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MICRO -CAP III 
THIRD -GENERATION INT TIVE 
CIRCUIT ANALYSIS. MORE POWER. 

MORE SPEED. LESS WORK. 
MICRO -CAP 111 the third generation 

of the top selling IBM1' PC -based inter- 
active CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program's window -based 
operation schematic editor make circuit 
creation a breeze. And super -fast SPICE - 

like routines mean quick AC, I>C, Fourier 
and transient analysis - right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 
dance and conductance - even Monte 
Carlo routines for statistical analysis of 
production Meld. Plus algebraic formula 
parsers for plotting almost any desired 
function. 

transient analysis 

t... 
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.Schennllic editor 

"'.. . 

Atonic Carlo analysis 

J 

Modelling power leaps upward as 
well, to Gummel-Poon BIT and Level 3 

MOS - supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules.' CGA, 

MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

Naturally, you'll want to call or write 
for a free brochure and demo disk. 

I)ATI!C H 
Data Technology Dated] Ltd. 
Sidcup Technolol,, Centre, 
Maidstone Road, Sidcup, 
Kent DAI4 5HT. 

Telephone: 081-308 1800 
Fax: 081-308 (1802 

MICRO -GIP Ill is u nwslered lnderoark oplx't7rum .Ve/luan. 
Hercules is u e'ei.drnd lnuleanvk oft tercules Compuler technology 
ll(II isu ngislen^d lrodemurk e f International Business Machines. Inc. 
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headroom, noise contribution, 
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stretches a talent for analogue design 
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HIGH ACCURACY BRIDGE 
AMPLIFIER 582 
Bridge amplifiers are notoriously 
difficult to trim. Derek Shell presents 
a design which requires just one 
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mode error. 
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Frequency dependent, negative 
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accuracy alternatives to analogue LC 
and digital stored coefficient designs. 

MODEMS FOR TELEMETRY 588 
Increasing use of telemetry has spurred development 
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new systems with advanced products. 

INTERFACING WITH C 591 
Signal processing with C unavoidably requires mathe- 
matical spadework. Howard Hutchings presents the 
essentials for serious application development. 

OPTICAL FIBRE GYROSCOPES 608 
Not all gyros need a spinning mass. John Nuttall points 
out that the optical alternatives possess unique advant- 
ages which may outweigh the added cost. 

REVIEW - LABWINDOWS 615 
The IBM PC data acquisition business is booming. 
Allen Brown reviews a software development package 
which takes the effort out of code writing. 
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PROGRAMMABLE LOGIC 621 
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tures with which to integrate glue logic functions. Steve 
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Excessive preamplifier headroom. 
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PIONEERS 605 
At the tender age of six, Irving Langmuir nearly killed 
himself sniffing chlorine. He lived, and went on to 
improve the performance of thermionic valves and 
many other contemporary technologies. 

CIRCUIT IDEAS 612 

597 APPLICATIONS 640 
A nekk chip -set provides high accuracy compression 
and expansion for radio microphone systems. 
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system for digital FM transmission. 
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Professional Solutions Limited 

18 Dalston Gardens, Stanmore, Middlesex HA7 1DA 

Tel:(O81)-206-2095 Fax:(081)-206-2096 
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COMPLETE SYSTEMS - MOTHERBOARDS - DISC & TAPE DRIVES + CONTROLLERS 
MONITORS & ADAPTORS - DRAM/SIMM/SIP MEMORY - I/O CARDS - KEYBOARDS 1 
DTP/CAD - ETHERNET/ARCNET - NOVELL - TCP/NFS - DOS/C-DOS -XENiX/UNIX 

mom 

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

COMPUTER 
Prices (£): 
Motherboards 

SYSTEMS 
Prices (£): 
Complete Systems 

Clock Land Max. Cache Slots 
CPU Speed -mark RAM RAM 8/16/32 Installed RAM (Mbyte): Disc Capacity (Mbyte): 

MHz MHz Mb Kb bits 0 1 2 4 21 32 49 68 115 150 

-8088 12 2.8 1 - 8/0/0 45 109 - - 669 699 799 - - - 

80286 12 16.5 4 - 2/4/0 109 169 - - 739 769 869 899 - - 

80286 12 16.5 8 - 3/4/0 139 215 269 399 775 795 905 935 - - 

80286 16 21.5 8 - 3/4/0 189 265 319 449 - 875 969 999 1319 1449 

80286 20 27.0 8 - 3/4/0 239 315 369 499 - 925 1019 1049 1369 1499 

80386SX 16 21.0 8 - 1/6/0 299 395 489 619 - 999 1095 1125 1445 1569 

80386 20 27.5 16 - 2/6/0 509 599 699 829 - 1279 1305 1339 1649 1775 

80386 25 34.0 16 - 2/6/0 629 719 809 939 - 1389 1419 1459 1769 1895 

80386 25 43.0 16 32 2/6/0 849 939 1029 1199 - - 1769 1799 2099 2219 * 

80386 33 58.0 16 32 2/6/0 1189 1269 1359 1509 - - 2109 2139 2439 2559 * 
80386 33 59.0 32 128 1/4/2 1509 1595 1695 1829 - - 2499 2529 2829 2949 * 

80486 25 114.0 16 64 2/6/0 2799 2895 2985 3125 - - 3769 3799 4129 4249 * 
80486 25 114.0 32 128 1/4/2 3569 - - 3889 - - 4699 4739 5049 5189 ** 

All systeus include: 1Mb RAM, 3.5" or 5.25" Floppy Disc Drive, Case, Power Supply and Mains Lead, 102 -key AT Compatible 
Keyboard, Mono Monitor, 2 Serial Ports, 1 Parallel Port, 1 Games Port. *2Mb RAM included **4Mb RAM included 

PLEASE ADD 179 for Mono VGA; £269 for Colour VGA; 169 for MS-DOS 4.01; L59 for MS-DOS 3.3; £29 for Mouse. 

HARD DISC DRIVES 
SIZE 
(Mb) 

ACCESS MODE PEAK DIM 
(ms) (byte/s) 

PRICE 

21 40 MFM 625K 3.5" 1169 
21 28 MFM 625K 3.5" L219 
32 40 MFM 625K 3.5" L189 
32 28 MFM 625K 3.5" £249 
32 40 RLL 940K 3.5" £189 
32 28 RLL 940K 3.5" L249 
42 24 MFM 625K 3.5" £289 
49 28 RLL 940K 3.5" L279 
68 24 RLL 940K 3.5" £309 
115 19 ESDI 1.2M 3.5" 1539 
150 16 ESDI 1.2M 5.25" L659 
320 18 ESDI 1.2M 5.25" £1259 
640 16 ESDI 1.8M 5.25" £1779 
Single drive cable set £10 
Dual drive cable set L15 
5.25" tray for 3.5" drives £9 

DISC CONTROLLERS 
Combined Floppy (360/720K+1.2/1.44M) 
and 16 -bit Hard disc controller with: 
1:1 interleave MFM 450Kbyte/sec £79 
1:1 interleave RLL 690Kbyte/sec £99 
1:1 interleave ESDI 800Kbyte/sec L169 
1:1 interleave ESDI 1 Mbyte/sec L189 

XT 8 -bit hard disc controller 1:1 
MFM - 149 RLL - 159 

SYSTEM CASES WITH 
POWER SUPPLY 
System Enclosures include Front Panel 
controls and wiring, PSU and Fan(s): 

Table top low profile, 200W £109 
Table top compact 200W L119 
Mini Tower XT table top, 200W L149 
Mini Tower AT table top, 230W £199 
Std. Tower AT floor stdg, 230W £229 
Maxi Tower AT floor stdg, 400W £899 

BELL VGA MONITOR CONTROLLERS 
columns 640 640 800 800 1024 1024 RAM VGA ZOOM 
Rows 480 480 600 600 768 768 SIZE CHIP PAN 
colours 16 256 16 256 16 256 Kb TYPE SCROLL 

PRICE 
£ 

Y Y 256 OAK 
Y Y Y Y 512 WD 

Y Y Y Y 512 TSENG Y 

Y Y Y Y Y Y 1024 TSENG Y 

99 

149 

169 

219 

All VGA controllers support: * 8 bit and 16 bit bus. 

* VGA Mono with 64 grey scales. 
* Hercules, MDA, CGA and EGA software. 

Mono/Colour Graphic/Hercules/Printer Port adaptor, 64Kb £35 

TIGA/DGIS/8514A MONITOR CONTROLLERS: 
Texas Instruments T134010 and TI34020 based Graphic Processor 
Controllers from £549 - High -Res, High -Speed, High -Colour. 

ETHERNET & NOVELL 
BELL Ethernet Controllers compatible 
with NE1000 & NE2000: 
BE1000 8-bit/8Kb XT/AT bus £149 
BE2000 16-bit/32Kb AT bus £179 
8E2000 32-bit/32Kb INTEL 32 bus £249 
BE2000 32-bit/32Kb EISA 32 bus £289 

NOVELL 'STARTER' KIT: 
Novell ELS II V2.15 8 -user software & 
licence, 20ft Ethernet 'Thinet' cables & 
sockets 2 terminators , 1 8E2000 plus: 
3 8E1000 £1615 
6 8E1000 £2095 

***Call for low cost NOVELL/ARCnet*** 
***Call for Advanced and SFT software*** 

* All prices exclude VAT and Delivery. 
* One year warranty included with all products. 
* All products tested prior to shipment. 
* Prices are subject to change without notice. 
* Mail orders accepted with ACCESS and VISA. 
* PSL is a licenced credit broker offering Lease 

/Purchase agreements from one to five years. 
* OEM, Software House and Dealer enquiries welcome. 

MONITORS 
Hercules Mono 720x348: 
Amber, Green or Paper -White 
12" - L70 14" - £79 

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

£95 
£669 
L999 

Colour VGA/PGC/8514A: 
14" 640x480 £279 
14" 800x600 £499 
16" 1024x768 £789 
20" 1280x1024 L1949 

CALL OUR SALES DEPARTMENT FOR DETAILS OF: 
* Maths Co -Processors, DRAMs/SIMMs/SIPs, Keyboards, DOS etc. 
* Single and Multi -User UNIX/XENIX systems. 
* On -site hardware maintenance contracts. 
* Complete system integration of hardware and software. 
* Installations & on -site training. 
* Export Department for foreign orders. 
* Field up -grade service including Motherboards. 
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Who questions, who cares? 
There is some good news and some had 
news. First, the had news. The 
worldwide electronics industry is 
heading for another of its cyclical 
recessions. 
And the good news? The UK 

electronics industry has atrophied to the 
point where recessions don't matter any 
more. 

A deeply cynical and pessimistic 
view, perhaps. But how can you be 
optimistic when you see small. highly 
innovative companies fighting for their 
life and their larger counterparts 
fighting each other to sell off their 
electronic interests? 

The Liverpool company Rvtrak 
started life in December 1988, the 
brainchild of two ex -GEC Hirst 
Research engineers who knew a better 
way to deposit high quality polysilicon 
on large glass substrates. The 
revolutionary low pressure chemical 
vapour deposition process brought with 
it the promise of the world's most 
advanced LCD flat -screen TV and 
computers, an initial £450 (100 venture 
capital funding from 3i, and the 
personal blessing of the Duke of 
Gloucester. 

Rytrak built and delivered four of its 
£350 000 CVD machines and has orders 
for at least two more. Its products and 
processes have attracted interest from 
Sharp, Toshiba and Hitachi. It 

attributes its present problems to cash 
flow. 

All companies must exist on the basis 
of sound financial planning but it seems 
wrong that a spark of high-tech 
enterprise should find itself 
extinguished so readily. Rytrak may 
have got its sums wrong or a likely 
customer may have suffered from 
indecision. Either way, a product and 
process of such commercial potential 
would not he allowed to founder in 

Japan. 
As regards the destructive practices 

of larger companies. we can do no 
better than to quote our friends at 
Electronics Weekly writing in their 
Ruminator column: 

'Funny old world. isn't it when last 
year's tale that the only way to compete 
in electronics was to forge transnational 
company link -ups to share R&D and 
manufacturing costs in semiconductors 
and telecoms, is succeeded by this 
year's tale that R&D is unnecessary in 
the electronics industry and that making 
telephone exchanges is an unprofitable 
business to be in. 
"We appreciate that this is the softening 
up process to ease the moment when the 
UK'sshare in our only telephone 
exchange manufacturer. GPT. can be 
sold off to Siemens, and when the chip 
process R& D at Caswell can he 
abandoned which will inevitably lead to 
the demise of our only significant chip 
maker, Plessey. 
'Curious too when we also see the top 
brass at STC apparently indecently 
anxious to shuffle off its interest in our 
one remaining large computer maker, 
ICL. And then we remember the 
apparent relief with which Thorn 
flogged off our last significant consumer 
electronics business. Ferguson, to the 
French. It seems that the bosses want 
the UK out of electronics in high end 
communications. components, 
consumer and computer. 
"Yet the 4Cs' are the fastest growing 
areas of an industry which is expected to 
be the world's largest within a decade. 
Funny old world, isn't it?" 

We could have added a few more 
abdications of our own, and have done 
so frequently in this column: the UK 
semiconductor industry ill its virtual 
entirety with the magnificent exception 
of Zetex. and a complete infrastructure 
in the UK's passive component 
business. 

We don't have an easy answer. The 
hard one goes right back to the 
beginning of the educational system and 
students' perceptions of working in 
industry. However. those who really 
matter. the British boardrooms. don't 
appear to have any answer at all. 

Or even to have asked themselves the 
question. 

Frank Ogden 
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Tools for the professional engineer and programmer 
8OXX in circuit emulation 

1:xcellent soft ware. a truly capable 

user interface and up to 64K of 
emulation memory combine to 

give an advanced 8031/51/32/52 
and 8053 PC based emulator. A 

large trace buffer. unlintited break- 

points and a single step mode make 

dehugging easy and last. Prices 

from £685 to £875 

PAL programming 

The best sub-£ 111111) PAI, pro- 

grammer available, the PI 1(11) 

is pin programmable and handles 

over 1000 different devices. New 

PA Ls are supported withour free 

lifetime update service. The 
PI,I)I1(It) is approved by most 

PA 1.111.1) manufacturers. carries 

a one ) ear warranty and costs 

£785. 

Mutek (MSS) I,td. 

