian Maddock, from the National 
Grid R&D Centre in Leatherhead, 
Surrey, who discussed EMFs and 
exposure measurement. 

The National Grid is currently 
involved in monitoring the magnetic 
climate in the UK. using van -mounted 
apparatus to measure fields in the 
street and thus calculate nearby 
domestic fields, whose strength has 
been found to be directly related to net 
variations in the field generated by the 
underground cables. Portable meters 
are also being used by 200 staff 
volunteers to assess exposure at home 
and at work, the latter seeming from 
early results to provide the greater 
exposure. 

The conference was sponsored by 
the journal Hospital Equipment & 

Supplies, owned by MBC Ltd, and 
organised by its editor, Susan Black. 
Coordinator was Dr Richard Dixey, 
director of the Bioelectric Research 
Laboratory at St Bartholomew's 
Hospital, London, who gave the 
opening address. Plans are already 
underway to hold a second such event 
next year. Contact Susan Black for 
further details: 081-837 1212. 
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Telecommunications Training 
from- fundaméñtáls-to- státe=of=the-art technology 

Lab -Volt offers a comprehensive range of telecom- 
munications training equipment that covers basic 
electronics, analogue and digital communications 
circuits and systems, fibre optics,_ and microwave 
and radar technologies. 

Our equipment is: 
modular and easy to upgrade 
industry relevant 
engineered for educational purposes. 

Lab -Volt closely relates its -telecommunications 
training equipment to operational systems found in 
industry, with educational enhancements such as 
fault insertion switches in many of the mcdules, 
labelled and easily -accessible test points, short- 
circuit protection, silk-screened component icentifi- 
cation, and full signal compatibility for system -level 
modules. We supply student and instructor manuals 
thatare written specifically for the equipment; they 
provide practical hands-on technical training with 
step-by-step exercises, laboratory experimen:s, and 
troubleshooting activities. 

RADAR SYSTEMS 
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MICROWAVE SYSTEMS 

1 
AOVA VCED DIGITAL COMMUNICATIONS SYSTEMS' 

*TIM SAPSK/APK,OAM 
TI/CEPT MULTIPLEX DPSK/DOPSK 
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FREQUENCY SYNTHESIS TELEPHONY FIBRE OPTICS PCM/DELTA 

COMMUNICATIONS FDM SSB PLL ASK/FSKIPSK PAM/PPM/PWM 

RF COMMUNICATIONS CIRCUITS 
AM/FM 

DIGITAL ELECTRONICS 

For more information about our telecommunications 
training equipment, please contact: 

Lab -Volt (U.K.) Ltd. 
2 Stepheison Road 
Industrial Estate 
St. Ives 
Cambridgeshire 
PE17 4WJ 
Fax: 0480 61654 
Or Call: C480 300695 
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Leader Video Monitors 
- and 

Generators 
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The Leader range of video 
instruments represents the state of 
the art for both broadcast and non - 
broadcast applications. 

Our illustration shows just five models 
from the large range. They are (left to 
right): 
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5851V Fully featured PAL/NTSC 
vectorscope 

5861V Fully featured PAL/NTSC 
waveform monitor 

408P Advanced pattern gen. 
with Genlock 

5871V Combined Vectorscope 
and waveform monitor 

LC399A Pattern generator 
PAL 13 

£1,623 

£1,371 

£2,554 

£3,317 

£1,635 

Thurlby-Thandar Ltd., Glebe Rd., Huntingdon, Cambs. PE18 7DX. Tel: (0480) 412451 Fax: (0480) 450409 Telex: 32250 

C1 RCL E NO. 107 ON REPLY CARD 

COMPUTER 
ADD ONS 

* MAINBOARDS * XT * 
* 286 (to 24Mhz) * 386 (to 33Mhz) * 
* DISK CONTROLLERS * I/O * 

* GRAPHICS CARDS * KEYBOARDS * 
* CASES * POWER SUPPLIES * 

Call for price list 

Examples 

20Mhz 286 Neat mainboard £265.00 
20/25Mhz 386 mainboard £580.00 
25Mhz 386 mainboard with 32Kb cache £790.00 
33Mhz 386, 64Kb cache, 4Mb RAM ... £1400.00 

Complete Systems and machine 
upgrade service 

Datamation Services Limited 
852 Plymouth Road, 

Slough SL1 4LP 
Tel: 0753 696499 Fax: 0753 696211 

MQP SERIES II NOW 
PROGRAMS MORE DEVICES 

' STILL from only £195! 
Up and running in 
minutes 
High speed algorithms 
Low cost upgrades 
12 Month Guarantee 
2 & 4Mb devices 
8 -pin serial EEPROMs 
(X2402, 9306 families) 
Programs 24/28/32/40 
pin EPROMs, EEPROMs 
and Micro -controllers 
Adapters for other devices scheduled for imminent release 
include Z8 (both Zilog and SGS), the 68705 family and TI 
77C82 
Easy to use menu driven software for MS-DOS included in 
the price with much improved pop up help facility in colour 
Uses Serial port so requires no expansion slots - cable 
included in price 
Money Back Guarantee if not completely satisfied 
Designed, manufactured and supported in the UK 

We also sell Bipolar and Gang Programmers, 
EPROM Emulators and Erasers, and a universal 
cross -assembler for IBM PCs and compatibles. 

Write or phone today for Free Information Pack 
Tel: (0666) 825146 Fax: (0666) 825141 

MQP ELECTRONICS 
PARK ROAD CENTRE 
MALMESBURY 

®WILTS 
SN16 OBX 

,iik 
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PROGRAMMING 

INTERFACING WITH C 
PART 5 

Howard Hutchings concludes the subject of convolution with a 

program for graphical display of the convoluted output and embarks 
on the design of digital filters 

To conclude the subject of 
convolution, it might he of 
interest to use the graphics 
routines outlined in Part 3 

to display the convoluted , 

output. A suitable program is given in 
Listing 4.2. 

GRAPHICAL CONVOLUTION 

#include<stdio.h> 
#include<graph.h> 

main() 

ínt i,j,k,m,n; 
float x,h; 
float input [40]; 
float impulse [40]; 
float output; 
/' 

CLEAR ARRAY 
'/ 

for (i=0; i<=20; i++) 

input [1]=0; 

1 
READ IMPULSE DATA AND 

IMPULSE RESPONSE 

printf ("Enter No. of i/p samples: 20 max"); 
scant ("%d",&n); 
printf ("Enter i/p data"); 
for (i=20; i<=20+n-1; i++) 
{ 
scanf ("%r,&x): 
input [i]=x; 

printf ("Enter No. of samples in impulse 
response: 20 max"); 

scanf ("%d",&m); 
printf ("Enter impulse data"); 
for (j=1; j<=m; j++) 

scanf ("%f",&h); 
impulse [j]=h; 

_lineto (200,100); 
_.moveto (0,199); 
_lineto (0,0); 
/' 
CONVOLUTION ./ 
for (i=20; i<=20+n-1; i++) 
{ 
output=0; 
/' 
RESET SUM TO ZERO 

for (j=1; j<=m; j++) 
{ 

output+=input [i-j+1]'impulse [j]; 
} 

SCALE AND PLOT CONVOLUTED O/P 

_moveto ((i-20)'10,100); 

.511. 

Interfacing with C 

An accompanying set of 49 source 
code C listings presented with this 
series is now available on disk, 
price £25.50+VAT. We will shortly 
be publishing a book "Interfacing 
with C" written by Howard 
Hutchings and based on the series, 
but containing additional 
information on advanced 
processing techniques. We are now_ 

accepting advance orders, price 
£14.95. 
Prices include post and packaging. 
Please make cheque or company 
order payable to Reed Business 
Publishing Group and send to 
Lindsey Gardner, room L301, 
Quadrant House, The Quadrant, - 

Sutton, Surrey SM2 5AS. Credit 
card orders an be phoned through 
on 081-661 3614 (mornings only). 

_lineto ((i-20)' 10,50'(2-output)); 

1 

CONFIGURE VIDEO MODE AND DRAW 
AXES ./ 

_setvideomode (_DEFAULTMODE); 
_setvideomode (_MRES4COLOR); 
_clearscreen (_GCLEARSCREEN); 
_moveto (0,100); 

Applying the program 
Using the program, we can predict the 
digital output of any linear signal pro- 
cessor without the need for analysis in 
the complex -frequency domain. 
Clearly, this is a useful vehicle with 
which to confirm and consolidate cer- 
tain rules or concepts, previously pre- 
sented as statements of fact. The fol- 
lowing list of suggestions is by no 
means exhaustive and you may wish to 
try your own investigations, particu- 
larly in the light of subsequent work. 
Abasing. If you have time, demonstrate 
the effect of processing a signal com- 
posed of insufficient samples. Adopt an 
ordered approach, select an input 
waveform and observe the processed 
output. Progressively decrease the 
number of samples until aliasing 
occurs. 
Operator z. Additional insight into the 
meaning of the z -transform as a time - 
shift operator is provided by placing a 

zero at the origin of the z -plane, as in 
Fig. 4.6. Each term in the series expan- 

c 

c 

(a )ilmt3u1se response 
h(n)_ {0,1, a,a2,a3...} 

(b)The effect of placing a zero at the 
origin is to modify the order of the 
impulse response coefficients 
h(n)_{1, or,a2,a3...} 

IIII'IIII IIIIIII ñ 
Fig.4.12. Unit step response. At (a) is the 
response /r(n)=0,/,a,u2,u3 ...) and (b) 
shows diat the effect of placing a zero at 
the origin is to modify the order of the 
impulse response coefficients. 
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Quality Toroidal 
Transformers 

A large, standard range of (15- 
2000VA) high quality products 

are available conforming to 
BS415 (EC65) class 2 

requirements. 
Custom design options 

include - 
Audio grade - low noise 

Autotransformers 

Inverter transformers 

Current transformers 

Metal banding 

Potted centres 

Tape screens 

We also manufacture other 
standards including: 

EC742, EC601 (BS5724), UL506, 
UL544, CSA222 

Contact or tel 08494 28734 
fax 08494 68745 

Antrim Transformers Ltd 
25 Randalstown Road, 
Antrim, Co. Antrim, 
N. Ireland BT41 4LD 

C -Compilers 
ONLY £595 

Developed with 12 years experience, true 
processor specific, ANSI C -Compilers are 
now available complete with free 
Assembler and Linker. 

1802, 1805, 6301, 64180, 6502, 
6800, 6801, 6802, 6805, 6809, 
6811, 68000, 8051, 8085, 8086, 

8096, Z80 and now 86C010 

Development Systems with High Level 
Debugging are also available to see you 
through your complete software and 
hardware design cycle. 

Call us now for your FREE active 
demonstration disk. 

american A automation 
uk oxford lei: (19931 778991 Fax: 119931 702284 

I ea VIe.. Ilou.e, Too Rivers Estate, Station Lane, 1litney, Own OX8 61{11 

CIRCLE NO. 122 ON REPLY CARD 

With 48 years' experience in the design and manufacture of 
several hundred thousand transtormers we can supply: 

AUDIO FREQUENCY TRANSFORMERS OF 

EVERY TYPE 
YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES: 
Microphone transformers (all types). Microphone Splitter/Combiner transfor- 
mers. Input anc Output transformers. Direct Injection transformers for Guitars. 
Multi -Secondary output transformers. Bridging transformers. Line transformers. 
Line transforme -s to B.T. Isolating Test Specification. Tapped impedance match- 
ing transformers. Gramophone Pickup transformers. Audio Mixing Desk transfor- 
mers (all types>. Miniature transformers. Microminiature transformers for PCB 
mounting. Experimental transformers. Ultra low frequency transformers. Ultra 
linear and other transformers for Valve Amplifiers up to 500 watts. Inductive Loop 
transformers. S'noothing Chokes. Filter. Inductors. Amplifiers to 100 volt line 
transformers (from a few watts up to 1.000 watts). 100 volt line transformers to 
speakers. Spea<er matching transformers (all powers). Column Loud -speaker 
transformers up to 300 watts or more. 

We can desjgn for RECORDING QUALITY. STUDIO QUALITY. HI-FI 
QUALITY OR P A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND 
WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE 
TRANSFORMERS. Many standard types are in stock and normal dispatch 
times are short and sensible. 

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING 
AUTHORITIES. MIXING DESK MANUFACTURERS. RECORDING STUDIOS. 
HI-FI ENTHUS ASTS. BAND GROUPS AND PUBLIC ADDRESS FIRMS. 
Export is a speciality and we have overseas clients in the COMMONWEALTH. 
EEC. USA. MIDDLE EAST. etc. 

Send for our questionnaire which. when completed. enables us to post 
quotations by re -urn. - 

b 

OWTER 
TRANSFORMERS 

PO Box 36, Ipswich IP1 2EL, England. 
Phone: 0473 252794 & 0473 219390 - 
Telex: 987703G Fax: 0473 236188 

CIRCLE NO. 124 ON REPLY CARD 
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PROGRAMMING 

sion will he multiplied by z, modifying 
the order of the impulse -response coef- 
ficients. The revised impulse response 
sequence will he 0.5. (1.25, 0.125, 
0.0625 We elected to demonstrate 
the effect on the processed output by 
convoluting the unit -step, as shown in 
Fig. 4.12. 
Vary the coefficients of the impulse 
response. Increasing the time constant 
while keeping the sampling interval 
constant will modify the low-pass char - 

a) Impulse response recurrence 
relationship y( n )=0.5 y(n-1)+0.5x(n-1) 

Iti,.... 
n 

b) y(n)=0.7082y(n-1)+0.25x(n-1) 

c 

Iti it>., ñ 
c ) y( n 1:0.917 y(n-1)+0.0625 x(n-1) 

if 

1.0 

0.9 

0.8 

it> 0.7 

2 0.6 
'E 
rn 

É 0.5 
c 
ó 0.4 c 

0.3 

0.2 

0.1 

0 
0 0.1 0.20.30.40.50.60.70.80.9 1.01 

Frequency fs 
2 

)d 0.5 . 

=0.0625 

Fig.4.13. Increasing the time constant 
has the effect of reducing bandwidth and 
extending impulse response. Response 
(a) shows recurrence relationship 
y(n)=0.5y(n-1)+0.5x(n-1). 

Pole locations on z -plane 

(a) 
H( z 

/ 

(b) 
H(zl=z+1 

Im 

1 

--.Unit circle 

/1 Re 

Im 

/1 Re \ 

(c) 
H( z )=z 

Im 

Impulse response obtained 
by convokution 

c 
T 

c 
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h(n)={0, 1,-1,1,...} 
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(d) Im 
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Re 

(e) 
H(z)=z 

/ 

/1 Re 
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Fig.4.14. I'ole locations on the z -plane in 
left column; impulse response obtained 
by convolution at right. 
acteristic, resulting in a progressively 
smaller bandwidth, together with a 

time -extended impulse response. Refer 
to Fig. 4.13. Obviously, the greater the 
number of impulse -response coef- 
ficients, the more protracted becomes 
the convoluted output, making the 
recurrence method a more attractive 
computational procedure. 
Change the locations of the poles, as 

shown in Fig. 4.14. To obtain the 
impulse response of each system simply 

h(n )={0, 1,-a, a2, ...} 

,1--T-- -_' 

h(n)={0, 1, a, a2,...} 

rTTTTTITT - - - 
n 

express the transfer function as a power 
series. We chose to convolute the 
impulse response h(n) with the unit - 
sample using listing 4.2. Notice the 
effect of the pole at (1,0) has been to 
integrate the unit sample, transforming 
the processed output into a unit step. 
The delay of one sampling interval 
could be eliminated by locating a zero 
at the origin. 

The other limit of stability on the 
real axis is the pole (-1,0). System 
response to a unit sample is a delayed 
sinusoid, oscillating at half the sam- 
pling frequency, as shown in Fig. 
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4.14(h). Locating the pole at (a,0) 
ensures a first -order low-pass response, 
already examined in detail. A typical 
impulse response is shown in Fig. 
4.14(c). Making a negative by situating 
the pole at (-(1,0) results in a first - 
order high-pass characteristic. The 
impulse response coefficients alternate 
in sign and oscillate at half the sampling 
frequency, as shown in Fig. 4.14(d). 
Pole(s) must be located within the unit 
circle for stability. Making u greater 
than unity produces an exponentially 
increasing impulse response and an 
unstable system, as in Fig. 4.14(e). 
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Table 4.2. Convolution is the name given to 
the ordered combination of multiplication 
followed by summation. 

t=0 t=T t=2T t=3T t=4T Response 
due to 

)(oho xohl x0h2 xoh3 x0h4 
x1h0 x1h1 x1h2 x1h3 

x2h0 x2h1 x2h2 
X3h0 X3h1 

x4ho 

XD 

x1 

x2 
X3 

x4 

Column Sum 

1 Yo=xoho 
2 yl=xohl+xlho 
3 y2=x0h2+x1h1+x2ho 
4 
5 

y3=x0h3+x1 h2+x2h 1 +x3ho 
y 4=x0h4+x 1 h3+x2h2+X3h 1 +X4h0 

Digital filters 
The rapid growth of micro -electronics 
and personal computers has meant that 
the characteristics of low-pass, band- 
pass and high-pass filters can be readily 
implemented in software form. This 
article describes the behaviour of a 
variety of digital filters in terms of 
convolution, impulse response, ampli- 
tude and phase response, using only 
elementary mathematics. 

Much of the necessary groundwork - sampled data signals and convolu- 
tion - has already been covered in 
Chapters 3 and 4. Examining the prin- 
ciples which support the design before 
presenting applications will encourage 
you to experiment. 

Digital filters have numerous aurae - 

Input 
from 
preamp 

C 

F -R2 

Input 

Start conversion 

f 

A -D 

- Microcomputer y 
-I. Input Output - 

port port = 

End of convérsion 

Fig.5.1. Representing an analogue filter 
by a digital technique. Low-pass filter at 
input avoids errors due to aliasing, while 
that at output smoothes steps in processed 
signal. 

tions: weight, size, cost and flexibility 
favour the digital filter. Its response is 
independent of component tolerances, 
does not require alignment and is 
immune to temperature variations. 
Simply modifying the program changes 
the filter characteristics and it is possi- 
ble to achieve results that are imprac- 
tical using the analogue counterpart. 

Certain filters are only possible using 
digital techniques. Alternatively, the 
characteristics of well -proven analogue 
designs - Butterworth, Chehychev - 
can he represented in digital form by 
means of the bilinear transform. In the 
interest of clarity, I shall concentrate 
initially on z -domain designs, believing 
that the added abstraction of the 
bilinear transform increases confusion, 
in addition to generating tedious 
algebra. 

Figure 5.1 shows how an A -to -D 
converter, computer and D -to -A con- 
verter may be connected to achieve the 
necessary processing. The input 
peripheral is preceded by an anti- 
aliasing filter, while the output 
peripheral drives a simple low-pass 
filter which reconstructs the sampled 
signal into analogue form. 

Peripheral hardware require- 
ments 

Fast analogue to digital conversion is 
straightforward using the Blue Chip 
Technology general-purpose I/O card 
ACM -44, shown in Fig. 5.2. As usual, 
the base address is selectable in the 
prototyping region, thereby avoiding 
bus contention. The analogue input 
section features a software -controlled, 
16 -channel single -ended or 8 -channel 
differential multiplexer. Full-scale 
input voltage is link -selectable in the 
ranges 0-2.5V, 0-5V or 0-10V. A -to -D 
conversion is achieved using the fast 
Analog Devices AD7820, an 8 -hit half - 
flash converter. Software control is 

D -A 
R3 

-dW'--10- 

Output 
to power 
amp 

Output 

1º 130Pren Short -cord formal +j 

I DC/DC 
Conv. 
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Su inter ace togic 

3 Ribbon 
24 S Coble 

I iIN11111r1.'11i1. r'i!ir I1i5111 

IBM-PC/XT/AT Compatible 62 way boo 

Fig.5.2. Blue Chip Technology general- 
purpose I/O card, used here for fast 
A -to -D conversion. The card is compati- 
ble with PC XT/AT computers. 

particularly elegant; strobing the A -to - 
D by writing to the input data port 
initiates conversion, which is com- 
pleted in 1.56µs, making testing for 
end -of -conversion unnecessary. Gener- 
ous provision for D -to -A conversion is 
provided by four 8 -hit converters, the 
output voltage being selectable in the 
ranges 5V or 10V full-scale. In addi- 
tion, the hoard provides a single 8255 
PPI. The port map and register model 
is shown in Fig. 5.3. 

Auxiliary maths co -processor 
Real-time digital filtering requires that 
a signal should he sampled, processed 
in some way and finally output to the 
real world before the next sample 
becomes available. Using a PC keeps 
the external hardware to a minimum, 
but relies very heavily on software for 

Address Function 
Base = Select analogue input channel 
Base+2 f=7 Start conversion(write) 1.407820 

Analogue input value(read) 
Base+3 =Timer control 
Base+4 Analogue output channel(0) 
Base+5 l= (1) 4 -8 -bit 
Base+6lá (2) 

d -to -a 

Base+7 C7 converter 

Base+8 tI Digital 1/O port A 

Base+9 C3 Digital I/O port B 8255 Base+1O0 Digital I/O port C ppI. 
Base+11 0 Control register 

Fig. 5.3. Port map and register model of 
I/O card. 
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signal manipulation, which is tradi- 
tionally slow. 

Standard XT/PCs using 8086/8088 
processors can add two numbers 
together in about 1µs and multiply in 
about 25µs. The faster AT/PC, using 
the 80286 processor, performs the same 
addition roughly twice as quickly, while 
multiplication is more than seven times 
as fast. Despite these impressive com- 
putational figures it is possible to 
improve performance significantly by 
complementing the standard processor 
with an auxiliary maths coprocessor. It 
is difficult' to he precise about what 
speed improvement to expect - the 
actual calculation is likely to suggest 50 
to 100 times as fast, but the program 
housekeeping and coprocessor over- 
heads are likely to reduce this advan- 
tage to the 5 to 20 times range. 

The XT -compatible 8087 co- 
processor, or AT -compatible 80287 
numeric data processor, is a 40 -pin chip 
which simply plugs into the socket 
provided on the main system board. As 
its name suggests, the coprocessor 
combines with the architecture of the 
host processor to augment both the 
speed and precision of numerical com- 
putations. The increased speed is due 
to the more extensive register model, 
from which the software builds up the 
calculation. Increased accuracy is due 
to the operands being held in 80hit- 
wide registers, in a format called 
temporary real, precise enough to 
guarantee 18 -decimal digit accuracy. 
Operational details of these registers 
are beyond the scope of this book - to 
the C programmer the coprocessor is 

transparent, no special functions being 
required; simply write your program 
and leave the host processor to worry 
about the details. 

Conversion of sinusoidal 
signals 

This program, Listing 5.1, is designed 
to he used with the digital signal - 
processing system shown in Fig. 5.1. 
Sinusoidal signals in the range 0-5V are 
input through the A -to -D converter 
and processed in real time by the 
program in the computer, before being 
output in real time through the D -to -A 
converter, conditioned in the range 
0`5V full-scale. The processed signal is 

finally fed into a power amplifier and 
speaker system. 

As a confidence check, or bench- 
mark, it is worthwhile processing data 
from the input peripheral through the 
computer to the output peripheral, 
with no signal conditioning at all. 

Listing 5.1. Sinusoidal digital signal 
processing. 

* SIMPLE DIGITAL SIGNAL 
* PROCESSOR 25 MICRO -SEC 
* SAMPLING INTERVAL 

#include<stdio.h> 
#include<conio.h> 
#define BASE 768 
main() 
( 
unsigned int contents; 
outp(BASE,1); 
/* 
SELECT I/P CHANNEL 

start:outp(BASE+2,0) 
/* 
START CONVERSION 

*/ 

contents = inp(BASE+2); 
/* 
READ I/P PORT 

*/ 

outp(BASE+4,contents); 
/* 
WRITE TO 0/P PORT 

*/ 

goto start; 
} 

*/ 

Although this program may not 
appear to do a great deal, it should he 

regarded as a useful test bed, checking 
the hardware connections together 
with the software. As a matter of 
routine, I always try to keep it simple, 
before checking out more ambitious 
systems and software. All too often 
find that time spent confirming the 
obvious pays dividends later on, when 
things don't work as expected. 

Successful digital signal processing 
requires the sampling frequency to be 

at least twice the highest signal fre- 
quency present. This is an important 
parameter, the practical limits being 
determined by the choice of software 
and the characteristics of the A -to -D 
converter. May I remind you that C is 

fast, and running listing 5. I with the aid 
of a math co -processor makes it very 

Fig. 5.4. Output of the D -to -A converter 
with a 2.5kHz sine input and sampling 
frequency of 40kHz. 

fast, resulting in a sampling frequency 
of 40kHz. The effect of digitally pro- 
cessing a 2.5kHz sinewave using this 
system is shown in Fig. 5.4, in which 
the 251...ts sampling interval is clearly 
visible. 

Programming is often an iterative 
process. In this case, the strategy is first 
to make the program work, then to 
make it well behaved and finally to 
make it fast. Listing 5.1 features the 
goto statement, although repetition 
could have been achieved with an 

infinite for loop as indicated in Part 1. 

Replacing the unconditional jump 
structure as suggested resulted in no 
measurable improvement in sampling 
rate. 

It is worth spending a little time 
investigating the characteristics of the 
digital approximation to the input sine - 
wave. Figure 5.5 shows the output from 
the D -to -A in greater detail. Each step 
of the 2.5kHz sinewave is composed of 
a sample of duration 250. equivalent 
to the sampling rate of the digital 
system. Using a spectrum analyser we 

may determine the harmonic content of 
the staircase output - the Fourier 
spectrum is shown in Fig. 5.6. Typi- 
cally, there is a substantial component 
at 2.5kHz, which routinely would be 

unique. However, the stepped nature 
of the sinewave introduces significant 
components at higher frequencies. 
These appear as sidehands symmetri- 

Volts 

100 200 300 400 500 600 

Time ps 

Fig. 5.5. Output of the A -to -D in greater 
detail. Each sample is 251.ts in duration, 
equivalent to the period of the sampling 
frequency. 
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Fig. 5.6. Spectrum of the A -to -D output. 
Stepped nature of output generates har- 
monics, which are reproved by the low- 
pass filter. 
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cally displaced around integer multi- 
ples of the sampling frequency. 
Examine Fig. 5.6 carefully and you will 
see how the low-pass filter connected 
across the output of the D -to -A 
removes these unwanted harmonics, 
leaving the required sinusoid. 

Before we become immersed in the 
fine detail of digital filtering, a few 
words on strategy would be appropri- 
ate. Expressed simply, the object is to 
use digital methods to simulate the 
filtering methods previously achieved 
using combinations of resistance, 
inductance and capacitance. Progress is 
made by concentrating on the intended 
system response, conveniently 
described by the transfer function. In 
this way we avoid being distracted by 
the electrical characteristics of the indi- 
vidual components. 

A digital filter is usually a sub- 
routine of the main program, one 
which accepts sample values, processes 
them in real time and then returns 
samples representing the filtered out- 
put. The algorithms used in the sub- 
routine determine the particular para- 
meters of the filter, such as cut-off 
frequency, Q -factor and rate of .roll - 
off. 

Care must be exercised when inter- 
preting the frequency characteristics of 
digital filters. The periodic nature of 
linear sampled -data systems ensures 
that the frequency -response curves 
shown in Fig. 5.7 will repeat inde- 
finitely at multiples of the sampling 
frequency. Consequently the terms 
low-pass, band-pass and high-pass 
should be characterised in terms of the 
cyclic or signal frequency divided by 
the sampling frequency. Conven- 
tionally, the horizontal axis is labelled 
in rads' hut, since most electronics 
engineers think in Hertz, I have anno- 
tated the horizontal axis as wT radians, 
where wT=2afsign:,i/fsumprng 

Analogue and digital filters 
As a more challenging problem we 
intend to use the personal computer 
and associated peripherals shown in 
Fig. 5.1 as a first -order, low-pass digital 
filter. Our intention is to use digital 
signal -processing methods to simulate 
the transfer function of the familiar 
analogue filter shown in Fig. 5.8. The 
deliberate adoption of a tried and 
tested analogue prototype is a produc- 
tive way of making rapid progress using 
digital methods, because we can easily 
anticipate the likely form of the proces- 
sed output. 

The filter will be implemented in 

-20 
dc 

Digital signal processing is only Signal processing is not 
allowed in the region E permitted due to aliasing errors 

Unwanted aliases 

Low-pass \Band-pass High pass /l 

t l 
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I 
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car; 211 f signal 
f sample 

Fig. 5.7. Response of three types of 
digital filter. Curves repeat at multiples of 
sampling frequency; processing not per- 
mitted beyond Nyquist frequency. 
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Fig. 5.8. Simple, first -order, low-pass 
analogue filter has time constant CR 
seconds. Low frequencies are processed 
with negligible amplitude and phase 
modification. 
software by an algorithm within the 
computer which effectively convolutes 
the sampled sequence x(n) with the 
impulse response of the filter h(n) to 
produce the processed output sequence 
y(n). As illustrated previously, con- 
volution is the name given to the 
ordered combination of multiplication 
and summation. 

The analogue signal presented to the 
A -to -D will be processed into a series 
of discrete samples. To avoid aliasing it 
is necessary to sample at a rate which is 
at least twice the Nyquist frequency 
(twice the highest frequency present). 

Suppose the sampled signal can be 
represented by the sequence of pulses 
x(0), x(1), x(2), x(3), x(4), each of 
which is separated from its neighbour 
by the fixed interval T, the sampling 
time. Each sample pulse in turn will 
stimulate the filter, which responds 
with a train of weighted output pulses. 
If the memory of the filter is long 
enough, there will still he a vestige of 
the previous history of weighted out - 

puts, even as the current pulse is being 
processed. 

Our intention is to demonstrate the 
effects of processing a square wave 
when the fundamental frequency is 
close to the cut-off frequency of the 
filter. Referring to the characteristics of 
the analogue filter shown in Fig. 5.8, it 
will be clear that beyond the break 
frequency the amplitude of the input 
signal is reduced at a rate of -20dB/ 
decade. The amplitude attenuation is 
accompanied by a progressive phase 
lag over the range 0.1f, to 10f, , the 
latter approaching -90° as the fre- 
quency tends towards infinity. 

Most of the preliminaries have 
already been covered in Parts 3 and 4 
of this series; we intend to build on 
these results and investigate the form 
of processed output obtained by con- 
voluting a sampled square -wave with 
the impulse response shown in Fig. 5.9. 

To evaluate the rest of the terms in 
the sequence. continue moving the 
reversed impulse response to the right, 
as in Fig. 5.10, until neither of the two 
sequences overlap. My results are 

Y(0) = 
Y(1) = 
Y(2) = 
Y(3) = 
Y(4) = 
Y(5) = 
Y(6) = 
Y(7) = 
Y(8) = 
Y(9) = 

0.5 
0.75 
0.875 
0.4375 
0.6875 
0.8125 
0.8750 
0.4375 
0.1875 
0.0625 

These are plotted in Fig. 5.11, in which 
the exponential nature of the output 
waveform suggests 'that the digital sig- 
nal processing is similar to that pro- 
duced by the simple low-pass analogue 
filter shown in Fig. 5.8. 

Convolution in the time domain cor- 
responds to multiplication in the fre- 
quency domain. This processing opera- 
tion is equivalent to multiplying the 
frequency spectrum of the signal by the 
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Fig. 5.9. Sampled 
input is represented 
by sequence of pulses 
separated by fixed 
interval T. Linear 
processor characte- 
rised by impulse 
response sequence. 
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Fig. 5.10. Graphical convolution of sam- 
pled square and impulse response is 

obtained by reversing impulse response 
under sample of current interest. Sum of 
coincident cross -products is convolution 
of that sample and impulse response of 
processor. 

system frequency response, the pro- 
duct corresponding to a filtering opera- 
tion. Much of this is vividly illustrated 
by the Fourier series description of the 
square wave, amplitude ± IV, together 
with the frequency response of the 
first -order, low-pass signal processor. 
Figure 5.12 shows the spectral charac- 
teristics, demonstrating the equiva- 
lence in processing operations in the 
time and frequency domains. 

Figure 5.12(a) shows how the input 
square wave can he decomposed into a 

sinusoidal fundamental, together with 
an infinite number of odd (in phase) 
harmonics. Superimposing the spectral 

(a) 
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4,11 

Magnitude of (reduced) 

lX(Jw)l 
<,'"--input signal 
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SAMPLE NUMBER,n 

Fig. 5.//. Signal processing reduces 
certain high -order harmonics and intro- 
duces some time delay. Remaining har- 
monics.. sum at output to produce familiar 
exponential response. 

contents of the signal on those of the 
filter demonstrates that a significant 
number of harmonics are contained 
within the pass -hand of the filter. 
Although the amplitude attenuation in 
this range is small, there is still appreci- 
able phase delay: the overall effect is to 
produce a little exponential rounding 
of the leading and trailing edges of the 
processed output, as in Fig. 5.12(b). 
Reducing the bandwidth of the filter 
while keeping the frequency of the 
input signal constant, as seen in Fig. 
5.12(c). results in significant amplitude 
attenuation and almost constant phase 
delay of 90°. 

Correction 
In the article in this series on convolution 
(August, /990), two errors occurred which 
made complete nonsense of the argument. The 
errors there no fault of Mr Hutchings. 

Immediately below Fig. 4.6 on p.698, the 

expression should read y(t)=tICRe ecR; in the 

centre column of p.701, seven lines from the 

honors, the equation should he y(t)= 
1(1-e-'"). 

(b) 

(d) 

T 

Time constant tirCtRi 

Time constant t2=C2R2 

Fig. 5.12. .Multiplication in frequency domain corresponds to convolution in time 

domain. Effects of reducing bandwidth of _filter while keeping input square -wave 

frequency constant are shown in frequency (a)(c) and time (b)(d) domains. 
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REVIEW 

odern solutions for 
instrumentation prob- 
lems involving personal 
computers are generally 
based on one of three 

main approaches: using internally fit- 
ted expansion cards which are simply 
plugged into a tree PC expansion bus 
slot: using an external rack with plug-in 
expansion cards; or using separately 
enclosed modules (which may, if 
desired, be stacked) connected to a 

controlling PC by RS232 or IEEE488 
bus systems. 

Internally fitted cards generally offer 
the lowest cost approach to realising a 

PC instrument. The disadvantage of 
this technique is that it necessi- f 
tates internal fitting and, since 
there may he few tree slots avail- 
able, the future expansion capa- 
bility may become somewhat 

1.14. tü+I.r, IhMr OM far NU 
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limited. O: .,. - An external rack system allows the ;,,, ,,, ;,,, j,, 
PC bus to be extended so that standard 

t. 
PC expansion cards may be fitted into 
an external card frame. This system is, 
however, relatively expensive and is 

generally only appropriate where large- 
scale expansion is envisaged. 