PC BIOS support 
If you need to have your 
own PC BIOS - for secu- 

rity. quality control or Just 

because you need custom 
facilities - you need these 

tools. A complete. docu- 
mented BIOS I'm AT or XT 
with source and a 3(l0 page 

manual priced from £9(1 

EPROM emulators 

The EPR2 is an EPROM 
emulator ss ith a difference. 
II has truly excellent support 
software and a simple but 

complete user interface that 

operates with your PC. Your 
target system can be devel- 
oped faster and you save time 

and frustration. Prices from 

£385 

Universal cross assembler 

ECAI. is a highly polished and well 

produced cross assembler with a 

straightforward user interface. It , 

supports all known processors and 

gives ultra fast assembly supported , 

by more features than packages at 

ten times the price. There are many 

hundreds of happy users and the 

latest release costs only £495 

Processor emulators 

We offer emulators for processors 

from the common to the really 

obscure - from the 8051 to the 

77CK2. Dedicated development 
systems are available for the Nlit- 

suhishi 747 series, the Dallas 
I)S5(1(H), the Phillips 800552 range 

and several others. Please call for 

details 

Analogue PC layout 

This is the first PC layout pack- 

age specifically for the ana- 

logue designer. It gives you 

the capabilities you really need 

to turn out first class work. 

Ideal for microwave ( with built 
in impedance calculations). 1 IF 

and high power systems it costs 

£820 

EPROM programmers 

The Expro 40 universal pro- 

grammer can program 
EPROM s. single chip micros as 

well as a range of PALs and 

most bipolar PROMS and is 

compatible with all PCs and 

clones. Complete with driver 
software and interface card the 

Expro 4(1 is £485 

F rome Road, Bradford on Avon BA 15 1 I.E 02216 6501/2 

CIRCI E ENQUIRY NO. 120 ON BACA PAGE 

The 
North's 

Premier 
Electronics 
Exhibition 

... that's Leetronex '90 ... the one Exhibition 
where you can literally plug directly into the fast 
moving world of Electronics ... with over 125 
leading Exhibitors, including many of the market 
leaders, Leetronex '90 will again be the North's 
leading Electronics Exhibition ... whatever your 
connection with the industry ... buying, selling, 
contracting, manufacturing, using or researching 
... you'll be in your element at Leetronex '90! 

FREE HOTEL BOOKING SERVICE 

TOPICAL SEMINARS 

EXHIBITOR & PRODUCT INFORMATION 

FREE PARKING 

3rd 4th 5th JULY1990 
AT THE UNIVERSITY OF LEEDS EXHIBITION CENTRE 

CIRCLE ENQUIRY NO. 121 OV SACK PACE 

FOR FULL DETAILS AND 
COMPLIMENTARY TICKETS 

TELEPHONE 
SARAH OR DENNIS ON 

- 0532 
332021. 

ORGANISED BY THE DEPARTMENT OF 

ELECTRONIC 8 ELECTRICAL ENGINEERING 

UNIVERSITY OF LEEDS LEEDS 152 91T 
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RESEARCH NOTES 

Radio waves at the edge of Eternity 
There may or may not be a restaurant at 
the end of the Universe, but we may 
soon know what's happening at the 
outer edge of our own solar system. 
That at least is the prospect offered by 
some new calculations from the Polish 
Academy of Sciences. 

In a recently published paper (Nature, 
Vol. 343 No 6267) Andrzej Czechowski 
and Stanislaw Grzedzielski investigate 
some mysterious 3kHz radio emissions 
that were picked up in 1983 by the 
Voyager 1 and Voyager 2 spacecraft. At 
that time both craft were between the 
orbits of Saturn and Uranus. 

The precise origin of these emissions 
remains a mystery; they could have 
been the result of some interaction be- 
tween the solar wind and the planets or 
they could have originated from outside 
the solar system, possibly in a nearby 
star. For the purposes of the latest re- 
search the origin of the radio waves is 
much less significant, however. than 
their behaviour. 

What Czechowski and Grzedzielski 
have done is to examine the character- 
istics of these 3kHz radio emissions and 
use them to calculate the distance to the 
edge of the solar system, or more prec- 
isely the position of the heliopause. 
That is where the wind of charged par- 
ticles from the Sun meets the flux of 
particles that form the interstellar 
medium. 

According to the Poles' calculations, 
the position of the heliopause is be- 
tween 60 and 100AU (astronomical 
units) from the Sun - that's 60-100 
times the distance between the Sun and 
the Earth. Pluto's orbit is about 50AU, 
so unless there is a Planet X at a greater 
distance, the Sun's electromagnetic in- 
fluence ends just beyond the planetary 
system. That in turn is significant, 
because Voyager 1 is already 40AU out 
on its journey and could therefore reach 
the edge of the solar system within the 
next few years. 

Precisely how the Polish scientists 
reached their conclusion is almost as 
interesting as the conclusion itself. 
Whatever the origin of the faint 3kHz 
emissions, they were observed to drift 
upwards in frequency at a rate of lkHz 
per year until they faded away. This rise 
of frequency is attributed to Fermi acce- 
leration, an effect that takes place when 
radio waves bounce off a moving struc- 
ture. That moving structure, according 

to Czechowski and Grzedzielski, is the 
solar wind moving outwards from the 
Sun at 400km/s. The other reflecting 
surface that forms a cavity within which 
the waves are trapped must inevitably 
he the fixed heliopause at the edge of the 
solar system. 

The Poles go on to argue that the rate 
of increase of frequency of the RF emis- 
sions in such circumstances must de- 
pend entirely on the number of times 
they bounce off the solar wind. That in 
turn must depend on the size of the 
cavity of which the solar wind forms 
part. Ultimately it provides a measure 
of the one unknown factor. the distance 
of the heliopause. 

Before Voyager I reaches the helio - 
pause, probably in 1996, it w ill first pass 
the so-called termination shock, a point 
at which the particles of solar wind cease 
to travel at supersonic speeds. This 
should occur in about 1993 and should 
he detectable by Voyager as a hiccup in 
the density and temperature of the 
wind. 

When eventually Voyager I reaches 
interstellar space it will be able to make 
the first e'er observations of the world 
beyond the Sun's influence. We'll then 
know what magnetic fields and what 
chemical elements exist in deep space. 

Microwaves in a skid 
Albert Wuori of Michigan Technical 
University in Houghton is researching a 
novel but highly practical use for micro- 
wave energy. It's part of a $6.5 million 
US National Research Council pro- 
gramme to find a satisfactory way of 
de-icing roads. 

Over in the States where they've had a 
particularly rough winter, just about 
everything has been tried from high- 
pressure anti -freeze jets to sandblasting 
devices. The trouble is that anything 
capable of melting the ice completely 
uses up prodigious amounts of energy to 
overcome the latent heat of fusion. Tra- 
ditional methods such as road salting 
cause corrosion to vehicles and bridges, 
while snowploughs damage the roads 
and usually only scrape off a surface 
layer of ice. 

The problem (as anyone here who can 
remember far enough back knows) is 
that ice clings tenaciously to roads, both 
by chemical bonding and by physical 

Supersonic solar wind 

Meliopause 

Termination shock 

\ Multiply reflected 
waves 

Interstellar wind 

Meleosphenc 
bow shock 

All being well. these observations will 
carry on till around the year 2015 when 
Voyager's nuclear power sources (see 
EW+WW, December 1989) cease to 
function. By then the craft will be 
130AU from the Sun, well outside the 
solar system. 

Astute space watchers may well 
wonder why Pioneer 10. launched ear- 
lier and now 48AU away, won't reach 
the heliopause first. The answer, appa- 
rent in the diagram, is that Pioneer is 
travelling downwind in what is assumed 
to be the tailward direction of the helio - 
pause. That way it probably has much 
further to go. 

interlocking with the cracks and crevices 
of the surface. What Wuori and his 
colleagues have therefore been trying to 
do is use beams of microwave energy to 
zap the ice -road interface. 

A mobile experimental system de- 
signed and built by Research Associates 
of Syracuse, N.Y. uses about 15kW of 
beamed energy and can successfully loo- 
sen ice as it passes along a laboratory 
track. Ultimately, the idea is to develop 
a practical vehicle that will travel at 
about 20mph, loosening ice and then 
dispersing it mechanically. 

One problem, of course, with such a 
high -power system would be ensuring 
that stray microwave energy was kept 
within safe limits for public exposure, 
no mean task! The best solution, suggest 
the researchers, would be to incor- 
porate microwave -absorbing materials 
in the surface layers of roads likely to be 
affected by ice. That way much less RF 
would be needed to do the trick. 
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A PROGRAMMER FOR THE 90s 
Just compare the features: - 

High speed download - 1M bit per minute 
from a PC using the Centronics port. 

Full set programming - up to 8 eproms 
can he programmed simultaneously. 
Device coverage currently. to 4M hits. 
(No adaptors needed fbr 32 pin eproms.) 

IN Modular construction protects your 
investment and offers the 
flexibility to fit two different 
modules for different applications. 

IN Standard ram size of 2M bits. Just 
£250 for an extra 6M hits. 
Ease of use - 48 character I.CD with user selectable 
operating system fhr R&I) and production. 

A quick 'phone call will bring you our colour brochure 
or a demonstration. 

LLOYD RESEARCH LTD. 
7/7A Brook Lane, Warsash, Southampton, S03 9FH. 

Tel: (0489) 885515. Fax: (0489) 885853. 
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PROFESSIONAL CIRCUIT - BOARDS 
PCB EAGLE is the complete board layout solution at an 

affordable price; - Yes complete - 

No starter kits followed by expensive upgrades. 
It's easy -to -learn, quick to use and runs on an IBM PC. 

So at "one -per -desk" prices you can afford several for 
Look at what it offers: your engineering team. 

MANUAL OR AUTOROUTE. TRACK/SIGNAL/BOARD ROUTING 

255 LAYERS. 1MIL RESOLUTION, UP TO 64" X 64" BOARDS 

CONTINUOUS ZOOM. AUTOPAN. UNLIMITED UNDO/REDO (OOPS) 

RATSNEST, RIPUP, RUBBERBAND, CUT & PASTE FUNCTIONS 

INTERACTIVE OR NETLIST ENTRY (EG ORCAD) 

COMPONENT & USER -SPECIFIC MACRO LIBRARIES 

COMPREHENSIVE DESIGN RULE CHECK AND DISPLAY 

USER -CONFIGURABLE FUNCTION KEYS. MENUS. SETUPS. COLOURS ETC. 

FREE DRIVERS FOR STANDARD PLOTTERS & PRINTERS 

RUNS ON IBM PCXTIAT. 640KB. S' FLOPPY. EGA OR VGA COLOUR 

.1\1.\th Novv a\c 
See 

.,le 
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.00 

designed. in house. ! 
Why not try out our demo and see for yourself how 

you can 100% autoroute this board in 54 seconds! 

6 ('adsoft (tiK) 
PO BOX 5, Kilmacolm, 

Scotland. PÁ13 4JZ 
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EAGLE Layout Editor 
EAGLE Auto router 
EAGLE Schematic Capture 
EAGLE Demo Kit + Manual 

Tel: 050587 2338, Fax: 050587 4149 
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RESEARCH NOTES 

Atomic snooker 
Scientists at IBM's Almaden Re- 
search Centre have demonstrated their 
ability to roll individual atoms on a sur- 
face and to build sub-miroscopic struc- 
tures one atom at a time. 

This should make possible a wealth of 
future applications such as building 
molecules atom -by -atom, altering indi- 
vidual molecules, making ultra -small 
electrical circuits far smaller than is 

possible today or storing data on an 
atomic scale at densities more than a 

million times greater than is now 
possible. 

More immediately, the new techni- 
que will assist in studying the funda- 
mental behaviour of atoms on surfaces. 
This knowledge is crucial to everyday 
industrial processes, such as catalysing 
chemical reactions and manufacturing 
semi -conductors. 

Physicists Donald Eigler and Erhard 
Schweizer have described in Nature vol. 
344 no 6266 how to move individual 
atoms across the surface of a metal 
crystal and have demonstrated their 
new technique by moving atoms of the 
element xenon into a pattern forming 
the letters "IBM". Each letter is about 
500,000 times smaller than those on this 
page, while the atoms themselves are 
separated by only I3Angstroms. 

Later, the scientists created the first - 
ever atomic cluster built one atom at a 

time - a chain of seven xenon atoms 
bound together. These demonstrations 
required the atoms to be cooled to 
-269°C to eliminate thermal motions. 
Eigler says he realised the xenon atoms 
in the seven -atom chain were bonded 
together because he could relocate up to 
three of them at a time by moving an end 
atom. The ability to position individual 
atoms in this way has the potential to 
advance fabrication techniques to a 

scale of less than 10-9m, more than 500 
times smaller than that currently used in 

semi -conductor chip manufacturing. 
The scientists used a scanning tunne- 

ling microscope (STM) both to move 
the atoms into place and to view their 
progress. The STM, invented in the 
early 1980s by Nobel Prize-winning 
scientists at IBM's Zurich Research 
Laboratory, can image individual atoms 
on a metal or semiconductor surface by 
scanning the tip of a needle over the 
surface at a height of only a few atomic 
diameters. By plotting the path of the 
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Don Eigler of IBM with the STM, with 
which he is able to move atoms around on 
a substrate at will, as witness the company 
name in xenon atoms. 

STM tip, it's possible to make an 
atomic -resolution image of the surface. 
Eigler and Schweizer discovered that, 
by bringing the STM tip slightly closer to 
a xenon atom on the surface, they could 
drag the atom across the surface when 
they moved the STM tip parallel to the 
surface. At the desired position, the 
scientists raise the STM tip, leaving the 
atom fixed in its new location. The pro- 
cess is like moving a magnet by the 
motion of another magnet nearby, but 
not touching. 

The shape of the surface is important. 
To another atom, even an atomically 
smooth surface would look like the 
bumpy, waffled surface of a large egg 
carton. To move over the surface, the 
atom must traverse its depressions and 
crests. Eigler and Schweizer's method 
requires that the STM operator main- 
tain a delicate balance of several attract- 
ive forces between the atoms. For 
example, the atom's attraction to the tip 
must exceed the lateral force that pre- 
vents an atom from riding over a crest 
into the next depression. But to keep an 
atom from flying off the surface, the 
force that binds it to the surface must be 
stronger than the atom's attraction to 
the STM tip. Although in this technique 
it is possible to tune the attractive forces 
by controlling the height of the STM tip 
above an atom, the process will only 
work with particular combinations of 
atoms and surfaces. 

In creating these structures, . the 
scientists had to plot the course of the 
atoms across the surface carefully so the 
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atom being moved would not collide 
with, or get close enough to be attracted 
to, any other xenon atoms along the 
way. 

This achievement grew out of Eigler's 
desire to understand how atoms and 
molecules interact with surfaces. To do 
this, Eigler built an STM that could 
operate with extraordinary sensitivity 
and precision. He not only reduced con- 
tamination and unwanted atomic 
motion by placing the STM in a high 
vacuum and cooling it with liquid he- 
lium. he also carefully isolated the STM 
from vibrations as faint as those from 
the sound of a person's voice and heat 
sources as weak as a nearby human 
body. As a result, Eigler's STM can 
resolve vertical changes in an atom's 
apparent shape as small as 0.002Angs- 
trom - far smaller than any single 
atom. 

July 1990 ELECTRONICS WORLD + WIRELESS WORLD 559 



RESEARCH NOTES 

Micro -chip fuel cell with a big future 
Fuel cells have always been attractive in 

theory because of their high conversion 
eficiency (50+% compared with 35% or 
so for a heat engine) and also because 
they can provide endless power if the 
fuel supply is maintained. The US space 
shuttles, for example, derive their elec- 
tricity supplies from fuel cells fed with 
hydrogen and oxygen gases. The only 
snag is that conventional fuel cells are 
technologically complex and hence 
expensive. 

Against that background comes what 
appears to be a highly significant deve- 
lopment from Bell Communications 
Research in New Jersey. In a letter to 
Nature (vol. 343 no 6258), C. K. Dyer 
describes a novel fuel cell which can he 
made using microchip technology, 
which is potentially cheap to manufac- 
ture and which produces a high output 
using mixtures of hydrogen and oxygen 
in widely varying ratios. Hitherto, fuel 
cells have required the input gases to he 
separated and purified if they are to 
produce reasonably high output volt- 
ages. - 

Dyer's cell is deceptively simple, con- 
sisting of little more than two platinum 
electrodes separated by a microsco- 
pically thin layer of pseudoboehmite, a 

natural form of hydrated aluminium 
oxide. 

To make his cells, Dyer took a quartz 
substrate and sputtered on a layer of 
platinum. About 50nm of aluminium 
was then RF sputtered on top of the 
platinum. Subsequent boiling in water 

oxidised the entire aluminium layer to 
form the pseudoboehmite. Finally a 
thin, gas -permeable layer of platinum 
was added to form the top electrode. 

When fed with mixtures of hydrogen 
and air in a very wide range of propor- 
tions, the cell gave a virtually constant 
output of around 1V. Useful currents 
could also he drawn. 

As yet, Dyer has no idea of exactly 
how the cell works, nor why it can main- 
tain its voltage and polarity with such a 
wide variation of feedstock. Equally 
puzzling, but gratifying, is the cell's abil- 
ity to operate at room temperature, 
given that it has a solid electrolyte. The 
more practical consequence of this de- 
sign, however, is that is offers prospects 
of easy fabrication, cheap production 
and high power density. 

Replacing the quartz substrate with 
Kapton and using the acid polymer 
Nafion results in a cell which performs 
just as well as its laboratory prototype, 
but has the potential to be rolled up or 
made with a high surface area, just like 
electrolytic capacitors. Already power 
densities of around 100W/kg are achiev- 
able, while Dyer believes that 1kW/kg 
should be relatively easy to manage. 

In concluding his paper, Dyer says 
that, regardless of how the cell works, 
the fact that it can he easily and uncri- 
tically reproduced should lead even- 
tually to a broad range of applications 
from small lightweight fuel cells to new 
uses in information processing. (To 
which one could add electric vehicles, 

What shape is an atom? 
A fuzzy blob? A miniature solar 
system? The answer seems to depend 
on how you look at it; whether like the 
IBM team you use a scanning tunnel- 
ling microsope or whether, like Dr 
Peter Teubner of Flinders University in 

Adelaide. you use an active method. 
Teubner and his team are reported 

(Aust Sc. c+i Tech Newsletter vol. 2, no 
5) to have measured the precise three- 
dimensional shape of a sodium atom. 
The technique involved using a laser to 
excite the atom and then firing elec- 
trons at the excited atom. By observing 
whether or not the electrons gained 
energy in the collision as the polarisa- 
tion of the laser beam was varied, 
Teubner was able to plot an exact 

representation of the atom's p -orbital - effectively the shape of the atom. So 
detailed are the results that the 
Flinders teams describe them as having 
all the detail of real photogrpahs. 

The actual shape of the sodium 
atom, though. is no less intriguing than 
the technique used to image it. 
Teubner describes it as resembling a 
peanut about 10-9m in length! (On that 
basis one wonders if some of the big 
accelerators producing condensed 
matter are just expensive peanut butter 
machines). Perhaps the team is wise 
now to set its sights on calcium, which 
Teubner describes as ''a more theore- 
tically interesting but less ambiguous 
atom". 

where recharging with liquid gas or suit- 
able hydrocarbons would give the con- 
venience of petrol with the efficiency 
and environment -friendliness of elec- 
tricity.) 

Potential new 
contraceptive? 
Novel ways of keeping us out of the 
family way know no bounds, accord- 
ing to a conference report published 
in the General Practitioner. 

Tests on baboons in the USA have 
apparently shown that sperms can be 
immobilised and even electrocuted by 
means of a 'battery device' surgically 
inserted in the female cervix. The 
report, I hasten to add, emphasises 
that satisfactory results, i.e.. no little 
baboons, were achieved by means of 
a low current that caused no discom- 
fort to the animals (male, I hope, as 
well as female). 

Oat s;% _ 
Dr Stephen Kaali, director of the 

Women's Medical Pavilion in Dobbs 
Ferry, NY, who developed the idea, 
reckons, however, that it will be 
many years before women can switch 
themselves on or off to order. A 
major problem, for example, is that 
of ensuring bio-compatibility, i.e. 
preventing rejection or some nasty 
interaction with body fluids. 

Also, how could you ever face the 
prospect of telling your family that 
they owed their existence to a dud 
PP3? 

Research Notes is written by John Wilson 
of the BBC World Service science unit. 
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NEW DIMENSIONS 
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. 
SCHEMA III schematic capture 
SCHEMA SUSIE logic simulator 
SCHEMA PLD pld design/selection 
SCHEMA PCB board layout & routing 

FREE DEMO DISKS 
30 DAY GUARANTEE - SITE LICENSE AVAILABLE 

Affirm °NIr i iON 
Represented by: AUTOMETRIX U.K. 
Phone: 0672-63650 Fax: 0672-63417 

CIRCLE ENQUIRY NO. 124 ON BACK PAGE 

ECA-2 
FAST, FRIENDLY, FLEXIBLE FEATURES 

ECA-2 is a powerful user-friendly program for analogue circuit analysts. In association with a spe- 

cially tailored graphics entry program, you can draw and analyse your circuits simultaneously. 

Even with just some of its features that we have been able to show in this ad, you will be pleasant- 

ly surprised by its pricing. Shown below is a small corner of its facilities. To see more, you must 

contact us for a free demo disk which is the complete program limited only in the size of circuits it 

can handle. The full version is able to handle upwards of 500 circuit nodes! 

Controlled ,*oat fbB 
P '.Ya.cc .e....., a:; 

xx*I 

xx0 

p 

XXX 

-.-,-` 
ni 

xx 

XXIitx 
# 
XXX 

Ml Y 

ICIOCx111.-91 

1 " -- 
L~ r 

XXX 

4 -,-1# 
# 
XXX # 

i 

T xxi 

Statistical Analysis 

Components 

ECA-2 accepts simple two -terminal linear components such 

as resistors and capacitors; it includes current and voltage 

sources and transmission lines. Diodes are described by the 

exponential diode equation wherein (amongst other parame- 

ters) the user can define the emission coefficient, energy gap, 

temperature correction factor, and forward and reverse resis- 

tances. This enables real diode characteristics :o be 

matched. Transistors, thyristors and operational amplifiers 

can also be modelled. These can be saved as macro rrwders 

and a number of popular devices is supplied or the disk. 

Furthermore non-linear functions can be added to any com- 

ponent to enable for example zener diodes and voltage- 

vanable capacitors to be created. It is possible to define com- 

ponents in terms of their real and imaginary pans, for exam- 

ple to define the band -width or phase shift. 

A rather pessimistic worst case analysis can be 

run. It also performs a sensitivity analysis indicating 

which tolerance contribution is the most important 

factor, whilst Rc2 has negligible effect. A more realistic esti- 

mate of production yield is obtained by a Monte Carlo analy- 

sis which can be tabulated or d splayed as a graph. Just 25 

runs of a 3rd order Chebyshev filter are shown here. 
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Transient Analysis This calculates circuit conditons over the prescnbed time range at the pre- 

scnbed interva s This is a full nonlinear analysi: which is illustrated here by a quadrature oscillator. The cir- 

cuit generates two sine waves in quacrature. A small initiating pulse is required and is produced by the pulse 

generator whose output resistance is made very large so that it has no effect on the subsequent operation. 

ECA-2 allows up to four points to be plotted and here the quadrature waveforms and the current in R5 are 
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DC Signal Analysis 

Here the analysis is carried out at a fixed temperature with 

the signal generators set to dc. An interesting application of 

this is the Schmitt Trigger where the dc command is used to 

step the input from -5V to 5V in 0.1V steps. The loop option 

then causes the voltage to reverse so that the hysteresis loop 

can be traced. In conjunction with the sweep command, this 

allows the effect of altering the resistor R1 from 5 la to 30 

kit in three logarithmically spaced steps to be observed. 

If your work involves designing, developing or verifying analogue or 
digital circuits, you will wonder how you ever managed without Those 
Engineers circuit Simulation Software. 

A good range of properly supported and proven programs is available 
and our expert staff are at your service. 

Telephone: Charles Clarke on 071-435 2771 
for a demonstration disk. 

106a Fortune Green Road West Hampstead 

000000 LTD Tel: 071-435 2771 Fax: 071-435 3757 
London NW6 1DS 
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UPDATE 

Weak field effect overpowers 
thermal noise, says report 

- 

A recent paper in the prestigious 
journal Science indicates that cellular 
responses to very weak oscillations in 
electric fields may not be overwhelmed 
by the ever-present thermal noise and 
therefore cannot be dismissed on 
theoretical grounds. The authors, Dr 
James Weaver of the Massachusetts 
Institute of Technology, Cambridge, 
Mass., and Dr Dean Astumian, of the 
National Institute of Standards and 
Technology, Gaithersburg, Maryland, 
state that thermal noise causes 
randomisation of cellular processes and 
is important because it is fundamental, 
and because other biological response 
mechanisms have a threshold close to 
the thermal noise limit. 

In their paper in the 26 January issue 
of Science (247; 459-62), titled, "The 
response of living cells to very weak 
electric fields: The thermal noise limit," 
the authors present a physical model in 

which cells are considered as possible 
detectors of very weak periodic electric 
fields. This yields a general relation 
between cell size and both thermally 
induced fluctations in membrane 
potential and the maximum change in 
membrane potential caused by an 
applied field. 

They show that a small but repeated 
electric field concentrated in a narrow 
band of frequencies can trigger 
transformations in the shape of 
macromolecules, especially enzymes 
bound to cell membranes. The simplest 
version of the model provides a 
broadband estimate of the smallest 
applied electric field to which 
membrane macromolecules can directly 
respond (about l0-3V/cm). 

Based on the assumption that the 
molecules are sensitive to specific 
frequencies and that the cell has a 
mechanism to enable the signals to 

Plessey has won British Standard BS9450 approval for its c -,nos gate arrays, covering 
the 21.im CLA family (up to 9mm square). Plans are in hand to extend the approval to the 
1.4µc-mos process with die sizes up to 14.5mm square. 
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generate a cumulative effect over time, 
Weaver and Astumian provide models 
to show that thresholds for electric field 
effects can be reduced by a factor of 
100,0011 below the thermal noise level, 
reaching levels as low as 4 x 10-6V/m at 
100Hz and 10-6V/m at 1 kHz. According 
to the authors, the optimum coupling 
would occur in the range of 100Hz to 
1MHz, based on the relaxation times of 
transitions between different structural 
arrangements of enzymes. 

They conclude: "We have shown that 
the lower limit for a minimum 
detectable field imposed by competition 
between an applied field and thermal 
noise is small. Other sources of noise 
that might lead to larger minimum 
detectable fields are not considered but 
should be investigated. However, the 
estimates presented here argue that 
concerns due to very weak 
environmental electric fields cannot be 
dismissed on grounds of being swamped 
by thermal fluctutations." 

The model proposed by Weaver and 
Astumian implies that frequency 
"windows", like those discovered by 
American researchers Drs Ross Adey 
and Carl Blackman, would be expected. 
Their model is also in line with the 
experimental and theoretical work of 
biophysicists like Prof Herbert Frohlich 
at the University of Liverpool and Dr 
Cyril Smith at Salford University, 
showing that, contrary to the view that 
any electromagnetic field bioeffects are 
likely to be due only to induced tissue 
currents, high coherent electromagnetic 
fields can disturb cellular functioning at 
very low intensities by acting on 
coherent internal cellular fields. 

Further recent experimental 
evidence that such coherent 
electromagnetic processes act as the 
engine for biological dynamics is 
reported in another paper, by Emilio 
del Guidice, a research nuclear physicist 
at the University of Milan, and others 
(including Dr Cyril Smith) in the 
journal Physica Scripta (1989; 40: 786- 
91) entitled, "Magnetic flux 
quantisation and Josephson behaviour 
in living systems." 
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THE ORIGINAL SURPLUS WONDERLAND! 
MONITORS 

MONOCHROME MONITORS 
THIS MONTH'S SPECIAL! 

There has never been a deal like this onel 
Brand spanking new & boxed monitors 

r from NEC. normally selling at about £1401 
These are over -engineered for ultra 
reliability. 9' green screen composite input 

.e,.... with etched non -glare screen plus switch - 

able high/low 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 main or backup monitor and for 
quantity users' £39.95 each (D) or 5 for £185(G) 

CALL FOR DISCOUNTS ON HIGHER QUANTITIES! 
Zenith ZVM-1240-EA brand new 8 boxed 17 amber flat screen 
with optional swivel and tilt base. Sunflex filter with dark tint. 
Standard TTL PC compatible. 18 mhz bandwidth. Very attractive 
"state of the an" 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) 101'500 (G). Swivel/tilt base £4.95. 