An alternative to that of extending 
the PC bus beyond the confines of the 
system enclosure is that of making use 
of a proprietary I/O bus such as hletra- 
byte's N etraBus. Such systems gener- 
ally provide for between one and 32 
I/O hoards mounted in standard rack 
enclosures, but they can be relatively 
expensive when only limited expansion 
is required. 

Separately enclosed modules, which 
may be interfaced to a PC by means of 
the RS232 or IEEE488 bus, provide 
the third of this trio of potential solu- 
tions. With the exception of a front 
panel display and controls, separate PC 
instrument modules usually resemble 
the conventional standalone instru- 
ments which they replace. 

PC instruments 
The availability of a huge range of 
expansion cards designed specifically 
for instrumentation and data acquisi- 
tion has rendered the PC an obvious 
choice for a multitude of standalone 
applications, and several manufactur- 
ers have developed a range of unboxed 
PC instruments which emulate conven- 
tional items of test equipment, such as 

digital voltmeters, digital frequency 
meters, etc. 

PC instruments offer many advan- 
tages over their conventional counter- 
parts. They are more flexible and 
adaptable, and measurements may he 
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GT20 
Universal 
Counter 

Mike Tooley tries an 
internally fitted, 

full-size expansion 
bus card for 
automated 

measurement 

automated under programmed control. 
Furthermore, considerable savings can 
he achieved by the elimination of 
redundant hardware such as displays, 
operator controls, and the like. 

PC -based instruments also offer very 
signif-cant cost savings when compared 
with more cumbersome IEEE488 bus - 
based instrumentation systems. A 
typical PC -based system for the 
acquisition of analogue voltages can, 
for example, he realised for less than 
50% of the cost of a similarly specified 
system based on IEEE488 hardware 
and software. 
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Guide Technology mss- Universal Counter 

9.500 1 299 1 1 

Mcan M= 29 
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F1 for HELP 

SETUPS: 
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e Ref Osc 

e Statistic: 
e Math/Other 

I 
Fig. 2. Virtual front -panel layout of the 

As an example of the use of a PC 
instrument, consider an application in 
which the output frequency of an oscil- 
lator has to be monitored accurately 
over a long period of time. This task 
can he accomplished using a conven- 
tional digital frequency meter with 
readings taken at appropriate intervals 
and logged on paper, a graph showing 
the long-term variation of frequency 
then being drawn. The alternative 
approach using a PC instrument 
involves simply fitting a digital fre- 
quency meter expansion card to a 
standard PC or PC -compatible and 
using simple software (in conjunction 
with the driver(s) supplied with the 

GT200. 

card) to automate the measurement 
and store the results in a data file for 
import into an analysis package, such 
as DADiSP. (This theme will be 
expanded later in this review.) 

Enter the GT2O0 
The GT2(R), fitted internally as a full- 
size PC -compatible expansion bus 
card, is manufactured in California by 
Guide Technology Inc. Having pre- 
viously been with Hewlett Packard, the 
founders of this company have a back- 
ground in precision counters. The 
GT200 thus has something of an estab- 
lished pedigree which rapidly becomes 
obvious when the instrument is put to 

Fig. I. Simplified block schematic of the GT200. 

use. 
The minimum .ystem requirements 

for the GT200 card are an IBM PC, 
XT, AT (or 100% compatible) with 
PC -DOS or MS-DOS Version 2.0 or 
later. The system must he fitted with at 
least 256kbytes of memory and have at 
least one floppy disk drive. With the 
current version of the virtual front 
panel software, a Microsoft -compatible 
mouse is required (see later). 

The GT200 is supplied together with 
a device driver (GTzoo.sys) and virtual 
front panel software (VIRT.EXE) on 
floppy disk. The disk also contains 
software which assists in setting the 
base address switch and includes a 
program which allows users to test the 
GT200's programming commands. 

In addition, sub -directories are pro- 
vided which contain sample source - 
code programs written in Basic and C. 
The user is encouraged to browse 
through the sample programs and try 
running them to see the results. The C 
programs provided were compiled with 
Microsoft C V5.1 while the Basic prog- 
rams were tested with Microsoft Quick - 
Basic. 
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A simplified block schematic of the 
GT200 is shown in Fig. I. The GT2O0 
measures input signal frequencies using 
the most accurate technique available - reciprocal counting coupled to time 
interpolation - with the primary 
benefits of improved accuracy and 
reduced measurement time. Fast 
measurements with high accuracy yield 
more information concerning the sta- 
bility of a signal, and the GT200 is able 
to compute the drift rate, mean and 
peak -peak jitter of a signal in the time 
that a conventional counter takes to 
measure frequency. 

The GT200 offers the following faci- 
lities: 

Frequency measurement from DC 
to l(tU ' I Iz, with automatic pre -scaling 
above about IM Hz (note that this does 
not result in a loss of resolution) 

Fast frequency measurement (a spe- 
cial mode for high-speed data acquisi- 
tion which allows up to 23(1(1 measure- 
ments per second) 

Period (single and multiple) 
Time interval (i.e. the elapsed time 

between "start" and "stop" events - 
the time interpolation technique 
employed results in a resolution of 
IOOps and is equivalent to that of a 

conventional counter with a I0GIIz 
clock rate) 

Time interval with delay 
Pulse width (with selectable 

polarity) 
Auto trigger (which may he enabled 

or disabled via both the virtual front 
panel and the GT200 command lan- 
guage) 

Arming (in which a measurement 
time window can be selected) 

Paced and single measurements 
Acquisition mode (in which data is 

placed directly into a memory array 
without the usual overheads required 
to communicate results back to an 

application program via DOS) 
Statistics (including mean, standard 

deviation, maximum and minimum 
measurements within a sample block) 

External arming, oscillator input 
and gate signal output 

Save/recall setup information (a spe- 
cial file allows the GT200 to power up 
in a specific state other than the normal 
default configuration) 

Maths functions (these allow the 
GT2(Hl to offset and normalise the 
measurement data before display) 

User -defined units (these allow the 
virtual display to represent some para- 
meter other than that being measured. 

Virtual front panel 
The GT2(IO's virtual front panel, Fig. 2, 

Programming the GT200 

Three smaller sub -programs (max(), 
min(), and mean()) are declared at the 
beginning of the main program. The 
array, freq(), which will contain the 
returned data from the digital fre- 
quency meter, is then dimensioned to 
provide storage for a total of 100 
values which will later be read from 
the GT200 at 10 -second intervals. 

The user is then prompted to enter 
the oscillator reference, trurcated to 
include only the first six characters, 
and the ambient temperature used for 
the measurement. 

The GT200 digital frequency meter 
is then associated with channel 1 for 
output and 2 for input. The instrument 
is initialised to measure frequency 
using input A, with timeout and gate 
times of 4 seconds and 0.2 seconds, 
respectively. 

The program then waits for the user 
to indicate that he is ready to begin a 

measurement by hitting the RETURN 
key. Once the key has been hit, the 
program takes 100 readings of fre- 
quency, placing each returned read- 
ing into the freq() array. The time 
between readings is set at 10 seconds 
by means of the wait command. 
Times and corresponding frequency 

readings are displayed on the screen 
on each pass through the main FOR 

rJExT loop so that the user is kept 
informed of the current state of 
measurement. 

When the main loop has been 
completed, the two communications 
channels are closed. Thereafter, the 
performance data for the oscillator in 

question is sent to the printer (with 
calls to the three sub -programs which 
determine the maximum, minimum 
and mean frequency values). The 
total: frequency drift is calculated by 
subtracting the minimum from the 
maximum frequency. 

Finally, the data is stored in an 
ASCII file. Note that the filename is 

constructed from the concatenation of 
the first six (or fewer) characters of the 
oscillator reference and the ambient 
temperature entered by the user, 
together with the file extension .DAT. 
The file is opened for output (via 
channel 3) and all 100 values stored 
in the array are written to it. The 
channel is then closed. 

The three sub -programs, max(), 
min(), and mean(), are quite straight- 
forward and need no further com- 
ment. 

emulates the front panel layout of a 

conventional instrument and contains a 

large 12 -digit seven -segment display, 
together with various buttons and pull - 
down menus accessed by the mouse. It 
is worth stressing that the current 
version of the GT200 virtual front - 
panel software requires a Microsoft - 
compatible mouse. The software will 
not operate via the keyboard. 

The display is logically arranged, and 
status indicators are provided so that 
the user is made fully aware of the 
current condition of the instrument. 
The display is particularly user 
friendly, and users will soon find their 
way around the instrument without 
having to refer repeatedly to the 
instruction manual. 

Documentation 
The manual supplied with the GT2O0 is 

one of the hest that I have seen for an 
instrument of this type. The manual 
comprises approximately 70 spiral - 
hound A4 pages and is divided into five 
sections, entitled "Installation", 
"Functional Description", "Virtual 
Front Panel Operation", "Controlling 
the GT200 with Program Commands", 
and "Applications". This last is some- 

what misleadingly named since it only 
refers very briefly to high-speed data 
acquisition and could very usefully be 

expanded to introduce some repre- 
sentative applications for the unit, 
together with hints and tips for soft- 
ware writers. 

The manual is very clearly laid out 
and contains several useful diagrams 
which explain the operation of the 
virtual front -panel display in a clear 
and simple manner. 

Each programming command is 

explained in some detail with sufficient 
information for the programmer to 
develop effective software which 
makes full use of the facilities on offer. 

Programming the GT200 
The control program sends commands 
to the GT200 driver as character strings 
through standard DOS file write opera- 
tions. Several conventions must be 

obeyed when incorporating commands 
into programs (e.g. individual com- 
mands must he separated by semi- 
colon, carriage -return or line -feed 
delimiters). Commands are not case - 
sensitive and may be abbreviated for 
convenience - the minimum accept- 
able abbreviations for each command 
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Fig. 3. QuickBasic program for long-term stability measurement. 

REM Long-term oscillator test program 
REM First declare the sub -programs 
DECLARE SUB max o 
DECLARE SUB min o 
DECLARE SUB mean () 

REM Dimension array to store the results 
DIM freq(100) 

REM Get oscillator reference 
CLS 
INPUT "Enter oscillator reference: "; ref$ 
LET ref$ = LEFT$(ref$, 6) 
INPUT "Enter ambient temperature: "; temp$ 
osc$ = ref$ + temp$ 
REM Initialise digital frequency meter 
OPEN "GT200$" FOR OUTPUT AS #1 
OPEN "GT200$" FOR INPUT AS #2 
PRINT #1, "init; timeout 4; function frequency A; gate 0.2" 

REM Start collecting readings 
PRINT "Hit <RETURN> to start measurement ..." 
WHILE r$ = " " r$ = INKEY$ 
WEND 
FOR time% = 0 TO 99 

PRINT #1, "reset" 
INPUT #2, freq(time%) 
PRINT "Time = "; 10 * time%; " sec. Frequency = "; freq(time%); 
PRINT #1, "wait 10" 

NEXT time% 
CLOSE #1 
CLOSE #2 

REM Calculate and print statistics 
LPRINT 
LPRINT "Performance data for oscillator ref: "; ref$ 
LPRINT "Performance measured at: "; temp$;" deg.C" 
max 
LPRINT "Maximum frequency: "; maxfreq; "Hz" 
min 
LPRINT "Minimum frequency: 02 "; minfreq; " Hz" 
mean 
LPRINT "Mean frequency: ", ave; " Hz" 
LPRINT "Frequency drift: "; maxfreq - minfreq; " Hz" 
LPRINT 

REM Save data in ASCII file 
LET file$ = osc$ + ".DAT" 
OPEN file$ FOR OUTPUT AS #3 
FOR time% = 0 TO 99 

PRINT #3, freq(time%) 
NEXT time% 
CLOSE #3 
END 

SUB max 
SHARED freq O 

SHARED maxfreq 
maxfreq = 0 
FOR T%=O TO 99 

IF freq(i%) > maxfreq THEN maxfreq = freq(i%) 
NEXT i% 
END SUB 

"Hz" 

are listed in the manual. As an exam- 
ple, FREO may be used for FRE- 
QUENCY, FU for FUNCTION, and SO on. 

GT2O0 commands are incorporated 
in normal program statements such as: 
PRINT #1, "fu freq a; gate 0.01" (BASIC) 
or: 
fprintf(COUNTER, "fu freq a; gate 0.01"); (C) 
Note that the foregoing have identical 
effects on the GT2O0 card. 

For those who may wish to enter and 
test commands directly, without having 
to write program code, a program is 
supplied on the distribution disk called 
TRY-CMDS.EXE. This program allows 
immediate execution of commands 
entered from the keyboard so that 
response can be investigated. 

A particularly flexible numeric entry 
format is associated with GT200 com- 
mands. This allows standard free for- 
mat conventions. For example, com- 
mands will accept either fixed-point or 
floating-point numbers and the expo- 
nent (E) character can be entered in 
either' upper or lower case. As an 
added bonus, if an integer value is 
expected the driver will accept a float- 
ing-point number and convert by 
truncation. 

In use 
I tested the GT200 installed in a DSC 
Turbo AT -compatible microcomputer 
with 40Mbyte hard disk, Microsoft bus 
mouse and Windows operating system 
front-end. The sensitivity of the instru- 
ment was measured using a Hewlett 
Packard VHF Signal Generator and 
was found to be better than 120mV 
RMS below 80MHz (using input A in 
its terminated state). Surprisingly, the 
instrument gave reliable indications to 

SUB mean 
SHARED freq() 
SHARED ave 
total = 0 
FOR i% = 0 TO 99 

total = total + freq(i%) 
NEXT i% 
ave = total / 100 
END SUB 

SUB min 
SHARED freq() 
SHARED minfreq 
minfreq = 1E+09 
FOR i% = 0 TO 99 
IF freq(i%) < minfreq THEN 
NEXT i% 
END SUB 

minfreq = freq(i%) 
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just over I4OMHz with an RE input 
level of approximately 150mV RMS. 
At below 30MHz the sensitivity 
appeared reasonably constant in the 
region of 85mV RMS. 

An application 
Having confirmed the performance 
specification of the GT200, 1 must 
confess to being somewhat reluctant to 
return the instrument to its UK distri- 
butor. After all, here was the solution 
to a number of my measurement prob- 
lems, and I was not going to part with 
the unit until I had put it to some real 
work. 

At the time, my workbench was, as 
usual, littered with a number of pro- 
totype voltage -controlled oscillators 
which I was developing for use in 
conjunction with a synthesised HF 
receiver. Since the GT200 was already 
installed in my workshop PC, I decided 
to harness the power of the instrument 
and automate the lengthy task of 
carrying out performance measure- 
ments on each oscillator. 

The VCO output frequency (in the 
range 40 to 60MHz) had to he mea- 
sured every IOOms for the short-term 
stability measurement, and every lOs 
for the long-term stability measure- 
ment. Rather than make use of the 
GT2O(1's inbuilt statistical functions, 1 

decided to store results of each set of 
measurements in an appropriately 
named ASCII file for later import into 
a statistical/graphical analysis package. 

In the meantime, the software was 
required to determine a number of 
fairly basic performance indicators for 
each prototype unit including: max- 
imum and minimum frequencies during 
the measurement period; mean fre- 
quency over the measurement period; 
and total frequency drift during the 
measurement period. The entire set of 
measurements and statistical calcula- 
tions was to he repeated at various 
ambient temperatures -0°C, 20°C and 
40°C. This task would have required 
considerable manual effort if it had had 
to be carried out using a conventional 
digital frequency meter, but was an 
ideal candidate for automated 
measurement. 

Separate programs were developed 
to determine the short-term and long- 
term VCO characteristics. Microsoft 
QuickBasic was chosen as the vehicle 
for the software development and the 
code was subsequently compiled in 
order to create a standalone executable 
(EXE) program. Figure 3 shows the 
complete listing of the program 
developed to carry out the long-term 

Fig. 4 Sample printed osc Ilator performance data generated by the program 
shown in Fig. 3. 

Performance data for oscillator ref: HXO 
Performance measured at: 
Maximum frequency: 
Minimum frequency: 
Mean frequency: 
Frequency drift: 

20 deg. C 
5.016576E+07 Hz 
5.015442E+07 Hz 
5.015941E+07 Hz 

11336 Hz 

VCO measurement. This was 
developed and made "up and running" 
in less than an hour. 

The notes in the accompanying box 
are provided for the benefit of those 
who may he unfamiliar with program- 
ming techniques. I suspect they will he 
of benefit to readers who may he 
wondering about the degree of com- 
plexity of the software required to 
drive the GT200. I hope they will help 
to dispel some of the mystery and show 
how easy it is to develop a fully 
functional, though somewhat unrefined 
measuring application. 

During the measurements, the 
GT2O0 behaved impeccably and the 
unit was instrumental in greatly reduc- 
ing the time required to carry out the 
investigation. Further statistical analy- 
sis, based on the mean and standard 
deviation of the measured results, 
yielded some further information. A 
typical printed oscillator performance 
summary is shown in Fig. 3. 

In conclusion 
The Guide Technology GT200 is an 
exceptionally versatile instrument 
which reflects the state-of-the-art in PC 
instrumentation via expansion cards. 
Card performance matches or exceeds 
that of many of today's conventional 
standalone instruments, and offers sig- 
nificant advantages in terms of the 
ability to make automated measure- 
ments without the need to revert to the 
more complex solution of using the 
IEEE488 bus. The GT200 can be 
highly recommended as a superbly 
engineered product which offers the 
user tremendous flexibility in use. We 
will hope to see many more products 
from this particular stable. 

The GT200 Universal Counter costs 
£1182 (exc VAT) and is available from 
Amplicon Liveline at Centenary 
Industrial Estate, Brighton, East Sus- 
sex BN2 4AW. Telephone: 0273 
570220. A high -stability, oven - 
stabilised IOMHz frequency reference 
(GT300) is also available which 
reduces; by a factor of 500, inaccur- 
acies caused by temperature. 

BOOK REVIEW 

Electronic Display Devices, by 
Shoichi Matsumoto (ed.). The 
display devices in question are 
exclusively of the flat -panel variety 
ani include LCDs, 
electrochemical types, plasma 
panels, electroluminescent 
displays, vacuum fluorescent 
displays and LEDs, with a chapter 
on special types. 

Although this is a very 
comprehensive work, it is not in 
the least superficial. It treats the 
chemical, physical and electronic 
aspects of all the devices covered 
in considerable detail, with enough 
applications information to 
illustrate their use. John Wiley, 
380 pages, hard hack, £39.95. 

Modern Electronic Test 
Equipment, by Keith Brindley. 
This covers a broad canvas, since it 
deals with the majority of test gear 
likely to be encountered by the 
a erage technician or engineer. In 
ten chapters, the author describes 
the principles and design of 
analogue and digital meters, 
oscilloscopes, signal sources, 
spectrum analysers and digital 
instruments at a fairly introductory 
level, although in sufficient detail 
for readers not conversant with 
any particular type of equipment. 

The largest section of the hook, 
which recognises the advent of 
automatic test equipment, is the 
chapter on buses. 

Part 2 of the book is concerned 
with application, describing the 
measurement of components and 
signals. 

Appendices cover. displays 
(CRTs, moving -coil meter 
movements and LCDs) and 
optical -fibres. Heinemann 
Newnes, 261 pages, hard hack, 
£ 12.95. 
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o<3 Feedback 
TECHNOLOGY TRAINING 

The Feedback range of training equipment, complete 
with detailed manuals, Is divided into 6 subject areas: 

1 Basic Electricity 
& Electronics 

Modular boards allow 
practical study of basic 
electricity, basic electronics, 
amplifiers, circuit applica- 
tions, power supplies 
and electronic machines 
control. 

( 

2 Digital Systems & Computing 
Feedback's digital teaching range provides a com- 
plete training programme from simple logic to 
advanced microprocessors. 

3 Telecommunications 
All aspects of telecommunica- 
tions are covered, including 
practical work ín basic 
and advanced 
analogue comm- 
unications. 
Progress -. 

- 
can then, 
be made to 
advanced digital ZP 
techniques using 
both fibre optic and microwave transmission. 

4 Control & Instrumentation 
Understanding of control and instrumentation is 

required by chemical, mechanical, process and 
electrical engineers. Feedback's approach to 
teaching control is ideal for electrical and non- 
electrical students. 

5 Electrical Power & Machines 
Modern power engineering 
needs an understanding 
of machine principles, 
together with power 
electronics. Feedback's 
range of equipment pro- 
vides the means to study 
the subject at all levels. 

6 Robotics & CNC 
Feedback manufacture a range of robots from 
hydraulic to SCARA 'pick and place' systems. CNC 
training is also covered by two low cost machines. 

. : -- 
v 

- 

For further information please contact: 

B Feedback 
Feedback Instruments Limited 
Park Rd, Crowborough, E. Sussex, TN6 2QR, England 
Tel: 0892 653322, Telex: 95255, Fax: 0892 663719. 

1S1/ 
INSTITUTE OF SOUND & 

VIBRATION RESEARCH 

VENUE: 

FEE: 

APPLIED DIGITAL 
SIGNAL PROCESSING 

SHORT COURSE: 
1-5 October 1990 

(in association with 
Brüel and Kjaer (UK)_Ltd) 

Further information from 
Maureen Strickland, 

ISVR, Univ. of Southampton, 
Southampton S09 5N1 -t 

Telephone (0703) 592274 
Facsimile (0703) 593033 

,P 

Institute of Sound and Vibration Re- 
search, University of Southampton. 

£825 - to include course notes, use of 
laboratory facilities, coffee, tea, lunch, in- 
formal evening, course dinner. 
Accommodation is not included. 

REGISTRATION will be at 0845 on Monday, 1st October in 
Room 3.02 Tizard Building. Please return 
registration form by Friday, 14th Septem- 
ber at the very latest. 

Intended for engineers and scientists who wish to keep 
abreast of modern methods of signal processing. The 
material will be of particular benefit to engineers in industry 
and from research and teaching establishments and to 
those who may need to evaluate the application of digital 
computer technology and digital data analysis to realistic 
problems. 

Since the study of signal processing is very much a practical 
subject, emphasis is placed upon the use of demonstrations 
and laboratory sessions to illustrate the lecture material. 

It should be noted that whilst applications are the motivation 
for the material covered and are stressed throughout, the 
treatment may be considered to be of an advanced nature. 
Basic Fourier techniques are covered on the first day, but 
the treatment is rapid and it is recommended that parti- 
cipants have some familiarity with Fourier methods. Funda- 
mentals are emphasised throughout to ensure sound under- 
standing. A grasp of engineering mathematics would be 
helpful to derive full benefit from the later part of the course. 

Applied Digital Signal Processing is a five-day short 
course intended (i) to describe the fundamentals of digital 
data analysis of deterministic and random signals; (ii) to 
introduce advanced topics in digital signal processing which 
are now applied in many fields; (iii) to consider applications 
of the theory to practical problems in order to demonstrate 
the use of these methods. The material includes data 
acquisition, effects of sampling, the estimation of spectra, 
frequency response functions and coherence functions. 
Digital filtering and its applications, including adaptive filter- 
ing and deccnvolution, are described. Hilbert transforms, 
the cepstrum and their application, multidimensional signal 
processing, 2D signal processing, the analysis of non - 
stationary signals and analysis of nonlinear systems com- 
prise the latter part of the course, thus forming an introduc- 
tion to more advanced methods of signal processing. 

Features of the Course: 

Hands-on Experience - the course includes laboratory 
sessions using the Brüel and Kjaer 2032 and 2034 two - 
channel analysers and also the computers in the ISVR. 

Demonstrations - The lecture material will be supple- 
mented with practical demonstrations. 

Lecturers 

Dr. S.J. Elliott, Professor J.K. Hammond, Dr. P.A. Nelson, 
Dr. C.J.D. Pickering, Mr. P.R. White - ISVR 
Dr. P. Davies - Purdue University, USA 
Dr. R.K. Otnes - Time Series Associates, USA 

CIRCLE NO. 1000N REPLY CARD 
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CIRCLE NO. 101 ON REPLY CARD 
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CIRCUIT IDEAS 

Square -to -sine converter using Walsh functions 
This circuit shapes a square wave into a 
sine wave over the range 1kHz to 
500kHz. After several other methods 
had been considered, it was decided to 
use a low-pass filter followed by a 
variable gain stage. 

The multiplying D -to -A converter 
acts as a programmable -gain amplifier; 
when the fundamental of the square 
wave and its harmonics all lie on the 
sloping part of the filter response, they 
are attenuated in a fixed ratio prop- 
ortional to frequency. The gain stage 
then restores the level. 

Odd harmonics (even ones are not 
present in a square wave) have relative 
amplitudes of 1, 1/3, 1/5, 1/7 ... , which 
are attenuated in the filter by 1, 1/3, 
1/5, 1/7 ... , so that the residual ampli- 
tudes were 12, 1/32, 1152, 1/72 ... The 
RMS value of the first three is 12% of 
the fundamental and needed to be 
reduced. 

Since the square waves were gener- 
ated by a digital divider, frequencies f2, 
f4, f8 were available, but not the odd 
frequencies. An eight -point Walsh 
transform of the required sine wave is 

Digital seconds timer 
The timing period of this timer (1 to 
99s) is set by two thumbwheel switches. 
An eight -bit BCD timer counts down, 

made up of a fundamental sequence 
1111000(1 added to 0.414 of 01101001, 
which was verified by taking the 
Fourier transform of the resulting sig- 
nal, in which fundamental, 7th and 9th 
harmonics had an amplitude of 1.17 of 
the square wave and the 3rd, 5th, 11th 
and 13th all cancelled completely. 
RMS distortion was about 2%. 

having been preset to the switch values 
by the start switch. A 555 timer acts as 
a free -running oscillator to provide the 
clock, with a period of Is. Two D -type 
flip-flops control start and stop and the 

R<21if1 

Multiplying DAC 

In the circuit shown, the Ex -Or gates 
generate the two waveforms, which are 
added in the summing amplifier, its 
summing resistors being in the ratio 
91/221) - only 0.1% away from the 
required value. 
David Gibson 
Leeds 
West Yorkshire 

output drives a relay, with led indica- 
tion. 
D. Ibrahim 
Charlton 
London SE7 
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CIRCUIT IDEAS 

Electronically balanced audio output stage 
A differential audio output stage is 

electronically balanced in output level 
and has a precise 180° phase rela- 
tionship between outputs, with the aim 
of avoiding the use of a transformer. 

Apart from these requirements, the 
amplifier must, when one output is 

grounded, increase the level at the 
other by 6dB without too much rise in 
temperature. Output impedance 
should, ideally, he less than the profes- 
sional requirement of 2011 per leg and 
the outputs should swing close to the 
power rails. Noise and distortion must 
be low and the circuit must be stable 
when driving balanced lines, in particu- 
lar capacitive ones. 

The most widely used circuit, by 
Peter Leunig, uses cross -coupled nega- 
tive feedback to reduce the gain of each 
amplifier by 6dB; when an output is 

grounded, feedback to the other half is 

removed, its gain increasing by 6dB. 
Leunig's circuit needs closely matched 
resistors and, even then, an output 
balance of better than 45dB is difficult 
to obtain. In the unbalanced condition, 
with no output shorted, distortion 
increases from 0.002% to 0.5%. 

In my circuit, each amplifier is set for 
unity gain; in the balanced mode, the 
contribution from the feedback 
amplifier is zero. If one output is 

grounded, a signal appears at the out- 
put of IC4, which is applied as positive 
feedback to the amplifier in use, 

Stepped -ramp 
current source 
An accurate source was needed to 
provide base currents in a transistor 
curve tracer. 

In the círcuít shown, ICI and IC2 
maintain a fixed voltage (yin/2) across 
Rx, where Rx is composed of the four 
switched resistors R -R4. The current It 
depends on the value of Rx, which 
varies from 37.5ks2 to 300k12 in steps of 
37.5kí2 as the c-mos switches are acti- 
vated by clock pulses f, f/2 and f/4. The 
ramp increases in steps of 10µA up to 
80µA. 
Dhananjay V. Gadre and 
Rudreshwar Sen 
University of Delhi 
India 

1C1-4 NE5534 

increasing its gain. To avoid oscillation, 
the increase in gain is kept to 5.95dB - 
the difference between that and 6.02dB 
being negligible. 

The main advantage over the Leunig 
circuit is the improvement in balance, 
particularly when one amplifier has 
adjustable feedback capacitance. This 
should he variable over a wide range, 

R= 300k ±1% 
IC1,2 =741 
IC3 = CD4066 

say 5-50pF, to take account of layout 
variations. With careful trimming, an 

imbalance signal of at least -75dB is 

obtainable, low frequencies being 
below -100dB. 
Barry E. Porter 
Philip Drake Electronics Ltd 
Welwyn Garden City 
Hertfordshire 
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REVIEW 

Simulation on a 
Budget Avsim51 

orking for a small elec- 
tronics company 
developing processor 
based control systems, 
I was asked to extend 

a previously designed 8(151 circuit. It 
looked a simple enough task with an 
average pile of peripherals. a little glue 
and about 4K of code. 

But as I wrestled with interrupts that 
wouldn't, pointers that didn't, and no 
documentation to tall hack on, I real- 
ised I needed help. An in -circuit emu- 
lator was an obvious aid though at 
several thousand pounds, it was never 
an option. What I really wanted and, 
more to the point, could even have 
afforded was a CPU simulator. Perhaps 
if the Avsim5 I PC software simulator - built around a windowed display 
showing the registers of an 8051 and 
allowing the user to examine or modify 
them - had been available I would 
have had a few less sleepless nights. 

In these days of powerful risc 32 -hit 
controllers it may seem odd to look at a 

development tool for an 8 -hit device. 
But commercially the 8051 is one of the 
most important processors on the mar- 
ket. Manufactured by a number of 
companies. including Intel. Philips and 
Siemens, the 8051 micro -controllers 
are the undisputed kings of the micro - 
controller world. 

Hundreds of variants have captured 
more than 40% of the 8 -hit market and 
while 16 and 32 -hit controllers (the 
later usually risc systems) are more 

John Mosely uses the 
Avsim51 to simulate 

8051 development - 
and finds he has 

almost too much of a 
good thing. 

glamourous, commercially they are 
much less significant. The 16 -hit mar- 
ket is about t/anth the size of the 8 -hit 
sector, and the power -user 32 -hit held 
is smaller still. 

Need for 8051 simulators 
Ideally any serious 8051 project (or its 
derivatives) would have a proper in - 
circuit emulator as the main develop- 
ment tool, reducing development time. 
increasing software confidence, saving 
wasted time and money. But for many 
small companies or self-employed 
engineers, costs are prohibitive and 
even renting is too expensive. 

With the 8051's internal timers, 
counters, parallel and serial 1/O ports 
and a large amount of on -chip ram, 
often a single -chip solution is the goal. 
with on -hoard rom or eprom. 8051 - 

family devices can he an elegant solu- 
tion for the engineer, also making 
economic sense. 

Unfortunately there are problems. 
one of which is access to internal 
facilities. It is even more difficult than 
usual to debug a program rummng from 
internal memory, with an inaccessible 
and invisible bus structure. 

With no debugging aids the program 
can only he tested by running the target 
system at full speed and observing the 
state of the user -controlled I/O lines. 
Engineers must use experience to find 
what the processor is doing and time 
can be wasted blowing programs with 
silly typographical errors, most of 
which could he spotted if the user could 
single-step through the code. 

The Avsim51 goes a long way to 
handling these problems. 

System Considerations 
Hardware constraint will not he a 
limiting factor on use of Avsim5 I as all 
that is needed is a PC. I28K of ram, 
one floppy drive and text graphics. 

The program is supplied as a set of 
four files on a standard 5.25in floppy 
and is simply installed by creating a 
subdirectory, copying across the four 
files and running. 

I ran this review on a generic AT 
with EGA graphics and a 40MB drive 
and the only niggle was that the prog- 
ram does not automatically set up the 
mouse, though this should pose no 
problem for serious users of the prog- 
ram. On my 12MHz machine the prog- 
ram could be configured to run too fast 
to be followed; nothing is gained from 
using a 386. 

Using the Program 
The Avsim51 simulates in memory the 
hardware of the target processor, 
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REVIEW 

including all registers, ports, memory 
and internal peripherals, and assem- 
bled code can be executed while the 
state of the processor is observed ( a 

"virtual CPU"). 
Code can he run at various speeds, 

or the user can single step and observe 
the effect of each op -code on the 
registers, pointers and memory con- 
tents of the chip. 

Avsim also provides a symbolic 
debugger. Break points or pass points 
(with a variety of options) can be set to 
control the flow of code, and registers, 
memory contents or peripherals can be 
examined or changed. So the user can 
debug code and see precise results. 

An embedded control system can 
make it difficult to work out what is 

wrong - often memory within the chip 
is used, so that it is virtually impossible 
to trace execution of the program from 
outside. 

Hardware and software are 
developed together, and where there is 
a problem it can be difficult to decide 
where to place the blame. But a simula- 
tor allows examination of the program 
isolated from any hardware considera- 
tions. 

Avsim5l is run and loaded with the 
assembly language program and associ- 
ated symbol table, translating address 
and registers back to meaningful labels 
and symbolic names. 

There are various options for load- 
ing, allowing the simulator to read 
program files from the Avocet cross 
assemblers (XASM or AVMAC) or 
from another cross assembler which 
can produce code in Intel (.HEX) or 
Motorola (.MIK) data formats. These 
can he read as ram- or rom-based 
programs, which can or cannot be 
modified. 

But there is one aspect of the pack- 
age that can only be described as 
unimpressive. 

A separate program has to be used 
for assembly as Avsim is purely a 

debugger and simulator - the "patch" 
assembler is included for minor mod- 
ificationcnn-nly. So a typical engineering 
cyciZ '$t-t'oe: use the word processor to 
write program text, shut it down. Load 
and run the assembler and linker to 
translate to object code then shut that 
down. Run the simulator to find the 
errors and correct the simpler ones 
using the incremental patch assembler. 
Repeat until there is a more severe 
error then shut down the debugger, run 
the WP, correct the error, close the 
word processor. Load the assembler. 