Very high resolution, fully cased 14" green or amber screen 
monitor with non -glare screen and swivel/fill base. The very 
latest technology at the very lowest prlcel 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 pace. Has many extra features 
including aux +5 8 12v DC outputs to power at least 2 disk doves, 
if your PC power supply Is getting hot' Supplied BRAND NEW 
and boxed. Stale whether amber or green screen required. 

Amber £79 Green .............£69 E) 
Wang green screen 17 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 8 white compact chases measur- 
ing only 11.6H x 12W x 22D. Ideal for CCTV or core ter 

IBM KEYBOARD DEALS ' ANALOG to DIGITAL and DIGITAL to 

NEW 5l4 Inch from £29.951 
Massive purchases of standard 51/4" drives enables us to way ribbon cable and edge connector togoto the computer and 
present prime product at industry beating low prices' All units power cable. All for a traction of the regular pricel £49.95 (C) 
(unless stated) are removed from often brand new equipment - 
and are fully tested.aligned and shipped to you with a 90 day POWER SUPPLIES 
guarantee and operate from +5 8 +1 vdc, are of standard size All PSUe 220-240v*c input and are BRAND NEW unless 
and accept the standard 34 way connector.SHUGAFT stated.Many types ranging from 3v to 10kv always in stock. 

TANDONT 
SÁ4025. BRAND NEW £39.95(C 

Fine OP -9619 20 watts switch mode. +5v @ 2a. +12v @ la, TM100-2A IBM compatlda DS £39.95(Cí 
TAN DON TMIO1 d 80 Track DS £49.95(C) -12v @ 0 la. 5" x 3" x 1-1/7. £15.95(B) 

CANON,TEC etc DS halt height. State 40 or 8OT £75.00(C) Aztec AC -8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 

TEAC FD -55-F.40-80 DS half height. BRAND NEW £99.00(C) 2a. -12v @ 0.1a. 6-t/4' x 4- x 1.3/4-. £19.95(8) 

312 INCH BRAND NEW AT £'9.9511 Greenda.e 19ABOE 60 watts switch mode.+5v @ 6a412v @ 

Never before seen price for a 312" drive. Standard size believed l a.i15v @ la. RFE and fully tested.' l x 20 x5.5cros. 124.95(C) 

to be by Canon. Brand new and packaged - mint condition' 40 Conver ÁC130. 130 watt hí -grade VDE spec.Switch mode.+5v 
track SS, run from +5 8 +12vdc with standard power connec- @ 15a, -5v @ la3.12v @ 6a.27 a 12.5 a 6.Scros £49.95(C) 
tor. Only £19.95 or 2 for £34.50(B) Boshert 13090.Switch mode.ldeal for drives 8 system. +5v@ 

CHOOSE YOUR 8 INCH 6a, +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) 
pu Shugart 800801 SS refurbished 8 tested £125.00(E)Famell G40 Switch mode. 5v @ 40a.Encased [95.00(C) 

applications. Accepts standard composite or Individual 11 8 V Shugart 851 double sided refurbished 8 tested £195.00(E 
6Á 

Ferrell G24/5S. As above but 24v @ 5a. £65.00(C) 

syncs. Needs 12vdc at only 0.8a. Some units may have minor Mitsubishi M2894-63 double sided swttchable 

screen blemishes. Fully tested with 30 day guarantee and full hard or soft sectors- BRAND NEW £25o.00(E) COOLING 'FANS 
data. 479.00¡C) SPECIAL OFFERS!! Please epeciry 110 or 240 volts for AC fans. 
Fully cased as above In attractive moulded desk standing Dual 8" drives with 2 megabyte capacity housed in a smart case 
swivel. Dim 12 x 14.5 x 26cm. £39.0010 with built In power supply' Only £499.00 (F) 

3 Inch AC. 112" thick 

JVC 751 ultra compact chassis monitor for 12vdc 0.7a. Dim 1 ideal as exterior drives! 

A replacement or backup keyboard, switchable for IBM PC, ANALOG -CONVERTERS 
PC -XT or PC -AT. LED's for Caps,Scroll 8 Num Locks. Standard 
84 keyboard layout Made by NCR for the English 8 US markets. Brand new and boxed Amdek 
Absolutely standard. Brand new 8 boxed with manual and key ADA-200 analog to digital and : u 
template for user slogans on the function keys. Attractive cigital to analog convener pack- ik It 
beige,grey and cream finish, with the usual retractable legs ed full of features: interfaces to 
underneath. A generous length of curly cord, terminating in the most pop.ilar PC's; 2 channel '- 
standard 5 pin DIN plug. A beautiful clean piece of manufac- input 8 output by software selec- 
hirers surplus. What a deall £49 (B) "225(D) Lion; integral inpuVoutput fillers and address decoder, Input 
Brand new and boxed 84 key AT type keyboards In standard pre -amp; over -level detecter, trigger signal detecter dreuit; 
IBM grey with very attractive mottled finish and 'dicky- solid feel expansion availability and more. Input level 25mv to 50v p -p. 
keys. 10 function keys on side. English layout and £ sign. GreenMax. sampling frequency Is 44khz and input gain variable to 
LEDs for Caps, Scroll 8 Num locks. £19.95 (B) 5/£135 (D) 200 times. Designed for use with almost any personal corn - 

CALL FOR DISCOUNTS ON HIGHER QUANTI TIES! puter. allowing conversion of analog signals to digital data for 

pfOCessing by the 
computer plus conversion back to analog 

FLOPPY DISK DRIVES signals. The 26 page manual supplied includes data on the 

BARGAINS GALORE ! 
correct connection to various CPU's Including the 8080. Z-80, 
6800, 65C2 and 6809 families plus data and schematics for user 
modification of VO filter cut-off frequencies. Complete with 50 

£ 8.50(B) 

312 Inch AC ETRI sllmline.Only 1' thick. £ 9.95(B) 

x 14 x 18cm. Simple DIY data Included to convert to composite End of line purchase scoop! Brand new NEC 02246 8' 85 4 Inch AC 110/240v 112" thick. £10.95(8) 

video input .Full data. BRAND NEW í65.00(B) megabyte of hard disk storage) Full CPU control and industry 4 inch AC 11 ' thick £ 9.95(B) 

20' Black & white monitors by Aztek, Cotron 8 National. All standard SMDlmertace. Ultra hispeedtransler and access time 10 inch Round.3121hidk. Rotron 110v £10.95(8) 

solid state, fully cased monitors Ideal for ail types of AV or CCTV leaves the good old ST506 interface standing. In mint condition 62 mm DC 1' thick.No.812 for 6/12v.814 24v. f15.95(Á) 

applications. Standard composite video Inputs with Integral and comes complete with manual. Only C399(E) 92 mm DC 12v. 18 mm thick. í14.95¡A) 

audio amp and speaker. Sold in good used conditionfullytested flinch DC12v.12w1L'thick £1250íB) 

with 90 day guarantee. £85.00(F) MAINS SUPPRESSORS & FILTERS 4 Inch DC 24v 8w. 1" thick. £14.50(8) 

COLOUR MONITORS Roxburgh SDC 021 2 amp mains RFI filter. Has an extra wide 
Decca 16" 80 budget range colour monitor. Features a PIL tube, frequency range of 150 khz to 30 mhz. Can type, solder lug 
beautiful teak style case and guaranteed 80 column resolution, connection. Oualty manufactured to BS 613 standards. Dims 
features usually seen only on colour monitors costing 3 times 1-1/7D x ....... £3.95 or 3 for £10 (A) 10 for £28 (B) 
our price' Ready to connect to most computers or video outputs. Roxburgh SDA 013/25. Similar to above rated at 1-1/2 amps. 
7541 composite input with integral audio amp 8 speaker. Fully Dims I -1/2'0x 1.3/4'11....£3.25 or 3 for £8.50 (A) 10 for £25(B) 
tested surplus, sold In little or hardly used condition with 90 day Suppression Devices SOS A10. Extra compact general pie - 
full RTB Ideal for use with video recorder or our 

su ressor. Plastic moulded case with single bolt fixing 
Teiebox ST, and other audio visual uses. í99(E) 3/1275(G) Po 9 9 

HI -DEFINITION COLOUR MONITORS and snap connectors. Rated at 230 vac 5 anps. Dims 13/41_ 

Brand new Centronic 14' monitor for IBM PC and compatibles 
x 1-1/8-W a 5r8'H £3.95 or 3 for £10 (A) 10 for £28 (B) 

at a lower than ever p1ce' Completely CGA equivalent. Hi -res 
ling -Lee type L2127 3 amp mains RFI filters. Has a built in 

mains ca 
Mltsutushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz cable (English coding), and a three pin miniature non-re- 

bardwidth. A super monitor In attractive style moulded case.Full vers;ble socket and a mating plug, to go to the equipment. Ideal 

90 day guarantee. Only £149 (E) for those who am bugged by RF Interference. Very compact. 

20",22" and 26" AV SPECIALS Dims 3-1/8' x 2.5' x 1.5" £3.95 each or 3 for £10 (A) 

Superbly made UK manufacture. PIL all solid state colour RECHARGEABLE BATTERIES 
monitors, complete with composite video 8 sound Inputs. Anrac- LEAD ACID 
five teak style case. Perfect for Schools,Shops,Disco, Clubs. Maintenance free sealed long life. Type A300. 
In EXCELLENT little used condition with full 90 day guarantee. 12 volts 12 volts 3 amp/hours 
20"....£155 22''....£170 26"....£185 (E) 6volts 6volts3amp11ours 

12 volts Centre tapped 1.8 amp hours. FIFE. 
COMPUTER SYSTEMS 12 volt* 12 volts 24 a hours. A200. RFE. 

TATUNG PC2000. Big brother of the famous Einstein. The NICKEL CADMIUM 
TPC2000 Professional 3 piece system comprises: Quality 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 CPA& Wordstar 
and Basic. Brand new and covered by our famous 90 day 
guarantee and backup. Normal price of this unit Is over £14001 

Our price .... only £299 (El 

V22 1200 BAUD MODEMS 
Ove gor a uemeríóous buy an wrier s,oc,i;s of -his popu.ar 

DECbECd 

newwVAX 

Station 1ation 

Master Systems 2/12 microprocessor controlled V22 lull duplex D 

1200 baud modem - we can now bring them to you at half leaf DEC LS/02p1 CPUl board 

advertised price! Fully BT approved unit, provides standard ThCaicomp 16360A 

Argo drum 3 pen plotter 

V22 high speed data Comm, which at 120 cps,can save your L o analyser r 

phone bill and connect time by a staggering 75%l Ultra slim 45 
1.5kw 84 power source tee 

mm high. Full featured with LED status Indicators and remote Sony s R140 deNI to 
system 

test signal standard. £ 790 
9 Sony KTX 1000 Videotex system -bind new £790 

error diagnostics. Sync or Async use; speech or data switching; ADDS 2020 VDU terminals - brand new £ 225 
built In 240v mains supply and 2 wire connection to BT. Units Sekonic SO 15011 18 channel Hybrid recorder £2000 
are In used but good condition. Fully tested prior despatch, with Trend 1-9-1 Data transmission test set £ 525 
data and a full 90 day guarantee. What more can you ask for - Kenwood DA -3501 laser pickup simulator £ 350 
and at this pncell ONLY £69 (D) 

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWT 

. THE AMAZINGTELEBOX! 
Converts your colour monitor Into a 

DUALITY COLOUR TV!! 

°, -11- < 

TV SOUND 
d VIDEO 
TUNER! 

Brand new high quality, fully cased, 7 channel UHF PAL TV tune 
system.Unit simply connects to your TV aerial socket and colour 
video monitor turning 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 HI Ft system etc. Many other features: LED 
Status Indicator, Smart moulded case. Mains powered, Built to 
BS safety specs. Many other uses for TV sound or video etc. 
Supplied BRAND NEW with full 1 year guarantee. 
Telebo: ST for composite video input monitors 129.95(B) 
Teleboa STL as ST but with Integral speaker £34.95(B) 

£13.95(A) Teleboz RGB for analo_gue ROB monitors £65.95(B) 
£ 9.95(61 NOT suitable Ipr IBM or Clone type colour monitors. 
£ 5.95(A PAL overseas version lease call. SECAM not available. 

á,00(B BRAND NEW PRINTERS 
Duality 12v 4ah cell pack. Originally made for the Technicololor Epson MX -80 F/T One of the most popular printers aroundl 

video company. Contains 10 GE top quality D nicad cells In a Bidirectional printing with full logic seeking. 9 x 9 dot matrix for 

smart robust case with a DC output connector. Ideal for ppoonable enlarged,bold,condensed etc. Standard parallel interface. Brand 

equipment. Brand new. £19.95(B) label removed from front. Handles iractor.lantold and individual 

Ex -equipment NICAD cells by GE. Removed from equipment paper. OK with IBM PC and most others. A tremendous bu I 

and In good, used condition: D size 4ah 4 for £5(B) FOR A JMTED TIME ONLY £129.00 (E) 

F size 7ah 6 for £8(E DED DPG21 miniature ball point pen printer plotter mechanism 

SPECIAL INTEREST with full 40 characters per tine. Complete with data sheet which 
- Includes dreull diagrams for simple driver electronics £49(B) 

Hitachi 10 pen A3 plotter - HPGL - New £ 495 Centronics 150 series. Always known for their rellabilty In 

Trio 0-18 vdc bench PSU. 30 amps. New £ 470 continuous use - real workhorses in any environment. Fast 150 

DEC VAX111750Inc. 2 Meg Ram DI and full documentation. in cps with 4 fonts and choice of interfaces. 
£3900 150-SH up to 9.5' paper £155.00(E) 
£ 295 150 -SW up to 14.5' paper £199.001E) 
£ 150 Specify whether serial or parallel required. 

£ 650 CALL FOR THE MANY OTHERS IN STOCK 
£ 275 INCLUDING DAISY WHEELS. 
£ 950 

sl our ' p t = n' -i ' elp always on hand 
plus many un-advertlsed specials. You can buy a 

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

~ j j MAIL ORDER IL OFFICE, 
j . Open Mon -Fri 9.00-5.30 

j Ñ Dept WW, 32 Blggln Way, j ...j a. Upper Norwood, 
London SE19 3XF, 

-Electronics- 

LONDON SHOP 
100's of bargains! 

Open Mon -Sat 9-5.30' 
215 Whitehorse Lane, 

South Norwood, 
London, SE25 

All prices tor UK Mainland UK wdEorr.rs add 15% VAT to TOTAL order amount M,nrm,xn order [10 PO orders front Goverrenent. Univers4.s.Schods 8 Local fvparriies 
welcome -minimum account order C25 Carriage charges (A)d2 00 (B).L1 50 (CI -CB 50. (01.510 CO 1E).£12 00(F)á17 00 (G).C.ii All goods rrppliee s bjed to ow 

standard Conditions of Sale and unless otherwise dated guararteed for 90 days All guarantees on e return to ha. basis We ...netts nghb to change prroer 8 specisuboos 

irettout poor roboe. Orders accepted signed to And. Oudatore willo9y given tor higher quardibes than arose steed Bulk surplus always requred for cash. 

1JISTÉL (0 The Original - 
Free dial -up database! 

1000's of items+Info On Line 
300 bd 081-679-1888, 

1200/75 bd 081-679-6'83. 
2001200 bd 381.679-376° 

ALL ENQUIRIES 

081.-679-4414 
Fax- 081-679-1927 

Telex- 894502 
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UPDATE. 

In Brief 
II should soon he possible to send short 
packets of data and facsimile 
transmissions via the maritime satellite 
system. The International Maritime 
Satellite Organsation has successfully 
shown that its Irtmarsat C 
communications network has these 
capabilities. 

Short data reports. of up to 32 
characters. can be sent in a few tens of 
seconds to almost anywhere in the 
world, from either a fixed or mobile 
terminal. This will allow. for example. 
management and monitoring of 
unmanned lighthouses: ships- owners or 
charterers can obtain positional data: 
and ships can themselves transmit 
weather data to a base station. And it 
will be faster and more reliable than 
either radio telex or morse code. 

US \'ice -President Dan Quayle was in 
Europe recently visiting the 
Headquarters of the European Space 
Agency. He is chairman of the US 
National Space Council and thus in 
charge of developing policy on the final 
frontier. Ile met with Prof. Reimar 
Lüst. ESA Director -General. to discuss 
joint NA\Si\ ESA operations such as 
the proposed International Space 
Station Freedom. and President Bush's 
plans to send humans to the \loon and 
Mars. 

The extent of the Vice -President's 
personal involvement with the latter 
was unrevealed. 

A growing part of British Telecom's 
enormous annual profit comes from the 
sale of natural fertiliser. This operative 
is scraping pigeon guano into one of the 
huge dish -shaped collectors sited at the 
top of London'. Telecom Tower, about 
I31hn above ground level. 
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BBC denies bowing to 
political pressure 
A controversial interview for a 13I3CTV 
programme on the possible health risks 
from overhead power lines was dropped 
after electricity industry chiefs 
complained to the corporation's 
director-general, Michael Check land. 

The programme, in the Nature series, 
broadcast on March 22, had to be 
quickly re-edited after Mr Checkland 
requested the deletion of an interview 
with Dr Robin Cox, chief medical 
officer of the Central Electricity 
Generating Board (CEGB). 

In the interview Dr Cox apparently 
appeared Mustered over a question 
about his reaction to a statement by his 
predecessor . 1)r John Bonncll. in a 1979 
letter written to a Mrs Stella Ross, of 
Innsworth, Gloucestershire, in which 
he repeated, "my firm assurance that 
the overhead power lines owned and 
operated by ('LG 13 at I nnsw ort h 

and elsewhere will not cause ill effects to 
your health." 

Dr Cox stopped the original 
interview, complaining of having been 
ambushed by the question about the 
letter, which nonetheless had been in 
the public domain since it was quoted in 
the hook "Electromagnetic Man" by 
Cyril Smith and Simon Best, published 
by.l. M. Dent inJuly 1989. 

After Dr Cox had read the letter, a 

second interview was conducted in 
which Dr Cox described the statements 
in I)r Bomiell's letter. as "expressing his 
personal view," despite the tact that 
they were written on CEG13-headed 
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paper and signed in his capacity as then 
chief medical officer. 

According to a report in the 
Independent on Sunday (April 11, 

Nature told Dr Cox at the time that it 
would not promise to use the second 
interview. 1 lowever, on March 19 Mr 
Check land received a letter from Tim 
Beaumont. chief public relations officer 
of the National Grid, asking for 
reassurance that the first interview 
would not he used. 

Mr Checkland then told Ron Neil, 
managing director of BBC regional 
broadcasting, to intervene, according to 
the Independent on Sunday report, 
though a BBC spokesman denied it was 
acting under pressure from the 
electricity industry. saying that the 
"concern was with fair pla}", and that 
"no journalistic points" were changed. 
However, the production team were 
"incensed" by what they definitely saw 
as censorship. 

The newspaper reports that Mr 
Beaumont's approach to Mr Check land 
was prompted by a desire to "protect 
the position and reputation of Dr Cox" 
and not to protect the industry itself 
from potential embarrassment. Mr 
Beaumont claimed Dr 13onnell w as 
"writing in a particular context" and 
said that there had been no change in 
the CEGB's position. He is quoted as 
commenting: "What we say is that we 
cannot establish any causal link 
(between power lines and ill health) and 
we've always said it." 

How well do you know Electro- 
nics World + Wireless World? 
We are looking for freelance help in the 
compilation of our index for 1989. If you 
feel able to compile a comprehensive in- 
dex, either manually or via the use of 
suitable database package, we would 
very much like to hear from you. 
Naturally, we would not expect you to do 
this for nothing - we would be most 
appreciative and you would find it financ- 
ially rewarding! 
Interested? Call Frank Ogden on 081 661 
3128. 
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EASY -PC, SCHEMATIC and PCB CAD 

NEW VERSION: - 
NOW DRAWS EVEN FASTER! 

.:.1 
' .rlÍll1:. .1.: j,M 1t.r .,.I 
.,.,111..,.,. 
11,14 

11 
1 4,. (:IIIüI 

,I 

., -L 

J. L 
1 . '.... .: r: T J 

- - . 

. -. 
i,, ..« uiw .....I- 

..,L,l ..o.... nym 
11 

! , r.t !1 
'II ='' '"n'G Arm -. .. 

.. .. _,.e...., 

3 3 .o 3" 3 `ó 

° Q;. i o 

' 4 : 
. o .., .2. 

O 
., 

0 
, .,., 

I 

BRITISH 
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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 

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. 

Zo-S1 OHM 

< ) KEYS : 

N/i LIACLE 

UC PAINT 

U7.I1E-1 
Henries 

NORMALISED: 

For IBM PC/XT/AT and clones 

wua ... 
TV IF AMPLIFIER 

I -II'IFt-}II 

"ANALYSER IV' - 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: - 

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. 

The CAD Specialists 
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UPDATE 

Welsh wary of US radar plot 
US Navy plans to site a relocatable 
over -the -horizon radar (ROTHR) at 
Brawdy in Wales are causing concern 
among local residents over possible 
hazards to health. A local campaign 
group, Pembrokeshire Against Radar 
Campaign (contact Lin Miles, 0437 
721596), has already been formed after 
meetings of the local people. 

Details of the plans were published in 
a US Navy budget document for 1991 
and uncovered recently by the Wales on 
Sunday newspaper. Although they are 
public knowledge in the USA, only a 
handful of key MoD officials here were 
aware of them. The plans involve a joint 
US/MoD project, with the UK paying 
approximately 90 per cent of the total 
£10 million development cost. The US 
will pay a further $90 million for the 
radar and computer system itself. 

The land required is stated as some 

/ 

1 

37,653 acres (nearly 60 square miles) 
although a University of Edinburgh 
military specialist, Michael Spaven, is 
quoted by Wales on Sunday as 
suggesting that 2,000 acres (around 3 
square miles) would he closer to the 
mark for this type of base. Neither the 
US Navy nor the MoD would clarify the 
point. 

The ROTHR receiver site and 
operations centre are to be at Brawdy 
but the transmitter site (so far 
undisclosed) will be at least 30 miles 
away for technical reasons. 

The radar's range wil he at least 1,800 
miles, focused on the Baltic Sea. with a 
vision span of 63°, and will form part of 
the US Navy's worldwide network of 
over -the -horizon radars. Few 
transmission details are available, 
except that it will transmit in the 
frequency range between 5 and 28MHz 

"1 

Assessing the health 
effects of low-level 
radiation: scientists at 
Georgia Tech, Atlanta, 
USA, use mice to 
determine the level of 
cancer pathogenesis 
associated with 
occupational microwave 
exposure, for instance to 
air traffic control 
personnel. The study, one 
of the largest ever 
conducted concerning the 
effects of low level 
microwaves, will take 18 
months to complete. 
Photo Gary Meek 

and at a peak power of 200k W. 
According to Jane's Defence Weekly 

(7 April), the receiver aerial system 
needs to be 2590m long, consisting of 
two parallel rows of 372 supporting 
poles and 43 equipment shelters. 
Wherever this is sited it will have a 
major environmental impact. From a 
military viewpoint the radar could even 
pose a danger to aircraft at the nearby 
RAF airfield, possibly having to be 
switched off each time an aircraft takes 
off or lands because of the danger to the 
electronics on board the aircraft. 

In the USA there has been concern 
and debate for some time about the 
possible health hazards from the radar, 
known as PAVE PAWS (Precision 
Acquisition of Vehicle Entry Phased 
Array Warning System), sited at such 
locations as Upper Cape Cod in 
Massachusetts and Beale Air Force 
Base in California, and which operates 
at 450MHz, with a repetition of 18.5Hz. 

Much of the evidence and debate is 
presented in a recent book by New 
Yorker journalist Paul Brodeur 
(`Currents of Death,' New York, Simon 
& Schuster, 1989). An overview of the 
more general research linking health 

. problems with exposure to radar and 
microwave systems was featured in the 
March issue of this magazine ("Killing 
Fileds-The Microwave Health 
Hazard," pp208-11). 

Most recently, a Chinese study 
reported in the Journal of Bioelectricity 
found significant deficits in visual 
response, memory and an indicator of 
immune system function in those living 
near radar and radio installations for as 
little as a year. A Polish study of 
military personnel exposed to radar- 
by Dr Stanislaw Szmigielski at the 
centre of Radiobiology and 
Radioprotection in Warsaw, has found 
an increased cancer risk of over 
threefold in certain groups. 

It is these and other results that worry 
local Brawdy residents and which MoD 
officials will have to try to circumvent. 
The Ministry of Defence will have to 
notify the local planning authorities 
before proceeding with the 
development but that may be the only 
chance the public has to comment on 
the scheme, since the Government has 
no obligation to put the proposals 
before Parliament. 
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S M [ South Midlands 
Communications 

RADIO 
TRANSCEIVERS/RECEIVERS 
SMC the leading European specialist in general 
radio communications have developed modular 
systems for rapid delivery, particularly useful 
for emergencies, disasters, political unrest and 
aid concerns. This can consist of rugged, simple 
to use, HF transceivers i.e. the FT80C with a 

frequency range of 1.5-30MHz used with either 
one of the SMC basic wide band antennas, or 
more efficient, the multi spot frequency 
antennas complete with transportable masts. 

More powerful and complex transceivers are 
also available. 
Where monitoring or reception is required then 
either the FRG8800 HF receiver with VHF option 
or the FRG9600 VHF, UHF all mode scanning 
receiver are available with proven quality, 
sensitivity and reliability, at realistic prices. 

ANTENNAS 
The TWB2530 and TEB3 are just two samples of 
the large range HF, VHF and UHF antennas 
available from SMC. Both have been specifically 
designed for users with very different 
requirements showing the breadth of our 
capability. The rugged transportable TWB2530 
is a full self-contained extremely lightweight, 
yet tough enough to withstand rough handling 
and quick assembly in adverse terrain. 

The TEB series of spot frequency HF beam 
antennas give excellent forward gain, rugged 
construction for long life, at a cost effective 
price. 
If you require further information on the 300 
various support mounts, HF, VHF or UHF 
antennas, simply call for our new shortform 
catalogue. 
Both can be supplied with the most efficient 
antennas and desirable accessories. 

lj G 1 1 

O t Ic.^s 

-4 -... ... .rJ . 
v r 

` 

; JD - 

i 
1 WB2530 

TEB3 

SMC LTD, SM HOUSE, SCHOOL CLOSE, CHANDLERS FORD 

INDUSTRIAL ESTATE, EASTLEIGH, HANTS S05 3BY. 
Tel: (0703) 255111. Telex: 477351 SMCOMM G. Fax: 0703 263507 

CIRCLE ENQUIRY NO. 128 ON BACK PAGE 

Vérsatower: 
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 groúnd level. 

Designed in accordance with CP3 Chapter V: part 2. 

1972 for a minimum wind speed of 140 kph in 
conditions of maximum exposure and specified by 

professionals world-wide where hostile 
environments demand the ultimate in design, quality 
and reliability. 
Suitable for mounting equipment in the fields of: 
Commurications 
Security surveillance - CCTV 
Meteorology 
Environmental monitoring 
Geographical survey 
Defence range -finding 
Marine and aero navigation 
Floodlighting 
Airport approach lighting 
Further.details available on reque 

STRUMECH ENGINEERING LIMITED 
Portland House. Coppice Side. Brownhills 
Walsall. West Midlands WS8 7EX. England 
Telephone: Brownhills (0543) 452321 
Telex: 335243 SEL.G. 
Fax:0543 361050 1 

,. :;.... .: .... . .r..-.. p 
% 

Radar & 
Fibre -Optics 

Training Equipment 
A full range of professional training 
equipment now available from a leading 
manufacturer including: 

Radar 

Fibre optic . 

Analog & Digital Comms 

Microwave 

410 Telephony 

Simulators 

Several of these high quality products have 
been winners of the prestigious Worlddidac 
awards, Geneva, Switzerland, with our 
Radar Trainer taking this years Gold medal. 

Contact: 

Lab -Volt (UK) Ltd 
4A Harding Way, 

St. Ives Industrial Estate 

Huntingdon, 

Cambridgeshire 
PE174WR 
Tel: (0480) 300695. 