Anyone used to powerful integrated 
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2 

8861/8751 MAIM 81E1 SlmalatoriDeagger 
CPU REGISTEIS FLAGS 

C Accusulator AC FO OU P Orr HI 

e111/e66:7e:j] e 1 9 1 

1:D:91i.á8H 
PC:0133 23 PS 93 Timers TH/n 
SP: e7 99 39 91 : r1 eC 

IC 87 21 TI: TO FL 

DP:888e 11 FF [ir FF 

RO : . : RR: Ints A 

R1 : : R: En 

112 R4 R6 Pr 

R3 RS . R7 

S TI XI 

1)1.54 

Orr Orr MENU 

24% 

TF/TR G/T/M1/118 

e 1 ee 6 e 

1 1 0 1 

Data Space 68 1 e9 

0. 22 es e9 e9 e9 e9 e9 e9 T- 
ee 8000 es es se 8800 11 

ORO" In Ext Data Space 

8828 54 68 8e ee e8 89 80 98 Th 

8828 r:,J ee 90 99 88 88 88 88 

9038 00 M ee ee ee e6 9e es 
6638 e e6 00 es 0e 8e 06 FT 

arrow keys 
JF.Ir Help 10 Load --space- 

LABEL 

RESET 

00011 

TO Xe Edg IT It 
x9: 
xt: 

emotes 
eeee973898ee9eee rcqjI - Ports 
39 91 IC 91 07 21 00 00 9e41 Pe 11111111 

rr:N:11111111 
P1 89111898 

° 3I:e:eellieee 

T1 P2 11111111 

,qe7:.:88889111 
I P3 11111111 

, R :1:11111111 

OPE 

ro 
no 

no 

00331 no 

00041 no 

wow no 

0006~ no 

W071 no 

00281 no 

000A/1 

ro 

03081 no 

COCCH no 

000011 

020E1 

000F1 

031014 

02111 

031211 

0013/1 

03141 

031511 

r.) 

r^ - 

E. 

80514761 AUSIU 8051 Sn.WqrO.GrqB.r 

CPU RE GISTE ILS 

C AttVrrul.la 
O 000000003A0 

MO! e.l. 
PC000369FF FF FE FF 

SP; 079900 03 39 01 

00 CO 67 69 
OPp0009>FF FF FF FF 

90D0 »02: R8 00 
9100 »00: BOD 

R200 9400 .607 
9300 9500 9700 

FLAGS 
AC FO OVP 

0 0 0 1 

oR 
WV 

VI 54 

544 CUM. 
Or. WV. 

Tenon TWIT. 
T0: 00 CO 

TI: 0202 

TFRR 
0 0 

0 0 

GI I40 
0 0 0 

00 0 0 

3 

Int. A S TI xt TO 1/0 Eep IT IE A 
En 0 0 0 0 0 0 (0' 0 I Y 
Pr 0 0 0 0 0 0-Al O 1 

50116 F CM PC011ºvntuº 
00: 00: 05OU0000000011 

0.5.-. 
0300 CO CO 00 03 00 02 00 00 Pa1. 5 0008 00 CO 00 COCO CO 03 00 PO 11111111 

0310 03 02 00 03 03 00 03 CO 57:W: 

0015 03 03 0003 001:000 03 01010111 

O rr soon PI 
0020 00 00 CO 0000 CO 00 301X:01011000 

0328 02 CO CO 02 00 02 CO P2 11 11 

C033 CO CO 00 00 00 00 00 0710. 11001 

0019 00 02 00 03 00 00 00 P3 111 11 

FF2:0101 

.Contour. Uerrory D°np WeMo. 
Dun Expires 1., k.,0 10 Load 

8 

programming environments (Turbo 
Debugger, Microsoft C etc) and 
perhaps spoilt by them, will agree that 
development is painful enough without 
wasting half the time switching soft- 
ware and waiting for it to load. 

Cycling through three different prog- 
rams, all with different command struc- 
tures, menus and approaches is 
infuriating, and inevitably, the user 
ends up using the assembler's save 
command while in the word processor, 
or vice versa. 

Diverting attention to concentrate 
on driving the tools does not help solve 
the development problem and the 
question must be asked why, in the 
nineties, do people provide a package 
that only does half the job? 

Impressive display 
Once the Avsim is loaded and running 
there is a single master screen used 
throughout for displaying and controll- 
ing nearly all aspects of the system 
(Fig. 1). 

Last two lines of the screen are the 
command area, where the user controls 
operation and behaviour of the simula- 
tion, with remainder of the screen 
displaying the status and operation of 
the target 8051 processor. 

Surprisingly these two areas are com- 
pletely separate, with the <esc> key 
used to toggle between them. This is a 

little annoying and can cause the odd 
problem as there are some functions 
that are only accessible from within one 
window, even though they may also be 
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required from the other (eg evaluate an 
expression). 

The display area is the key to the 
program and very impressive it is too. 
The simulator can act as a screen editor 
with the cursor keys used to move 
through the windows or within memory 
spaces. 

If the cursor is on a modifiable area 
then keying a number will load that 
location with a new value. So register 
contents or memory spaces can be 
observed and updated instantly to see 
"What If?". For example what if the 
accumulator held the value 55H?; what 
if the serial port reads in'C?; does this 
section of code correctly trap out-of- 
bounds values?; does the loop termin- 
ate properly when the counter reaches 
zero? 

Single stepping through the program 
is controlled by <F1> which runs a single 
instruction per cycle. Single stepping 
can be very illuminating, as a scroll bar 
descends through the program code 
section, watching registers and memory 
locations change on command. Even 
more revealing is how the contents of 
flags and status words alter - superb 
for detecting those silly errors when 
you got confused on parity! 

If the single step mode is useful, then 
the Undo command, <F9>, is a dream 
undoing the previous instruction and 
returning the 'location to its previous 
value (whether it is the preceding byte 
or the jump instruction which caused a 

shift in program flow). Memory, regis- 
ters and flags are all taken back to their 
earlier state and it is even possible to 
back -track past an interrupt or the 
arrival of an external input. 

Obviously, a hardware emulator 
could never hope to provide this func- 
tion - definitely one up for the soft- 
ware side. 

By default the Undo buffer is 20 
instructions long so that you can step 
back 20 times, but buffer size can be 
reset and on a 640k machine it can 
easily be increased to 1000 deep. 

The simulated program can be run 
continuously, at a variety of speeds. 
<F1> starts or stops execution, while 
<F5> steps between three speed options. 
Slowest operation is approximately two 
opcodes per second, which is around 
the speed of repeated single steps and 
could be used to similar effect. Full 
speed is approximately 300 instructions 
per second, far too fast to follow on the 
screen, and normally used with the 
break point feature to race along until 
something unusual occurs. 

Medium speed comes, logically 
enough, in between at say 10 codes per 

second and is a pleasantly relaxing 
speed for observing flow of ptogram 
execution and gaining a good grasp of 
how it is behaving. 

The abilities to single step and undo 
instructions are exceptionally powerful 
debugging tools, and these alone prob- 
ably justify the program price. 
Together with the facilities for con- 
tinuous running and break points 
(described below) this program should 
be invaluable in simulating a micro - 
controller's program. 

Display Area 
The display shows nine major areas on 
the screen at once, all colour coded - 
and all very cramped. Top centre area 
of the screen (Area 1 in Fig. 2.) holds 
the main registers and flags of the 
CPU. It shows the accumulator, prog- 
ram counter, stack pointer and data 
pointer. The .8051 core has four sepa- 
rate. banks of eight registers - for 
working storage, data operations or bit 
manipulation - and the currently 
active register bank is also displayed. 

A column on the left of the screen 
(Area 2) displays the section of prog- 
ram being executed. In particular it 
shows the 32 lines of code centred on 
the current line and, for each line, gives 
the address, symbolic label (if there is 

one), op -code and arguments. Triangu- 
lar markers show any break points or 
pass points set for that section of the 
program. 

The next three areas in the diagram 
show the contents of hardware control 
registers. These are the timers (area 3) 
and the interrupt registers and flags 
(area 4). In both cases it is easy to 
examine the contents of a location, or 
see what would happen in the event of 
a timer overflow or an interrupt arriv- 
ing. Just move the cursor to the 
relevant bit, set or clear as appropriate, 
and restart the simulation to see what 
happens: effortless and very useful. 

Below these is area 5 containing 

High level alternative 
Avocet has released a version of Avsim5l 
for high level C use which is also claimed 
to remedy many of the problems men- 
tioned here. AvCase is an integrated set of 
tools combining a C crosscompiler, editor, 
assembler, simulator and debugger within 
a unified environment. The distributors 
claim the new system is similar in use to 
the Borland Turbo style environment, with 
popup windows displaying . different 
information, all controlled by standard key- 
strokes («F1 for help, ,F8' for step etc). 
Price is £1375 + VAT from Computer 
Solutions Ltd. 

contents of the serial port's transmit 
and receive hardware. 

The large area in the bottom middle 
of the screen (area 6) shows two 
separate 32 -byte windows of data mem- 
ory space. These can be used to 
examine anywhere in system memory, 
on or off -chip. Usefully, if these are 
pointed to by an indirect reference (eg 
from RO or the DP) the appropriate 
byte will be high -lighted. A separate 
region of the screen (area 7) shows 
latch settings and contents of the four 
ports on the CPU, making it clear 
whether they are configured for input, 
output or a mixture and what they are 
doing. This can be apparent from using 
a `scope on the physical chip leads. But 
the display soon becomes eminently 
preferable for detecting those odd, 
subtle bugs or glitches that are nor- 
mally impossible to detect. 

Last two areas display the command 
line menu and the simulator's modes of 
operation and program status. 

Cursor keys or a mouse will navigate 
around the screen, or express keys 
move directly to a given point; Ctrl -P 
goes to the PC, Ctrl -O gets to the 
overflow flag and so on. Also conve- 
nient and well thought out is the way 
some editing keys modify the contents 
of a register; + will increment a loca- 
tion, INS will complement a bit or byte 
and Ctrl -Home will zero a window and 
reset all the bytes. 

My personal feelings are that though 
the master screen displays everything 
you could ever need to know about the 
processor, it actually shows rather too 
much as there are very few applications 
where all that information is wanted, 
continuously, all at once. As a result 
the screen can look busy and confused, 
making it hard work to follow. 

I don't think I'm alone in debugging 
systems by concentrating on one area 
at a time. When I'm testing interrupt 
handling, I'm only interested in the 
enable and priority registers, interrupt 
flags and the program flow. 

I don't want to see memory and data 
pointers and timers and the serial 
buffer and the ports, though I suppose 
I shouldn't complain about having too 
much information. 

Perhaps I have been spoilt by using 
Borland Turbo systems and programs 
on the Mac, but I would certainly have 
preferred a windows environment, 
where I could control which regions are 
displayed. 

That said, the current screen pro- 
vides all the information that an 
engineer needs, with well designed 
access and a high degree of control. 
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Command Area 
The command area is used to control 
the Avsim program and PC, and works 
on a succession of sub -menus, with a 

new list appearing w hen a selection is 
made. 

Some menus go to four or five layers 
deep which can he a little difficult to 
navigate, but are (generally) logical 
though rather cramped by being forced 
into two lines at the bottom of the 
screen. Given that the program forces 
access to the two screen areas separ- 
ately, using <esc> to toggle between 
them, a pull -down menu system would 
have been easier to use and less old- 
fashioned. But not too many grumbles 
here because, while not perfect, the 
system is usable and a lot better than 
the cryptic command line parameter 
style still all too common in emulators. 

Options allow search, clear or fill 
memory; reset processor or program; 
and control of system options. 

A large variety of break points (stop 
execution on condition) and pass points 
(count number of times condition is 
met) allow easy setting of dynamic 
break points that stop execution when 
the program first reaches a particular 
location, but which are then cleared. 

For example, running at full speed 
until a suspect routine is called, then 
carefully single stepping through it is a 

useful facility. Or "sticky" break points 
can be set permanently. 

Other options allow detection of 
when a register hits a value, or trapping 
of indirect access to memory. 

Just reads, just writes, or either can 
be detected separately, and I have 
never before used a hardware emulator 
that offers such a comprehensive range 
of options and variants. These are 
impressive and undoubtedly valuable. 

The pass point (count) facilities are 
equally versatile. They don't display 
the elegant histograms of some systems 
but do offer an excellent way of 
measuring and optimising program per- 
formance, checking loops are running 
the correct number of times, or how 
often interrupts occur. 

There is also a miniature assembler 
for program patches or minor changes 
to code. It can only assemble short 
sections of program and does not sup- 
port any of the pseudo-ops or high level 
functions of a powerful assembler/ 
linker. But it does allow variations in a 

program, trial of alternatives or correc- 
tion of small bugs. Padding out code 
with no-ops to allow for this kind of 
modification, is a good idea. 

A full assembler would have been 
better, but the Avsim assembler is 

Avsim5l costs £375 + VAT from Compu- 
ter Solutions Ltd, Canada Road, Byfleet, 
Surrey KT14 7HQ. Telephone 09323 
52744. 
System needs are undemanding and any 
PC with at least 128K ram, a single floppy 
and text graphics should be suitable. 

undeniably useful and would be 
enough to correct the majority of com- 
mon errors. 

More variety needed 
One of the major attractions of the 
8051 range is its variety. Benefits of a 

standard, familiar, instruction set and 
architectural core can be combined 
with a huge range of on -chip peripher- 
als - the "pick -and -mix" approach to 
system design. 

Philips, who claim to have the widest 
range of devices, offer more than 170 
different versions of the processor 
including chips with additional timers, 
on -board multi -channel A -to -Ds, fast 
capture registers, high output current 
drivers etc. 

So the Avsim's limitations in this 
respect are a little disappointing. Only 
the most fundamental parts are avail- 
able; the standard 8051/2 and 8031/2 
and cmos variants. 

These six will certainly cover most 
applications, and while all possibilities 
could never he included, more choice 
would be an advantage. Some variants 
are rare but others such as the 552 are 
widely used, and I especially missed 
support for an 12C interface. 

The full title of the software package 
examined in this review is Avsim5l 
which emulates a number of 8051 series 
micros. Other Avsim packages emula - 
ter Motorola, TI, Zilog, Intel and 
Hitachi processor families. Each family 
requires a separate Avsim purchase. 

We can hope that the next version of 
the simulator will have a more exten- 
sive library of components. 

Documentation 
The manual consists of 170 A5 pages, 
clearly numbered and indexed, sup- 
plied in a three-ring binder, with chap- 
ter separators. Options and commands 
are clearly described and plenty of 
examples are included. 

A thorough demonstration program 
is included on the disk which reads in 
data from a serial port while running a 

flashing light sequence display. At 
about 150 lines of code this isn't a huge 
program but it does demonstrate tim- 
ers, serial port access and interrupts 
and even includes a potential hug 

where the stack pointer can overflow 
into bank two space. Used with the 
Tutorial section of the manual it covers 
most of the features of the program in a 

thorough and helpful way. 
However, being walked through the 

demo did reveal a few discrepancies 
which had me confused for a while. For 
example, occasionally a new menu 
option or whole sub -menu would 
appear. The reason is that the manual 
describes version 1.2, while the prog- 
ram is v1.54. In these days of DTP it 
surely can not he that difficult to 
update a manual or at least include an 

errata sheet. 
But to be fair to Avocet, none of the 

changes appeared significant and there 
was a READ.ME file on the disk 
which, once I'd thought of looking for 
it, solved the problem. 

On-line help is there but is somewhat 
rudimentary, usually doing no more 
than rewording the menu option and so 
only really being useful as a memory 
jogger. 

Overall, documentation is compe- 
tent, well -organised and helpful. This 
should be unremarkable, but it is dis- 
graceful how many programs are still 
produced with documentation so 
appalling as to render it unusable. 
Technical software seems especially 
prone to this. 

Summary 
Avsim is an impressive package which 
works well and provides all the features 
a user might want. It offers a good 
range of functions and the interactive 
display of the processor is invaluable. 
The single step/undo facility, in par- 
ticular, is particularly useful and the 
program will undoubtedly save a lot of 
development time. 

On the negative side, implementa- 
tion does let the program down. Menu 
structure is clumsy and old-fashioned, 
and would be improved by pull -down 
style displays. Similarly, the main dis- 
play area is cluttered and hard to 
follow, where pop-up windows would 
make everything a lot clearer. Finally 
the system would be vastly more useful 
if it was integrated with the assembler/ 
linker and a simple text editor. 

In summary, the Avsim would be a 

valuable addition to the software tool - 
kit of any engineer developing systems 
on the 8051. It's a pity about the 
old-fashioned user interface but at the 
price it can be justified if it saves just 
one day of an engineer's chargeable 
time and I'm certain that it will save 
infinitely more than that. 
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THE COMPLETE SOLUTION FROM 
J.A.V. Electronics Limited 

ANNOUNCING PROTEL MAJOR ENHANCEMENTS 
Easytrax 2 

Autorouting Capability 
Curved Tracking 

PostScript Printing 
24 pin Printer Support 

Imperial and Metric Grids 
Down £100.00 To £199.00 + VAT 
Also available for the Apple Macintosh POA 

Autotrax y 1.5 
Curved Tracking 

Imperial and Metric Grids 

Additional Routing Strategies 
Improved External Polygon Fill 

PostScript Printing 

Still at £999.00 + VAT 
Also Available for the Apple Macintosh POA 

Prole! 

Protel Autotrax y 1.5 at £999.00 + VAT 
is a precision design tool that improves 
productivity for occasional and expert 
user alike. It streamlines many of the 

repetitive PCB layout processes while providing 
powerful interactive design automation. As a 
stand alone PCB/CAD package, Autotrax 
generates professionally accurate camera ready 
PCB artwork, Gerber and Drill files. Used in 
conjunction with Protel Schematic and other 
compatible Schematic programs Autotrax 
completes a high performance end to end PCB 
design system. Board layout can be auto -routed 
and manually created and edited. A 
comprehensive library of Through Hole and 
Surface mount devices is included. New 
components can be 
created using the 
programs standard 
drawing tools. New 
components can be saved 
to user libraries or 
merged into the main 
library, Tracks rubber 
band on the screen in real 
time. With full design rule checking. 

Protel Schematic y 3.30 at £499.00 + 
VAT streamlines drafting operations 
improving productivity, design practice 
and documentation. Standard libraries 

are included with Schematic and now contain over 
3000 component symbols. Because new 

Prole! 

components are 
constantly being released, 
Schematic includes a 
powerful graphic 
component editor, the 
Schematic. Library 
Manager. Used on its 
own or with Autotrax to 
form a powerful PCB CAD system. 

Protel Easytrax 2 at £199.00 + VAT is 

the low cost entry level package to the 
Protel Range. Easytrax 2 is a precision 
design tool that generates professionally 

accurate camera ready PCB artwork. High 
resolution display gaphics and output to 
photoplotters, pen plotter, laser and dot matrix 
printers are standard - not expensive options. 

Protel Traxstar a £999.00 + VAT is a 
grid based, costed maze autorouter with 
full rip -up and re-route capability. The 
router incorporates a user definable cost 

structure and allows separate cost structures for 
the route, rip -up and smoothing passes. Works 
with Protel Autotrax files. 

Protel Traxview at £349.00 + VAT is a 
utility program for viewing and editing 
Gerber files. Traxview will display 
Gerber files allowing for the reallocation 

of aperture codes or general editing of the PCB 
layout. Traxview also includes panelization so that 
more than one plot appears on a single film. 

.!ni 

; Es' .... 
--;;;: 

Prole] 

The Sole UK Distributor for Protel CAD Software. Dealers for Roland A3 - AO Plotters. 

J.A.V. Electronics Limited 

Unit 12a Heaton Street, Denton, Manchester, M34 3RG. Tel: 061 320 7210 Fax: 061 335 0119 
Evaluation Packs are available. All prices exclude VAT. 
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PII`IEAPPLE SOFTW A ' E 
Quickroute Professional CAD System for IBM's 

A brand new full featured CAD system only available from Pineapple Software for PCB or circuit design 
with a unique easy to use 'autorouting' facility for less than f 100.0011 

Ouickroute Profesional combines the latest user interface with pull down menus, icons and full mouse 

support, with all the powerful features you would expect from a modern CAD system. 
This is just the start of a fully expandable system which will grow to include circuit capture, net -list, bill of 

materials, and a digital autorouting system. 
Perhaps the most surprising feature of Ouickroute Professional is that it includes an auto -router. 

Although not as powerful as the much more expensive systems it is extremely fast and simple to use. Just 
point the mouse at the start and finish positions on the PCB, select autoroute and Quickroute does the rest. 
You can select to route on any layer or combination of the eight available. You can also enter a 'rats -nest' of 
routes and leave Ouickroute to route them. 

PCB or circuit designs can make use of several different object types. These include pads (6 styles, 16 

sizes), tracks (24 sizes), symbols (any no.), preset integrated circuits (32 types), bit images (40 x 40 grid 
images), text (4 sizes, mirrored/normal), circles/ellipses/rectangles and arcs. You can design your own bit 
images to increase the flexbility of any design. All these objects are selected pictorially from windows and 
not just by name. 

Ouickroute Professional comes complete with drivers for both 9 pin printers and HPGL compatible 
plotters. Hardcopy can be obtained in a variety of qualities from draft to production quality in virtually any 

scale. 

FEATURES 
Continual zoom - work in any scale from x0.0001 to x100001 
Simple auto -router with 'rats -nest' feature 
CGA/EGA/VGA/Hercules graphics system support, optional Microsoft compatible mouse 
Pull down Menus, Icons and Windows 
Output to 9 Pin IBM or Epson printers, or HPGL plotters. Print/Plot in any scale and various qualities 
Block commands include move/delete/copy/rotate/reflect 
Powerful symbol creation/edition/rotation. Grab portions of the board and store as symbols, custom 
'hot spot' etc. 
8 layers, 2 silk screen, atuomatic solder mask generation, 96 pad styles/sizes, 24 track widths, any 
number of symbols, 40x 40 bit images, circles, ellipses, arcs, rectag les, text in various sixes/styles, tilled 
shapes etc 
Choose objects/styles/types pictorially 
Fully upgradeable system to include net list, bill of materials, digital autorouter and circuit capture to 
become available in due course. 
FREE Demo disc - just write or'phone nowt 

PRICE £95.00P&PFree 

xdMlN[deD, 

Please add 15% VAT to all prices 

Please address 
all enquiries to: 
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ARCHIMEDES REAL TIME COLOUR VIDEO DIGITISER 

This new real time colour video digitiser offers grabbing of high quality moving colour images from 
TV, Video, or cameras, Powerful software enables images to be scaled to any size very easily, and 30 

software' ' commands allow easy incorportion of all facilities into your own programs. For full details 
and a free demo disc please write or'phone now)? 

512 x256x 12 bit version 
512 x256 x 16 vit version 
Adapter box for A3000 

MARCONI TRACKER BALLS 

E285.00 
E315.00 

£65.00 

AtariST 1182/t07 E49.83 Baretrackerball RB2/101 f49.83 
Amiga R82/109 E49.83 For Master RB2/101M E54.83 
Nimbus RB2/110 E49.83 For model '8' RB2/1018 [54.83 
IBM RB2/306 f99.66 Pointer Romf or Master E12.50 

P& Pon trackerballs E1.75 Archimedes adapter E19.95 

OTHER IBM SOFTWARE and HARDWARE 
EASY -PC £98.00 Spice, Age from £70.00 ECA-2 E675.00 PCB Turbo E395.00 
LCA-1 logic analyser E450.00 DATACAP RS232 serial data analyser (25.00 

Pineapple Software, Dept EE, 39 Brownlea Gardens, 
Seven Kings, Ilford, Essex IG3 9NL. 

Tel: 081-599 1476 
Fax: 081-598 2343 

HITACHI 

MT/44% 1110.ZIOOTI 

-Ss 
.1.11.0s 
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"Compact" series laboratory oscilloscopes 

I .. 
b5117 

4Q9 0 tV 

,s-- 
, 

Y 

,21*.-` , 

This best-selling Hitachi lab. 'scope is exceptionally compact 
and lightweight but is packed with features: 

60MHz or 100MHz B/W 
Dual Timebases 
Two or four channels 

Cursor readout models 
DSO versions available 
Prices from £855 

There are seven models to choose from. Our sales engineers 
can provide on -site demonstration and immediate delivery. 
Ask for more details: 

Thurlby 
Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451 

C1R [ENO. 117I0N KEPI 1' CART) 

Serial Data Protocol Analysis from £79 
The Thurlby DA100 is a very low cost protocol analyser for 
solving problems with asynchronous serial data systems, 
particularly RS -232. 

It provides baud rate analysis, data word format analysis, data 
monitoring, triggered data capturing, and test data generation. 

The DA100 uses a standard oscilloscope as its display device, 
connecting to it via a single cable. Alternatively an optional LCD 
display device can be fitted. An optional RS -232 breakout -box is 
also available. Contact us now for full technical details: 

Thurlby 
Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451 

Y 
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APPLICATIONS 

Voltage -to -frequency 
converters 
The 4151/2 from Raytheon areV-to-F 
converters providing DTL/TTL/c-mos- 
compatible pulse outputs, with a prog- 
rammable scale factor, operating from 
single -ended supplies. Both V -to -F and 
F -to -V conversion is carried out with 
voltage or current input. 

The output of a comparator (Fig. 1) 
triggers a monostable flip-flop which 
switches on a current source, a voltage 
reference and an open -collector output 
transistor. Voltage on the capacitor of 
an RC timing circuit is sensed by the 
monostable, which ends the charging 
period when this voltage reaches 2V/3 
and discharges the capacitor. At this 
time, the voltage reference, current 
source and transistor all turn off, hav- 
ing produced an on -off -on voltage 
pulse, a quantum of charge and a logic 
pulse respectively. 

Figure 1 shows a single -supply V -to - 
F converter, which uses passive compo- 
nents for lowest cost. Input signal Vin is 
fed via a low-pass filter. The mono - 
stable fires repetitively and the current 
source feeds current pulses of ampli- 
tude Vrcf/RS and duration 1.1 R11C11 into 
the integrator CBRIK. Since the integra- 
tor is connected to the inverting com- 
parator input, this feedback loop 
causes the pulse repetition rate to rise 
until the average voltage on the integ- 
rator equals the DC input on pin 7. Pin 
6 carries a voltage proportional to 
frequency. 

Because the monostable frequency is 
the same as the transistor output, the 
output frequency is proportional to 
V. Resistor R5 should be between 

12kg2 and 20112 for best linearity, 
which is better than 1% for inputs of 
10mV to 10V. 

Figure 2 shows a more exotic, cur- 
rent -sourced converter, which employs 
an active integrator to increase the 
dynamic range down to OV and elimin- 
ate non -linearity due to the limited 
compliance of the current source. In 
this case, 
Fnn1=[Rsl(1.1RCoRB)J(Vin/ 'ref) 
Non -linearity is better than 0.02% at 
10kHz and 0.06% at 100kHz. 

In Fig. 3, the precision voltage - 
sourced V -to -F converter is virtually 
the same as Fig. 2, but with the current 
pulses into the integrator derived 
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directly from the voltage reference to 
improve temperature drift at the 
expense of high -frequency linearity, 
which is degraded to around 0.01% 
compared with the circuit of Fig. 2. 
Raytheon Semiconductor, Ogilvie 
Road, High Wycombe, Buckingham- 
shire HP12 3DS. Telephone: 0494 
465328. - 

Current - 
feedback op - 
amps 
The OP -160 from Precision Mono- 
lithics is a current -feedback operational 
amplifier IC, which is designed to 
handle large capacitive loads while 
remaining stable. Slew rate is guaran- 
teed to be over 1000V/0 and, at a gain 
of +1, the -3dB bandwidth is 90MHz, 
bandwidth remaining relatively con- 
stant with gain. The op -amp is easy to 
use, the techniques used in voltage - 
feedback op -amps being appropriate 
for this device. 

From the non -inverting input of the 
OP -160, a unity -gain buffer provides a 
low -impedance terminal at the invert- 
ing input, which is more accurately an 
output, although current can flow into 
or out of the pin. A transimpedance 
stage following the buffer converts the 
buffer output current into a linearly 
proportional output voltage. As the 
input voltage in Fig. 1 rises, the invert- 
ing input follows, the buffer providing 
current through RI. This current is 
multiplied in the transimpedance stage 
and causes the output voltage to rise 
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APPLICATIONS 

VOUT 

R 
AV - 1 . 2 

CURRENT -CONTROLLED 
VOLTAGE SOURCE 

Fig. 1 

and feed current into R2, which equal- 
ises the current in R1 and replaces the 
current from the buffer. Closed -loop 
gain is (1+ R2/111), so that the assump- 
tions normally made for op -amps still 
hold good: namely that voltage 
between inputs is effectivley zero and 
that current into the inputs is zero. The 
value of R2 is kept constant at 82012, 
gain being set by the value of R,. 

Figure 2 shows a non -inverting 
amplifier. At low gain settings, with R, 
high in value, the stray capacitance at 
pin 2 across R, causes a low -frequency 
open -loop pole which peaks the fre- 
quency response. A series resistor, Rc, 
at the non -inverting input reduces the 
peak. With gain high, R, is low in value 
and the pole is too high ín frequency to 
have much effect. The practice of using 

VIN 

.15V 

-15V 

Fig. 2 

a capacitor across the feedback resis- 
tor, as used in voltage -feedback ampli- 
fiers, causes instability in current - 
feedback types. 

Used as an inverting amplifier, as 
shown in Fig. 3, the device is exactly 
the same as a voltage -feedback device, 
the gain being set by -R2/R1. 

Since, for stability, the feedback 
impedance is assumed to be non - 
varying in a current -feedback ampli- 
fier, the feedback capacitor in an integ- 
rator would normally cause instability. 
Thé circuit of Fig. 4 shows a resistor 
RF, which maintains a minimum value 
of feedback impedance at higher fre- 
quencies. At lower frequencies, the 

Optical -fibre transmitter -receiver 
Philips's 74F3037 FAST line driver is a 

quad two -input Nand and is intended. 
for low-cost optical communications at 
over 170Mbaud, depending on the 
length of the cable. A 1km link will 
operate at an output pulse width distor- 
tion of less than 15%. 

The Hewlett-Packard HFBR-1402.4 
led is much harder to turn on than off, 
so that the 74F3037 fast, high-level 
turn -on and high pull-up current is 

needed in this application. The peaking 

TTLino--0-0 
1/2 74F3037 1--1 

47n 180 

680F 

capacitor compensates for the led's 
slow turn -on and peaks its light output 
during both on and off transitions 

For reception, an H -P HFBR-2208 
photo pin diode drives a Signetics 
NE5212 transimpedance current dif- 
ferential amplifier, which is followed 
by a Signetics 10116 triple ECL line 
receiver. The amplifier's internal feed- 
back resistance of about 7k12 converts 
the photon -generated currents from 
the pin diode into a 100mV differential 

HF8R-1402/4 

.15V 

Fig. 3 

Fig. 4 

VOW' 

overall feedback increases, but not 
enough to affect performance. 
Bourns Electronics Ltd, 90 Park Street, 
Camberley, Surrey GUI5 3NY. Tele- 
phone: 0276 692392. 

output voltage. Output of the circuit is 

at ECL logic levels. 
Philips recommend that multilayer 

PC boards be used, with ground paths 
as short and as wide as possible to keep 
induced ground noise to a minimum. 
All supply pins are decoupled with 
0.1-0.34F ceramic/tantalum capaci- 
tors. 
Philips Components Ltd, Mullard 
House, Torrington Place, London 
WC1 E 7HD. Telephone: 071-580 6633. 

ECL 

ECL 
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Affordable, standalone, 
PCB fault -diagnosis 

equipment. 
The most economical way yet 
to improve the speed and 
efficiency of PCB servicing 
and manufacturing defects 
analysis. 

E L E C T R O N. I. C. S 

24 and 40 pin Variants. 
Save and Compare. 
Automatic Circuit Compensation. 

1= Search Mode. 
O Manufacturing Defects Analysis. 

Out of Circuit Testing. 

Phone for your data and 
information pack now! 

0226 350145 
ABI ELECTRONICS LTD. FREEPOST " ' " " 

CI RCI E NO. 14 I ON REPLY CARD 

Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Road, Borehamwood, 
Herts. WD6 IAA. Fax: 081-207 6375, 0836 640328 

SPECIAL OFFERS 
Philips CM7000 monitor. Composite video input: RGB (mono) + audio 240vac 12" green 
screen new & boxed £65.00 c/p 8.75 
Micropolis hard disk drive full height including PSU & Rack slides. 5r/4 model 1325Cr. 5T 506 
51 MB MFM. £250.00 c/p 9.00 
National oscilloscope VP 5503A dual trace with third trace, 35 MHz, £425.00 c/p 6.75 
Gould/advance OS 1100A oscilloscope, 35 MHz, dual trace, £375.00 c/o 16.75 
Telequipment D 67 osciloscope, 25 MHz, delay dual trace, £180.00 c/p 16.75 
Telequipment D67A oscilloscope, duel trace delay, (215.00 c/p 16.75 
9" Nec monitor, 240 vac input, composite video (RGB) input, £29.95 c/p 6.80 
19" colour monitor, 240 Vac input, R.G.B.d composite video input, ex -equipment tested with 
no screen burns, case size 182x 171/2x 173/a, £150.00 c/p please ring 
25" colour monitor, 240 Vac input, composite video input, new, case size 24/x 17/x21 1/4", 

f 195.00 c/p please ring. Both 19 & 25" monitors made by Electrohome 
Teac 1 height floppy disk drive FD 55 B 48 TPI single/double density, 125/250k 40 track 300 
rpm, £25.00 Op 4.50 ex -equip. 
Teac 1 height floppy disk drive FD 55 F 96 TPI single/double density 500/1000 kbytes 80 
track 300 rpm, £35.00 4.50 ex -equip 
Teac Vz height floppy disk drive FD 55 FV 96 TPI 500/1000 kbytes 80 track 300 rpm SA400 
interface new, £49.95 c/p 4.50 
Tandon (Winchester) hard disk drive 1/2 height TM 252 10 Mb new ex -equipment, £57.50 c/p 
6.50 
Emulex-Persyst C.G.A. colour graphics controller new & boxed, C45.00 c/p 4.50 
Hercules compatable monochrome graphics controller with serial port new & boxed, £30.00 
c/p 4.50 
Plantronics acoustics communications headsets new & boxed (Auralite) type headset, type 
star set II complete with eartips instructions etc, £70.00 o/p 3.50 qty:discounts 
Coutant DC/DC convener + 5 VDC 5 A output input 48 VDC new, £20.00 c/p 3.00 
qty:discounts 
Panaflo DC brushless tan model FBP-06Al2L, new, 60x60x25mm, (8.90 c/p 2.25 
Hewlett Packard 4328A milliohmeter c/with probe, C290.00 c/p 10.00 
Hewlett Packard 3400A RMS voltmeter cal 30-04-90, £250.00 ell) 10.00 
Tektronix 19t constant amplitude signal generator, £195.00 c/p 12.00 
S100 type computer boards: MC68000L10 & MC68000L12: Plus various chips: Please state 
which type on ordering £5.00. min order C t 0.00 c/p 2.00 
MC 2661 PA/MC 68661 PA Comms board x 8 plus vanous chips £5.00. min order £10.00 c/p 
£2.00. 
Test & measuremenVaudio/communications/computer equipment always in stock, power 
supplies transformers plugs/sockets & connectors. components fans panel meters cables 
etc. 