Fax: (0480) 61654 
ab- o/t ® 
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DESIGN 

Current amplifiers 
from voltage op -amps 

0 ver the years, the semicon- 
ductor industry has tried 
to provide circuit de- 
signers with a cheap, high 
quality, versatile analogue 

building-block. often with the sole aim 
of producing a controlled voltage out- 
put from a voltage input. The most 
popular of these networks is the con- 
ventional utility, high -gain, voltage - 
mode op -amp (referred to in this article 
simply as an op -amp). It has become 
customary for engineers to think of ana- 
logue signal processing in terms of volt- 
age variables and this tendency has res- 
ulted in numerous voltage signal - 
processing circuits. 

For example, the op -amp is easily 
configured into controlled voltage - 
source amplifiers. such as the voltage - 
controlled voltage source (VCVS) and 
current controlled voltage source 
(CCVS or transresistance amplifier), 
but not so easily into controlled current - 
source amplifiers such as the VCCS or 
transconductance amplifier and CCCS. 
Why should this be so? 

Well, negative feedback can be 
derived by sampling either output volt- 
age or current into the feedback net- 
work. Voltage sampling is easy: all that 
is required is to connect to the output 
node and ground. The result of voltage 
sampling is that the output impedance 
reduces from its 50-10052 open -loop 
value, making the closed -loop output 
performance of the circuit approach an 
ideal voltage source. 

A high output impedance requires a 
feedback signal proportional to output 
current; that is, output current samp- 
ling. The architecture of the standard 
`5-leg op -amp' makes this very difficult 
and current output circuits (CCCS and 
VCCS) are much less easy to design 
than voltage -output circuits. 

Traditional methods 
The most commonly used amplifier 

Supply -current sensing 
extends the capabilities 

of conventional 
voltage op -amps to 
give current -mode 

operation. John Lidgey 
and Chris Toumazou 
survey the methods 
used and present a 

universal circuit 

having a controlled bipolar current out- 
put, and frequently encountered in 
standard textbook designs34, has the 
load in the feedback loop of a voltage 
op -amp, as shown in Fig. I. Although 
the amplifier's voltage gain varies with 
RL, the current in the feedback loop 
remains fixed, assuming a fixed VIN and 
R. 

A practical limitation of this 
approach is that the current -driven load 

cannot be grounded. Despite this draw- 
back, the circuit does have some inte- 
resting features: nearly all the input cur- 
rent is drawn through the load by the 
action of negative feedback. The input 
current only differs from the load cur- 
rent by the current flowing into the 
op -amp, which is extremely small due to 
the high open -loop voltage gain and 
input impedance of the op -amp, so the 
current gain of the circuit is very close to 
unity. 

The circuit shown in Fig.2 and deve- 
loped by Howland3 solves this problem 
of grounding. It acts as a current source, 
providing IL = -VIN/R,, for the condi- 
tion that R3/R3 = R2/RI. If the ratios of 
these resistances are equal, the circuit 
will function with a theoretically infinite 
output resistance, determined by the 
combined positive and negative feed- 
back action of the op -amp. 

However, a major drawback of this 
combined positive and negative feed- 
back approach is that very small depar- 
tures from ideal balance conditions 
either drastically reduce the output res- 
istance or result in instability because 
the output resistance becomes negative! 

A detailed analysis based on an ideal 
op -amp gives 

IL = -VIN [R2/(RIR3)]- VL/[R3/(R3/ 
R4)-(R2/RI)1] 

and 

rout= b VL/S IL= R3/[(R3/R4)-(R2/RI)] 

From this equation the output impe- 
dance is seen to be negative if the prac- 
tical values of resistors are such that the 
denominator becomes negative, which 
will occur if [R3/R4]<[R2/RI]. If this 
condition is not met it will not neces- 
sarily result in instability, since it de- 
pends on the value of load resistance. 
But if the parallel combination of the 
output resistance and the load is negat- 
ive, the circuit will become unstable and 
will either oscillate or latch -up. 
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Vir, R 

-v 

Fig. I. Most common current -output 
amplifier, with load in feedback loop. 
Only possible with floating loads. 

Fig. 2. Circuit by Howland, avoiding 
restriction of Fig. 1 circuit. Accurate 
resistor matching required for stability. 

The problem arises when the positive 
feedback exceeds the negative feed- 
back. An alternative way of viewing the 
circuit from a stability stand -point is to 
look at the two feedback factors. The 
negative feedback factor BN is deter- 
mined by the potential divider ratio 
BN = R1/(R1+R2) and the positive feed- 
back factor Bp by the ratio Bp = (R41/ 

RL)/(R3+R,//R,-). For stability the ine- 
quality Br. < BN must be satisfied. 
Working through the algebra yields the 
same result, that (R3/R4) < (R,/Ri) if 
the circuit is to he stable for the worst 
case of Rl, open -circuit and, perhaps 
more practically. (R3/R1.') < (R2/R1), 
where R1 ' = R, //R,. 

Other practical problems with the cir- 
cuit relate to the fact that the positive 
feedback increases with decreasing 
load, resulting in a progressive loss of all 
the well known advantages of negative 
feedback. For example. the bandwidth 
decreases with reducing load and the 
output offset voltage will he more signi- 
ficant with decreasing load. 

The Howland design is typical of 
many similar controlled output -current 
amplifier topologies which are all based 
on a combination of positive and negat- 
ive feedback and which all have the 
same problem of requiring closely 
matched resistor networks; as a conse- 

quence, they are potentially unstable if 
the matching is not perfect. To over- 
come this difficulty, an alternative de- 
sign approach is required in which posit- 
ive feedback is not used. 

Extending the op -amp 
Output current from an op -amp's out- 
put terminal must come from the power 
supplies. By Kirchhoff's current law for 
the standard 5 -leg op -amp shown in Fig. 
3, if there are no other signal paths to 
ground, 1,+I2+13+I4+I5 = 0 and, since 
1, and 12 are close to zero, then 13+I4 = 
-15. so that by sensing the supply cur- 
rents. one can derive a current propor- 
tional to output current. 

The technique of supply -current 
sensing to provide the conventional op - 
amp with a well-defined current output 
facility was first reported by Graeme5 ín 

1974. He showed that a precise VCCS 
could he achieved by using a pair of 
complementary field-effect transistors 
to sense the current flowing in the 
supply rails of a conventional op -amp, 
as shown in Fig. 4. Opposing let current 
sources Tri and Tr, are controlled by the 
high -gain feedback around the op -amp. 
The circuit is symmetrical and behaves 
as a self -balancing bridge; a voltage dif- 
ference at the input is balanced out by 
the op -amp's negative -feedback action, 
causing the input voltages to the op - 
amp to be virtually equal. 

The difference in fet currents pro- 
duces the output current, the difference 
current being controlled by comparing 
the input voltage VIN to the feedback 
voltage provided by the current sensing 
source resistors R. Input voltage con- 
trols output current to within the accu- 
racies of the resistors selected and 
within the gain -bandwidth and power - 
supply rejection limitations of the op - 
amp. 

The circuit works well and avoids the 
output impedance uncertainties of ear- 
lier Howland -type designs. However, 
as a consequence of using two indepen- 
dent negative feedback connections, 
one for each output polarity, the circuit 
performance is again sensitive to resist- 
ive mismatch. 

Supply -current sensing was not an en- 
tirely new mode of op -amp operation, 
since it had been previously used as a 

means of power boosting a low -power 
op -amp. 

In 1975, Hart and Barker' suggested 
an alternative method in their realisa- 
tion of a class -B voltage -to -current con- 
vertor, shown in Fig. 5. The circuit con- 
figuration is similar, with the op -amp as 

its main gain block, together with a set 

of complementary current -mirrors used 

Fig. 3. Current flow into standard 
five -pin op -amp. Sum of supply currents 
equals output current. 

yin 

OA 

Tr 

Tr2 

il 

lo 

1 R 
lo 

Vref 

12 

-v 

Fig. 5. Circuit due to Hart and Barker, 
using current mirrors to sense currents in 
class -B output stage. Accurate resistor 
matching unnecessary. 

v - 

Fig. 4. Graeme's circuit for 
supply -current sensing with standard 
op -amp. Difference in fet currents is 
output current. 
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C-mos op -amp chip using the circuit of Fig. /6. Voltage gain is 63dB, unity -gain 
bandwidth 2MHz. 

to sense the phase split output current 
tlowing through the collector leads of a 
class -B output stage. The class -B ca- 
scode transistor connection, Tr, to Tr,. 
provides the circuit with high common - 
emitter current gain, a high breakdown 
voltage and high output resistance. 
Positive and negative current -mirror 
circuits, denoted by P and N respect- 
ively, could be the improved 4 - 

transistor G. R. Wilson7 current -mirror, 
together with an output fet to improve 
the overall output impedance and maxi- 
mum output -voltage swing. 

Although Hart and Barker's class -B 
scheme catered for much higher load- 
"oltage excursion than did Graeme's 

4y 

-Ve current 
mirror 

OA 

Ve current 
mirror 

-c 

Fig. 6. Rao and Hasled's circuit, which 
uses class - AB output characteristic of 
op -amps to allow current sensing in 
op -amp supply leads by current mirrors. 

proposal and avoided the undesirability 
of resistor matching. the class -B mode 
in which the circuit operates resulted in 
considerable crossover distortion. This 
problem was identified by Rao and Has- 
lett8. who showed that much better 
high -frequency performance and im- 
proved output current drive could be 
obtained if the output circuit were ope- 
rated in class -AB. In further work9 they 
related the class -AB voltage -following 
action to that obtained by the classical 
class -AB push-pull output stage of an 
op -amp and showed how the output 
signal current could now be sensed via 
the op -amp's supply leads using a 

current -mirror arrangement, as shown 
in Fig. 6. 

This led Hart and Barked° to use 
complementary current -mirrors as ex- 
ternal current -sensing elements, which 
resulted in a practical class -AB versatile 
op -amp structure, shown in Fig. 7, con- 
nected as a transconductance amplifier. 
This circuit is a current -conveyor; a very 
versatile analogue building-block wiz. 1z. 

Using the circuit of Fig. 7, they deve- 
loped a universal operational amplifier 
converter, shown in Fig. 8. In this de- 
sign the arrangement of feedback res- 
istors within the op -amp circuit sets the 
amplifier to any one of the four main 
amplifier types. namely voltage, cur- 
rent, transresistance and transconduc- 
tance. 

Poor high -frequency performance of 
these schemes, due to the lateral p -n -p 
transistors available at that time, yeas 

avoided by I luijsing and Veelenturf", 

who replaced the positive -supply sens- 
ing current -mirror by an elegant negat- 
ive current -mirror source, shown in Fig. 
9, which used a local amplifier with 
n -p -n transistors. As a discrete design. 
the high -frequency performance was 
now limited by amplifier A of the simu- 
lated current -mirror source. but a 

Fig. 7. New circuit by Hart and Barker 
using complementary current mirrors to 
give class - AB structure in current 
conveyor. 

Fig. 8. Universal op -amp converter, 
developed from circuit of Fig. 7. Basic 
circuit will operate in any of the four 
configurations, depending on feedback 
arrangement. 
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single -chip realisation was built later, 
providing a much better high -frequency 
performance. 

A further problem encountered with 
these class -AB current converter de- 
signs is the current output limitation 
imposed by either the op -amp or tran- 
sistors used in the current -mirrors. 
Nedungadi" showed that. using a simi- 
lar converter structure to that in Fig. 8, 
together with a high current output 
class -AB amplifier. current outputs 
greater than I0OmA could he obtained 
while still maintaining high conversion 
accuracy and high efficiency. This high - 
current converter technique is shown in 
Fig. 10. 

The essential difference between Fig. 
IO and previous schemes is that the 
outputs of the current -mirrors are fed 
hack to the input of the circuit, while the 
converter output is taken from the op - 
amp. This arrangement ensures that 
only the input current is passed through 
the current -converter section of the cir- 
cuit. irrespective of the output current 
magnitude. For example, with a current 
gain A; of -10(1 and an output current I. 
of 100mA. the converter need only 
supply 1mA, which is easily and accu- 
rately achieved using standard op -amps 
and transistor arrays. 

Wilson" determined that the output 
signal distortion in the converters 
shown in Figs 3-8 was due to the cur- 
rent mirrors being connected in open - 
loop at the output of the circuit, where 
collector -voltage modulation effects arc 
significant. By adopting a similar 
approach to Nedungadi and connecting 
the current -mirrors in a feedback ar- 
rangement. this source of voltage 
modulation could be reduced conside- 
rably. 

Fig. 9. Improved positive -supply current 
mirror by Huijsiug and Veelenturf gives 
better high frequency performance. 

During this work he introduced a 

current -mirror symbol which simplifies 
diagrams. This symbol and circuits for 
the low -distortion series and shunt feed- 
back converters are shown in Figs. I I, 
12 and 13 respectively. Wilson went on 
to show how previous current amplifier 
designs. based upon the open -loop mir- 
ror approach. could also be improved to 
the low -distortion type by simply con- 
necting the mirrors in shunt feedback. 
In this way. the main distortion compo- 
nent of the converter is referred to the 
input side of the op -amp. Unfortu- 
nately. the current transfer accuracy of 
the converter is still limited by the cur- 
rent transfer performance of the 
current -mirror circuits. Furthermore. 
this feedback arrangement results in 
much poorer frequency performance 
than with the 'open -loop' converter 
structure. 

This new trend of using current - 
mirrors to sense the op -amp's output 
current and provide well-defined bipo- 
lar output properties proved far supe- 
rior to traditional feedback techniques. 

Current followers 
The current -follower is the current 
equivalent in the current domain to the 
voltage -follower in the voltage domain. 
It is a circuit with extremely low (ideally 
zero) input impedance and extremely 
high (ideally infinite) output impe- 
dance. When used with a signal source, 
it produces a current drive to a load 
equal in value to the short-circuit cur- 
rent obtainable from the input signal 
source . 

Figure 1-1 shows a simple but high- 
performance current -follower which 
was featured in an earlier article1''. using 
a 741 op -amp and CA3096 transistor 
arrays for the current -mirrors. The cir- 
cuit has a current -gain equal to the cur- 
rent transfer ratio of the current - 
mirrors. so it is important to use high - 
quality current -mirrors. 