=CAN 

10 CCMt 

We would like the opportunity to tender for surplus equipment 
Official orders credit card telephone orders accepted with 

Access, Amex, Diners, Visa cards. Overseas enquiries 
welcome crp rates U.K. mainland only. 

Please ring for c/p rates not shown. 
All prices Inc. V.A.T. unless stated. Stock list available. 

Z80 Emulator For 
£399.00! (+vat) 

* A true professional in -circuit emulator 

* IBM PC based 

* Z80 emulation up to 6MHz 

* Symbolic debugging of Intel and 
Digital Research Files 

* 1KB emulation memory 

* 1 KBx32 bit real time trace buffer 

* 4 hardware breakpoints 

* On-line assembler/disassembler 

* Suitable for field use. 

Invaluable to educationalists, hobbyists or 
those supporting existing Z80 systems. Tele- 
phone now for our free information pack! 

HS Systems Ltd., University of Warwick, Sci- 
ence Park,' Coventry, CV4 7EZ. Tel: 0203 692066 

CIRCLE NO. 144 ON REPL 1 CARL) 

MORE BARGAINS FOR YOUR CONSIDERATI9 
PLEASE NOTE our description of the Astec powe supply lass month was not quite correct, it shou/ld,have read 
"110 watt, Á30V in 38V at 2 ao4'5 TO-otlt"price542.00. / 1hV 

B.T. TESTER Sa9063 is ulterange meter and an electronic megger. It measures AC volt 'OC volts, DC 

milliamps and p Amps also has two ranges of resistance. Two additional features battery condition 
testing (an int al load can be switched in as you measure volts) the other useful feature is when 
measuring c e t you often find you are the wring way, press a button and this miter reverses the leads. 
The two me ger s dons are for finding value of insulation under operating con ions the instrument 
generates bout 110V, the voltage is applied to the circuit or device under to and insulation value is read 
in megoh on Ihebottom scale. Also very useful for checking capacitors a pointer will swing over and 

stay over i he cap. Is shorted or leaky, if it does not swing over at all t cap is opepcircuit. With a good 

cap. it will i urn to zero at a speed depending nn its capacity ie, a I will takepeárly ten times as long as 
a .tul. For onl 7.50 yo8,can have one of these in nice condition, c piece with leads and instructions, ex 

British Telecom, t an guaranteed, also its carrying case'fo 7.50 extra. 

TINSEL FLEY LEAD as fitted T8plfbrtés"éff, vMually unbrea ble with normal use, normally this costs 
over 50p a metre but due to an over production Mu can hay 4 core tinsel flex leads 3 metres long and with 
flat telephone plug one end for\only SOp each, £75 per- G250ae1 1000. 

COPPER BOARD for mWrig you`pcb 174x 100mmx2 thick double ;lied add brand new. 50p each. C40 
per hundred. £350 per thousand.' ' '- ' - --- 
AIR SPACED TRIMMER CAPS 2-21udeal for pre on tuning uhf circuits 25p each, 10 for C2. 100 for C15. 

Ixhz. TONE GENERATOR this is PP3 1 tcry ope ted and has a 1Khz output that can be continuous or 

interupted al a rate variable by a panel oun : control. Also on the front panel are separate output sockets 
for monitor or headphones, and a battery c it an indicator. Constructed on a pcb and front panel size 

approx 105x 50mm ex equipment but in nek condition C2 each. 

OSCILLOSCOPE 301B developed for tes ng trans fission lines, it makes and displays pulse echoes to find 
shorts and breaks in cable networks is uses a 3' CRT to display the type of fault and a LCD to read out 
the distance from the fault. The i ument is p wered y 128 of rechargeable nicads located in base, and it 

generates 1.5kv internally. It is housed in a high impact attic case size approx 91/2" x 91/" x 5". Ex 

British Telecom in very good condition and working order, C 50 plus C5 insured delivery. 

TONE DIALER lust held over the telephone mouthpiece this keyp dialer will control answer -phones, video 
recorders and other apparatus that will accept CTMF. You should a be able to enter DTMF touch tone 
codes of computer based services. Order TELDIA, P8881 price es C15 po paid. 

FIELD TELEPHONES lust right for budding sites, rallies, horse shows etc, lu oin two by twin wire and you 

have two,ev calling and talking, and you can ern into regular phone lines if want to. Ex British Telecom 
in very condition, powered ybaA4enestrtbtlniludédl complete it liquldeng carrying case. C12.50 
ea _____.--A; 
MAINS ISOLATIO NSFORMER slops y-oettn`teeerttrifirclis.2301r in and/30V out. 150 watt 
upright mounting 07.50 

Prices include V.A.T. Send cheque/postal order m ring and Quote credit card number. Add f3 post and 
packing. Orders over C25 post free. Trade enquiries invited. 

M&B ELECTRICAL 
12 Boundary Road, Hove, Sussex BN3 4EH 

Telephone (0273) 430380 Fax (0273) 410142 
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NEW PRODUCTS CLASSIFIED 

ACTIVE 
A -to -D and D -to -A 
converters 
25MHz flash A -D. The ADC -228 is a 
functionally complete 8 -bit, 25MHz 
flash analogue -to -digital converter with 
support circuitry. It contains an 8 -bit, 
25MHz flash A -to -D, a wideband 
analogue input buffer, a precision 
reference voltage, temperature 
compensation circuits, reference trims 
and three -state outputs. The 
performance benchmark for the ADC - 
228 is its unprecedented, full-scale, 
absolute -accuracy specification of 
±1 LSB maximum over the full 
operating temperature range. The 
reference is internally trimmed for 
offset, gain and linearity through 
internal buffers. Temperature 
compensation circuitry maintains the 
impressive offset, gain and linearity 
specifications over temperature range, 
resulting in the excellent full-scale 
absolute -accuracy specification. Datel, 
0256 469085. 

Discrete active devices 
High-performance PNP Darlington. 
The ZTX705 PNP device is guaranteed 
to have a static gain of at least 2000 for 
a 2A collector current. This transistor 
features silicone -based E -line 
packaging, making it capable of 
junction temperatures normally 
associated with metal -can devices. 
Having a VcEo of -120V and 
continuous current capacity of 1 A, the 
705 caters for a wide range of medium - 
power applications, and is resistant to 
severe environments. It is particularly 

suitable for automotive applications, 
where its VcEo of 120V is capable of 
withstanding load -dump transients 
without added protection. Zetex plc, 
061-627 4963. 

Digital signal processor 
Floating-point DSPs. Two new 
devices for the TMS320 DSP family 
provide 32 -bit floating point 
performance at fixed point price. The 
TMS320C31 has been designed for a 
wide variety of applications, including 
high speed modems, voice recognition 
systems, transcoders, multimedia, 
robotic control, and disk servo control. 
The TMS320C30-26 is suitable for high 
performance 3-D graphics, realtime, 
high -resolution image compression 
and video conferencing. Texas 
Instruments, 0234 223252. 

Linear integrated circuits 
Voltage regulators. The RX5RA cmos 
range includes a reference voltage 
supply error amp, control transistor and 
a resistor network designed to control 
output voltage. Any device from the 
range can be ordered with specified 
voltages between 2.0V and 6.0V in 
steps of 0.1V. Accuracy is guaranteed 
at +2.5%. The voltage dropout is 

typically 60mV at lout = 1.0mA. Power 
consumption is low at 1µA at Vout = 
3.0V (typ). Micro Call Solutions, 0844 
261500. 

Logic building blocks 
Low -skew clock driver. The 
MC88915 low -skew phase -locked -loop 
clock driver is the newest member of a 
family of high-performance cmos clock 
driver ICs. This clock driver uses 
phase -locked -loop techniques to 

PDSP 165220 quad -port ram from Plessey Semiconductor 
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synchronise the precision output 
frequency and phase onto the input 
positive edge of a reference clock. The 
MC88915 device is also capable of 
frequency multiplication, meaning that 
the precision low -skew outputs can run 
at an exact multiple of the input 
reference frequency. This combination 
of capabilities offers designers of the 
highest speed cisc and risc systems 
the most flexible yet economical PLL 
clock driver function available. 
Motorola Inc, 0101 602 962 2085. 

Memory chips 
High-speed cache module. The 
Turbocache486 is an optional second - 
level cache memory module said to 
increase the performance of 1486 
microprocessor -based computer 
systems by up to 15%. It is a highly 
integrated, single -socket module giving 
computer manufacturers the flexibility 
to otter several configurations of the 
same model. Production will start in the 
winter and prices (1000 -piece) will be 
£214 for the 64Kbyte model and £286 
for the 128Kbyte model at 33MHz. The 
25MHz modules will be £179 and £250 
for the 64Kbyte and 128Kbyte models 
respectively. Intel Corporation (UK) 
Ltd, 0793 696000. 

25ns Megabit sram. Fast access, 
25ns, is the aim of NEC's 1 Mbit static 
ram family, uPD431000LE, now being 
shipped in sample quantities. Two 
configurations, 1048576 x 1 bit and 
262144 x 4 bit, each offer a choice of 
25ns or 35ns access times. The family 
is fabricated using ow -power 0.8µm 
double aluminium cmos technology 
and more than 6 760 000 circuit 
elements are integrated on a chip 
measuring 14.48 x 5.92mm. NEC 
Electronics (UK) Ltd, 0908 691133. 

Quad port ram. The PDSP16520 
quad port ram is designed for use in 

high-performance dataflow systems 
such as those found in digital signal 
processing (DSP) and fast Fourier 
transform (FFT) applications. It 

contains a total of 16Kbits of dual port 
static ram, arranged in four 256 x 16 
bit segments. These segments are 
supported by two 16 -bit input buses 
and two 16 -bit output buses, with each 
memory quadrant accessible from any 
of the input and output ports. All 
address, data, and control inputs, 
together with data outputs, are fully 
registered. Memory cycles are 
initialised by this system clock, with 
possible rates up to 20MHz. Plessey 
Semiconductors, 0793 518000. 

Microprocessors and 
controllers 
Faster 20MHz Z8C CPU. A new Zilog 
20MHz Z80 CPU is claimed to be twice 
as fast as any other 8 -bit 
microprocessor, and has a peak 
execution time of 5 MIPS. The Zilog 
device can simply be inserted into the 
current system board with a suitable 
crystal to allow the system to run at 
twice its original speed. The 20MHz 
unit is fully code compatible with Z80 
architecture and allows users to retain 
their software. Celdis, 0734 585171. 

Improved graphics controller. An 
improved G3008 colour video 
controller offers faster, higher - 
resolution graphics. Variable pixel 
depth allows it to address the valuable 
Apple add -in board market, giving it a 
wider appeal. The G300B is a highly 
integrated device combining the 
functions of a 256 x 24 -bit colour 
look -up table, a programmable video 
timing generator, a micro port, a 4:1 
multiplexed pixel port, a triple 8 -bit 
video DAC, and a software 
programmable phase -locked -loop, all 
in a single 84 -pin PGA or 100 -pin 
ceramic quad flatpack. Inmos Ltd, 
0454 616616. 

Optical devices 

Photon -counting photodiode. With a 
noise figure of just 2 x 10'"W/MHz, 
the TIED57 avalanche photodiode is 
suitable for use in photon -counting 
applications. Given a 5011 load, this 
high-speed silicon sensor is capable of 
500ps switching and it features a 

photocurrent gain of more than 600. 
Having a low breakdown figure of 170V 
the TIED57 runs cooler than 
competitive photodiodes, which helps 
to minimise noise. The TO18- 
packaged device responds to light over 
a 500 to 1100nm band and exhibits a 
capacitance of typically 1.2pF. Bulk 
dark current of the detector is typically 
5pA while surface dark current is at 
most 10nA. Isocom Ltd, 091-257 4994. 

2A optocoupled triac. The IL428 
optocoupled triac is claimed to be the 
world's first capable of delivering 2A at 
55°C without any additional cooling. It 

consists of a GaAs infrared led 
optically coupled to a phototriac chip, 
all encapsulated within a 4 -pin SIL 
package of 23 x 20 x 25mm. Its 
sensitivity is such that high input 
currents of less than 8mA (typically 
4mA) are sufficient to permit currents 
of 2A to be efficiently switched. The 
IL428 has a 600V blocking voltage 
which allows control of off-line voltages 
up to 240V AC, with a safety factor of 
more than two. It can also withstand an 
insulation test voltage of 7.5kV in a 
static dV/dt ratio greater than 10kV/µs. 
Norbain Technology, 0734 864411. 

Programmable logic 
arrays 

Faster PLA design. Fulfilling the 
promise of programmable gate arrays, 
the Plus Array architecture and 
Plustran design system allow 
designers of high-performance 
systems to develop 40MHz systems in 
less time and for lower cost than with 
existing programmable products and 
design systems. By eliminating 
placement, routing and fanout 
dependencies (traditional bugbears of 
asic design), iterative cycles are 
eliminated and timing is 100% 
predictable. Since the Plustran design 
system interfaces with industry - 
standard design tools, learning curves 
are eliminated, further shortening 
design time. According to maker Plus 
Logic, months can be eliminated from 
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system design with this approach. 
Abacus Electronics Ltd, 0635 36222. 

Asic master arrays. Six master arrays 
have been added to the "Sea of Gates" 
family. Their densities, combined with 
the four already available, now offer 
ten complexities ranging from 5376 to 
177408 gates (2 input NAND). 
Fabricated using 1.0µm cmos-6/6A 
technology, they provide the design 
engineer with the density and speed 
required for complex macro functions 
using large ram or rom blocks. Up to 
four 16-Kbit blocks of ram can be 
integrated per chip, and the 
propagation delay time for an unloaded 
gate is only 270ps. NEC Electronics 
(UK) Ltd, 0908 691133. 

Third -generation gate arrays. 
Flexcell, a new gate array family with a 
unique architecture, claims gate 
density up to 250 000 gates, with gate 
utilisation of 50 to 80%, and a three -to - 
one improvement in ram density over 
competitive products. A programmable 
polysilicon layer is used for 
connections within gates and for 
limited -length stub routing into routing 
channels. A 0.8µm L -effective (1µm 
drawn) cmos build process enhances 
its high density and high performance. 
National Semiconductor, 0049 8141 
103 245. 

66MHz EPLDs. The 66MHz Cypress 
Semiconductor CY7C330 EPLD claims 
a 20% improvement in performance 
over the earlier 50MHz family. Housed 
in 28 -pin PALS, these new EPLDs offer 
more I/O than the former 24 -pin 
devices. The CY7C330 family is 
targeted at higher -performance 
synchronous, asynchronous and 
combinatorial designs. By tailoring the 
architecture of each device to a 
specific type of application, unused 
circuitry normally present in 
conventional general-purpose PLDs 
can be removed. Pronto Electronic 
Systems Ltd, 081-554 6222. 

Asic design kits. The Visula Plus 
VGT200 design kit provides engineers 
with complete design -entry and 
verification for VLSI's VGT200 series 
gate arrays. All relevant design 
software is fully validated by the silicon 
vendor and the VGT200 gate array 
provides customers with 1K to 60K 
used -gate capability. The PCB -level 
simulation enables the design of asics 
that are not only correct to their 
individual specification but are also 
correct within the PCB environment. 
Faults that would not normally be 
detected until both the asic and the 
PCB had been manufactured can now 
be eliminated at the design stage. VLSI 
Technology, 0908 667595. 

1200V power amplifier. The PA89, 
claimed to be the industry's smallest 
high -voltage amplifier, will deliver 
75mA and will operate from supply rails 
from ±75V to ±600V. Output will 
swing more than I kV p -p with full 
voltage applied. It requires only two 
high -voltage resistors to set the gain, 
plus a current -limiting resistor 
recommended for safe operating. 
Bandwidth for full -power operation is 
10kHz for 300V p -p, 3kHz for 1 kV p -p. 
Microelectronics Technology, 0844 
278781. 

PASSIVE 
Passive components 

Low -impedance capacitors. For 
applications where low loss combined 
with high reliability is important, the 
small physical size and very low 
impedance of the LXF series miniature 
electrolytic capacitors makes them 
suitable for switch -mode power 
supplies and converters. At 1 00kHz, a 

35V 2700µF LXF capacitor, for 
example, has an impedance of at most 
18m1I. In all there are 800 mooels in 
the series with values ranging from 56 
to 8200µF and voltage ratings from 10 
to 50V in five steps. In switch -mode 
power applications heat produced by 
these capacitors is minimal due to their 
low impedance. Besides reducing 
losses, cool running results in a longer 
working life. Even at 105°C, these 
capacitors last between 5000 and 
10,000 hours depending on can size. 
ECC Electronics (UK) Ltd, 0628 
810727. 

Connectors and cabling 

18 twisted pair cable. A cable 
combining 18 twisted pairs, designed 
for connecting computers and 
peripherals operating at up to 3Mbit/s, 
replaces 18 coaxial lines and is 
constructed from 0.126mm2 solid 
tinned copper conductor, is dual 
insulated with semi -rigid PVC over a 
layer of foamed polyethylene and 
weighs up to 50% less than coaxial 
cables. Alpha Wire Ltd, 081-751 0261. 

BNC connector. A new version of the 
BNC connector is designed for use in 
data communications and other 
applications where the connector body 
needs to be insulated from earth. The 
PCB -mounting insulated connector, 
with polyester body, eliminates the risk 
of earthing through instrument cases. 
Belling Lee Ltd, 081-363 5393. 

Gender changers. Mini -connectors for 
changing the gender of D connectors 
enable secure male/male or female/ 
female connections to be made without 
changing existing cable terminators. 
9 -pin, 15 -pin and 25 -pin male/male and 
female/female connectors can be 

supplied. Interconnections Ltd, 0483 
797418. 

D -Sub connectors. A range of non- 
magnetic/filter D -Sub connectors is 
qualified to European Space Agency 
ESA/SCC and Mil -C-24308 
requirements. They are designed for 
applications such as satellites where 
added protection against 
electromagnetic interference is 
required, or where low residual 
magnetism is wanted. Souriau (UK) 
Ltd, 06285 24981. 

Crystals 

Surface-mcunt crystal. Housed in a 
minute ceramic package measuring 
only 6.1 x 2.9 x 0.85mm, a new 
32.768kHz crystal is suitable for 
applications where board space is 
paramount. The design allows the 
crystal to withstand high temoerature 
soldering at 250°C for up to 30 
seconds. Ultrasonic cleaning can be 
used. Frequency stability is ±100ppn 
over the standard operating 
temperature range of -10 to 60°C; 
frequency tolerance at 25°C is 
±30ppm maximum. Designated the 
IQSXC, the unit features an ESR of 
100kt1 max. and a drive level of 1µN+. 
IQD Ltd, 0460 77155. 

Displays 

Alphanumeric message panel. 
Microprocessor controlled 
alphanumeric message panel 
indicators display one line of 20 
characters (models 144-120 and 2888) 
or two lines of 40 characters (model 
288). The panel meters have a light 
green fluorescent display, 16,000 
character storage, serial and paralle 
interfaces and networking capability. 
Messages are programmed into the 
unit via a serial interface using a PC, 
programmer or terminal. Up to 255 
different messages can be stored, 
selected by the machine or process 
control system. Amplicon Liveline Ltd, 
0273 570220. 

Filters 
Custom filters. A custom filter design 
service allows specified filters to be 

High-speed VHF network analyser, the R37521 from Advantest 
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designed using high fundamental 
frequency crystals up to 350MHz or 
with low overtones to 500MHz beyond 
the limits of popularly used devices. 
Filters can be designed with very wide 
bandwidth and low insertion losses. 
Euroquartz Ltd, 0460 76477. 

Hardware 
PC -bus card cage. The IPC-6010 
PC -bus card cage is intended for 
OEMs and system integrators wishing 
to build PC -bus hardware into custom 
chassis of their own. It consists of an 
open -style frame incorporating an 
eight -slot passive PC -bus backplane 
with keyboard and power supply 
connector, a hold-down clamp for 
vibration protection, an integral 80 PC 
speaker, and PC -style rear blanking 
panels for unused card slots. Price is 
£181. Integrated Measurement 
Systems, 0703 771143. 

Instrumentation 
VHF band analyser. The R3751 
series VHF band network analyser can 
measure amplitude, phase, group 
delay, and impedance in the 10Hz to 
300MHz frequency range at high 
speeds. In production line 
measurement, speeds of t 00ms/span 
(201 points) are possible, helped by 
the partial variable sweep function. A 
built-in BASIC controller allows the 
user to analyse measurements and 
enables automatic measurement by 
creating data processing programs 
from an external keyboard. Advantest 
UK Ltd, 081-336 1606. 

Battery monitor. The CS3231 
monitors battery condition by pulse 
loading and sampling the voltage at 
predetermined intervals. It connects 
directly to the power source and 
compares its voltage to an internal 
value. An external LED alerts the user 
to a low voltage condition. A second 
output is provided for an optional 
healthy status indicator. An interval 
timer generates a repetitive test pulse, 
loading the power source by up to 
100mA. Clere Electronics Ltd, 0635 
298574. 

8/16 -bit logic analyser. A fifth 
member of the HP1650 family, the 
HP1654B logic analyser, has 64 
channels with 100MHz timing analysis 
and 35MHz state analysis, and is 
designed to provide a low-priced logic 
analysis solution for electronic design 
engineers working with 8- and 16 -bit 
microprocessor -based systems. Like 
others in its family, it features 100MHz 
transitional timing analysis on all 
channels; 35MHz state analysis; 
advanced pre- and post -processing 
analysis for state and timing data; a 
simplified user interface that provides 
users with only valid choices and 
eliminates menu hopping; full 
programmability via either HP-IB 
(IEEE -488) or RC -232C; and built-in 
disk drives for easy storage and 

retrieval of setup and measurement 
data. Hewlett-Packard Ltd, 0344 
763767. 
10MHz handheld oscilloscope. The 
Tektronix 222 digital storage 
oscilloscope is a rugged, handheld unit 
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Kenwood CS5130 40MHz oscilloscope from Thurlby-Thandar 

with a 10MHz bandwidth and 10Ms/s 
sampling rate. It measures 86 x 159 x 
252mm, weighs 2kg, and can store up 
to four front -panel set-ups. Up to four 
waveforms may be acquired and 
transferred to a PC via the RS232C 
interface for later analysis. A 100ns 
glitch capture is featured for fast - 
occurring, elusive events, and an auto 
trigger automatically locates trigger 
points and selects the correct voltage 
level needed to capture a waveform. IR 
Group, 0753 580000. 

Signal generator. The SMHU Model 
58 signal generator will have all the 
facilities of the SMHU (52) plus 
features of special interest to GSM, 
PCN and DECT customers. It covers 
100kHz to 4.3GHz with 0.1 Hz 
resolution and provides a very flexible 
approach to the demands of 
communication systems. It meets 
requirements as diverse as MPT 
(CEPT) radio testing, frequency 
hopping applications, radar and 
telemetry link testing. Phase noise is 

as low as -150dBC with spurious 
down to 100dBC. This makes the 
SMHU suitable for automated receiver 
spurious response measurements. 
Test runs are reduced from over one 
day to only four hours due to the 1 ms 
settling time. Rohde & Schwarz UK 
Ltd, 0252 811377. 

LED colour sensor. A low-cost colour 
sensor relying wholly on electronic 
components is about the size of a 

cigarette packet. Four LEDs of different 

Wall -mounting power supply from 
Eltek 
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colour sequentially illuminate a 
specimen to be identified. A 
photodiode measures the intensity of 
the reflected light and a downstream 
microcontroller encodes and stores 
information for subsequent reference. 
Physical separation of sensor and 
information processor allows the probe 
to be kept small so that it is now 
possible to reach measuring points that 
were previously inaccessible. Siemens 
plc, 0932 752323. 

40MHz digital oscilloscope. The 
CS51320 is a 40MHz dual trace 
oscilloscope with cursor measurement, 
screen readout, and delayed time 
base. Cursor measurement reads 
voltage difference, time difference, 
frequency, ratio, and phase which with 
set-up parameters may be displayed 
on the screen. Vertical sensitivity can 
be varied between 5mV/div and 5V/div 
over the full bandwidth. Higher 
sensitivities of 1 mV and 2mV/div are 
available up to 15MHz. Timebase 
sweep times are variable between 
0.2µs/div and 50ms/div on the B time 
base. A x10 magnifier gives a 
maximum sweep speed of 2Ons/div. 
Cost is £775 plus VAT including two 
probes. Thurlby-Thandar Ltd, 0480 
412451. 

Protocol analyser. The DA100/101/ 
102 low cost protocol analyser is a 
diagnostic tool for solving problems 
with asynchronous serial data 
communications systems such as the 
RS232. The DA100 provides baud rate 
analysis, data word format analysis, 
data monitoring (ASCII or Hex), 
triggered data capturing, and test data 
generation. The DÁ101 LCD unit can 
display up to 32 characters of 
alphanumerics. The DA102 RS232 
'breakout box' provides a convenient 
means of making connections into an 
RS232 system, and features full 
breaking and patching of 25 lines, data 
monitoring of the transmit and receive 
lines via the DA100, and level 
monitoring of the 11 most commonly 
used other lines. It also provides pulse 
stretching and latching capabilities. 
Thurlby-Thandar Ltd, 0480 412451. 

Interfaces 

Flexible I/O interface. The UM6522 
versatile interface adaptor (VIA), for 
personal computer systems, features 
expanded handshake capability for 
positive control of data transfers 

between processcr and peripheral 
devices, including bi-directional data 
transfers between VIAs on multiple 
processor systems. It contains a pair of 
very powerful 16 -bit interval timers, a 
serial-to-parallel/parallel-to-serial shift 
register, and input and output data 
latching on the peripheral ports. 
Control of peripheral devices is 
handled primarily trough two 8 -bit 
bi-directional ports, and a serial data 
port is provided. The UM6522 at 1 MHz 
and UM6522A at 2MHz are available, 
operating from a single +5V power 
supply and available in a 40 -pin dual - 
in -line package. Microelectronics 
Technology, 0844 278781. 

Power supplies 

Miniature mains transformers. A 
family of low-cost, highly compact 
encapsulated mains transformers has 
been developed for PCB applications 
in which the high density and low 
profile of components are important 
factors. The LP -Series transformers 
incorporate dual primary and 
secondary windings mounted 
separately on a UL -approved 
laminated board. This is encapsulated 
in a resin -filled thermoplastic casing, 
flash tested at 5kV, having a pin 
arrangement suited to through -hole 
soldering onto the host PCB. The 
series consists of seven different 
versions with ratings between 2VA and 
30VA, each providing dual outputs at 6, 
9, 15, 18 or 24V; primary and 
secondary windings may be wired in 
series or parallel to achieve the voltage 
output and current required for a given 
application. JPR Electronics, 0582 
410055. 

Triple output converter. The NFC25 
series of 25W triple output DC/DC 
converters meets BTR2511 
requirements and, with its wide input 
and much improved input filter, is said 
to be ideal for high power density 
card -mounted purposes. The NFC25 
features a wide input range of 36 to 
72V DC, and is supplied in a compact 3 
x 3in package, with 80% guaranteed 
efficiency. Triple outputs allow system 
designers maximum flexibility in 
device/chip selection, and the new 
device benefits from remote on/off 
control, a self-contained input Pi 
network filter, no derating up to 60°C 
and high isolation of 500V DC. 
Computer Products Pwr. Cony., 0234 
273838. 

Wall -mounted power supply. The 
SMPS 600 series of switch -mode 
power supplies is fully BABT-approved 
and meets all European standards for 
safety and conducted RFI. They 
provide a reliable source of DC power 
for a range of demanding industrial and 
commercial applications. With high 
operating efficiencies of around 90%, 
these 600W modules can be used with 
portable and stationary equipment with 
or without battery back-up. They are 
also short-circuit proof and automatic 
current limiting, and softstart is built in 
as standard. Eltek UK Ltd, 0442 
219355. 

18-32V converters- Each DC/DC 
converter module in the new PKY2000 

Protocol analyser by Thurlby, the 
DA100/1/2 
family features a wide input span of 18 

to 32V combined with an MTBF of up to 
80 years. Through the use of high - 
frequency quasi -resonant technology, 
these low -profile modules combine 
high efficiency with high power density. 
Capable of handling 75, 100 or 150W, 
the card -mounting PKY2000 modules 
are available in a variety of popular 
fixed outputs from 5V to 48V. They 
exhibit power densities of up to 2.1W/ 
cm3 and either 3750 or 1500V input -to - 
output isolation rating. All modules in 

the family are designed to meet CSA 
C22.2 No 220, IEC380/950 and 
UL1012/478 safety standards. 
Ericsson Components AB, 0203 
553647. 

Adjustable power supply. Intended 
for use in telecomms equipment and 
battery -charging applications, the 
NS700 is a high efficiency, single 
output, switch mode power supply with 
a 48-60V adjustable output and output 
power of 700W convection cooled or 
900W forced -air cooled. It is available 
in a choice of mechanical formats (L 
chassis, optional mesh cover or mesh 
cover with integral fan), operates from 
240 or 110V AC, and measures 300 x 
175 x 75mm (112mm with integral 
fan). Power fail, DC OK, clock sync, 
current share, inhibit and shutdown 
functions are fitted as standard. Other 
features include remote sensing, built- 
in soft -start circuitry and output 
protection against accidental short or 
open circuit. Farnell Instruments Ltd, 
0937 61961. 

S -interface transformer. Believed to 
be the first ISDN S -interface 
transformer in the world to pass the 
stringent requirements of both BS6301 
(1989) and CCITT recommendation 
1.430, the TTW 4601 is fully 
encapsulated and passes the BS6301 
specification for reinforced isolation, 
6mm creapage distance and 6kV 
isolation, while maintaining the industry 
standard footprint. DC resistance, 
interwinding capacitance and 
impedance characteristics exceed 
1.430. Filtran Ltd, 0494 444044. 

Miniaturised voltage references. 
Claimed to be the ultimate in 

miniaturised voltage references, the 
SR12D and SR25D are the first in a 
new series of voltage reference ICs to 
be offered in a standard SOT -23 
package. This surface -mount package 
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has only three pins, enabling it to take 
up less than 25% of the board area 
taken up by a normal SO -8 surface - 
mount package. They provide a 
precise voltage output of 1.23V and 
2.50V respectively, by using the 
bandgap principle. Other important 
features include low knee currents of 
typically 801./A for the SR12D and 
60µA for the SR25D. In addition, the 
low temperature coefficients mean that 
the voltage is stable over the 
operational temperature range of 
-40°C to +85°C. Typical unit price for 
SR series (tape and reel), in quantities 
of 1000, is £0.46. Plessey 
Semiconductors Ltd, 0793 518000. 

Radio communications 
products 
Cellular radio circulator. The new CE 
series circulator is primarily designed 
to act as a protection device for 
amplifiers in cellular and cordless 
telephone systems in both handsets 
and base stations. Located between 
the system's transmit and receive 
circuitry, the circulator stops reflected 
power (due to any mismatches that 
may occur) from re-entering the 
amplifier's outputs and destroying it. In 
essence, the device is analogous to a 
mechanical valve, allowing power to be 
transmitted in one direction only. 
Maximum insertion loss ranges from 
0.7 to 1.2dB, VSWR figures lie within 
the range 1.5-2.0, and all three 
versions have a minimum isolation 
value between 10 and 14dB. Input 
power is specified as 2W for the PCB - 

mount variant, while the two surface - 
mounting types are rated at 10W. All 
have input impedance of 50f1 and 
operating temperature ranges of -35 
to +85°C. Murata Electronics (UK) Ltd, 
0252 811666. 

Switches and relays 

Miniature microswitch. Automated 
production techniques should enable 
the ITW Series 19N microswitch to 
offer low cost, improved and consistent 
quality levels for high volume 
applications, according to the 
distributor. The spring -and -blade 
switch is offered with a variety of 
operational forces and a choice of 
auxiliary actuators as standard, such 
as roller and leaf lever. Custom levers 
and brackets are also available, as are 
multiple pole "ganged" versions. H - 
Squared Electronics Ltd, 0462 815115. 

Mini rotary switches. A new range of 
miniature rotary switches, the DM 
series, designed for particularly small 
spaces, is believed to include some of 
the smallest rotary switches currently 
available. Due to their compact 
(10mm2) nature and RF screening, 
they are suitable for use in 
instrumentation, military 
communications and testing 
equipment, and other applications 
where space is at a premium. The 
switches have a choice of 10 or 16 
positions and can be supplied with 
either stainless steel or nickel -plated 
mild steel spindles. They have long 
operational life expectancy (>10,000 
cycles) and temperature tolerance of 
-40 to +85°C. Features include BCD, 

Computer Board level 
products 
Process control PC cards. A range of 
IBM-PC/AT compatible plug-in cards is 
designed specifically for process 
monitoring and control rather than 
laboratory data acquisition. The cards 
provide relay outputs, opto -isolated I/O 
or current loop analogue I/O through 
37 -way D -sockets at the rear o' the PC 
chassis, and are said to be ideally 
suited to process control applications 
where a PC is being used to replace 
conventional PLCs. Other applications 
include adding auxiliary control and 
monitoring functions to SCADA 
systems. The cards do not use any 
custom chips and all parts are mounted 
in turned pin sockets, said to make field 
servicing much easier. Fairchild Ltd, 
042121 6527. 

PC voltmeter card. A 4.5 digit digital 
voltmeter card plugs directly info an 
8 -bit PC slot. It is fully isolated and 
provides DCV, true RMS AC and DCR 
measurements. Programmable input 
ranges are between 200mV and 200V, 
AC and DC; programmable precision 
current source between 0.1 mA and 
10mA for four -wire resistance 
measurement and programmable 
conversion rate between 2.5 and 10 
readings/s. A software package is 
provided to operate the card, which, 
including software, is priced at £375. 
Integrated Measurement Systems, 
0703 771143. 

Digital signal processing. The 
DSP244 has been developed for use in 
defence and industrial applications 
where compact or "ruggedised" 
solutions may be required. Its most 

Gray and hexadecimal coding and a 
balanced positive indexing, in addition 
to sealed spindle and panel options 
with maximum leakage ratings of 1 ml 
per hour. WASP Ltd, 0705 453711. 

Transducers and 
sensors 

Temperature compensated 
accelerator. Model 3110, a general 
purpose solid-state piezoresistive 
accelerometer, has built-in application 
and temperature compensation, with 
0.5 to 4.5V DC output range. For use 
where small size, high performance 
and low cost are needed, the 3110 
features a silicon micro -machined 
accelerometer, and tempco. over 0 to 
50°C. A single supply is required and 
FS output is ±2V, about a 2.5V offset. 
It is designed with built-in damping, 
and goes down to a DC response with 
a wide usable bandwidth. EuroSensor, 
071-405 6060. 

Pressure sensors. A semiconductor 
pressure sensor series manufactured 
by Copal Electronics consists of two 
variants: a diffused semiconductor type 
and a thin-film semiconductor version. 
The first is a mid -range pressure 

sensor (0.1 to 10kg/cm2) developed as 
a result of the combination of circuit 
and semiconductor production 
technology. The thin-film version is a 
high -range pressure sensor (20 to 
350kg/cm2) developed through the 
combination of circuit and thin-film 
forming technology. Both are available 
from EuroSe-sor and are available in 
gauge, differential, absolute and gauge 
(vacuum) pressures. Tanminster Ltd, 
071-253 8859. 

Vision systems 

Single -chip 2D convolver. The 
PDSP16488 is a fully integrated, 
application -specific image processing 
device for use in realtime digital videc 
systems. It can be used to remove 
noise and aliasing effects, or to 
enhance edges for pattern recognition 
purposes, and perform as a two- 
dimensional convolution between the 
pixels within a video window and set of 
stored coefficients. It supports pixel 
rates of up to 40MHz, and has eight 
internal line starts, which allow a single 
device to support window sizes of up to 
8 x 8. Plessey Semiconductors Ltd, 
0793 518000. 

COMPUTER 
important design feature is that the 
memory (including internal memory) 
appears dual -ported to the VME bus. 
This allows the board's memory to be 
directly addressed as part of VME 
system memory and removes the need 
for software to manage data transfers 
between the DSP244 and application 
software. Signal Computing Ltd, 0483 
579900. 

Data acquisition boards. Data 
acquisition boards usually require 
manual adjustment of jumpers, and 
potentiometers. But once installed with 
the base address set, the DT2831 
series continuous -performance boards 
need never be removed to reset any 
hardware attribute. Calibration and 
configuration, software -driven from the 
keyboard, include single -ended or 
differential input selection, input gain, 
input and output coding and ranges, 
selection of DMA channels for 
continuous performance, interrupt 
level, and calibration of A/D and D/A 
converters. Even the ND calibration is 
handled automatically from software - 
driven controls, totally eliminating the 
need for manual calibration. Data 
Translation. 0734 793838. 

Data communications 
products 
FDDI Ian chipset. A highly integrated, 
next -generation FDDI Ian chipset 
meets the rapidly expanding market 
requirement for very -high-speed fibre - 
optic networks. The five -chip set claims 
the industry's highest level of 
performance and functionality. The ICs 
feature a full -duplex architecture, an 
essential requirement for self -testing 
network stations, and are claimed to 

provide consistent interfaces to 
software, require minimal software 
involvement in operations, and provide 
integrated support for management 
functions. National Semiconductor, 
0044 793 697 473. 

software 

Data acquisition software. 
Microscope is a data acquisition 
software program for use with the 
PC26A 12 -bit, 16 -channel ADC and 
PC30A 16 -channel ADC, 4 -channel 
DAC, parallel I/O counter -timer cards. 
It has a "live" graphic display which 
shows the signal before, during and 
after capture. A Lotus -style menu 
system makes operating fast, flexible 
and simple. Sampling durations range 
from 32ms to 8mins, on one to four 
channels. Keyboard or external 
triggering is user -selectable and a 
movable cursor provides an easy 
readout for voltage and time values. 
More detail may be obtained by 
expanding the screen view. Channels 
may be moved vertically and features 
include: oscilloscope and chart 
recorder modes; measure, expand, 
data -comparison, shift traces on 
screen and trace overlay; and storing 
multiple traces in memory. A graphics 
printer output is provided plus the 
facility to read/write ASCII and binary 
tiles. Amplicon Liveline Ltd, 0273 
570220. 

Serial communications software. 
COMBIOS communications bios 
software is designed for adding 
interrupt -driven serial communications 
to IBM/PC/XT/AT computers and 
compatibles, comprising a memory - 
resident suite of RS232 device drivers. 
During loading the user specifies which 
COM ports and interrupts are to be 
used. Once loaded into memory the 
user's program communicates with 
COMBIOS via software interrupts. 
COMBIOS receives any characters 
from the serial port into a 100 - 
character input queue (one queue per 
port), allowing the user's program to 
ignore the serial port for a while without 
losing any characters. COMBIOS is 
independent of the programming 
language, supports serial ports at any 
I/O address and any of the standard 
baud rates, bits per character and 
number of stop bits. Amplicon Liveline 
Ltd, 0273 570220. 

Fastest Easy -PC. Easy -PC, known for 
its redraw speed, after a complete 
re -appraisal of the screen -drawing 
algorithms now draws complex layouts 
up to ten times faster. At the same time 
the keyboard handler has been 
rewritten to accept a wide range of 
international keyboards, including the 
widely used French, German, Italian, 
Spanish and US/UK English versions. 
A direct character code input option 
ensures that the entire alphanumeric 
PC character set can be included in 
layouts and schematics, regardless of 
the national keyboard in use. Easy -PC 
can be used in the design of boards up 
to 430mm square, with up to eight 
copper layers and two silkscreen 
layers per board. Number One 
Systems Ltd, 0480 61778. 
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EH Colpitts - one of the "great" tele - 
plume engineers (courtesy of AT&T Arc- 
hives). 

EH Colpitts 

Telephones, 
oscillators and the 
push-pull amplifier 

WA Atherton 

Think hack to when oscillators 
were something new to you 
and exciting and you will 
probably recall the names of 
two of the great telephone 

engineers who worked for the Bell 
Telephone system in the first halt of 
this century: Colpitts and Hartley. 

The Colpitts and I hart ley oscillators 
have survived long after their inventors 
died. Today they are transistorised and 
can be stabilised by quartz crystals, but 
they are still recognisable as the fun- 
damental circuits invented during the 
First World War. 

Edwin Ilenry Colpitts was horn on 
January 9, 1872, at Pointe de Bute in 
Canada, though he was sometimes 
described by his contemporaries at 
AT&T in terms that xirtually claimed 
him as an honorary American. 

Colpitts is credited with inventing the 
enduring push-pull amplifier in 1912. 

obi 

o 

A bachelors degree with honours 
from Mount Allison University, Sack- 
ville, New Brunswick, was followed by 
another at Harvard in 1896, and a 

masters the next year after completing 
a postgraduate course in physics, 
mathematics and engineering. He con- 
tinued at I larvard for another two 
years as an assistant to a Professor 
Trowbridge in the Physics Laboratory, 
until joining the American Bell Tele- 
phone Co in 1899. 

For the next 38 years he served the 
Bell System in one capacity or another, 
steadily rising through the ranks until 
he retired in 1937 as Vice -President of 
Bell Telephone Laboratories. 

But it was up to about 1920 that most 
of his efforts were directly involved 
with hands-on engineering or scientific 
contributions to telephone engineer- 
ing. From then until his retirement he 
held positions which were mostly 
executive, leaving little time for direct 
contributions to engineering. 

When Colpitts began his career with 
Bell telephones were no longer new, 
though much of the science -based work 
which led to vastly improved perform- 
ance still lay in the future. 

In 1924 Frank Jewett, Chief 
Engineer at Western Electric, wrote: 
"Almost from the day he entered the 
modest laboratories in Boston, Colpitts 
took a prominent part in the solution of 
the problems which were to revolutio- 
nise telephonic and telegraphic com- 
munication.- Colpitts. he continued, 
was a central figure in the fundamental 
work which lifted the art of telephone 
engineering to a higher plane and 
established it as a science on a firm 
foundation of exact knowledge. 

As well as exact knowledge, exact 
measurements were now required. The 
methods and instruments which 
George A Campbell and Colpitts 
developed for measuring high - 
frequency alternating currents were to 
play a big part in the development of 
telephony. Colpitts himself "made 
many of the first high -frequency deter - 
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minations on lines and apparatus".' 
In this period up to 1907, under 

Campbell's direction, Colpitts worked 
long and hard on the development and 
application of loading coils to open 
wire and cable circuits, first suggested 
by Heaviside but patented by Pupil] in 
1899. "To those of us who were pri- 
vileged to witness and occasionally to 
take part in this work there comes to 
mind many a picture of Colpitts in the 
early morning hours hard at work in 
some test room or far afield in sunshine 
or storm on a line inspection," wrote 
Jewett.' 

Jewett also recorded for us the con- 
tribution that Colpitts made to solving, 
what he called, the threat to the very 
existence of long distance and even 
local telephone services in the first few 
years of this century. That threat was 
the inductive interference brought 
about by the introduction of alternating 
current for the propulsion of trolley 
buses and trains. 

Colpitts threw himself into the work, 
"sometimes in the laboratory. but now 
more frequently in rough clothes in the 
mountains of Pennsylvania or the brush 
of Georgia or in rubber hoots in the 
winter mud of Indiana." In the end 
solutions to the problems were found 
by joint collaboration with Westing- 
house power engineers. Jewett credited 
Colpitts "in large measure" with help- 
ing bring about the closer understand- 
ing between communication and power 
engineers which came about in the first 
two decades of the century. 

In 1907 the Bell System was re- 
organised and Colpitts moved to the 
Western Electric Company (part of 
Bell) in New York. There he began his 
climb up the administrative ladder, first 
as head of the Physical Laboratory, 
later as Director of the Research 
Laboratories (191 1) and eventually as 

Assistant Chief Engineer (1917). The 
technical highlights of that period for 
Bell were the transcontinental tele- 
phone line of 1914, the transatlantic 
radio telephone experiments of 1915, 

and of course the introduction of the 
thermionic valve to experimental and 
practical engineering. Colpitts was 
involved with them all. 

When he transferred hack to AT&T 
in 1924 as the newly appointed Assis- 
tant Vice -President (Development and 
Research) he was described eulogisti- 
cally as possessing a keen analytical 
ability, the creative imagination of the 
thoroughly trained physicist, a direct 
approach, and an integrity of intellect. 
These personal characteristics received 
even further career reward in 1934 

when Bell's research laboratories 
merged and he became Vice -President 
of the Bell Telephone Laboratories. 

Oscillator 
The Colpitts oscillator is one of the 
standard circuits of electronics and has 
been so almost from the day of its 
invention. Research engineers at Bell 
began their development work of the 
new triode (De Forest's audion) and its 
use in circuitry in 1912 when AT&T 
paid De Fo est $50,000 for the right to 
use the triode as a telephone repeater. 
In 1914 they paid another $90,000 for 
the radio receiver rights to the triode, 
marking the start of electronic circuits. 

Progress was rapid in the early years. 
The first important circuit was the 
positive -feedback, or regenerative, 
amplifier and 1913 saw many claimants 
to its invention in both America and 
Europe. Patent litigation in America 
dragged on for 20 years. 

But Colpitts invented one of the 
most famous and enduring of electronic 
circuits - the push-pull amplifier - on 
November 4, 1912.2 Two years later 
came a circuit for producing and mod- 
ulating high -frequency oscillations. 
This was an extension of work per - 

Early Co(pins oscillators - such as the 
shunt fed circuit (left) and an arrange- 
ment for use in radio receivers operating 
at 100MHz (right) - can still he recog- 
nised as the basis for modern circuits. 

47Oí1 -4.7K 

Hartley's oscillator was announced a 

month. before Colpitts's in a period of 
rapid circuit development. 

formed by G A Campbell, also at Bell, 
to discover the causes of "singing" in 

telephone amplifiers. Then, in March 
1915, came the Colpitts oscillator, a 

month after Hartley had revealed the 
circuit named after him. 

During the First World War Colpitts 
served on the staff of the Chief Signal 
Officer of the American Expeditionary 
Force. He spent several months in 
France in 1917 helping to establish a 

Signal Corps research laboratory. 
In the Second World War he was 

recal ed from retirement to work on 
submarine warfare, specifically on echo 
ranging systems and attack directors as 

"I lead Technical Aide" of Division 6 of 
the National Defense Research Com- 
mittee. For this effort, on April 5, 
1948, he received the Medal for Merit, 
the USA's highest civilian award. The 
citation stated that it was for "excep- 
tionally meritorious conduct in the 
performance of outstanding services to 
the United States from June 1940 to 
June 1946". 

It seems ironic that before the war he 

had received a Japanese award, the 
Order of the Rising Sun, for a series of 
lectures he gave in Japan for the 
Iwadare Foundation. 

In 1941 he also found time to accept 
the position of Director of the 
Engineering Foundation. This body, a 

joint agency of four US engineering 
societies, had been set up in 1914 for 
'the furtherance of research in science 
and engineering and the advancement 
of engineering and the good of man- 
kind-. It would seem that a man of 
Colpitts's calibre does not retire easily. 

Colpitts died at the age of 77 at his 

home ill Orange, New Jersey, USA, on 
March 6, 1949, after a lengthy illness 
and was survived by his second wife, 

HT 
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Sarah Grace. His first wife, Annie 
Dove Penney, whom he married in 
1899, died in 1940. He was also sur- 
vived by a son from the first marriage 
and by three brothers. 

But long before his death he had 
been honoured as a distinguished tele- 
phone engineer of the pioneering 
period of continental and transcon- 
tinental wire and radio telephony, a 
respected administrator, holder of 24 
patents, and a fellow or member of the 
relevant engineering and scientific 
institutes of America. 

R V L Hartley 
No account of Colpitts's work would be 
complete without a mention of Ralph 
Hartley, who invented the com- 
plementary oscillator. 

Hartley graduated from the Uni- 
versity of Utah in 1909 to become a 
Rhodes Scholar at Oxford, graduating 
with a BA in 1912 and a BSc ín 1913. 
He joined the laboratories of Western 
Electric in September 1913 and was in 
charge of early development of radio 
receivers for Bell System's radio tele- 
phone tests of 1915. By then he must 

have met Colpitts who was in charge of 
research there. It was at this time of 
radio receiver design, in a period of 
rapid circuit development, that Hartley 
revealed the oscillator named after him 
on February 10, 1915. 

During the First World War Hartley 
suggested that the human sense of 
direction is perceived by the phase 
difference between sound waves 
reaching the two ears, one set of waves 
having to travel further than the other. 
After the war his interests turned more 
towards voice and carrier transmission 
and telephone repeaters, first at West- 
ern Electric and then at Bell Telephone 
Labs. 

Hartley is also remembered for his 
major contributions to Information 
Theory. He was the first to state the 
law named after him relating informa- 
tion to bandwidth and time: "The total 
amount of information which may be 
transmitted over a system is prop- 
ortional to the product of the frequency 
range which it transmits by the time 
during which it is available for the 
transmission." This was first published 
in February 1926 although he had been 
working on it for several years. A fuller 

account, "Transmissions of Informa- 
tion", was given at an international 
meeting in Italy in 1927 and further 
published in 1928. Hartley's work on 
Information Theory followed that of 
Nyquist and "provided the guiding 
rules for transmission engineers for 20 
years"2 until the next major advance in 
1948 when Claude Shannon included 
the effects of noise in the system. 

In 1929, at the age of 40, illness 
forced Ralph Hartley to give up work 
and it was ten years before he could 
return, as a consultant on transmission 
problems. During the Second World 
War he worked on various projects, 
most notably on servo -mechanisms for 
radar and fire control systems. 

He retired from Bell Laboratories in 
1950, holding 72 patents, and lived with 
his wife at Summit, New Jersey. He 
died at the ripe old age of 81 on May 1, 
1970. 
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SMALL SELECTION ONLY LISTED EXPORT TRADE AND QUANTITY DISCOUNTS 
RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK 

Test Equipment. We hold a large stock of modern and old equipment-RF and AF Signal ggenerators. Spectrum analysers - counters - power supplies - chart recorders, all speeds single to mulfipen. XY plotters A4 -A3 - oscilloscopes - normal 
Tektronix 475 i oscopes-tested from £400 less attachements to 

robes etc,. Tektronix 475A-250MCrS - complete kit with probes - L7 Tslequlpment 0755 -50MC/S oscilloscopes tested CAN 2 probes + manual - £250. Marconi TF2002AS. -AM-FM signnal generator 10KC S to 72MC/S £85 tested + probe kit 8 manual. Marconi TF200213. -AM-FM signal generator - 1 OKC. S - 88MC S -£100 tested to £150 as new+ probes. Marconi TF2008 -AM-FM signal generator - Also sweeper - 10KC S - 510MC,S from C99tested to £500 
carryi box - £50 - Phllllps PM32170scllloscope -50 - - etnimeliºSe:f360.--- Marconi TF2016A. SIG/GEN -10KHz - 120MC/S AM -FM -£150. Synchronizer £75. Marconi TF2015. SIG/GEN -10MHZ - 520MC S -AM-FM £250. Synchronizer - £75. Marconi TF2304. Modulation meter-AM-FM-100MC/S £300. 

Marconi signal/source type 6058B -8-12.5 GHZ new or used - from £450 to £600. Marconi signal/source type 6059A -12.0-18GHZ- New or use 
head 8 

d 
g 

from £450 to £600. HP 431C to 18GHZ with C icle head -£150 HP sweepp oscillattors. Type 8690 A8B pug -ins horn OMC/S to 18GHZ also t8t40o 0HZ. P.O.R. HP 8856A SIG/GEN -1 to 99OMC S £2500. HP8640BOPT 001 - 500KC/S 1024MC S - £2000. HP 3325A synthesiser/tunction generator - brand new - £2000 or £1500 + used manual. Tektronix mainframes. -7603.7613-7633 - £300 - £500 - various plug -Ins - P.O.R. Marconi TF1245A circuit magnification meter + 1246 8 1247 oscillators - £ 100 to £300. HP signal generators. Type 612-614-618-620-626-628- frequency from 450MC/S to 21 GHZs P.O.R. HP 8614A HP8616A signal generators -800-2400MC S - 1800-4500MC S £800 - £600. R8S SMS SIG/GEN. 04 - 104ÓM0/S -AM-FM £2000. 
M.P. 8620A mainframe = 86240A plut-In -2 -8.4MC/S- £1200. H.P. 8620C mainframe -£1200 + manual. 
Gould J3B test oscillator - £250 + manual. 
Ferrooggraph recorder test sets - RST2 and ATU1-£250 each. 
Racal/Dana 9301A- 9303 RF milllvoltmetes. 1.5-2GHZ -£350-£750. 
Racal/Dana counter/timer 9515 OPT 42 - 12500MC S - £ 1000. 
Racal/Dana counters -9905.99151A-9916-9917.9921 £ 150 to £450. 
Systron donner 1702 signal generator -100HZ 1000MC S -AM-FM -£1000. 
H.P. 8704A + 8412A + 8601A network analyser - 100KC S -110MC S - £1000. H.P. 8410A + B network analysers -11 OMC S to 12.4 GHZ or 18 GHZ plus most other units and displays used In this set up 8413A -8414A -8418A -8740A -8743A -8750A. P.O.R. 
H.P. 141T mainframe plus -8556A -85538 -85548 -8554L -8555A -8552A-85528 plug in units. P.O.R. H.P. 181 TR mainframe - £400 -HP182T mainframe - £500. 
H.P. 8755B network analyser plug-in for above also H.P. 11664 detectors P.O.R. M.P.432A=435B+436A power meters + Powerheads- 10MC/S 40GHZ. 
H.P.478A-p486A-K486-8481A-8481B. P.OR. 
Tektronix oscilloscope type 2465 - 303MGS - £ 1400 C W manual. Probes £50 extra. M.P. oscilloscope type 1740A 100MC5 - £300 CV/ manual. 
Image intensifiers - ex mod- tripod fitting for long range night viewing - as new- £3000EA. Intensifier tubes - £50 to £250 - tested -depending on grade -first gen XX 1060. Thermal imaging equipment - high definition from £2500 - complete in transit case. Clark air operated heavy duty masts - with legs and kit with pump. P.O.R. Don 10 telephone cable -12 mile canvas containers or wooden drum - new Mk2.3 or 4 P.O.R. Infra -red binoculars in fibre -glass carrying case - tested -£100EA also Infra -red AFV sights -£100EA 
S.A.E. for details- infra -red spotlights and Infra -red fitters P.O.R. 
H.P.8405A vector voltmetre - £500. H.P.4193A vectormetre -£ 1750 
Items bought from HM Government being surplus. Price la ax -works. S.A.E. For enquiries phone for appointment or for demonstration of any items. availability or price change. VAT 8 Carr. extra. 

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, 
Bradford BD11 2ER. Tel. No. (0274) 684007. Fax: 651160 

Wanted: Redundant test equipment-valves-plugs-sockets-synchro's etc.. 
Receiving & transmitting equipment - general electronic equipment 

CIRCLE NO. 146 ON REPLY CARD 

816 

i KESTREL i 
. ELECTRONIC 
COMPONENTS LTD. 

* All items guaranteed to manufacturers 
spec. * Many other items available. 

'Exclusive of V.A.T. and post and package' 

1+ 100+ 1+ 100+ 
Z8530 1.00 0.50 2732A 2.00 1.50 
Z80A CPU 0.80 0.65 2764A.25 2.00 1.35 
Z80B CPU 0.90 0.70 27C128.25 2.40 1.95 
Z80A CTC 0.50 0.35 27128A.25 2.10 1.60 
Z808 CTC 0.75 0.55 27256.25 2.20 1,70 
Z80A P10 0.60 0.50 27C256.25 2.10 1.60 
Z808 (CMOS) CTC 1.00 0.80 27C512.25 3.00 2.60 
74LS02 0.13 0.06 6116LP.150 1.00 0.70 74LS32 0.13 0.07 6264LP.150 2.00 1.60 
74LS83 0.16 0.10 62256LP.120 3.60 3.10 
74LS123 0.18 0.12 6821P 0.70 0.50 
74LS125 0.14 0.10 6850P 0.68 0.48 
74LS138 0.14 0.09 8251A 1.10 0.80 
74LS148 0.30 0.20 8255A 1.20 0.95 
74LS154 0.28 0.15 82C55A 1.30 1.00 
74LS174 0.16 0.10 6502P 2.20 1.56 
74LS244 0.22 0.14 6522P 2.00 1.45 
74HC32 0.12 0.09 6551A 2.80 1.75 
74HC86 0.16 0.12 LM324 0.16 0.10 
74HC132 0.20 0.14 74HCT125 0.18 0.13 
74HC153 0.18 0.12 74HCT373 0.30 0.18 

All memory prices are fluctuating daily, please phone to 
confirm prices 

178 Brighton Road, 
Purley, Surrey CR2 4HA 

Tel: 081-668 7522. Fax: 081-668 4190 
CIRCLE NO. 147 ON REPLY CARD 
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Signal discharge 
"Mains Signalling" (EW+WW, 
June 1990) detailing the 
application of the Philips/ 
Signetics NE5050 notes the 
importance of the signal 
isolating transformer and its 
requirement to meet BS415. 
Unfortunately the Toko 
transformer cited is unlikely to 
meet this standard in both 
isolation and creepage/ 
clearance. 

A more suitable transformer 
is available from 
Vacuumschmelze (VAC ZKB 
490/255). Experimenters should 
also be aware that the 114,F line 
coupling capacitor can retain an 
uncomfortable amount of 
charge when unplugged from 
the mains and should be shunted 
by a I Mfg mains rated resistor to 
provide a discharge path. 

In practical application the 
I N4744A Zener diodes will be 

too slow to provide adequate 
protection of the IC from mains 
spikes and should be replaced by 
high speed transient suppressors 

-such as the General 
Semiconductor TransZorb 
SA15A. 

Finally the article omitted to 
mention the British Standard BS 
6839 for mains signalling 
equipment. 
Michael J. Meakin 
Fairford 
Glos. 

Sound quality 
I was amused by Mr Baxandall's 
long letter in June EW+WW 
concerning testing of amplifiers 
(p.522). While I would not 
accept Martin Colloms as the 
only reference for deciding on 
quality of sound, I find much of 
what he says to be correct and a 

lot of what Mr Baxandall says to 
be incorrect. That is my 
experience after having listened 
to hi-fi reproduction for the past 
45 years. 

Despite what was said in the 
letter, backed up by technical 
theory, I can detect the 
difference in sound quality of 
various amplifiers made to his, 
Peter Walker's and David 
Hafler's criteria. 

I am afraid all three are living 
with closed minds; 
measurements alone do not 

Facts not pax 
I must register a protest at the 
increasing tendency of 
EW+WW to devote space to 
social and moral concerns and to 
the obvious anti -military bias in 
some comments. I have been a 

subscriber since 1936 and know 
many of my generation obtained 
much of their education from 
your journal. 

But I believe that most 
readers, at least in the past, read 
EW+WW for technical 
information, not to be preached 
to, and it is offensive to those 
who at some time in their 
careers have worked in defence 
electronics. I am as proud of my 

determine the quality of sound. 
Finally, most hi-fi consumers 

know that Mr Baxandall is 

incorrect. If not, why did Quad 
change from valve to transistor 
amplifiers (if they sound the 
same) and why does everybody 
not buy only Quad amps if there 
is no better as he implies? 
G. Stanley 
Potters Bar 
Herts. 

Smooth sampling 
I read Part 3 of your series 
"Interfacing with C" (p.512, 
FW+WW, June 1990 article) 
with particular interest, as the 
application examples concerned 
'the handling of observations 
taken by sampling data -streams 
where noise may be present. 
would like to draw attention to 
work done by R. G. Brown in 

his book "Statistical Forecasting 
for Inventory Control". 
Inventory management systems 
require a simple, storage - 
economical method for deriving 
an average (with or without 
correction for trends) to be used 

for calculating control levels for 
individual stocked items. As 
these may run into thousands, 
the need to keep data storage 
requirements down is clear. 
Exponential smoothing is one of 
the simplest solutions, often 
appearing in texts on materials 
management but not often in 

four years as a radar technician 
in the Royal NZ Air Force as of 
my subsequent career in medical 
electronics. Those who are 
worried about the wider social 
issues can read all they wish to 
elsewhere, and if they are 
concerned about the use of 
technical developments they 
should complain to the 
politicians not the engineers. 

On behalf of all technophiles 
please keep EW+WW technical 
and leave the worrying to the 
social workers. 
G. S. Brown 
Auckland 5 

New Zealand 

statistics books. 
In its simplest form, the 

technique estimates the average 
value of a data stream whose 
"smoothness" in terms of noise 
suppression is controlled by a 

single parameter. The effect is 

to regulate the number of past 
observations that will have some 
influence on the estimate. But it 
only requires that the previous 
value of the estimate and the 
controlling parameter be stored. 

This "smoothing constant" 
has a value between 0 and 1. A 
preferred version of Brown's 
algorithm is: 

New estimate=old estimate+u 
(new sample-old estimate). 

I give below simple 
modifications to the coding of 
the two -term moving averager 
to convert it into an exponential 
smoother. This is equivalent in 
effect to the five -term algorithm. 
which make the simplicity of the 
method clear. They are: 

Add 
#define ALPHA 0.333 

Substitute 
float newjnput, old_average, average 

then Add, immediately follcwing. 
old average=0 

Substitute 
average=old average+ALPHA'(new_ 
input-old average) 
print f ("Average o/p:%f t n", average) 
old average=average; 

SMOOTH DATA 
'/ 

the last few lines replacing the 
SHUFFLE DATA sequence. 

(For more information on 
smoothing constants and 
number of intervals in 
equivalent moving averages, see 

reference'.) 
Two words of warning in the 

use of averaging (whether by 
moving average or by 
smoothing). First, the outcome 
of the process is an estimate of 
the underlying value of the 
signal being observed at a time 
earlier in the life of the data 
stream than the latest 
observation. In the case of a 

moving average, the delay 
introduced is half the range 
encompassed. If a two -term 
averager is implemented, the 
delay is one sampling interval, if 
five then 2.5. But the delay 
introduced by exponential 
smoothing in the kind of 
situation envisaged in the 
article, is probably not 
significant. 

Second, I have chosen a start- 
up value of zero for the old 
average. For the kind of 
application chosen, this means 
that the average would behave 
like the movement of a well - 
damped moving -coil meter. If 
small alpha (high damping) is 

being used, then a better 
approximation of the likely 
average value should be used. 
Watch for under -damped 
movement too, either by giving 
overshoot or by decaying 
oscillations in the face of start- 
up, impulsive or change -of -level 
situations. 

As an introduction to the 
basic smoothing technique 
Brown gives one as good as any 
I have seen. But a selection of 
later useful sources is also 
available2.3.4,5,6 (the last two 
given are advanced). 

My intention is to bring to the 
notice of interested readers a 

simple method for managing 
noisy data which is equivalent to 
taking moving averages but is 

programmable, in that its effect 
can easily be varied over a 

continuum without having to 
modify sequences of coding. 
John D. Ryan 
Department of Computing 
Manchester Polytechnic. 
References 
I Brown, R.G., "Statistical Forecasting 
for Inventory Control", McGraw-Hill, 
1959. 
2 ICI, "Short-term Forecasting", ICI 
Monograph No. 2, Oliver & Boyd, 1964. 

3 Lewis, C.D. (ed), "Operations 
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Management in Practice". Philip Allan, 
1981. (Chapter 14, contributed by Lewis, 
gives an excellent summary of the simpler 
variants.) 
4 Johnson, D. and King, M. "BASIC 
forecasting techniques", Butterworths, 
1988. (This also describes the commoner 
techniques with example programs written 
in BBC BASIC.) 
5 Kendall, M.G., "Time Series", Griffin, 
1973. 
6 Makridakis, S., Wheclright, S.C. & 
McGee, V.E., "Forecasting Methods and 
Applications", (2nd edition), Wiley, 1983. 

Heard it before 
With reference to John Linsley 
Hood's article "Audio 
Preamplifier Design" 
(EW+WW, June, p.505), the 
circuit of Fig. 8 was first 
published in EW+WW by 
engineers working at Rolls- 
Royce in Derby. 

It was later used by Naim 
Audio in a moving -coil head 
amp for Linn Products. 
G. Nalry 
Derby 

Oops! 
Allow me to correct one or two 
small errors and misprints in my 
"Preamplifiers" article 
(EW+WW, June). 

At the beginning, p505, a 

hyphen was omitted from the 
"0.5 - 2V RMS" probable power 
amplifier input signal 
requirement, which rather 
changed its effective meaning. 

There was also some slight 
confusion on p507, where RI (R 
load) got mixed up with RI while 
Rt//R3 appeared mistakenly as "RI/R3 

Finally, on p509, in talking 
about Quad's ingenious two - 
transistor head amp circuit, the 
text referred to microphone 
inputs - this should have read 
m.c. p.u. inputs. 
J. L. Linsley Hood 
Taunton 
Somerset 

Stop hissing 
at VIPER 
I have been very concerned 
about recent notices in the press 
regarding the VIPER 
microprocessor designed by 
scientists at the Royal Signals & 
Radar Establishment, Malvern, 
in the following respects. 

First, the notions of "proof 
and "verification" and how 
these terms are applied to 
VIPER have not been properly 
grasped by some journalists. 
VIPER is not "guaranteed" to 
be free from design errors, but 
its rigorous development, which 
has included the use of advanced 
mathematical methods known as 
Formal Methods, has resulted in 
a microprocessor with a higher 
level of assurance that errors are 
not present than can be given to 
any other commercially 
available microprocessor. This is 
a very positive, remarkable and 
significant achievement which is 
obscured if one looks at VIPER 
in terms of what has not been 
achieved. It's rather like the 
difference between the pint pot 
which is either half -empty or 
half -full depending on whether a 
negative or positive attitude is 
adopted. 

Second, further work is 
needed in the verification of 
VIPER, always will be needed, 
and always will continue during 
the life of the device. 
Techniques, methods and tools 
for the formal verification of 
hardware and software are 
subjects of a great deal of 
interest and innovative research 
and development. This process 
has produced some very tangible 
and applicable results, and is 
ongoing. For so long, therefore, 
as there is a VIPER 
microprocessor, it will be an 
object of improvement. 

Third, the Report of Dr. Phil 
Bennett of The Centre for 
Software Engineering Ltd., 
"VIPER: A Perspective", 
commissioned by Charter 
Technologies Ltd., includes 
some very helpful and positive 
statements and conclusions 
which have largely been 
neglected by some reporters in 
favour of some which are more 
sensational. The Report is only 
one reviewer's view of VIPER 
among many we have received, 
and opinions do diverge. 

The most positive points to 
emerge from Dr Bennett's 
study, however, confirm and 
agree with them all, and they are 
that VIPER is a remarkable 
achievement which has 
advanced work in formally 
proving microprocessor 
hardware, that the VIPER 
proofs are not flawed, and that 

VIPER is a useful device for any 
safety -critical application for 
which its performance 
characteristics are suited. These 
points, it was hoped, would 
emerge in press comments on 
the Report and it is for this 
reason that Charter 
Technologies Ltd. agreed to its 
release. 

Last, VIPER is currently in 
use in a number of research 
projects and applications and 1 

can categorically state that to my 
knowledge no problems of any 
kind whatsoever have been 
found with the chip, let alone 
"errors". 
Digby A. Dyke 
Charter Technologies 
Worcester 

A matter of opinion 
While I support the EW+WW 
policy of printing anyone's 
opinion on any subject, however 
remotely connected with 
electronics/engineering/science, 
please could you ensure that the 
article is written as such and not 
put forward as fact. I refer to the 
latest outburst from the 
"subjectivist tendency", vis. 
Ben Duncan's article, "Better 
CD". 

The article contains various 
errors, and points are put 
forward as fact which have no 
scientific substantiation - proof 
by assertion. 

Mr Duncan gives a 

description of the P/M 2 op amp 
output filter. He states, "Op 
amp IC101 ... acts as an 
integrator to smoothe out the 
rapid current transitions." This 
is not correct. 

"The next stage is plainly a 

Sallen and Key filter" (by which 
1 presume he means a Sallen and 
Key topology with a 
Butterworth characteristic) is 
also not correct. The second 
stage is of Sallen and Key 
topology, but if Mr Duncan 
would care to work through the 
maths he would find that ICIm, 
IC102 implement a three -pole 
low-pass Bessel filter. They 
cannot be taken in isolation. 