One of the main features of this cir- 
cuit is its wide bandwidth due to the 
load isolation from input to output. 
Also, because the op -amp is connected 

DESIGN 

Fig. 10. High -current amplifier by 
Nedungadi, using circuit similar to that of 
Fig. 8, hut with class -AB amplifier at 
output. 

Fig. II. Current mirror symbol, 
originated by Wilson. 

Fig. 12. Low -distortion series feedback 
current converter by Wilson, with current 
mirrors in feedback loop to avoid 
collector -voltage modulation. 

Fig. 13. Shunt -feedback converter, using 
ideas of Fig. /2. 
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Fig. 14. Wide -band current follower by 
Lidgey and Toumazou, in which load is 
isolated from input. 

as a voltage -follower with a grounded 
non -inverting input terminal, the out- 
put node of the op -amp is held at virtual 
ground, providing a very low input im- 
pedance and high slew -rate capability. 
since the op -amp has no appreciable 
voltage signal swing at its output. 

An interesting universal follower - 
based amplifier was described in ief.16 
in ti hich, using only two current - 
followers and two voltage -followers, it 
is possible to configure any of the four 
amplifier topologies (VCVS, CCCS, 
CCVS and VCCS) without global feed- 
back simply by using interstage res- 
istors. either in series to define input 
current from a voltage drive or in shunt 
to ground to provide input voltage from 
a current drive. 

Figure 15 illustrates such a follower - 
based voltage amplifier using input and 
output voltage -followers, with an inter- 
mediate current -follower to provide 
voltage gain defined by (R2/R1). One of 
the most attractive features of this struc- 
ture is that the normal gain -bandwidth 
trade-off does not occur; the bandwidth 
is independent of gain setting and re- 
mains virtually constant. 

A further feature is the lack of overall 
output to input feedback. Stabilising 
negative feedback is used within each 

Fig. 15. Follower -based amplifier by Lidgey and Toumazou without overall 
feedback. Central current follower provides gain. 

follower block so that no additional 
feedback is necessary when the gain - 
defining resistors are added. As a res- 
ult. any phase lag from input through to 
output does not affect the stability of 
the amplifier. 

In Fig. 1 5, the bandwidth of each 
voltage -follower section is close to the 
gain -bandwidth product of the op -amp. 
The frequency performance of the 
current -follower section. shown in 
ref.16. is determined by the driving 
source impedance Its, which in this case 
is R1. The larger the value of R1, the 
higher the frequency performance. 
Resistor R1 can be chosen to maximise 
the bandwidth of the amplifier and the 
voltage gain can he set independently 
with R.. High gain and wide bandwidth 
can thus be set simultaneously. 

However, there is a limitation on the 
size of R2 and hence voltage gain and 
bandwidth of the amplifier due to the 
limited output impedance of the 
current -mirror circuits. Experimental 
results using conventional op -amps 
have indicated improvements of more 
than 50 times the gain -bandwidth capa- 
bility of the individual op -amps used in 
the system. 

Seven -terminal op -amp 
Rather than the five legs of a conven- 
tional op -amp. it would he very useful if 
seven terminals were available, the ad- 
ditional two being the collectors 
(drains) of the output push-pull pair. 
This would then allow direct output - 
current sensing, rather than unneces- 
sarily sensing the whole of the supply 
current. Such a modification could be 
easily carried out by semiconductor 
manufacturers and the device versatility 
would be extended considerably to al- 
low true output -current sensing, rather 
than full supply -current sensing. 

Sensing the entire supply current is 

undesirable as it leads to unnecessarily 
high shot -noise levels. Also, although 
the power supply rejection of op -amps 
is generally good, it would he better not 
to modulate the power -supply connec- 
tions to the input stages of the op -amp. 

The circuit diagram of a c-mos op - 
amp with uncommitted output drains is 

shown in Fig. 16, in which the additional 
two terminals are created by simply tak- 
ing the output drains to two external 
pins. The op -amp shown, together with 
on -chip c-mos current -mirrors, has rec- 
ently been implemented as an in - 

Fig. /6. Authors' c-mos op -amp with free 
output drains, fabricated in 2micron 
N -well process. 
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Fig. 17.Measured voltage response of 
circuit of Fig. /6. No change in 
bandwidth occurs at gains from 10áB to 
.30dB. 
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legume(' circuit in a 21.4.11 N -well c-nms 
process. The circuit conlplises three 
matched 7 -ter mina) op -amps and bout 
high-performance current -mirrors. al- 
lowing configuration into anv of the 
supply -current sensing circuits. To en- 
sure good matching. all the op -amps arc 
placed closely together and shale the 
saute bias circuit. 

Figure 17 shows the measured gain/ 
frequency response curve of the seven - 
term lrlal op -amp connected as a current 

follower and used in the universal 
follower -based voltage amplifier of 
Fig.It. The voltage -followers are the 
remaining two op -amps on the chip. 
Results demonstrate that the gain can 
he valjed from (Id13 to SIIdI3 with no 
significant change in bandwidth. as ex- 
pected. 
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And immediate delivery. We can supply any model from stock. Our 
sales engineers can arrange an on -site demonstration. Ask for full 
details of the Hitachi range: 

Thurlby 
Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: 10480) 412451 
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DSOs -a low cost alternative 
If you already have an oscilloscope and are looking for a high 
performance DSO, look at the DSA511 and DSA524 digital 
storage adaptors. Both offer exceptional performance and 
versatility at very low cost - from £445. 

10MS/s or 20MS/s sample rate, 1K or 4K stores 
20MHz or 35MHz storage bandwidth 
Dual Channels, 2mV per division sensitivity 
Full digital control and waveform transfer 
Multiple save memories, waveform processing, ... 

There's much more to say, so send for the full data: 

Thurlby 
Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (04801 412451 

from Thurlby 
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PINEAPPLE SOFTW 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 E100.0011 

Quickroute 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 Quickroute to route them. 

PCB or circuit designs can make use of several different object types. These include pads 16 styles, 16 

sizes), tracks (24 sizes). symbols (any no.), preset integrated circuits 132 types), bit images 140 x 40 grid 
images), text 14 sizes, mirrored/normal), circles/ellipses/rectangles and arcs. You can design your own bit 
images to increase the f lexbility of any design. All these objects are selected pictorially from windows and 
not just by name. 

Quickroute 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, rectagles, text in various sixes/styles, filled 
shapes etc 
Choose objects/styles/types pictorially 
Fully upgradeable system to include net list, brut of materials, digital autorouter and circuit capture to 
become available in due course. 
FREE Demo disc - just write or'phone now I 

PRICE £95.00 P&P Free 
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Please add 15% VAT to all prices 

Please address 
all enquiries to: 

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!! 

512x 256 x 12 b,t version E285.00 
512 x 256 x 16 vit version £315.00 
Adapter box for A3000 £65.00 

MARCONI TRACKER BALLS 
Atari ST RB2/107 C49.83 Baretrackerball RB2/101 E49.83 
Amiga RB2/109 £49.83 For Master RB2/101M C54.83 
Nimbus RB2/110 E49.83 For model 'Er RB2/1018 C54.83 
IBM RB2/306 C99.66 Pointer Rom for Master £12.50 

P & Pon trackerballs £1.75 Archimedes adapter E19.95 

OTHER IBM SOFTWARE and HARDWARE 
EASY -PC (98.00 Spice, Age from £70.00 ECA-2£675.00 PCB Turbo C395.00 
LCA-1 logic analyser £450.00 DATACAP RS232 serial data analyser C25.00 

Pineapple Software, Dept EE, 39 Brownlea Gardens, Tel: O81-599 1 476 Seven Kings, Ilford, Essex IG3 9NL. 
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Standard products 
and 

custom metalwork 

40461#^ 

Standard products include a wide range of 19" 
rack mount cases, rack mount strips and 
blanking and ventilation panels 
Bespoke work dealt with quickly and efficiently 
All products manufactured and fabricated 
in-house 

Contact (0734) 311030 for further details 
Ian P Kinloch & Company Limited, 
IPK House, 3 Darwin Close, 
Reading, Berks RG2 OTB 

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 
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DESIGN 

nce a sequence of 
electronic keyboards has 
been built up at a 

multi -track recording 
session, one may wish to 

add conventional instruments to the 
mix, for instance guitar, vocals or a 

saxophone solo. Since these inst- 
ruments can he added live to the 
synthesiser parts it is both a shame to 
sacrifice quality and a costly luxury to 
use a multi -track to piece together the 
final touches to the mix. Far better to 
use a mixer to add the saxophone or 
vocals and guitar to the synthesiser parts 
and record the result as the 
master -tape. 

The requirement for such a mixer 
might be: six (mic or line level) input to 
two output; effect -send sub -mix (in my 
case to an echo chamber); some form of 
tone control and clear metering of all 
inputs (including effect -return); 
effect -send sub -mix and stereo output. 

The block diagram for the mixer 
filling the specification is shown in Fig. 
1. The tone control circuit is a unity gain 
circuit (all controls flat) so it may be 
substituted after each input pre -amp to 
achieve this alternative configuration. 

The main justification for using 
discrete components lies in the decision 
to rely on a battery supply for the mixer. 
A further design decision was the choice 
of the domestic/semi-professional signal 
amplitude level of OVU. equivalent to 
-1 OdB(V). The VU is a unit intended to 
express the level of a complex wave in 
terms of decibels above or below a 

reference volume, and it implies a 

complex wave - a programme 
waveform with high peaks. OVU 
reference level therefore refers to a 

complex -wave power -reading on a 

standard VU meter. 
The usual convention is to assume 

that the peaks of the complex wave will 
be 10dB higher than the peak value of a 

sine wave adjusted to give the same 
reference reading on the VU meter. In 
other words, if we adjust a music or 
speech signal to give a reading of OVU 
on a VU meters the system must have at 
least 10dB headroom over the level of a 

sine wave adjusted to give the same 
reading if the system is not to clip the 
programme audio signal. 

In this mixer, OVU is set to be 

equivalent to -1OdB(V). The 
peak -to -peak value of a -10dB(V) sine 
wave is: 

2V 2(1x1010/20)V 

or 894mV. A complex music or speech 
wave will therefore have a peak -to -peak 
value of 10dB (or 3.16 times) higher - 

Audio mixer 
design 

Audio mixers are relatively unsophisticated 
yet present many conflicting design 

requirements: headroom, noise contribution, 
linearity and current consumption. Resolving 
these stretches analogue design talent to the 

limit. By Richard Brice. 
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Stereo sound module input 
(Midi controlled) 
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2.82V pk-pk. The mixer provides more 
than the stated 10dB headroom since, in 
practice., more headroom is occasionally 
necessary. 

Well -designed audio circuits should 
certainly be able to swing 3V pk-pk when 
running on a single 9V rail. On the 
grounds of cost I decided that it would be 
ideal if the mixer could run from a single 
PP3-type battery for at least eight hours in 
continuous use. Low -noise op -amps like 
the NE5534, which would be suitable for 
the microphone input stages, have a 

typical supply current of 4mA on a 9V 
supply. However, the worst -case figure is 

!.errs send 
m s cop 

Fig. I. Mixer block diagram. 

Right channel 

Morn mix amp Tone control amp 

Bass 

Left channel 

Effects send 

0/p. 

Treble 

J ó 
co 

do 
eo 

fo 
VI) meter 

select 

0/ps 

Continued on page 5781 

July 1990 ELECTRONICS WORLD + WIRELESS WORLD 575 



Buy top quality test 
equipment with complete 
confidence! 
Electronics World + Wireless World now offers a range of highly 
specified test equipment selected by our own staff for performance 
and value for money. 

You don't have to compromise. Our equipment is manufactured by 
world class manufacturers such as Korea's hi -tech giant, GoldStar. 
We offer an unequivocal guarantee backed by a nationwide service 
network. 

To place your order by telephone, simply call Lindsey Gardner on 
081-661 3614. Orders may be faxed (081-661 8939) or sent in by post 
using the printed form. 

We offer same -day despatch for account and credit card orders 
received before midday. All prices include delivery but exclude VAT. 
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GoldStar OS -7040 
40MHz dual channel operation 
1 mV/div Y1 and Y2 sensitivity 
20ns/div to 0.2s/div sweep rate 
12kV post -deflection accelerator 
Delayed sweep: A intensified, B delayed 
High quality probe set 
Three year guarantee 
Price £529 

Dual trace oscilloscopes 

GoldStar OS -7020 
20MHz dual channel operation 
1 mV/div Y1 and Y2 sensitivity 
100ns/div to 2s/div sweep rate 
8cm X 10cm display area 
Versatile trigger modes 
Scale illumination 
Built in calibrator 
Three year guarantee 
Price £295 
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Lodestar RF signal ceierator SG4160B 
Test bench oscillator coffering 1 COkHz to 
150MHz in six fundarreital ranges. Setting 
accuracy 3%. Facilityfcx operaion v'if i 
external crystal. Maximum RF ..tpu_-00mV 
Coarse and fine attenuation Inbrior and 
exterior modulation w th external AFoitput. 
The generator incorporates a mains Dower 
supply and weighs 2.54 Price 279. 

GoldStar multimeters 

DM8135 
Dual display standard multimeter 
Conventional 3'/2 digit display 
'Analogue' bar graph readout 
Accuracy ±0.5% DC, ±1% AC 
Price £69.95 

DM6133 
31x2 digit display 
0.:.% accuracy 
Prce £39.95 

JÚu 

DM8433 
Temperature measurement -20 to +150°C 
Capacitance to 20µF 
Extra -large 31/2 digit display 
£79.95 

DM8243 
41/2 digit display 
0.05% accuracy 
Capacitance tc 20µF, 0.1 pF resoluti n 
Frequency tc 230kHz,1 Hz -esolutio- 
Transistor hFE t3st 
£99.95 



Sollatdc ICT10 IC tester and programmer 
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The Sol atek ICT1 O IC tester and 
programmer card fits into the backplane of 
any IBM compatible XT/AT computer turning 
the machine into a powerful IC programming 
and test facility. 

In the programming mode, the ICT10 can 
work frcm an existing chip or reference file 
and write the contents to four devices 
simultaneously. It also performs a 
programming check. 

The ICT10 will test industry supported logic 
devices and identify unknown devices by 
Cvriting the industry reference number directly 
to screen. It also tests dram and sram parts. 