Referring to the omission of 
the inductor from the second 
stage, Mr Duncan states: "The 
inductor has been omitted 
because parasitic elements will 
ultimately cause a notch, .. . 

with accompanying step changes 

in the phase and group -delay 
curves." What parasitics can 
cause such a notch? Presumably 
we are talking of frequencies 
above the 176kHz primary 
notch. Could Mr Duncan 
provide us with a frequency 
response plot showing these 
"notches"? What in the 
analogue domain can produce a 

"step" change in anything? 
What ís the audible effect of 
phase and group -delay changes 
above 176kHz? Proof by 
assertion. 

.. [An] inductor will be 
prone to pick up the RF fields 
... ". "Will be"? We are given 
no figures to show what 
improvement was obtained 
purely by omitting this inductor. 

.. [The] DAC receives and 
decodes offset binary, which 
contains the polarity code." 
Offset binary is unipolar. There 
is no polarity code, 2's 
complement contains the 
polarity code, in the MSB 
generally. The DAC receives 2's 
complement data in P/M 
players. 

"Both op -amps are 
potentially operating under 
large -signal conditions for 
positive audio peaks, then 
approaching no -signal 
conditions for negative -going 
peaks. Consequently, a variety 
of distortion and error 
mechanisms will be non - 
monotonic, i.e. lopsided." The 
op -amps are differential devices 
and have no knowledge of 
where or what ground is, or 
what no -signal (in this context) 
conditions are. I cannot even 
imagine what lopsided non - 
monotonic distortion and error 
mechanisms are! 

Yet again the slew rate myth 
has resurfaced, and the NE5532/ , 

LM833 type devices are rejected 
on this parameter. The slew rate 
of a 741 used carefully is 
adequate for many audio 
applications. If 1 am wrong, then 
perhaps Mr Duncan can provide 
the calculations showing that the 
slew rate of the NE5532 is 
inadequate. I suspect that if the 
LM833 were not made by 
National but by "Wonderlin 
Semis" or whoever, and came in 
a "linear crystal oxygen -free 
audio -grade epoxy package", 
then all slew rate considerations 
would disappear and its sonic 
virtues would dominate. Or 
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perhaps my cynicism is getting 
the better of me now. 

There was a time when 
unusual or novel assertions 
printed in Wireless World were 
accompanied by a mathematical 
or other scientific analysis. I am 
afraid I have now lost all 
patience with the subjectivist 
tendency. Articles such as Mr 
Duncan's should not he 

presented in a journal of the 
standing of EW+WW as science 
fact, but consigned to the 
popular hi-fi press where such 
pseudo -science is accepted as 

the norm. 
N. I lumphrey 
Hillegom 
The Netherlands 

Critical ear 
1 would like to make a few 
comments in reply to Peter 
Baxandall's "Put To The Test". 
letter (EW+ WW, June. p.522). 

I have considerable respect 
for Peter's engineering abilities 
and would not presume to 
criticise his work. However, he 
has taken it upon himself to 
criticise mine. 

Based on practical 
experience. I and my listening 
colleagues routinely repot t on 
significant sound quality 
differences and provide scales of 
merit on a wide variety of audio 
equipment. As a matter of 
record I have published some 
281111 reviews on high fidelity 
equipment. the vast majority 
comprising both listening tests 
and a thorough technical lab test 
and analysis. 

It is also a matter of record 
that most subjective parts of 
these tests are not done under 
unsighted controlled conditions 
and indeed finance for such 
testing is out of the question. 
But a significant proportion are 
conducted under unsighted 
conditions and good consistency 
is shown. 

Peter is selective in his choice 
of test examples, referring to 
"two amplifier assessment 
trials". In fact, around 10 

specific amplifier trials have 
been conducted, many in 
connection with published group 
reviews rather than as an end in 
themselves. 

As Peter's letter has been 
edited I assume that the major 
trial I organised at an AE S 

meeting in London in 1985 is the 
subject of his later statistical 
discussion. Peter chooses to 

deny the results while the /li-Fi 
News statistician's opinion was 

positive: well you could say you 
can prove anything with 
statistics! 

Peter might just as well deny 
that a wine taster can identify 
the origin and the year of a good 
wine, or that a musician could 
not tell a Stradivarius from an 

Amati. Neither are usually 
subject to the rigour of blind 
testing yet most of us accept the 
views of such experts in their 
respective fields. 

When different types of 
passive components are 
themselves a source of sound 
quality differences, the 
contention that "good" 
amplifiers must sound the same 
if operated within their limits is 

untenable, since commercial 
amplifiers generally contain very 
different arrangements of 
various kinds of components. 

Subtle differences between 
components such as capacitors 
are measurable and audible, and 
yet are not generally included in 
equivalent circuits or modelled 
in the overall design of high 
fidelity amplifiers. 

There is insufficient space to 
cover all the tests carried out, or 
the widespread support given by 
the high fidelity industry world 
wide, whose main interest is 

better sound. Does Peter 
Baxandall still need to imply 
that my subjective reporting is at 

best unreliable and unverifiable, 
and at worst, imaginary? Ile 
surely cannot think that the 
body of talented musicians, 
designers and critics all working 
in the quality audio field are all 
fooling themselves? Why is it 
that an expert in one field so 
often feels competent to give 
expert opinions on someone 
else's speciality? Consistent. 
perceptive subjective analysis is 

a vital part of the review and the 
design of high quality audio 
equipment. 

Listening acuity is not a magic 
gift except for a lucky few. It is a 

learned skill which may be 

taught by example and 
improved by practice. 
Unsighted testing is also helpful 
in keeping up the standards. 
When Peter has as much 
practice and practical hands-on 
experience of equipment as I 

have, then he can demand again 
that I prove my published 
opinions. 
M. Colloms 
London 

X-ray vision 
Cleveland Medical Physics Unit 
contends (Letters, April, p.334) 
that X-ray radiation is not a 

potential health hazard for 
VDU operators. This 
proposition can he shown to he 

suspect by using their own 
information. 

Their data shows a VDU 
operator receiving a dose of 10 

millirems in 25 weeks. My 
estimate based on US National 
Institute of Occupational I lealth 
and Safety information gives 30 
millirems. 

Given that it is agreed by 
researchers, including nuclear 
industry groups, that the 
probability of health damage is 

directly proportional to the 
dose, then the difference in any 
case is not relevant. Since 30 
millirems is deemed ny the 
medical profession to pose a 

significant risk to pregnant 
women then 10 millirems can 
also be expected to pose a risk. 

Incidentally, 10 millirems in 

25 weeks is 10% of the 1(1(1 

millirems that the Cleveland 
Medical Physics Unit states to 
he the background radiation in 
the same period, not the 1% 

claimed in the letter. 
The theory of biological 

damage due to ionising radiation 
is unsatisfactory as it is based on 
the undoubtedly false premise 
that damage is proportional to 
absorbed dose of radiation. This 
is then used to equate the effects 
of very high energy cosmic 
radiation with lower energy 
radiation from X-ray and other 
CRTNDU-type sources. 

Apart front X-rays VDU 
devices produce significant radio 
wave energy. Crude estimates 
show these may exceed safety 
levels for such radiation adopted 
in the USSR, and must be added 
to any X-ray risk. 

My contention that children 
and women who may become or 
are pregnant should not operate 
VI)U equipment thus remains 
valid. Suitable safely 
precautions for VDU equipment 
shoul.I include keeping it as far 
as practicable from the 
operator, not using colour 
unless essential and the use of 
suitable shielding - or using a 

different type of display for 
computer work. 
J. A. Corbyn 

arlhorough 
Wiltshire 

Misrepresentation 
Far from "proposing a method 
for suppressing dissident 
authors," as John Ferguson 
asserts in his letter (EW+ WW, 
July 199(1) my letter (May 1990) 
aimed to engender discussion of 
unconventional views. My own 
theme for the piece had been "A 
forum for heterodoxy;" and I 

suggested that it might he 

helpful if a panel of engineers 
and scientists could "study and 
report on" some of "the 
heterodox hut often plausible 
ideas" that are aired from time 
to time in EW+ NW and 
elsewhere. 

To imply that panel members 
"in the mould of Sir Fred Hoyle 
...and Eric Lathwaite" would 
suppress dissentient views is 

ludicrous. especially as both 
these gentlemen have felt their 
own views have often been 
misrepresented or suppressed. 
Raymond I larrowell 
Milton Road 
Cambridge 

Tilted Cap 
In the interests of my own, not 
to mention EW+ WW's 
reputation for accuracy, please 
can I correct two errors which 
apeared in the published version 
of my article Micro -Cap 111 

under test (EW+WW July 1990 

pp. 629-633). 
.On the first page. column 3, 

the dos editor is RPED (RaPid 
text EDitor) not I'RED as 

appeared. 
Also the captions to the 

pictures on p633 have become 
garbled. Both captions refer to 
the lower picture. 

The upper picture is the DC 
analysis of emitter follower 
output stage at different 
temperatures. 
Ben Duncan 
Tattershall 
Lincoln 

Iron curtain call 
I low about EW+ WW 
pioneering an appeal to 
engineers and engineering 
companies to donate good 
surplus electronic equipment to 
the emerging East European 
countries? Imagine how many 
first -generation microcomputers 
are sitting on shelves. 
Jeffrey Burton 
Tunbridge Wells 
Kent 
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base noise largely determines 
the reciprocal mixing spe- 
cification of communications 
receivers. Wide -band noise 
mixes with off -channel signals 

to produce an in -hand mush which can 
swamp a wanted weak signal. Anything 
which can be done to reduce the 
oscillator wideband noise contribution 
will improve the ability of the set to 
resolve weak signals in the presence of 
strong ones. 

Synthesiser phase noise is also very 
important in satellite communications 
systems. Here the phase noise figures 
need to be included when calculating 
the link budget, and poor phase noise 
properties in transmitter or receiver 
mean that higher power amplifiers or 
higher gain aerials are needed. 

Phase noise can he critical in certain 
radar applications. While the basic 
non -coherent pulsed radar systems are 
not sensitive to it. other forms, such as 
Doppler radar, are affected, since any 
noise which is offset from the carrier 
will appear as clutter on the screen. 

Since phase noise is important, it 
must be taken into account in the initial 
design stages. The synthesiser can then 
he made to meet its performance 
requirements from the outset without 
the need for costly and time-consuming 
redesign. 

Phase noise 
There is always some noise present on 
any signal, and it manifests itself both 
as amplitude noise and phase noise. 
However, the amplitude component is 
usually small and has little effect. so it 
is normally' ignored. This is not so in 
the case of phase noise. 

Essentially, phase noise can be consi- 
dered as short-term instabilities in the 
phase of a signal which result in the 
signal being phase -modulated, giving 
noise sidebands which stretch out 
either side of the signal. These side - 
bands can easily be displayed on a 

spectrum analyser, often appearing as 
in Fig. 1. However, in the case of a 

synthesiser the contour of the noise 
spectrum is modified from this by the 
action of the loop. 

Since the display only shows the 
sidebands caused as a result of phase 

Synthesiser 
oise 

The phase noise 
characteristic of 

frequency 
synthesisers is a 

fundamental design 
parameter. It greatly 

affects the 
performance of the 
complete system. 

By lán Poole. 

Carrier 

Symmetrical phase 
noise sidebands 

FREQUENCY 

Fig. I. Phase noise causes phase mod- 
ulation, which gives noise sidebands on 
either -side of the carrier. 

modulation, they can be assumed to he 
symmetrical either side of the signal. 
At this point it is worth noting that if a 

carrier is modulated in both amplitude 
and phase by a signal, the amplitude of 
the resultant sidebands will not be of 
the same amplitude either side of the 
carrier. When the sidebands are sym- 
metrical, it means that it is only neces- 
sary to measure the level of one side - 
band. Generally this is measured in 
terms of dl3c/Hz - i.e., the power in a 
1 f lz bandwidth relative to the carrier at 
a given frequency offset. 

Alternatively, phase noise can be 
considered in terms of integrated phase 
jitter and measured in RMS radians. 
Although this approach is not used as 
often, it is sometimes more convenient, 
particularly if phasor calculations are to 
he performed. 

The loop and noise 
Noise is generated by every element in 
a synthesiser loop, but the way in which 
the noise is seen at the output depends 
on where the noise is generated. This 
means that the overall loop noise is the 
sum of the noise from a number of 
different sources, each making con- 
tributions to a greater or lesser degree 
at different frequency offsets from the 
carrier. 

To illustrate the ways in which noise 
from different parts of the loop affects 
the output, take two examples: the 
reference and the voltage -controlled 
oscillator. First, look at the reference. 
Figure 2 shows that the signal, with its 
noise, enters the phase detector. the 
noise from the signal appearing at the 
output of the detector and then enter - 
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Frequency 
reference 

Phase 
detector 

Programmable 
divider 

Loop 
filter 

--t- 
Voltage 

controlled 
oscillator 

Fig. 2. Basic phase -locked loop. Noise 
if it lies within the loop bandwidth, that 

ing the loop filter. Here any noise 
which falls below the loop bandwidth 
(the point where the loop gain falls to 
zero) will not he attenuated, but an 
above this frequency will be. Any noise 
at the output of the filter will appear at 
the control terminal of the VCO and be 
modulated onto the output signal, so 
that noise from the reference will only 
appear on the output if it is within the 
loop bandwidth. 

The result of noise generated by the 
VCO itself is different. Again, the 
noise will pass through the loop filter if 
it is within the loop bandwidth. This 
time it has the effect of counteracting 
the phase noise generated by the VCO, 
but this can only occur within the loop 
bandwidth. As a result, VCO- 
generated noise is reduced within the 
loop bandwidth, but remains unaltered 
outside it. 

Similar arguments can he applied to 
any element in the loop, showing that 
noise from the phase detector, dividers 
and any other signals mixed into the 
loop appear within the loop bandwidth. 

Using this information it is possible 
to build up a picture of the noise 
contour of the synthesiser. Generally 
the output from a synthesiser will look 
like that in Fig. 3, but to apply this to 
the design of the synthesiser it is 

necessary to take a closer look at each 
element in the loop. 

Voltage -controlled oscillator. The noise 
performance of the VCO is particularly 

Noise due to reference, 
phase detector etc 

Loop bandwdth 
o r 

oise 
due to 
VCO 

Carrier 

Symmetrical phase 
noise sidebands 

FREQUENCY 

Fig. 3. Typical noise contour from the 
output of a synthesiser. 

Output 

from the reference appears at the output 

from the VCO being reduced. 

important because the performance of 
the synthesiser outside the loop band- 
width is governed by it. Furthermore, 
decisions about the loop bandwidth, 
and even sometimes the phase detector 
comparison frequency, may depend on 
the performance which can be 
obtained. Figure 4 shows a typical 
VCO noise performance: at large 
offsets from the carrier the noise is flat; 
closer in towards the carrier it rises. 
Initially the slope is 20dB/octave, 
increasing to 30dB and more. closer in. 

As part of the design function, it is 
necessary to assess the actual noise 
performance of the oscillator. A núm- 
ber of ways exist to do this, of which 
probably the simplest is to place the 
oscillator in a loop having a bandwidth 

Carrier 

30dB/decade 

20 a 

White noise 

FREQUENCY 

Fig. 4. Noise performance of typical 
VCO. 

much narrower than that of the synth- 
esiser in which it is to be used. Tht 
VCO frequency can then he held con- 
stant while standard analyser techni- 
ques are used to plot the response. The 
drawback of this method is that the 
noise plot obtained is only valid at 
frequencies greater than the loop band- 
width. 

The reference. The noise performance 
of the reference or frequency standard 
follows the same outline as that of the 
voltage -controlled oscillator, but its 
performance is considerably better. 
There is a number of reasons for this, 
principally because the O of the quartz 

resonator is very much higher than 
anything which can be obtained in the 
voltage -controlled oscillator. 

It is not particularly difficult to 
achieve figures of - I IOdBc/Hz at 10Hz 
offset and - 145dBc/Hz at I kHz. 
Although a crystal standard with this 
performance would be satisfactory for 
many applications, it may he necessary 
to have lower noise versions if very 
large figures of multiplications are 
required in the loop, together with a 
very clean output. In cases like these it 
is possible to obtain oscillators which 
may he better by a factor of 10dB or 
more, but they are very costly. 

Phase detectors. Phase detectors come 
in many different forms using several 
basic circuit configurations. Even so, 
they can be split down into analogue 
types using mixers as the basic element, 
and digital types using logic circuits in 

any one of a number of configurations. 
It is possible to analyse the noise 
performance of the phase detector 
mathematically' If this is done an 
idealised characteristic can be 
obtained. Usually this is found to be 
relatively flat away from the carrier, 
rising as the frequency falls. This will 
result in the noise contribution of the 
phase detector rising close in to the 
carrier. 

Frequency divider. Divider noise 
appears within the loop bandwidth, 
along with the reference and phase 
detector noise. Normally, its level is 

such that it is masked by the noise from 
the other sources and it is ignored. But 
it should not be totally forgotten. 

Unfortunately, divider noise can be 
difficult to estimate because manufac- 
turers do not specify figures for their 
devices. The only real solution is to 
measure the noise itself, remembering 
to take a number of samples of the 
device. In common with the phase 
detector, c-mos and TTL are much 
quieter than ECL. Another point to 
remember is that, as the frequency is 

being divided, the earlier devices in the 
chain will have less effect than the later 
ones. 

Loop response. In addition to the loop 
bandwidth itself, the overall response 
of the loop is important to the noise 
performance. This, too, is determined 
by the characteristics of the filter. 

Whatever type of filter is used, the 
has requirements for loop stability 
mean that the loop gain must fall at 
20dB/decade (6dB/octave) or less at 
the unity loop -gain point. Provided this 
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point is met, a large variety of filters 
can he employed, but the form of filter, 
its response and break points must be 
known. This will affect the rate at 

which noise components will he attenu- 
ated either side of the loop unity -gain 
point. 

Effects of multiplication. Since noise is 
generated at different points around 
the synthesiser loop it is necessary to 
relate each source of noise to the 
output of the VCO. It has already been 
mentioned that the loop response will 
affect this by allowing noise from diffe- 
rent parts of the loop to affect it at 
different offsets from the carrier. In 
addition to this. the multiplication fac- 
tor (i.e., the ratio of the final output 
frequency to the comparison or phase 
detector frequency) must also be taken 
into consideration. 

The effect of multiplication is very 
important because the phase noise is 
markedly degraded when a signal is 
multiplied. Phase noise is degraded by 
a factor of 20log,,,N. where N is the 
multiplication factor. 

Phase -locked loops are, in essence, 
just programmable frequency multi- 
pliers and so some of the noise sources 
within the loop will be affected by this. 
Not only is the noise of the reference 
multiplied by this factor, but so is the 
noise generated by the phase detector. 

Overall performance 
Having looked at the noise contribu- 
tions of each element in the loop, and 
also the response of the loop to those 
sources, their overall effect can now be 
analysed. This can he done mathemati- 
cally, but it is usually easier and suf- 
ficiently accurate to plot the results. 
This approach gives a pictorial view 
which quickly highlights the possible 
problems and determines the overall 
response. 

The first step in this approach is to 

40dB/decode 

20dB/decade 

ft 

Loop bandwidth 

f2 

40dB/decade 

Fig. 5. Loop response, showing 
break points. 

filter 

plot the loop response (Fig. 5). To do 
this a knowledge of the filter break 
points will be required, but they can 
easily be obtained front the loop design 
requirements or initial calculations. 
The next stage is to add the VCO 
noise; outside the loop bandwidth it is 
unaffected by the loop, but once inside 
the loop bandwidth its affect will he 
attenuated by the loop, first at a rate of 
20dB/decade. Further in towards the 
carrier, as the loop gain increases it will 
he attenuated at a rate of 40dB/decade. 
However, to counteract this, the VCO 
noise increases. The overall effect is 
shown in Fig. 6. 

Having done this, the effect of the 
reference can he plotted. To do this the 

ih 
;Loop bandwidth 

Fig. 6. Overall effect of VC() noise, 
attenuated by the loop inside the loop 
bandwidth. 

basic response of the reference must 
have the effect of the loop multiplica- 
tion added. Unlike the VCO the loop 
has no effect on it inside the loop 
bandwidth and its response can be 
.plotted directly. However, outside this 
the loop will attenuate its effect, first at 
the rate of 20dB/decade, and then 
40dB/decade as shown in Fig. 7. 

The other major contributor to noise 
is the phase detector; again, the effect 
of the loop multiplication must he 
added. Then it can be plotted in the 
same manner because the loop has no 
effect inside the loop bandwidth. but 
attenuates the noise outside it. Figure 8 
shows the effect. 

When combining each of the curves 
to produce an overall figure it is neces- 
sary to calculate the RMS sum of the 
individual contributions, because the 
noise sources are uncorrelated. Once 
this has been done, a full picture of the 
expected noise performance can be 
realised. It is then possible to optimise 
the loop bandwidth within the other 
design constraints to give the best noise 
performance. If this does not produce 
suitable results then parameters like 
the reference frequency, multiplication 
factor and even the number of loops 
within the synthesiser can be altered so 
that the performance specification is 

met. 

Noise reduction 
An analysis of the synthesiser noise will 
show that of the three major contribu- 
tors the frequency standard or refer- 
ence is usually the least important to 
the designer because it is often bought 
in as a ready-made item. Improving its 
performance is normally a matter of 
specifying a better item. But the VCO 
and phase detector are not so easy. 
They are at the heart of the synthesiser 
and their design often determines 
whether the synthesiser as a whole is a 
success or not. This means that their 
design and optimisation is of great 
importance. 

Phase detector noise 
It has already been shown that the 
phase detector noise can have a very 
significant effect on the synthesiser 
noise performance within the loop 
bandwidth. This is particularly true 
where there is a large divider in the 
loop and the VCO is operating at many 
times the phase detector comparison 
frequency. There are three main causes 
of noise in a phase detector: noise due 
to the basic noise floor of the detector 
itself; noise arising from the deadband 
effect; and noise resulting from imper- 
fect decoupling and isolation. Each of 
these causes will he analysed in turn 
and suggestions made for improving 
them. 

Noise floor. Any phase detector will 
have a certain amount of thermal noise 
associated with it. Generally, the levels 
of noise are very low hut, in view of the 
multiplication effect of the loop, they 
can become quite significant. The noise 
is generated from thermal noise in the 
resistive elements as well as shot noise 
in the active devices. When considering 
phase detector noise, contributions 
from any amplifiers in the loop filter 
circuits should not be forgotten. 

There are two different types of 
phase detector, analogue and digital, 
each with their own advantages. Ana- 
logue detectors are generally used at 
high frequencies where digital ones 
cannot he used. Digital phase detectors 
are usually less noisy and have the 
advantage that they can he frequency - 
sensitive as well as phase -sensitive. 
This means that the loop will still be 
able to lock if the frequency difference 
between the two phase detector signals 
is outside the loop bandwidth. 

To optimise the noise performance 
of an analogue mixer, correct setting of 
the input levels to the mixer is essen- 
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tial. Ideally, the signal on the local 
oscillator input should he close to the 
"specified" level and the level on the 
signal input should he close to the 
maximum specified. In this way the 
best possible signal-to-noise perform- 
ance can he achieved. 

In the case of digital phase detectors 
the actual family of detector can have a 

marked difference. Edge -triggered 

Reference noise with effect 
of loop multiplication 

201ogpN 
1 

Ref. 
noise 

Loop bandwidth f2 

Fig. 7. Reference noise, which is not 
attenuated by the loop inside its band- 
width. 

Phase detector noise with the 
effect of loop multiplication 

20logoN 

'Phase det 
noise 

Loop bandwidth f2 

Fig. 9. Noise from phase detector, with 

multiplication. 
detectors, like the dual D -type shown 
in Fig. 9(a), have a better noise per- 
formance than the simpler exclusive -Or 
versions shown in Fig. 9(h). On top of 
this the logic family has a marked 
effect. With its high current consump- 
tion, ECL proves to he the noisiest; 
after ECL, however, the other logic 
families are surprisingly similar. TTL, 
with its large switching spikes, should 
he avoided, as the spikes are likely to 
introduce noise into other parts of the 
circuit. The best type of device to use is 

one of the families of c-mos now 
available. 

Finally, the noise contribution from 
any amplifier used as part of the loop 
filter must he considered. The noise 
from this amplifier can generally he 
reduced to acceptable levels by simply 
using low -noise devices together with 
standard audio noise -reduction techni- 
ques. 

Dead zone noise. The digital tri-state 
type of phase comparator is probably 

the most common type in use, and it 

has several' advantages which make it 
an ideal choice for many applications. 
A typical circuit contains two D -type 
flip-flops and a Nand gate. There are 
also several IC versions available as 

phase detectors in their own right or as 

part of synthesiser ICs. These circuits 
are more complicated but offer extra 
facilities, such as lock detectors and the 
like. 

The operation of the basic dual 
D -type detector is fairly straightfor- 
ward. The flip-flop outputs go high on 
the leading edge of the signal of the 
clock input; once both flip-flops are 
high the Nand gate resets both D -types 
and the process repeats. The mark - 
space ratio on the outputs represents 
the difference in phase between the 
two signals. which can easily be con- 
verted into a tune voltage with a little 
extra circuitry. 

This type of phase detector normally 
works very well. It has the advantage 
over some types of detector that it is 

frequency- as well as phase -sensitive, 
so the loop will still lock if the fre- 
quency difference of the two compara- 
tor signals is outside the loop band- 
width. This is not so if an analogue or 
mixer type of detector is used. 

The main disadvantage of this type 
of detector is seen when the system has 

settled and the loop is in lock. Under 
these conditions the detector generates 
noise because of what is called the dead 
zone. The noise occurs because large 
changes in detector gain occur when 
there is no change in tune voltage and 
there are no leakage currents. In this 
state the pulses coming from the detec- 
tor tend to zero, giving zero detector 

Inputt 

Input 2 

to) 

Input from 
reference 

Input from 
loop divider 

Ib) 

Fig. 9. Dual D -type edge detector (a) 
offers better noise performance than 
ex -Or type shown at (b). 

To loop 
filter 

OOtput to 

loop filter 

gain. 
The easiest way to overcome the 

problem is to add a small amount of 
leakage into the system. In a current - 
driven system this can be accomplished 
by placing a large -value resistor from 
the tune line to zero volts. Although 
this takes the phase detector out of the 
dead zone, it does have the effect of 
raising the level of the sidebands due to 
the phase comparison frequency. This 

-results because of the increased energy 
required from the phase detector 
pulses, which can be reduced by 
improving the filtering in the tune line. 

Another way is to introduce a small 
delay into the reset line for the two 
D -type flip-flops (Fig. 10). This delay 
should he small. but a little larger than 
the reset times for the flip-flops. 

Decoupling and isolation. The physical 
layout of the phase detector and the 
decoupling on the supply rails can have 
a marked effect on the noise perform- 

Inutt 

Input2 

CK a 
To loop filter 

9-1.7A"'N-cC 

R 

CK 
l 

Fig. 10. Small delay in reset line to the 
D-tyve flip-flops avoids problem of "dead 
zone" in loop. 

ances of a synthesiser. Even small 
amounts of crosstalk, by transmission 
along supplies or by pickup, can 
degrade the performance quite notice- 
ably. Fortunately there is a number of 
general guidelines which can be fol- 
lowed to ensure the best performance 
is achieved. 

The obvious first step is to add 
supply decoupling to any integrated 
circuit in the phase detector - and for 
that matter in the whole of the synth- 
esiser. However, in the phase detector 
it is particularly important. Because of 
this the decoupling capacitor should be 
placed directly across each IC, as in 
Fig. 11. The connections should he 
made to the supply and OV pins by the 
shortest route, and not to the supply 
rail and earth plane, which could lead 
to cross coupling of noise from other 
ICs. The capacitor type and value 
should obviously be chosen to give the 
optimum performance, but it is also 
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worth considering the use of a small - 
value series resistor or choke to 
improve the performance still further. 

When using phase detectors like the 
dual D -type ones containing several 
logical function blocks, it is advisable 
to use separate packages in each case. 
This reduces noise from crosstalk 
between different areas of the phase 
detector. 

Finally, care should be taken in the 
layout to ensure that the two input 
signals are kept separate and do not 
interact. This can be done by physically 
separating the two lines, or using some 
form of screening in extreme cases. 

Oscillator noise 
The noise performance of an oscillator 
can vary quite widely between one 
design and another. It is an area where 
major reductions in noise can be made 
if the circuit is designed correctly. The 
implementation of the circuit is also 
very important. 

Noise in an oscillator arises for a 
number of different reasons. Noise 
figure and thermal noise play an impor- 
tant part, as do flicker noise and AM to 
FM conversion. Each aspect of the 

1 

OV line or 
earth plane 

Fig. 11. Decoupling must be placed 
directly across IC pins to avoid crosstalk. 
Addition of small choke may also 
improve matters. 

Performance with 
improved Q. 

l . 

fb2 

Performance with 
low Q. 

fbl 

Frequency offset from carrier 

Fig. 12. Reduction in break-point fre- 
quency fb by increasing tuned -circuit Q. 

contribution to the final noise contour 
of the oscillator has to be analysed and 
addressed in turn if the best perform- 
ance is to be obtained. 

Far-out noise. At very large frequency 
offsets from the carrier, flat or white 
noise predominates. Although the level 
of it is normally well down on the 
carrier, it can still present significant 
problems in some instances. For exam- 
ple, some co -sited transmitter and 
receiver systems may run simul- 
taneously and will require low levels of 
far-out noise as well as close -in noise to 
prevent interference. 

This far-out or white noise depends 
on factors like the noise figure of the 
oscillator and any amplifiers. There are 
two approaches to its improvement. 
The first and most obvious is to 
improve the noise performance of the 
oscillator by reducing the noise floor. 
To accomplish this a low -noise active 
device must be used, and must be run 
under optimum noise performance 
conditions. One major area which must 
be considered is in ensuring the correct 
input match is achieved for the device. 

The second approach is to increase 
the power level of the oscillator. As the 
noise floor of the system will remain 
roughly the same, a significant increase 
in the signal-to-noise ratio can be 
achieved. In theory this method works 
very well, but there are a number of 
pitfalls. The main one is that at high 
levels there is a much greater tendency 
for spurious signals to he generated. In 
addition, there is an increased likeli- 
hood of different modes of oscillation 
arising across the frequency range, 
resulting in discontinuities in the 
tuning. 

Closer in. Closer in towards the carrier 
the noise rises, as shown in Fig. 4. To 
minimise the noise it is again necessary 
to have the oscillator circuit optimised 
for its signal-to-noise performance. In 
addition, the loaded Q of the tuned 
circuit must also be as high as possible. 
Figure 12 shows how an improvement 
in the Q by a factor of two will result in 
the break frequency fh being brought in 
to half the offset from the carrier. 

Raising the Q of the tuning circuit 
does give rise to certain limitations. 
Voltage -controlled oscillators which 
have very large tuning ranges. by their 
very nature have low Q; conversely this 
means that a high -Q oscillator will have 
a more limited range. This can be 
overcome in many instances by switch- 
ing elements within the oscillator, or 
switching between different oscillators 

to achieve the desired range. Although 
this solution is not the most easy to 
implement, it does have the advantage 
that it can be used as a form of steering 
if this is required. 

Flicker noise. Still closer in towards the 
carrier the noise rises at a higher rate: 
30dB/decade or 9dB/octave. This is due 
to flicker or 1/f noise, present on any 
oscillator and with effects that cause 
both amplitude and phase noise 
because it modulates parameters like 
the transconductance and the junction 
capacitances in the semiconductor 
device. 

This noise can be reduced in a 

number of ways. The first is to increase 
the level of low -frequency feedback. In 
a standard transistor circuit a small 
un -bypassed emitter resistor can 
reduce the level of noise by 10 or 20dB. 
Similarly a low base or gate impedance 
should he used for low frequencies to 
further reduce flicker noise. 

The choice of device is also impor- 
tant. In theory, fets are supposed to 
give a poor flicker -noise performance. 
In practice, this has not been found to 
he true and they often give better 
results than normal bipolar devices. 

Finally, the operating conditions 
should be adjusted to give the optimum 
flicker noise performance. This is not 
always easy as figures are rarely pro- 
vided in manufacturers' literature, so 
some experimentation will be required. 

AM to PM conversion. In many oscilla- 
tors AM to PM conversion mechanisms 
can give a major contribution to phase 
noise. The mechanism arises because 
amplitude modulation of the oscillation 
from a number of sources modulates 
the internal capacitances within the 
active device. 

Reduction of this noise can take two 
forms: the first is to ensure that capaci- 
tance changes in the circuit cancel one 
another out; and the second is to 
ensure that amplitude modulation does 
not occur. One major cause of this 
noise arises from poor or ineffective 
supply line smoothing. In some inst- 
ances people have used two regulators 
solely for the oscillator; while this may 
be an extreme, a single regulator just 
for the oscillator together with a simple 
filter to remove the last remains of any 
noise or spikes is certainly advisable. 

Choice of active device. Some mention 
has already been made of the choice of 
active device within the oscillator. 
However, it is still worth summarising 
some of the required characteristics. 
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First, the device should possess a low 
noise figure. On top of this, careful 
consideration should be given to 
matching the impedances for the opti- 
mum noise performance. A choice also 
has to be made between the use of a 
bipolar device or a field-effect one. 
Bipolar transistors are often used and 
perform well, but j-fet devices can give 
improvements. One reason for this is 
that the real part of their input impe- 
dance is very high and this reduces the 
loading on the tuned circuit. Addi- 
tionally, j-fets have a good noise figure, 
due in part to the very low input noise 
current. 

Physical restraints. Screening can have 
a marked effect on performance. In 
essence, an oscillator is a very high gain 
amplifier, so even a small amount of 
pickup can be reflected in a marked 
degradation in noise performance. 
Accordingly, screening of the oscillator 
is essential in every case. 

Earth -plane layouts can also change 
the performance. If relatively large 
currents are flowing in the earth plane, 
they can lead to a certain amount of 
pickup in the oscillator. To overcome 

this problem, large currents can be 
routed along different tracks. An 
alternative is to section a portion of the 
earth plane off for the oscillator by 
making an "island", which can be 
connected to the main earth plane by a 
single track. In this way large currents 
will not flow across the earth plane for 
the oscillator. 

Microphotly can be a problem, parti- 
cularly in mobile applications. To over- 
come this, mechanical rigidity is of the 
utmost importance. Coils should 
always use formers, and the wire 
should be secured to the former to 
prevent any movement. Also, all com- 
ponents should be firmly mounted onto 
their boards. Where printed lines are 
used in the oscillator the board must 
not be allowed to flex. The board can 
be strengthened, and possibly the 
screen could be used to fulfil this 
function as well. Alternatively, a 
thicker board can be used, although 
this is not always the ideal solution 
because thicker boards are not stan- 
dard and require the use of larger 
tracks for transmission lines of a given 
impedance. 

Summary 
Although a rigorous mathematical 
approach can be used to predict the 
noise performance of a synthesiser, this 
graphical approach has the advantage 
that it gives a relatively quick predic- 
tion. It is also easy to interpret and can 
be easily modified to show what result 
any modifications to the synthesiser 
might produce. 
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WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 

TEKTRONIX 2445 Four Trace 150MHZ Dual TB 

TEKTRONIX 2235 Dual Trace I00MH1 Delay Sweep 
PMLIPS PM3217 Dual Trace 50MNZ Delay Sweep 
GOULD 0S300 Dual Trace 20MNI 
MP. 1740A Dual Trace I00MHl Delay Sweep Tng 
TELEOUIPMENT 283 Dual Trace 50MHZ Delay Sweep 
TELEOUIPMENT D755 Dual Trace 50MHZ Delay Sweep 
GOULD 003000 Dual Trace 40MHZ Delay Sweep TV Trig. 

S.E. Labs SMI I I Dual Trace 18MHZ 
GOULD 052508 Oriol Trace 15MHZ TV Trig. 
HAMEL 203.5 Dual Trace 2014111 

TELEOUIPMENT 0618 Dual Trace IOMHz 

LO50 

C415 

C250 

u00 

£115£300 

C275 
£130 

LI60 
C2e0 

L120 

TEKTRONIX 2215 Dual Trace 60MHZ Sweep Delay, with manual 
Probes Front Cover Pouch only L500 

THIS IS LUST A SAMPLE - MANY OTHERS AVAILABLE 

MARCONI TF2008 AMM IOKHZ-510ÁH1 Sig Gen C450 
MARCONI TF2015 AMFM 10-520MHZ Sig Gm with TF2171 C450 

MARCONI TF2015 without Synchronise TF2171 0250 
MARCONI TF1016 AM FM 101(142-120MNZ Sig Gen with TF2173 C400 

MARCONI TF2016 without Synchroniser TF2173 £114 
MARCONI MOD Meters 68; 62303 from £100 
MARCONI 172 3 562 3 5 71(2300, level OSUMo2300ler 20MHZ ... the pan LISO 
MARCONI 172337A Automata Distortion Meter 40(311/1KH1 LIDO 
MARCONI 172700 Universal LCR Bndge. Battery from L125 
H P. 86200 Sweeper Main Frame £1.200 
Plug -ins available 
MP. 3336A Synthesize level Gen 10H1-21MHZ £750 
LEADER 150 58518 Vectorscope 1600 

TEKTRONIX 491 SPECTRUM ANALYSER 1.5-12.4GH1 01,600 
SYSTROI DONNER 1702 Sig Gen 100NZ-IGH2 01,250 
PINARAD Sig Gen type 11058 0.8-2.4GHZ 0500 
POIARAO Sig Gen type 11068 1 8-4.6GHZ (500 
POUR80 Sig Gen type 1107A 3.7-8.404 0500 
POURAD Sig Gen 1208A 8.95- I ION with Fred Doubler 

151015-21044 0750 
POLARAD 1207A Sig Gen 3.7.8.4GHZ with (red Doubler 
150910 15 SGHZ L150 

TEKTRONIX 04504 with PD506SG503/TG501 £2.25 
Scope Calibration) 
EK180NIX CURVE TRACER 576 with Standard Fixture C2.0 

High Current Adaptor 176 available 
RACAL STORE 14DS 14 Channel Magnetic Tape Recorder L20 
RACAL 9081 Synthesized Sig Gen 5.520MHZ [I 
RACAL 9009 Mod Meter 10MN1-1.50111 C3 

RACAL 9301 RMS Voltmeter 10K111-I.5GHZ E2 

TRAE 1004 DC Voltage Standard 0.005% L4 
SOLATRON 7150 Digital Multimeter 61/2 digit U 
ARO Valve Characteristic Moler VCM163 

B8UEL 6 1U0ER 2305 Solid State level Recorder [ 
BRUEI & IUDER 2113 Spectrometer 
!Measuring Amp with trite) 
(ERROGRAPH RTS2 Recorder Test Set 

LEADER 1MV186A Inc Ch Mvmet 
111URLBY Pt320AD Twice 30 
FEEDBACK 150606 Sw 

This Is 

awwaawa. 

SUMMER 

TEKTRONIX 475 Dual Trace 200MH7 Delay Sweep 0550 
TEKTRONIX 465 Dual Trace 100MH1 Delay Sweep L400 
GOULD 011100 Dual Trace 300MM2 N Tng, L100 
COSSOR 006150 Dual Trace 35MHZ Delay Sweep tram C100-0150 
TELEQUIPMENT CT71 Curve Tracer 0175 
MARCONI TF2603 RF Milliwltmeter 50KHZ-I.SGHZ; ImV-3oFSD L75 
MARCONI TF2430 Digital Frey Counter 10111-80M111 L60 
MARCONI Al Power Meter TF8931120X1-351011. 20m1Y-10w 020 
MARCONI RF Power Meter TF1152/I DC-500MHZ 0.52518. 
50 ohm L25 
FARRELL Pulse Generator SystemIHc-IOMHZ SingM.Double L40 
(180001 AVM23 AC Voltmeter Dual Chan 
101Q-500111IZ. 300u8-1009 t75 

SO&ATR08 7045 Multrmeter 4.5 digit LED 30 ranges 
AutwManual (P&P L7) L95 
IWO 8 Multmeters with Batteries 6 Leads tram C35 
AV0 C7446 Transistor Analyser Mkt Suitcase style 
With Batteries 6 operation instructions 010 

LABEAR COLOUR BAR GENERATOR-AGI. 8 patterns. 
(P&P U1 only C1S 

LEVEL" TM3B AC Mrcrowltmeter 1111-IMHZ Suy-SOON 060 
LEVELL 1143A AC Marowltmeter I111-3MH2 5uV-5009 L40 
LEVELL Oscillator TG152 3111.30011QSine/SqNom L55 
1E0E10 Oscillator 16150M 1542-I50KB1. Sine wave 020 
1E9E11 Oscillator TGISODM 1.542-150KHZ. Sine/S0 Wave L25 

LEVELL Decade Osc TG66A. 0 2HZ-122MHZ. low dist for, L35 
FARRELL TM4RF Mdlrrdtmner S0KHZ-1.5GHZ; Im8-3009 L60 
LOGIC PROBE type 33000A TTLCmos (PAP L31 LI O 

WAY MORE ITEMS AT RIDICULOUS PRICES - 1.11,1 available 

NEW EQUIPMENT - 

HAMEG OSCILLOSCOPE NM 1005 Triple Trace 100MHz 
Delay Trmebase £112 
HAMEG OSCILLOSCOPE HM604 Duel Trace 60MHz 
DelaySweep L611 

AMEG OSCILLOSCOPE HM203 7 Duel Trace 10MNr 
Component Tester 0338 
HA MEG OSCILLOSCOPE 1(0205 3 Duel Trace 1014111 

Digital Storage L610 
AI other models available- all oscilloscopes supplied worth 2 

probes 

BUCK STAR EQUIPMENT (POP all units C5) 
MHr 0 APOLLO 10 100 Ratio Period Time interval etc 

0 
APOLLO 100 100ÁH0 (As above with more functions) 
METEOR 100 FREQUENCY COUNTER 100MHz 

00 METEOR 600 FREQUENCY COUNTER 1004111, 
METEOR 1000 FREQUENCY COUNTER IGHz 

50 
1UPITOR 500 FUNCTION GEN 0.14z -500101z Sine Sq In 

50 
ORION COLOUR BAR GENERATOR Pal TV Videp 

00 
All other Plea star Equipment available 

0500 
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000 
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The world is at your fingertips with ICOM's new IC -R9000 radio 
communications receiver with continuous all mode, super wide -band range 
of 100KHz to 1999.8MHz and c unique CRT display that shows frequencies, 
modes, memory contents, operator -entered notes and function menus. The 
revolutionary IC -R9000 features IF Shift, IF Notch, a fully adjustable noise 
blanker and more.'1 he Direct Digital Synthesiser assures the widest range, 
lowest noise and rapid scan ling. 1000 multi -function memories store 
frequencies, modes, tuning steps and operator notes. Eight scanning modes 
include programmable limits, automatic frequency and time -mark storage 

of scanned signals, full, restricted or mode -selected memory 
scanning priority channel watch, voice -sense scanning and a 

r ) selectable width around your tuned frequency. 

ICOM Icon, (UK) Ltd. Tel: 0227 363859. Telex: 965179 ICOM G 

N.B. For Wales and the West contact: 
M.R.S. Communications Ltd. Cardiff. Tel: 0222 224167. 

Please send information on Icom products & my nearest Icom dealer. 7 

ome/address/postcode: 

ob Title: Tel: 
Post to kerb (Nlq W Dept.WW, FREEPOST, Herne Boy, Kent CT68BR 
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RF CONNECTIONS 

Attacking RSA public -key cryptosystems 
In an item entitled "Defeating hackers" 
(EW+WW January 1989, p97). I noted 
that the success of an international 
group of computer scientists, organised 
by Arjen Lenstra of the University of 
Chicago and Mark Monasse of the 
DEC Research Centre, who factored a 
100 -digit number into two large prime 
numbers using the free time of some 
400 computers in parallel, represented 
a potential threat to the security of the 
RSA (Rivest-Shamir-Aldeman) public - 
key (two -key) cryptosystem. 

RSA has survived, while a number of 
other public -key systems have been 
shown to have inherent weaknesses 
that make them vulnerable to skilled 
cryptanalysis. RSA is still widely 
regarded as computationally secure, 
provided that a large number of digits 
are used in the keys. It is increasingly 
being used for sensitive communica- 
tions and for financial transactions. 

As R.J. Read has pointed out (Elec- 
tronics & Communications Engineering 
Journal, November/December 1989, 
pp263-270), "Computer processing is 
becoming so powerful and fast that the 
256 combinations offered by the 56 -hit 

erminal user A 

Plain text 
Encryptwn 

ermine' user B 

Cyphertext 

Public key of user B4 

Plain text 
Decryption 

Secret key of user A 
I 

Plain 
text 

Encryption Encryption 

1 
Secret key Public key 
of user A of user B 

Cyphertext 

Decryption 
Plain text 

4.Secret key of user A 

Cypher her text 
} with 

electronic 
signature 

Encryption 

Decryption 

Plain text 
4 

}Public key of user A 

-Main 
Decryption 

text 
with 
message 
authenhcatior 

1 
Secret key Public key 
of user B of user A 

Basis of public -key (double -key) cryptosystems, with double -encryption 
providing message authentication. Public keys can be widely published, but the 
secret key is known only by the user. No key distribution is needed. 

key of the DES system (standardised 
by the American National Bureau of 
Standards in the 1970s) may well soon, 
it it has not already done so, render 
DES insecure. A possible replacement 
for DES, already used in the electronic 

The declining phase of solar cycle 22 
It now seems virtually certain that the 
peak of solar cycle 22 was reached in 
the autumn of 1989. Unless this cycle 
exhibits an unusual double -peak of 
high solar activity, we can now expect 
activity to decline steadily (though less 
steeply than during its rise in 1987-88) 
until about 1994. 

Maximum levels of solar activity 
seem to have been increasing gradually 
(although not consistently) over the 
past 400 years, but both the duration 
and amplitude of future cycles have so 
far proved impossible to predict accur- 
ately. In EW+WW, August 1988, i 
noted, "The extreme difficulty of mak- 
ing accurate medium- and long-term 
predictions of optimum frequencies has 
long haunted HE broadcasters - parti- 
cularly during the early years of a new 
solar cycle, owing to the large and 
unpredictable variations in the max- 
imum magnitude of successive cycles. 
Cycle 22, now recognised as having 
begun in September 1986, has seen 
activity rising rapidly in fits and starts. 
It now seems likely to rise to record or 
near -record heights despite a number 

of earlier predictions that this cycle 
would have a low maximum". 

The item drew attention to the belief 
of Dr Geoffrey Brown (University Col- 
lege of Wales, Aberystwyth) that, by 
basing his prediction on the number of 
abnormal quiet days (AQDs) during 
the declining period of Cycle 21, he 
could forecast that Cycle 22 would have 
a high peak sunspot number of 
174±35, with a maximum in 1990±1. 
He had found the relationship between 
AQDs and the magnitude of the fol- 
lowing peak to hold good back to 1885, 
the earliest year for which data is 
available. In practice, this forecast 
seems to have proved accurate, with 
monthly sunspot numbers in late 1989 
around the very high figure of 180, 
making it the second highest peak on 
record. . 

Furthermore, as T. Mathews and D. 
Venkatesan (University of Calgary, 
Canada) have pointed out (Nature, 14 
June, 1990), the second half of 1989 
experienced a unique series of 
increases in cosmic -ray intensity 
reaching the Earth due to solar flares, 

funds transfer at point of sale UK 
system, is RSA. 

"RSA requires two separate keys: a 
public key and a secret key. This 
system overcomes any need to distri- 
bute the secret keys used for decryp- 

representing the most intense particle 
production by the Sun since continuous 
monitoring of cosmic -ray activity by 
neutron detectors began in 1957. 

Peak periods of solar activity are not 
marked only by greater numbers of 
sunspots and solar flares hut, as a 

consequence, by extreme ultra -violet 
(UV) radiation, X-rays and protons, 
and by geomagnetic storms on Earth. 
Normally we are well protected from 
the high-energy particles, but it has 
been claimed that the levels experi- 
enced in the final months of 1989 were 
such that there was a potential hazard 
to passengers in aircraft flying at 
heights of 10 to 15km, as well as in 
spacecraft. Whether the depletion of 
the ozone layer could increase the 
number of high-energy and UV parti- 
cles reaching the ground to hazard 
levels, if the peaks of solar activity 
continue to rise, is still a matter of 
speculation. 

Dr Douglas Gough (University of 
Cambridge) has noted (Nature, 28 
June, 1990), "Observations have long 
revealed that the Sun is an oscillating 
body. There is an expectation that its 
oscillation frequencies may change in 
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tion. The keys exist in pairs, hut 
knowledge of the public key gives no 
indication of the secret key. I hence the 
public key. as its name implies, may he 
widely published. The sender uses the 
receiver's public key to encrypt the 
message for transmission. The resulting 
cyphertext cannot be decyphered by 
knowledge of the public key alone. 
Only the receiver is able to decypher 
the message by using his secret key.' 

The security of RSA depends essen- 
tially upon the practical computational 
impossibility of factoring very large 
numbers. As a public -key system it 
overcomes completely the major prob- 
lem of key distribution of DES and 
other established cryptosystems. The 
disadvantage of RSA is that, until 
recently, it has been very much slower 
to encypher and decypher traffic than 
with DES. R.J. Read, however, has 
pointed out that the speed of encryp- 
tion with current ICs is increasing to 
the point where the speed of RSA can 
now he comparable with DES. 

A further significant advantage of 
RSA is the ability to establish "author- 
isation" by positively identifying the 
sender from his "electronic signature". 
For this the sender encrypts the plain - 
text using both his own secret key and 

parallel with the solar cycle, but a lack 
of long-term data has led to diverse and 
ambiguous conclusions.... The 11 - 

year cyclic variation of magnetic activ- 
ity, first seen as a change in the sunspot 
coverage, is the most obvious mani- 
festation of solar variation. Although 
the cycle has been the object of con- 
tinued quantitative investigation since 
the pioneering statistical analysis of 
G.V. Yule (Phi Trans R Soc, 1927) 
more than 60 years ago, we still do not 
understand its origin". 

Sunspots, solar cells and 
vandals 

The effect of solar activity on satellite 
solar -cell power supplies is of consider- 
able practical importance. With con- 
ventional silicon photovoltaic cells, the 
output of a solar panel is likely to 
reduce to about 70% of its initial value 
during an average seven years in space, 
with the highest rate of degradation 
during the peaks of solar activity. Cells 
based on gallium arsenide (GaAs), and 
even more so on indium phosphide 
(InP), have significantly higher resist- 
ance to solar radiation, though both are 
more expensive to fabricate. 

the receiver's public key. 
As noted in my January 1989 item. 

10(1 -digit key numbers for RSA were 
regarded as computationally secure, 
but following the work of Lenstra and 
Monasse, it was recommended that at 
least 150 digits should be used, since 
this would require 1(10(10(1 times more 
computer power to factorise than a 

10(1 -digit ti ntber. 
I however, Lenstra and Monasse have 

continued with their project. Nature 
(28 June, 1990) has now reported their 
success in factorising into three prince 
numbers one specific form of 155 -digit 
number (2512'1) using 1(10(1 linked 
computers and six weeks of computa- 
tional time, based on a mathematical 
procedure invented by the British 
mathematician John Pollard. 

While Pollard himself believes that 
this success does not imply that I50 - 
digit RSA keys are no longer to he 
considered computationally secure, 
since the work covers only one form of 
number, Monasse now believes that 
$200 million would buy enough compu- 
ter time to crack any 155 -digit number 
in a year. "It is possible that the ability 
to factor a new class of numbers up to 
155 digits may weaken other types of 
numbers," he claims. 

GaAs solar cells are in limited pro- 
duction by EEV at Chelmsford. InP 
cells have been flown in the US Navy's 
LIPS3 satellite and more recently in 
one of the University of Surrey's small 
experimental/amateur-radio satellites. 
InP cells have been under development 
for several years at Newcastle-upon- 
Tyne Polytechnic and have been tested 
for radiation resistance at RAE Farn- 
borough. 

Although the powering of terrestrial 
low -power television transmitters has 
made little progress in the UK since the 
IBA -BBC experiments in the early 
1980s, based on the use of combined 
wind -solar generators, RAI in Italy has 
built up more than 12 years of experi- 
ence in the use of photovoltaic gener- 
ators for rebroadcast stations. The ori- 
ginal plastic -sheet covering of the 
panels has been abandoned due to 
reduction in transparency- caused by 
UV radiation and damage by birds. 
Now the silicon cells are housed in a 

highly transparent tempered -glass 
shell, covered in turn by an ethylene - 
vinyl -acetate weatherproof coating 
which also helps protect the cell from 
UV radiation. 

[MC and 1992 
The DTI is continuing its efforts to 
prepare industry to meet the stringent 
requirements of the far-reaching Euro- 
pean Community's EMC Directive No 
89/336/EEC, due to come into force on 
1 January, 1992. All apparatus which is 
liable to cause electromagnetic disturb- 
ance, or the performance of which is 

liable to he affected by such disturb- 
ance, comes within the scope of the 
Directive. 

All. EM frequencies are covered, as 

are all EM phenomena, although 
manufacturers have a choice of com- 
plying with the relevant harmonised 
EMC. standards or meeting the "essen- 
tial requirements". Most firms are 
expected to choose the standards 
route, as this can be self -certified for 
equipment other than telecommunica- 
tions terminal equipment and radio 
transmitters. The only exempted pro- 
ducts are those subject to other direc- 
tives, and self -built amateur radio 
equipment. 

In October 1989, the DTI issued 
some 15 000 copies of a 24 -page con- 
sultative document, "The implementa- 
tion in the United Kingdom of Direc- 
tive 89/336/EEC on electromagnetic 
compatibility", inviting comment. 
Several hundred responses were 
received, including a number from 
trade associations on behalf of their 
members. Three main causes of con- 
cern were expressed. 
Scope. There was much support for the 
proposal that components and installa- 
tions be exempted. It was also felt 
there should be a "grandfather clause" 

,exempting existing product lines for a 

number of years. As it stands, the 
direc.ive applies to all production leav- 
ing a factory after implementation of 
the directive, regardless of whether the 
design predated this. Some makers 
believe the cost of testing and redesign- 
ing would make existing products 
uneconomic. 
Standards. There was concern that the 
UK standards would not be available 
soon enough. It was felt there should 
be a specified period between the 
adoption of a standard and its coming 
into force. 
Test facilities. There was concern at the 
projected shortage of independent UK 
test facilities, and it was felt that 
manufacturers should be able to apply 
for "competent body" status. 

RF connections is written by Pat 
Hawker 
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APPOINTMENTS 
081-661 8640 

's DISPLAY APPOINTMENTS 
£21 per single col. centimetre (min. 3ém). 

Full page £2311 'hpage £1271 1/4 page £693 
. Full colour £400 ' 2nd colour £275 

Cheques and Postal Orders payable to FEED BUSINESS PUBLISHING GROUP LTD and crossed. 

Wanted urgently. 
Practical people for 
the Third World. 

Sharing your skill with people in the 
Third World is an experience which brings 
challenge and true job satisfaction. 

VSO has urgent requests for the 
following: 

Studio Electronics Engineer 
Hospital Electronics Engineer 
Lecturers in Power and Com- 

munication Refrigeration/ 
Radio/TV Engineers Electrical 
Engineers for instruction/instal- 
lation Electronics Instructors 

Maintenance and Repair 
Technician 

For more details, please complete and 
return the coupon to: Enquiries Unit, 
VSO, 317 Putney Bridge Road, 
London SW 15 2PN. 
Telephone 081-780 1331. 
Conditions of work: Pay based on local rates 

Equipment and re -equipment grants provided 
Rent-free accommodation usually provided 
National Insurance and medical Insurance paid 
Language training provided where necessary...-- 

. Return flight paid Posts (always approvéd by our 

field stall) are lora minimum of two years. 

It's a working experience. 

I'm interested. I have the following training/ 
experience: 

Name 

Telephone 

Address 

Postcode 
E W W/1/94 

Charity No.313757. 20p stamp appreciated. 

MANAGER & ELECTRONICS ENGINEER 
£ Negotiable E. London 

Two experienced individuals are required to join a specialist manufacturer 
of audio mixers. We require an engineer to help with the development of 
our manufacturing process and an experienced ma-ager to organise, 
administrate and run our retail shop supplying component products. 

Please call fora confidential discussion with Mr. Elvins 

on 081-986 8455. 

Garibaldi-RF & Microwave 
We are the specialist agency for 'Radio Frequency' design or test 

Engineers working from 1MHz to light! We have hundreds o1 top 
positions throughout the UK, working on RF mobile comms (GSM, 

PCN, CT2), opto, satellite, mm -wave & micrcwave projects. 
Please contact our consultant Simon Luttrell MSc on 0494792592 

160 Bellingdon Road, Chesham, Bucks. HP5 2HE 

ALL THINGS TO ALL MEN? 
Perhaps not. But we do recruit a wide range of 

professionals for companies throughout Europe. with 

strong representation in Scandinavia, The 

Netherlands, Germany and France. 

And what's more, we have nearly thirty years' 

experience in placing contract and permanent staff 

- design engineers, software engineers, test 

engineers/technicians, electronics engineers and 

authors - and many of them are women too! 

For more information call .... 

Mark Clifford or Martin Ennis 
Telub Inforum Services Limited 
11 Bancroft, Hitchin 
Hertfordshire SG5 1JO, UK 
Telephone: +44 (0) 462 420024 
Fax: + 44 (0) 462 420394 
D of E Licence No. Se(A) 2824 

Telubinforum 
ABERDEEN t1ITCHl\' PORTSMOUTH 

h,\SIPE\ (NI.) STUTTGART WI 

Test Manager 
EASTMIDLANDS : up to £23K 

Our client is a division of a major electronics group. 
They now wish to recruit a TEST MANAGER who 
will be responsible for production test activities 
for their extensive range of products. The 

successful applicant will have responsibility for a 

large department, utilising a wide range of manual 

and automatic test equipment. They will be 
responsible for the achievement of output 
programmes within time and cost targets and for 
the ongoing development of the department to 
meet future demands.They will also be a key 
member of the manufacturing management team 
and expected to contribute towards decisions 

affecting the overall development of the site. 

This is a demanding role in a highly competitive 
industry and offers significant opportunity for 
career progression. The successful applicant will be 

educated to degree/HND level and be able to 
demonstrate a record of substantial personal 
achievement and experience in a high technology 
environment. Applicants under the age of 35 are 

unlikely to have sufficient appropriate experience. 
Terms and conditions of employment, including a 

relocation package where applicable, fully reflect 
our client's position as a major UK employer. 

To apply please contact L.1 Associates 
on 071-243 1888 or write to them quoting Ref. 08/43 

at 12 Celbridge Mews, Porchester Road, London, w2 6E U. 
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Are you making waves? 

// C}F: tV. 
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Joir CCL and you can. We're 
looking for RF engineers who want 

,.t to develop their abilities to the full. 
CCL is one of 

7 Europe's leading 
40r. technology f ' consultancies and is 

,:i,t.le: : 

involved in the design 
and development of RF and 
microwave communication and 
electromagnetic sensor systems. 

Initially you will be responsible 
for carrying out specific project 
tasks to timescales and budgets. 
But as your skills develop so can 
your responsibilities; perhaps to 
Project Manager level and beyond. 
If you have the talent, we provide 
the environment to let it show. 

Rewards are exceptional and 
include: high salaries reviewed 
every six months, flexible working 
hours, free lunches, assistance with 
relocation expenses where 
applicable and a variety of other 
financial benefits. 

You'll have to be exceptional 
yourself. in addition to a good first 
degree it electronic engineering or 
equivalent, you'll have 1-2 years 
experience in RF/microwave, or a 
PhD, plus an understanding of 
communication or radar systems 
anc good interpersonal skills. You 
dor't have to have worked in a 
consultancy environment before but 
experience in one or more of the 
following areas, though not 
essential, is desirable: design/use of 
RF/microwave integrated circuits, 
mobile communications, avionics 
and RF product design. 

If ycu think it's time you started 
making real waves then contact: 
Janet Hales, Personnel Manager, 
Cambridge Consultants Ltd, 
The Science Park, Milton Road, 
Cambridge CB4 4DW 

Tel (0223) 420024 
Fax: (0223) 423373 

% Cambridge Consultants 
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BBC Monitoring 
Receiving The World Loud & Clear 

~OUR 91010,01410f*S- 445559,99P990 

BBC Monitoring, part of BBC World Service, is a 24 hour news gathering service 
listening to radio and viewing television broadcasts from around the world. The very 
latest information is gathered using our satellite dishes and aerials. 

Following a rationalisation of our technical operations, we are now seeking to 
recruit enthusiastic and bright staff as Operators to join us. 

As an Operator you will he responsible for the research and reception of all radio 
voice, telegraphy and satellite transmissions of interest to BBC Monitoring. You will 
also be responsible for the distribution of received programmes to relevant language 
teams. 

Applicants are not required to have specialist technical knowledge, however 
should have: 

'Knowledge of radio and satellite signals sufficient to identify different signals 
and operate receiving equipment. 

'Demonstrate a knowledge of radio reception and propagation techniques. 
'Have an ability to recognise foreign languages. 

Shift/weekend work involved. 
Salary range: £10,320 - £14,222 per annum plus shift allowance. 
Based Caversham Park, Reading. 
For further details and an application form please contact (quote ref. 2249/í4'L) 

Personnel Officer, BBC Monitoring, Caversham Park, Reading, Berkshire 
RG4 8TZ. Tel: 0734 472742 ext. 332. 

Closing date for return of application forms has been extended to September 14th 
WE ARE AN EQUAL OPPORTUNITIES EMPLOYER 

Fr Graduate Electronics 
Engineer 

Daresbury Laboratory provides major facilities for scientific 
research. 

There is a vacancy for a Graduate Electronics Engineer to 
provide design support for the Nuclear Structure Facility ion 
beam accelerators and their associated research programmes. 
Areas of work include analogue instrumentation, radio frequency 
techniques, digital signal processing and control engineering. 

The world class quality of the scientific programmes, some of 
which are of an international nature, entail the use of the best 
available component technology, together with advanced 
computer aided design and manufacturing tools. 

Applicants must have a good honours degree in Electronics 
Engineering and be working towards membership of the IEE. 

Starting pay will be in the range of £10678 to £11709 
depending on qualifications and experience, progressing to the 
grade of Higher Professional and Technology Officer, salary in 
the range of £11709 to £15504 after satisfactory service. 

The superannuation scheme is non-contributory and a flexible 
working hours scheme is in operation. 

Closing Date: 31st August, 1990. 
For an application form please contact Personnel 

Section, Daresbury Laboratory, Science and 
Engineering Research Council, Warrington 
WA4 4AD. Telephone (0925) 603467 - 
24 hours answering service. 

Please quote reference No. DL/176. 

For multiple reprints of 
articles in this issue, 

please contact 
Clare Hampton on 

081-661-8672 

DEPARTMENT OF 
MATERIALS 

UNIVERSITY OF OXFORD 

SENIOR ELECTRONICS TECHNICIAN 
(Grade F) to head a small elec- 
tronics workshop. Experience of 
digital and analogue circuitry and 
computer interfacing is required. 
The opportunity exists to play a 
key role in the experimental work 
of the department. Applicants 
should have at least an HNC or 
equivalent qualification in elec- 
tronics with a minimum of 2 years 
relevant practical experience. 
Salary range S 12:325513872. 

Applications including a cur- 
riculum vitae and the names and 
addresses of two referees to reach 
the Administrator, Department of 
Materials, }'arks Road, Oxford OX 1 

:3I41, t,v 1:1 September IA3)0. (An 
Equal Opportunity Employer) 

PLEASE MENTION 

WIRELESS WORLD 

WHEN REPLYING 

TO ADVERTS 

St. Loye's College for Training Disabled People For Employment 

Electronics Servicing Instructor 
Exeter £13,579-£14,530 
The College requires immediately a practising Electronics 
Service Engineer with broad training and recent field and/or 
workshop experience of micro -computers, to instruct on a 
highly skilled City and Guilds 224 course of training. The 
successful candidate will be required primarily to give 
practical bench training in fault diagnosis techniques and 
must be familiar with micro test equipment (eg, logic 
analysers). 
Previous instructor experience desirable but not essential. 
Average working week is 37.5 hours. Letter of application, 
together with curriculum vitae and names and addresses of 
two referees, should be submitted to: The Deputy Principal, 
St. Loye's College, Topsham Road, Exeter, Devon EX2 6EP. 

St. Loye's College is an Equal Opportunities Employer. 

NIMBUS RECORDS LTD 
ELECTRONIC TECHNICIAN 

An opportunity to become involved with a com- 
pany whose activities range from classical music 
recording to CD manufacturing, digital signal 
processing and optical disc research. We seek an 
electronic technician (age 25-50) to join our tech- 
nology support group at Monmouth. Relevant 
skills include fast accurate wiring, p.c.h. layout 
(computer -assisted) and assembly, and an aptitude 
for faultfinding in both analogue and digital cir- 
cuitry. 

Competitive salary depending on ability and 
experience. Write to: 

Research Director, 
Nimbus Records Ltd., Wyastone Leys, 

Monmouth, Gwent NP5 3SR 



C_ASSIFI 
081-6618640 

CLASSIFIED DISPLAY: £29 per single column centimetre (min 3cm). 
LINE ADVERTISEMENTS (run on): £6.00 per line, minimum £48 (pre payable}. 

(Please add on 1S% V.A.T. for prepaid advertisements). 
BOX NUMBERS: £15.00 extra. (Replies should be addressed to the box number in the advertisement, Go Quadrant House, The Quadrant, 

Sutton, Surrey SM2 5AS). 
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING GROUP LTD and crossed. 

ARTICLES FOR SALE 
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, WW, 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 081 445 0749/445 2713 
R. HENSON LTD. 

21 Lodge Lane, North Finchley, London N12 83G. 
(5 minutes from Tally Ho Corner) 

VALVES FORIAUDIO, INDUSTRY 
RECEIVING & TRANSMITTING 

RARE AND OBSOLETE TYPES A SPECIALITY! 
ONE MILLION VALVES IN STOCK 

SPECIAL PRICES FOR WHOLESALE QUANTITIES 
ORDERS FROM GVT DEPTS, PLC's, OVERSEAS ETC. WELCOME 

ALSO CRT, I.Cs, KLYSTRONS, MAGNETRONS, 
TRANSISTORS, USA VALVES. 

FAX/PHONE FOR IMMEDIATE QUOTE! 

BILgLINnds GTHoONm. 
SVAIL3 VES 

Callers by appointment only. Mon -Fri 9am-5,30pm,. 
Phone 0403210729 Fax 0403 40214. Telex 87271. Visa 8 Accespccepted. 

DYNAMIC DISPLAY 
ADAPTOR 

to convert any composite 
Video Monitor into a Four 

Channel Voltmeter. Featuring 
an Integral -Scale Bar -graph 

Display with Shift and Mobility 
controls. From £190 

MITRE ELECTRONICS Ltd., 
Syringa, Holt Lane End, 

Bentworth, Alton, 
Hants GU34 5LD. 

0420 63104 

FIGOLLEDGE1 

f EL EC T RONIC 

QUARTZ. CRYSTALS OSCILLATORS 
%ND FILTERS of all types. Large stocks 
of standard items. Specials supplied to 
order. Personal and export orders welco- 
med - SAE for lists please. OEM support 
thru: design advice prototype quantities, 
production schedules. Gulledge Electro- 
nics. tv erriott. Somerset TA 16 5NS. Tel: 
(14611 73718. 124721 

y WE BUY AND SELL TOP QUALITY TEST AND MEASUREMENT EQUIPMENT 

W 

' RALFE ELECTRONICS E 

36 Eastcote Lane, 
S. HARROW, Middlesex HA2 8DB 

Tel: 081422 3593. Fax: 083-423 4009 

L 

A 

U 

Q 

P 

O 

TINEMPIUQE TNEMERUSAEM DNA -SET YTILAUQ POT LLES DNA YUB EW D 

Please contact us fo' our latest stock list of top-quality re calibrated, test 
equipment. Good equipment also WANTED for stock and waiting customers 

for 'high -end' equipment. 
Stock examples: TAKEDA RIKEN IGHz analyser £2950, MARCONI TF2370 

analyser 13000, Egg 102312000, FERRO RTS2's E250 etc etc etc. 

B 

U 

Y 

A 

N 

WANTED 
Test equipment, receivers, 

valves, transmitters, 
components, cable and 

electronic scrap and quantity. 
Prompt service and cash. 

M & B RADIO 
86 Bishopgate Street, 

Leeds LS1 4BB. 
Tel: 0532 435649 
Fax: 0532 426881 9956 

ARTICLES WANTED 
STEWART OF READING 

110 WYKEHAM ROAD, 
READING, RG6 IPL. 

TEL: 0734 68041 
FAX: 0734 351696 

TOP PRICES PAID FOR ALL 
TYPES OF SURPLUS TEST 
EQUIPMENT, COMPUTER 

EQUIPMENT, COMPONENTS 
etc. ANY QUANTITY. ,03 

Watch out for 
our Application 

Notes Supplement 
in the 

October issue 

WANTED: VALVES TRANSISTORS 
I.Cs (especially types KT66. KT88 
PX4. l'X25). Also plugs. sockets and 
complete factory clearance. If poss- 
ible. send written list for offer by re- 
turn. Billinglon Valses. phone (403 
210729. Fax: ((403 4(1214. See adjoin- 
ing advert. 

TO ADVERTISE 
IN THIS 

SECTION PLEASE 
CONTACT 

PAUL KITCHEN 
ON 

081 661 3130 

Hitchhikers' Guide to 
Electronics in the '90s 

by David Manners 
How the electronics industry works, its key products and the 
implications for everybody in the computer industry in the '90s 

Price £12.95 (plus £1 p&p) 
To order, ring our credit card hot-line on 08 1-685 9435 or 
send your cheque to: Computer Weekly, 120-126Laven- 
der Avenue, Mitcham, Surrey, CR4 3HP 

A Computer Weekly/Electronics Weekly Book 

OVERSEAS ADVERTISEMENT AGENTS 
France and Belgium: Pierre Mussard, 18-20 Place de la Madeleine, Paris 75008. 
United States of America: Jay Fenman. Reed Business Ltd., 205 East 42nd Street, New York, NY 10017 - Telephone (212) 867 2080 - Telex 23827. 

Printed in Great Britain by Carlisle Web Offset, Caxton Road, Newtown Trading Estate, Carlisle, Cumbria CA2 7NR, and typeset by Marlin Graphics, Sidcup, Kent DA14 5DT, for the 
proprietors, Reed Business Publishing I,td, Quadrant I louse, The Quadrant, Sutton, Surrey SM2 5AS et -Reed Publishing Ltd 1990. Electronics and Wireless World can be obtained from the 
following: AUSTRALIA and NEW ZEALAND: Gordon & Gotch Ltd, INDIA: A.H. Wheeler & Co, CANADA: The Wm Dawson Subscription Service Ltd.; Gordon & Gotch Ltd., SOUTH 
AFRICA: Central News Agency Ltd.; William Dawson & Sons IS.A.1 Ltd.; UNITED STATES: Worldwide Media Services Inc., 115 East 23rd Street, NEW YORK, N.Y. 10010. USA. 
Electronics & Wireless World $5.95 1745131. 



PHONE 
0474 560521 

FAX 
0474 333762 

A selection from our 
stock of branded valves 

A1714 24.50 
61834 1.50 

02087 11.50 

62134 14.95 

12171 15.00 

A2193 6.50 

A2426 29.50 
61599 37.50 
62792 27.50 
A2900 11.50 

A3283 24.00 
A3343 35.95 
ACSP3A 4.95 

6.052PEN 8.50 
ACT22 59.15 
A11121 39.00 
6H138 39.00 
61.60 6.00 
AN1 14.00 
APR12 2.50 
APR34 1.25 
APR35 2.00 
A211 430 
8716 35.00 
8158 55.00 
BT17 25.00 
81113 35.00 
(1N 27.50 
(3M 17.95 
(1149/1 120.00 
(1150/1 135.00 

(1166 125.00 
a (1534 32.00 

C(A 3.50 
' (024 6.50 

(91006 3.50 
(K5676 6.50 

CV Nos PRICES 

ON REQUEST 

(X1140 495.00 

(X1157 495,00 
(01159 399.00 
D3A 27.50 
D63 1.20 

DA41 22.50 
DA42 w 17.50 

DA90 4.50 

DAF91 0.95 
OAF96,.. 0.95 
0(70 1.75 
DC90 3.50 
DCX-45000 

25.00 
DET16 28.50 
DETIB 28.50 
DET20 2.50 
DET21 29.50 
DET23 35.00 
DET24 21.50 
DET25 22.00 
DET19 32.00 
0161 3.50 
DF91 1.50 
DF91 1.50 

DF96 1.25 

0097 1.25 

OG106 8.50 
DH63 3.50 
DH7/ 1.50 
DK91 I 1.20 
DK92 I 1.50 

0135 2.50 

0163 1.50 

DUO 2.50 
0173 2.50 
0191 ? 3.95 
0192 1.50 
0193 

1 
1.50 

D1S10 ' 13.50 
01516 10.00 
DM70 5.25 
DM160 6.50 
000-006 79.50 
DY51 130 
DY86/87... 0.85 
DY802 0.85 
E551 49.50 
E80(( 25.00 
E80(F 12.50 

E80F 12.50 
. 8801 29.50 

E81CC 5.50 
E811 12.00 
F82(( 4.50 

. E83(( 4.50 
' (831 5.50 

(841 6.50 
' E860 9.50 

888( 7.95 
E88C( 4.50 

F88((-01 6.95 

E88(( 5.95 
01111.600 5.95 

E90(( 1.95 

E90F 7.95 

E91H 4.50 

' E92(( 3.95 
E99F 5.95 

. E130E 18.50 
E180(( 10.50 
E180 0.50 
E182(( 9.00 

(1861 8.50 
E1880( 7.50 

E2351 12.50 
E2801 19.50 
E283C( 12.00 

E288(( 11.50 

E8101 25.00 

E1148 1.00 

EAS0 1.00 

EA52 15.00 
EA76 1.95 

0679 1.95 

EA8(80 . 1.95 

EA(91 2.50 
E6142 1.20 

EB34 1.50 

E841 3.95 

EB91 0.85 

EBC33 2.50 

EB(41 3.50 
(B(81 1.50 
EB(90 1.95 

EB(91 1.95 

EBF80 0.95 

(8183 0.95 

E8F89 0.95 

(0F93 0.95 

EB121 4.50 

E(52 0.15 

E(53 1.50 

E(70 1.75 

E031 7.95 
E(86 1.95 
E(88 1.95 

0(90 1.95 

ERC91 5.50 

E(93 1.50 

E(95 7.00 

0(91 1.10 
EC8010 12.00 
E((32 3.50 

E((33 3.50 

E((35 3.50 

E((81 I.95 
E(C81 SUPER 

4.50 

E(C87 0.95 

EC(82 
PHILIPS 1.95 

ECC83 2 4.50 

E((83 - 
BRIMAR 2.15 
E(C83 

PHILIPS 1.95 

E(C83 

SIEMENS 2.50 
E((83 
SUPER 3.50 
E((85 1.50 
E((86 2.75 
E((88 1.50 

EC(89 1.50 

E(C91 2.00 
E((189 2.50 
E((8015 6.95 
EC(8035 6.95 
E((804 0.60 

E((1000 7.95 

E(F80 1.15 

E(182 1.50 

ECF86 1.70 

E(1100 1.85 

E(F702 1.85 

E(F801 0.85 

EC1804 6.50 

ECF805 2.50 

ECF806 10.25 

E(H3 4.50 

ECM 4.50 

E(H35 3.50 
((1142.-. 1.50 

E(H81 i 1.75 

E(H83 1.50 

E(N84 1.50 

E01100 1.50 

E(180 1.00 

ECL82 1.50 

ECL83 2.50 
E(184 1.00 

EC185 0.95 

E(K86 1.50 
E(1805 0.95 

EF37A 2.50 
EF39 1.50 

8140 4.50 

EF42 3.50 
(150 2.50 
EF54 4.50 

LESS 4.95 

EF70 1.20 

EF72 3.50 

EF73 3.50 
EF80 .,,_ 0.55 
EF83 3.95 
EF85 0.85 
EF86 3.50 
EF86/04085 

7.50 
EF89 1.95 

EF91 1.50 

EF92 2.15 

EF93 1.50 

EF94 1.50 

EF95 1.95 

EF91 0.90 

(1913 0.90 

EF183 0.75 

EF184 0.85 

EF731 4.50 

EF732 4.50 
EF800 11.00 
EF8045 19.50 

EFBOSS 25.00 
EF8065 25.00 
EF812 0.65 
EF1200 1.50 

EFP60 3.50 

EN90 ,,..,, 0.72 

EK90 1.50 

(132 0.95 

E134 

MULLARD P0A 

(134 i 3.95 
SIEMENS 3.95 
(136 2.50 

EL38 4.50 

E141 3.50 
(142 2.00 

EL71 4.50 

EK81 6.95 
E183 7.50 
E184 s 1.50 

E184 

MULLARD 4.50 

(L84 
SIEMENS 2.50 
EL85 4.50 

ELB6 1.75 

(190 1.75 

(191 4.50 

EL95 1.75 

(1152 15.00 

EL360 6.75 

E1500 1.95 

EL504 1.95 

EL509 5.95 
EL509 

M1111600 7.50 

EL519 6.95 

E1802 3.65 

E1821 6.95 

EM81 3.50 
EM83 1.65 

EM84 1.65 

EM85 3.95 
EM87`-- 2.50 
EN31 15.00 
EN91 2.15 

EM92 4.50 

EYS1 0.80 

EY70 7.50 
EY81 2.95 
1081 1.15 

FY83 1.50 
FY84 5.95 
EY86/8701. 0.65 

0088 130 

P. M. COMPONENTS LTD 
SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 

SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD 

M5199 295.00 
M8079 6.00 
M8081 ' 7.50 
M8083 3.25 
M8091 7.50 
M8096 3.00 
M8098 5.50 
M8099 5.00 
M8100 5.50 
08136 1.00 
618137 7.95 
M8161 6.50 
M8162 5.50 
118163 5.50 
618190 4.S0 

M8195 6.50 
618196 5.50 
M8704 5.50 
08213 4.50 

M8124 2.00 
M8225 3.95 

0E1400 3.50 

14E1401 19.50 
ME1402 29.50 
MHLD6 4.00 

--M'25 196.00.,, 
MS4B 5.50 

YLL1A..3C 
N37 12.50 
N78 9.85 

061 1.50 

041WA 2.50 
063 2.50 
081 1.50 
082WA 2.50 
0(3 2.50 

003 2.50 
0114 2.50 

0M58 3.00 

096 1.75 

ORP43 2.50 
ORP50 3.95 
P61 2.50 
P41 2.50 
PABC80 0.95 
P(86 0.75 
P(88 0.75 
P(97 1.10 
P(900 1.25 
P(084 0.40 
PCC85 0.55 
PC(88 0.95 
PC(89 0.70 
P((189 0.70 
P((805 0.10 
PC(806 0.80 
0(E82 0.80 
P(180 0.65 
PCF82 0.60 
PCF84 0.65 
P(186 1.20 

P(187 1.25 

P01100 1.80 
EY91 5.50 1C1101 1.80 
FY5004 2.95 PCF801 1.35 
E1802 0.70 1(1802 0.85 
E135 1.00 P(F805 1.25 
F140 3.50 P(F806 1.00 
(241 3.50 1(1808 1.25 
E180 ...-- 0.75 PCH200 1.50 
E181 --, 1.50 P(182 0.95 
E290 1.50 P(183 2.50 
FW4-800 4.50 PC184 0.75 
101335 195.00 P(185 0.95 
655/1K 9.00 PC186 0.95 
6180/211 6.95 P(1805 0.95 
6240/20 9.00 P0500 5.95 
6(108 17.50 PEN25 2.00 
6(100 17.50 PE0400 3.00 
6810 15.00 PEN45 3.00 
6510H 12.00 PEN45DD 3.00 
05120 12.00 PEN46 2.00 
GT1C 9.50 P11100 0.95 
6610 35.00 P136 1.15 
GUI 17.50 P138 1.50 

6081 13.50 P181 1.50 
60113 24.00 P181 0.60 
6885055 14.50 P183 0.85 
GY501 1.50 P184 0.85 
68802 1.50 P1500 1.50 

6132 4.50 P1504 1.50 
6133 4.50 P1508 1.50 
G234 4.50 P1509 4.85 

0137 4.50 P1519 4.95 
18(90 1.95 P1802 6.00 
11141 3.50 P18021 3.50 
H190 3.50 P1810 2.95 
K18( 7.00 P132 0.60 
KT330 3.50 1933 0.50 
KT36 2.95 PY81 0.85 
0144 5.95 P082 0.85 
4145 5.95 P183 0.85 
KT61 7.95 PY88 0.99 
KT63 2.95 P15006 1.95 
9166 USA 11.95 P1800 0.95 
K6 TEON(X P1801 0.95 r5.00 083.300 72.00 
4167 9.00 083-1750 
KT77 GEC 6.50 139.50 
K181 7.00 0853500 595.00 
0188 USA 12.9S~ 00E01 -S 19.50 
0188 00E03-12 7.95 
SELECTRON 00E0310 35.00 

16.00 00E06-40 45.00 
9/11161 2.50 00902-6 19.50 
KTW62 2.50 00903.10 5.50 
KTW63 2.00 00903-10 
K1163 2.50 MULLARD 15.00 
187-10 95.00 00103-20 15.00 
1.590 6.95 00806-406 
M529 66.00 27.50 
M5143 155.00 00906-40 

MULLARD 39.50 XFWSO 1.50 4(X250R 6(67 G.E. 5.25 797 7.50 

00907-50 55.00 061-2500 75.00 AMPEREX 125.00 6016 6.95 71 1.50 

00103-10 4250 8161811 7.50 402508 100.00 6(16 3.25 707 4.50 

0010640 45.00 XNP12 2.50 4(X10006 6C18A 2.95 714 2.50 

0575/50 1.50 811/16000 25.00 425.00 6(617 2.95 808 2.50 

0595I10 4.85 XR1/3200A 79.50 4(X15008 6(56 0.75 8810 2.50 

05108/45 4.00 011 64006 475.00 6C57 0.95 8005 1.95 

05150/15 6.95 149.50 4(X50006 6(04 8.00 8(W5 1.50 

05150/30 1.15 X65 6.95 1000.00 6(X8 3.95 8E088 1.50 

06150/40 1.00 901100 75.00 4D21/4 -125A 6(D6 7.35 8007 1.95 

051205 3.95 811060 265.00 85.00 6018 1.50 1002 1.25 

051213 5.00 811020 42.50 4032 125.00 6018 100E7 2.50 

0837 9.50 811060 195.00 4E27A 125.00 SPECIAL 3.50 10088 2.50 

0903-12 6.50 111070 195.00 4657 2.25 6096 1.50 10E08 1.95 

0105-25 3.50 0111071 195.00 4617 2.25 6005 G.E. 11.95 10EW7 1.95 

0606.20 29.50 Y11190 65.00 4166 2.95 68060 2.S0 1011 1.95 

0808-1008 777 1.20 4916 130 60168 1.50 106K6 1.95 

145.00 23001 6.00 4185P 150.00 6DW4B 3.50 10IP4 2.50 

003-125 85.00 23020 12.00 401506 35.00 615 3.95 11E3 55.00 

004-250 105.00 X359 9.00 4X1500 55.00 6E67 G.E. 4.50 1103 5.50 

084-400 110.00 11008 9.50 405006 350.00 6E68 2.50 1266 3.95 

R10 4.00 2159 15.00 5611028 9.50 6E08 3.50 12606 2.50 

R18 2.50 18030 18.95 5111511,1 9.00 6E17 0.85 126E6 5.50 

061-2408 14.50 7111010 8.50 561630 10.00 6E05 2.50 1261176T 4.95 

163.7506 6.50 1111021 8.00 561700 6.25 6E417 2.50 12A15 1.00 

RG3-1250A 35.00 2411023 7.95 56-180M 9.00 6E88 1.15 12616 1.15 

R03-250 15.00 1/11082 9.00 58-706K 10.00 6111 2.95 12617 1.95 

00E-1250 35.00 I1,11084 10.00 58-110M 10.00 6EW6 1.50 12611WA 3.50 

S11E12 38.00 1411162 9.00 5B -154M 11.50 6EW7 4.50 12686 1.50 

5101-111 10.00 2M1175 6.50 513.2SSM 11.50 611 2.00 12AU7 1.50 

5(1/1300 6.00 2111171 9.00 S8 -256M 15.00 605 5.50 12616 1.95 

SP61 3.50 163 4.S0 58.257M 15.00 617 5.50 12617 2.50 

519280/40 11.95 1AE4 3.50 581580 14.50 6013 3.00 12684618 2.50 

182-5/300 1682 3.50 5(22 115.00 6114 1.00 116X7 1.95 

95.00 1812 10.00 5(186 2.50 6017 2.75 126117916 2.50 

102-300 195.00 1827 55.00 51180E 1250.00 6113 0.60 126075 7.95 

183-79) 115.00 1B3GT 1.95 5118 2.95 6F24 1.25 12617 3.95 

TB3-2000 450.00 18356 45.00 SR4GY 4.95 6125 1.25 12846 4.50 

1011-300 39S.00 143 2.50 SR4WGY 5.95 6128 1.25 12066 2.50 

1811-500 495.00 114 2.50 514 5.95 6132 1.25 118E6 1.95 

TD03.10/DIE/F 1N5G1---,.2.50 5186 1.95 6133 7.50 120H76 G.E. 

35.00 1P28 25.00 SU4G 2.95 6195 8.50 6.50 

1115 45.00 IRS 1.50 5U4GB 4.50 6118 15.00 12816 1.75 

1121 45.00 155 1.50 591G 2.50 6F11 4.50 12813 1.95 

712 45.00 114 1.50 SW4 4.95 6107 3.50 128978 6.E. 

TT100 69.00 IU4 1.75 504 4.95 66E5 3.95 6.95 

102-1256 105.00 185 1.50 S9361 3.50 6GH8A 2.50 12(8 2.50 

TY8-600W 1825 2.50 523 4.50 6617 0.85 12(65 1.95 

365.00 2A3 13.00 5246 2.50 6696 3.95 12(06 1.9S 

U19 8.50 265158 11.50 6/3012 0.70 66616 2.65 120060 3.50 

U26 0.90 207 4.50 6A/2039 9.00 6657 2.15 12DW4A 3.S0 

1135 3.50 2822 69.50 617 4.95 6698 0.95 12016 3.95 

U37 9.00 1(36 70.00 668 2.50 6GW8 2.50 12E1 19.50 

U41 6.95 2(396 25.00 6AB7 4.50 6615 4.95 12E14 38.00 

850 3.00 3C396 32.50 61(706 2.00 6606 2.50 12115 1.95 

682 3.00 1(3988 39.50 6AG5 2.50 bHl 9.50 116117 G.F. 6.95 

U191 0.10 2(40 37.00 6AG7 2.50 68661 2.50 121560 3.95 

8192 1.00 2(42 29.50 6686 3.50 6807 1.95 121761 3.50 

U193 1.00 2(43 60.00 6114 3.50 68E5 12.50 12128 2.95 

U251 2.50 2(51 2.50 6617 2.00 61118 3.50 12961 1.50 

U801 3.50 7(15 1.50 6695 1.95 68M5 2.50 11K88 1.95 

UAB(80 =1.00 2071 2.25 6616 2.50 6805 3.50 121117 1.95 

06142 1.00 2011W 3.15 6615 0.85 61166 4.95 125761 1.50 

88(41 3.95 2E22 49.00 66114 3.25 61158 2.95 1156761 1.95 

88(81 ISO 2E26 7.95 66M5 4.50 6H26 3.50 11567 4.75 

80180 0.95 1155 295.00 6AM6 1.95 614 2.15 12547 1.95 

UBF89 ^ 1.00 11708 295.00 6AN5 4.50 615GT 2.50 12617 1.50 

00171 2.95 1915 59.00 661186 4.50 616 2.00 12SN7GT 1.85 

U(92 1.50 2K59 250.00 6605 1.15 6176 4.15 11507 3.S0 

6(084 0.70 1948 140.00 6605 1.50 61860 G.E 9.50 11597 4.50 

U(C85 ''''' 1.00 111S6 250.00 6665 130 61E60 G.E 12.50 1204 1.95 

8(180 1.00 2028 5.00 6AS6 2.50 61116 10.95 1307 3.20 

0(1.121 2.50 3-5001 65.00 66576 4.50 61886 2.50 130E7 2.50 

0(141 2.50 3A/108A 9.00 6AT6 1.95 61560 G.E. 10.95 13007 2.95 

17(142 3.95 36/1098 11.00 6618 1.75 6118 5.95 13E1 145.00 

8(181 - 1.95 36/1108 12.00 666461 2.95 6976 2.00 13E617 3.50 

11(182 1.15 36/1414 11.50 666561 4.50 bK86 3.00 1406 4.50 

0C183 2.50 3A/1461 7.50 6AU6 1.50 6906 6.E. 11.95 1417 3.50 

0141 2.25 3A/1471 7.50 6686 1.95 60660 6.95 ISE 5.50 

0142 2.25 36/167M 10.00 6AW8A 3.50 611 2.50 16603 1.95 

0180 1.75 3636 3.95 660461 1.95 6166( 3.50 16615 1.95 

UF85 1.20 364 1.50 6AY3B 1.95 61600 G.E. 10.50 1611 0.40 

UF89 ..i 2.00 365 4.50 6618 4.50 61661 3.50 161 0.40 

11144 3.S0 3AT2 3.35 6849 13.00 617 3.50 1768 3.50 

11184 - 1.95 3022 25.00 6886 2.50 6115 3.15 17404616 1.95 

8185 0.85 3026 24.00 6810 1.95 6119 3.95 178E3 2.50 

005 3.50 3028 15.00 6806 1.50 6118 2.50 110W4A 2.95 

UU6 6.00 3826 1.50 6817 4.50 61020 2.50 17E198 1.50 

UU7 8.00 3(45 39.50 b0A8A 3.50 6116 14.50 17128 8.50 
888 9.00 3(8300067 68(8 1.50 6106 G.E. 12.50 1803 6.00 

0141 -.... 3.50 650.00 6813 2.95 6188 9.2S 18685 3.50 

11185 ..~. 0.70 3CYS 1.50 68E6 1.50 928 2.00 19605 3.50 

91356/19 30110 29.50 68666 3.00 607GT 2.S0 196U46T 2.S0 

250.00 3E12 49.50 61386 1.95 607 3.15 19866 3.50 

12386/110 3E19 39.50 6888 1.50 6646 1.95 1963 19.50 

295.00 3E11 1.95 6816 1.50 6SA7 1.95 1966 9.00 

92466/10 3M 0.40 6094 6.50 617 1.95 10114 3S.00 

250.00 31/170E 1450.00 6816 85.00 65117 1.95 19H5 33.50 

01466/1K 31 0.10 6818 1.15 6517GT 1.95 10(0 9.50 

315.00 304 2.50 60116 I15.00 6597 1.95 1001 2.50 

9141019 314 3.50 6886 1.65 6S1.7GT 2.50 20116 1.95 

195.00 4-65A 85.00 68N8 3.95 65N7GT 3.15 7011 0.95 

9453 12.00 4-2506 105.00 6805 1.50 650761 4.50 20P1 0.55 

01S631--....10.9.1_ 4-4000 95.00 60076 130 6557 1.95 2014 1.95 

fr9P48 9.50. 4-10008 495.00 6817 4.95 618 1.50 10P5 1.15 

,- VP41- - 4.95 -4832 35.00 6857 5.50 6U6GT 3.50 21116 10.50 

VR101 2.50 48076 1.75 68W6 3.95 6676 3.50 21006 4.95 

VR105/30 2.50 4826 1.95 68W7 130 6U8A 1.50 211118 3.75 

80150130 2.50 4(28 25.00 6816 2.50 6166 1.95 1481 39.50 

9839 2.50 4035 55.00 6817 2.95 MGT 2.50 2409 39.50 

9T4( GE 25.00 4(5250R 115.00 6(4 1.95 6W4G1 1.95 15806 1.75 

W61 4.50 4(935,000 605 2.50 6066 3.95 2500613 2.95 

W71 5.00 1650.00 6(6 3.50 60241 1.00 251661 1.75 

W81M 4.50 4(9100,000 6(86 2.50 6X4 130 19(1 19.50 

W739 1.50 2950.00 6(9 4.95 60561 1.00 29006 6.50 

024 4.50 48(125( 6(A4 4.95 6X88 2.25 30(15 0.50 

X41 4.50 EIMA( 150.00 6(A1 4.50 6166 4.S0 30(17 0.40 

066/065 3.50 4CO2508 45.00 6(85 3.95 7AU7 1.50 30(18 1.48 

081 6.00 4(0250811 6(86 2.50 786 3.50 30117 1.35 

0(24 1.50 65.00 6(0606 4.50 787 2.50 301111 0.95 

8(25 0.50 4(01500 b(G6 1.95 708 4.S0 301113 1.10 

XFW47 130 EIMA( 115.00 6(67 3.50 717 5.50 301114 1.25 

TELEX 
966371 

TOS - PM 

3011 0.45 
30115 0.60 
30117 0.60 

30141112 1.00 
30P12 1.00 

30P18 0.60 
301,19 1.00 

30P1 2.50 
301113 0.60 

30P114 1.75 

311160 1.50 
336/158M 19.50 

3563 3.95 

3565 4.50 

35(5 4.50 

351601 2.00 

3523 1.95 

35256T 3.50 

3811E7 10.95 
40906 8.50 
47 6.00 

5065 1.50 

SOBS 1.95 

5005 0.95 
500066 1.95 
50E85 130 
50186 2.95 

53KU 4.50 

7581 3.50 
75(1 4.50 

80 4.50 

83 8.50 

8361 7.50 
1561 6.50 

8562 2.95 
9068 17.50 
90(1 3.S0 
90(G 17.50 
90(1 17.50 
91AG 9.00 
91AG 25.00 
9266 25.00 
9561 6.50 

100E1 50.00 

108(1 2.50 

15082 6.S0 

1500111 9.00 
15002 2.50 

150(1 2.S0 

18581 1.50 

211 18.50 
1300 15.00 
2310 15.00 

250TH 150.00 
307 5.00 
3286 15.00 

5718 49.00 

7056 12.50 
7138 25.00 
7136/8 75.00 
724 275.00 
725A 275.00 
7166 75.00 

8016 15.00 
803 14.95 
805 16.95 
807 5.50 
811A 6.95 

812A 11.50 
813 
PHILIPS 35.00 
813 19.50 

8290 22.50 
833A 49.50 
845 23.00 
866A 8.50 
8716 20.00 
873 60.00 
954 1.00 

955 1.00 

1802 1950.00 
1849 315.00 
1927 25.00 
1040 25.00 
2050A G.E 9.95 
421211 250.00 
4471 35.00 
46876 9.50 

5544 79.50 

5559 55.00 
5636 5.50 

5642 9.50 

5643 9.50 

5651 2.50 
5654 1.95 

5670 3.25 

5672 4.50 

5675 28.00 
5678 7.50 
5687 4.50 

5696 4.50 

5702 3.50 

5704 3.50 

5118 3.50 

5715 2.50 
5176 2.50 

5717 250 
5749 2.50 
5750 1.85 

5751 1.95 

5763 6.50 
58146 3.25 
5823 930 
5819WA 6.50 

5840 3.50 

5842 11.00 

5847 10.95 
5863 95.00 
5879 9.50 

5886 13.95 

5894 39.50 
5899 430 
5949A 225.00 
5965 2.15 

6057 3.75 
6058 2.50 
6060 1.25 ' 

6071 6.95 
6080 8.50 

6080116 9.50 

6132 10.50 
6136 2.50 

61468 8.50 

61468 G.E. 15.00 

61460 1230 
6155 72.00 

6156 125.00 

6151 230 
6158 3.20 

6166 650.00 
6109 430 
6201 6.45 

6350 330 
6360 430 
6386 1430 
6442 15.00 

6463 730 
65506 1230 
65506 G.E. 15.95 

6870 1130 
68838 G1. 14.95 

6973 10.50 
7015 2.50 
70255 6.95 
10276 13.95 
7097 125.00 
7119 9.00 
7189 5.50 
7199 10.50 
7247 8.50 ' 

7475 5.00 
7486 155.00 
7527 125.00 
7551 8.50 
7S81A 11.95 
7586 15.00 
7587 19.50 
7591A 10.50 
7815 59.50 
7868 11.95 
7895 11.50 
8156 9.95 
8417 11.95 
8950 10.50 

18042 10.50 
9001 6.50 
9003 8.50 

Valve Test Room Service 
6 matching of power valves - add 

C1 per valve. 
13 selection or low microphony - 

add CI per valve 

CALLERS WELCOME 
OPEN MON T LR 9AM-5 30 PM 

FRI 9AM-5 000M 

24 -HOUR A^,SWERPHONE SERVICE 

ACCESS 8, BARCLAYCARD 

PHONE ORDERS WELCOME 

UK ORDERS 0&P £1 

PLEASE ADD 15% VAT 

EXPORT ORDERS WELCOME 

CARRIAGE AT COST 

PLEASE SEND YOUR 

ENQUIRIES FOR SPECIAL 

QUOTATIONS OR LARGE 

REQUIREMENTS 

CIRCLE NO. 145 ON REI'I YCARI) 



ÓÓ.RJET 13Z 
HIGH PERFORMANCE COLOUR INK JET PRINTER 
(compatible with IBM pc, BBC micro, Nimbus etc.) 

* PRINTS ALL 64 SCREEN COLOURS FROM CGA AND EGA USING 
OPTIONAL INTEGREX SOFTWARE 

* EMULATES OTHER PRINTERS (IBM3852, PJ1080A and QUADJET) 
* OVERHEAD TRANSPARENCY PRINTING 
* 80 + 132 COLUMN OPERATION, A4 WIDTH 

TEXTILE * UP TO 1280 DOTS/LINE ADDRESSABLE PRINTING * FULL VIDEO-EX CAPABILITY INK CARTRICGES * OPTIONAL BUFFERED RS232 (INTERNAL) NOW AVAILABLE 

* HIGHLY VERSATILE 

ULTRA 
LOW 
NOISE 

LIST PRICE 
£636 + VAT 

J i , 
9 try ' t`t ww 

[OIOituET 

4Nr...i+.. 

S/ 11 S 

EDUCATIOP AL DISCOUNTS AVAILABLE 

INTEGREX LTD CHURCH GRESLEV, BURTON ON TRENT 
STAFFS DE 11 9PT 
Tel (0283) 551551 
Fax (0283) 550325 
Telex 341727 INTECX 

1t 

HMSO 

/ 

PUBLC SECTOR CUSTOMERS: 

FOR SPECIAL PRICING 

CALL 060.3 695051 

CIRCLE ENQUIRY NO. 102 ON RACK PAGE 



PROGRAMMING SOLUTIONS 

For the IBM PC, install the interface card 
and programming socket, load the menu 

5 driven software and you have a complete 
design system at your fingertips. 

EASY TO INSTALL 

i The programmer comes with an interface 
card that plugs into any free slot of your 
PC. There is no DMA channel to worry 
about and it occupies limited I/O space. 
The programmer socket box is connected 
via a ribbon cable to the back of the 
interface card so that the socket box is 
external. After the interface card is instal- 
led the PC never need be opened again. 

SOFTWARE DRIVEN 
All software for the programmer is supplied 
on 51/4" low density disk. The software can 
be copied onto hard disk using the DOS 
copy command. Prog rams are supplied 
for the various fea tures and are menu 
driven. All program ming is done from the 
menu, no hard ware switches are needed. 
Just select the type and manufacturer and 
the prog ramming is done automatically. 

SUIT ALL PC'S 
The programmers will run on any corn 
patible IBM machines such as XT's, ATs, 
'386 and '486. Whether it be AMSTRAD or 
COMPAQ the program mers will work. 
The software is text only monographic so 
is compatible with any machine. 

FEATURES 
The menu driven software is a full editing, 
filing and compiling package as well as a 
programming package. Save to disk and 
load from disk allows full filing of patterns 
on disk, to be saved and recal led instanta- 
neously. Device blank check, checksum, 
program, verify, read and modify are all 
standard features. Hex to bin file conver- 
sions included for popular file formats 
including Intel, Motorola etc. 

MODELS 
PC84-1, -4, -8 
Eprom programmers only. The variant is 
only gang size. The -4 and -8 gang will 
program multiple EPROMs simulta 
neously. Device sizes are from 2716 to 
271000 both C and NMOS. ZIF (zero 
insertion force) sockets are used, as with 
all models. 

PC83 
PAL programmer only. Will program most 
20 and 24 pin types including the 16 L, R, 
X and 20 L, R, X4, 6, 8 and 10. 

PC82 
Universal programmer. The complete 
designers kit. This will program EEROMS, 
BPROMS, PALS, GALS, EPLD's and 
87XX microprocessors. 
A unique feature is the testing of logic 
parts such as 74LS393 etc. The PC82 can 
check and identify parts. Already program- 
med is the TTL test vectors and software is 
supplied to write vectors for any unique 
chip. 
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DEVICE GUIDE PC84 PC83 PC8 
EPROM 2716, 32, 64, 128, 256, 512, 1024 Vppl 12.5, 21, 25 
EPROM 27C16, 32, 64, 128, 256, 512 1024 Vpp 12.5, 21 . 
EEPROM 2816, 16A, 17, 17A, 64A, 256A 
Selection of speed algorithm fas-, intelligent etc. 
Byte splitting for 16 and'32 bit files. 
EPROM 32x8 TO 406x8 63S080, 7C28X, 7C29X 
MPU 8748/49/50/51/C51/52/C252 inc. Encryp, lock bits 
PAL 10, 12, 14, 16, 18, 20, L, R, X, P- , 2, 4, 8, 10-(20&24 pin) 
CMOS EPAL C16L8, R8, R6, Rc. 
EPLD 20G10, 22V10 
Industry Standard JEDEC Files 
Device testing TTL, CMOS, & SRAM 
Self test. 
Hardware config. available for so-tware design. 

PRICE LIST 

PC84-1 1 Gang Eprom £139. 
PC84-4 4 Gang Eprom £199 
PC84-8 8 Gang Eprom £299 

PC83 Pal Programmer £275 
PC82 Universal Programmer £469 

All pricing includes software, interface 
card, "socket box and full instructions. 
prices dó not include VAT or carriage( 

TTL, CMOS, DRAM & SRAM TESTING 
PC82 can test and verify any TTL/CMOS logic chip, DRAM & 
SRAM. The software will also identify a TTL chip. Do you have a 
few TTL chips aside not knowing whether they are working? 

ORDER INFORMATION 
Please include £7 carriage plus VAT on 
all orders. ACCESS, VISA or CWO. 
Official orders welcome from Gov. 
bodys'& Public Limited Companies. All 
products carry a one year guarantee. 

CP 

CITADEL PRODUCTS LTD. 
Dept. WW. 50 High Street 
Edgware, Middx HA8 7EP. 
Tel: 081-951 1848 

ALSO AVAILABLE 
A wide -ange of PC expansion cards, Industrial control 
carcs (AID, D/A and Digital I/O) and PC peripherals. 