-he cad performs the following functions 
after installation: 

Multi -function eprom programmer. 
Identifies unknown 74 series TTL and 4000 
series rmos. 
-ests al major 74 series and 4000 series 
logic devices. 
7ests both dynamic and static memory 
devices. 
Price £295 

FC7011 
Range 1Hz to 100MHz 
Reference stability 5ppm 0 to 50°C, 5ppm/year 
Price £ 169 
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FC7102 
Range channel A 1Hz to 100MHz; channel B 
60MHz to 1GHz 
Reference stability 1 ppm 0 to 50°C, 1 ppm/year 
Price £219 

GoldStar frequency counters 
All models feature: 8 -digit high brightness led 
display; Accuracy ±1 Hz or 1 count; Sensitivity 
10mV into IMO or 500; Hold function; Mains 
powered. Dimensions 210 x 260 x 76mm; 
Weight 1.8kg. 

DM7333 
Capacitance to 20NF 
Frequency to 200kHz (10Hz resolution) 
Transistor hFE test 
Extra -large 31/2 digit display 
Price £74.95 

AM2001 
Analogue 20k0 V multimeter 
DC current EONA to 10A fsd 
DC voltage 0.25 to 100V fsd 
AC voltage 50 to 1000V fsd 
Resistancee-o 10M0 
Ratiometric D to 40dB 
Display jewel pivot with mirror 
Price £19.95 

FC7051 
Range channel A 1Hz to 100MHz; channel B 
EOMHz to550MHz 
Reference stability 5ppm 0 to 50°C, 5ppm/year 
Price £189 
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ELECTRONICS WORLD GOODS ORDER FORM 

Please send the following goods: 

Model number Price £ 

Cheque/POrcredit card total debit 
payable to Reed Business Publishing 

Credit card details 

Number 

Total value £ 
VAT at 15% £ 

Expiry date 

Access Visa AmericarrExpress . Diners Club 9 

Address 

Phone 

Signature 



DESIGN 

8mA at 25°C. This would give an Iq for 
the microphone input stages of 32mA 
which, running on a PP3 with about 
IOOmA/h capacity, would give just three 
hours of use simply supplying the mic 
amplifiers. 

Alternative op -amp series commonly 
used for audio, the LF355 or the TL071, 
have typical current drains of 1.5mA and 
may be considered suitable alternatives. 
However, they are less suitable for the 
mic input amplifiers. This is because 
(being fet input) they have a relatively 
large input noise voltage generator and 
virtually no input noise current generator, 
and are therefore relatively noisy when 
matching a low -impedance source like a 
microphone. 

Input amplifiers 
Each of the four input -stage amplifiers is 
formed from a transistor ring of three. 
The design requirement is for good 
headroom and a very low noise figure. 

Noiseless 
transistor 

Fig. 2. The noise generator model of a 
bipolar transistor showing both current 
and voltage noise sources. 

Figure 2 shows noise sources (Vn and In) 
added to a perfect transistor. Vn has the 
RMS value of: 

1 

Vn= 4kT(rbb+ 
2gm 

)B volts 

In has the RMS value of: 

V 4kTB 
(2Q/gm) 

Because gm appears in both equations 
we can sketch what will happen to V and 
In as the value of gm changes (which is the 
same thing as saying, as collector current 
changes) - see Fig. 3. Now it is apparent 
that the total noise which appears as a 
signal at the base of the transistor will 
depend on .he source resistance. If this is 
high then the noise current generated by 
the current noise generator must be made 
small because this signal will flow through 
the large resistance and generate a large 
voltage signal at the transistors base. If 
the source resistance is low, then the 
magnitude of the current generator is not 
important, but the magnitude of the 

101I1 hay he 
nécassory with 
inductive 

sources) 

>22k 471. 

a' AU 

Two way for linl NSk lin 
R° 

220 

10» 100» 

Fig. 4. Ring -of -three microphone channel amplifier. 

Vn 

IV) 

9m ISl 
le. lcl 

Fig. 3. Sketch of voltage and current 
noise sources as a function of collector 
current and transconductance. 

voltage generator must be made small. 
Referring to Fig. 3 we can see that a low 

source resistance would seem best 
matched by a high collector current input 
stage, and a high source resistance would 
be best matched by a low collector current 
input stage. The choice of optimum gm for 
low noise is given in a simple equation: 

gm=VB/Rs (Ref. 1) 

Matching the input stage to a 
microphone would seem to require a 
collector current in mA to match the low 
impedance of a typical microphone. 
Paradoxically, in the final design (Fig. 4) 
the first -stage collector current is about 
401.LA. All the above would be very 
straightforward were it not for flicker 
noise. Furthermore, while it is necessary 
to consider only the resistive pan of the 
source impedance when designing 
noise -voltage generators, the full source 
impedance must be taken into account 
when calculating the effect of the current 
noise generator. 

Flicker noise is a type of noise that 
increases its magnitude with decreasing 
frequency, hence the alternative name of 
1/f noise. It may be modelled as an 
increase in the current noise generator 
below a certain frequency (ff.). This 
frequency, often called the flicker -noise 

0l 
1p 

corner -frequency, is dependent on the 
transistor type and sample. The 
magnitude of In is better modelled as: 

4kTB where 
I°_ 213[gm(cu f /w +1)] wf=27rff 

The effect of 1/f noise is further 
complicated because not only does its 
magnitude decrease with decreasing 
collector current (as shown in the above 
equation) but the flicker -noise 
corner -frequency itself falls with 
decreasing collector current. Because an 
audio signal contains frequencies down to 
20Hz, flicker noise must be considered 
and its reduction ensured by the choice of 
a low flicker -noise type transistor, like the 
BC109, operating at a low standing 
current. 

Substituting in the above equations for 
In and Vn with assumptions for the 
following values: k = Boltzmann's 
constant = 1.38 x 10-23; T = average 
room temperature = 290K; B = band- 
width = 20kHz. Typical figc'es for a 
BC109: Beta = 200; rbb = 20052; 

gm = 2mA/V for an emitter current of 
50µA. So Vn, which is the predominant 
generator for a low source resistance, is: 

Vn=N/3.2 X 1016 (450) 

or 380nV RMS or -128dB(V). The 
important term here is the equivalent 
resistance term (rb-b + 1/2gm). Its typical 
value of 450f2 is not much larger than the 
magnitude of the real part of the 
impedance across the output terminals of 
a moving -coil microphone (23011). This 
means that the thermal noise generated in 
the resistive part of the microphone 
impedance produces a significant 
proportion of the total input noise. If we 
take a typical output voltage from the 
microphone to be 1mV RMS then this 
noise will be -68dB. 

The magnitude of the current noise 
generator is: 
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DESIGN 

.(3.2 x 10-16) x (2 x 10-3) 

400 

or40pA RMS. 
The total calculated noise -figure for the 

amplifier fed from a resistive source of 
20011(and with the gain set to maximum) 
is about 12dB, this being a measure of the 
amount by which the total noise from the 
amplifier exceeds what it would he if the 
amplifier were totally noiseless. The noise 
figure of the amplifier gradually 
deteriorates at lower gains due to the 
thermal noise generated in the feedback 
resistors. 

It might he thought that the current 
noise generator term derived above is so 
vanishingly small that we do not need to 
consider the increase in this generator due 
to flicker noise. This would indeed he the 
case if, as in the above calculation of noise 
figure, the noise current simply flowed in 
the microphone resistance. 

Fig. 5. Reverse view model of the 
microphone input stage. 

However, if we draw the input stage 
the other way around, as in Fig. 5, it 
becomes very clear that the noise signal, 
which may he considered in every way 
just like the wanted audio signal, is 
AC -coupled into the microphone load. 
So, at frequencies below about 1.7k Hz, 
the current generator develops its volt- 
age signal not simply across the micro- 
phone impedance but across the poten- 
tial divider which forms the bias supply 
for the input transistor. This has an 
equivalent resistance of lOkIl, and the 
noise current flowing across it will 
generate a noise voltage signal of 124n V 
in a bandwidth of 1.7kHz - this figure 
ignores the increased effect of flicker 
noise at extremely low frequency. 

The 10k9 source resistance at low 
frequency requires an optimum operat- 
ing gm of 1.4mA/V and an operating 
current of 35µA; thus the final design, 
like so many other engineering solu- 
tions, is a compromise. A low collector 
current is used to ensure low flicker 
noise by matching the input stage to the 
source impedance at low frequency with 
some sacrifice of noise figure in the mid 

Fig. 6. Mixer 
summing 
amplifier. 

Fig. 7. Fader and 
panning controls. 

Fig. 8. VU meter 
circuit fedfrom 

current source to 
reduce effect of 

diode offset 
voltage. 

Input 

100k 
lin. 

Main fader 

To right mix amp 

To left mix amp 

9V 

200k 

VU meter 
82k Re 4k7 f sd =200pA approx. 

I , Tr 

4 BC107 

10p 

Si 10k 220 220y Si diodes 

1,2,3,4,5 Eff send, 6 Eff return, 7left output (from o/p of mic amp) 

and high frequency bands. 
The amplifier shown in Fig. 4 has a 

calculated input noise density of 3nV/V 
Hz and a calculated input noise current 
density of 0.3pA/VHz, ignoring flicker 
noise. 

The frequency and phase response 
remain much the same regardless of 
gain setting. This seems to go against the 
intractable laws of gain -bandwidth pro- 
duct: as we increase the gain we must 
expect the frequency response to 
decrease, and vice -versa. In fact, the 
ring -of -three circuit is an early form of 
the current -mode -feedback amplifier 
currently very popular in video applica- 
tions. 

The explanation for this lies in the 
variable gain -setting resistor Ra. This 
not only determines the closed -loop 
gain by controlling the proportion of the 
output voltage fed back to the inverting 
port, but also forms the dominating part 
of the emitter load of the first transistor 
and consequently the gain of the first 
stage. As the value of R. decreases, so 
the feedback diminishes and the closed - 

9V 

loop gain rises. At the same time the 
open -loop gain of the circuit rises 
because Tr''s emitter load falls in value. 
The current consumption for all four 
mic pre -amps is 3mA. 

Mix amplifiers 
The mix amplifiers shown in Fig. 6 are 
based on a conventional transistor pair 
circuit. The only difficult decision in this 
area is the choice of the value for Rh. It is 
this value, combined with the input res- 
istors, that determines the total contri- 
bution each input may make to the final 
output. In the end, I opted for a value 
that allowed for unity gain so that an 
input registering OVU on the input 
meter will register OVU on the ouput 
meter with the channel fader fully open. 
For there to he unity gain through the 
system there must he some gain because 
of the lossy fader and pan arrangement 
shown `n Fig. 7. 

Other circuitry 
Good, clear metering is a real advant- 
age. But led bar -graph displays and the 
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DESIGN 

associated ICs to drive them, while 
otherwise excellent, would take more 
current from the battery supply than the 
mixer electronics itself, so the obvious 
choice is a moving -coil meter. The writ- 
ten specification for VU meter is as 

follows: 
The volume indicator is a standardised 
instrument developed for the control 
and monitoring of sound programme. 
It shall be a root -mean -square type of 
instrument with a full -wave type of 
rectifier. The rectifier law shall he in- 
termediate between linear and sqare 
law, having of an exponential of 1.2 ± 
0.2. The sensitivity shall not depart 
from that at 1kHz by more than 0.2dB 
between 35Hz and 10kHz at an input 
level of OVU. nor more than 0.5dB 
between 25Hz and 16kHz. 
The frequency response of the circuit 

and meter arrangement shown in Fig. 8, 

relative to a signal of OVU at 1kHz, is: 

-3dB points. 15Hz and 60kHz. The 
response is less than 0.5dB down at 

50Hz and 20kHz - this is not really to 
specification. but it shows a good wide - 
hand response nonetheless. 

Notice that the rectifiers and meter 
are fed from the collector of Tra, which 
is a current source in parallel with R. 

Fig. 9. Tone control circuit. 

2p2 

ti 
22k 100k 

Z226 < 22n 
>l7k 

-w 
22k 

=1595 
t00k 

10101-1.1p i)opp t0\k 
220n 

Because Re ís a high value in comparison 
with the emitter load of Tra the voltage 
gain is very small during the part of the 
input cycle when the rectifier diodes are 
not in conduction. This alleviates most 
of the problem of the Si diode offset 
voltage. 

On a practical level remember that a 

VU meter is an indicator of the average 
power of a waveform; it is not a peak - 
reading instrument like a BBC PPM 
meter. Failure to appreciate this (and on 
a practical level this means allowing the 
meter needle to swing into the red sec- 
tion on transients) will mean the mixer is 

operating with inadequate system head- 
room. In operation the meter needles 

14C107 ? 
8k9 

iooÑ - 

9V WV- 
220 

? 
1:tk2 T1SN 

should only very occasionally swing 
above the OVU reference level on com- 
plex programme. Provided input trim 
levels and main faders are set with this 
rule in mind, clipping will very rarely he 

encountered, even under conditions of 
moderate ahuse! 

The tone control circuit, Fig. 9. is 

based on the nearly universal Baxandall 
tone -control circuit, with the gain ele- 
ment a buffered common -emitter amp- 
lifier. The circuit values are modified to 
give the more gentle response at ex- 
tremesof boost and cut. 

BRAND NEW & BOXED 

AVO Model 8 MK5 
Multimeters 

With AVO Ever -Ready Case, 
Probes, Leads & Spare Batteries.. . 

SPECIAL ... £125.00 

AVO Model 8 
(Mil' Test Set 1 version) 

MULTIMETER with AVO Ever -Ready 

case, Leads, Probes... VGC.. 

TESTED ... £50.00 

VISA 

6,J; 

ANCHOR SURPLUS LTD. 
The Cattle Market 

NOTTINGHAM 
ENGLAND 
NG2 3GY 

ALL PRICES EXCLUDE VAT & CARRIAGE 

ALL GOODS FULLY TESTED & 
GUARANTEED 

TEK 475 SCOPES 

SPECIAL ... £485.00 

200Mhz. Dual Beam Delay Timebase.. 
TESTED & CALIBRATION VERIFIED.. . 

Just Arrived 
SPECTRUM ANALYSERS 

Various - phone for stock 
and details 

from £ 1000 

ACCESS 
IF YOU ARE NOT 100% SATISFIED. .YOU GET A 100% REFUND ON THE PURCHASE PRICE!! 

ALSO IN STOCK NOW: TF2012A, 20028,2006,2008 Signal Generators. .PHONE For latest 

MARCONI TF2008 
HFNHF/UHF Sig Gen 1MHZ-520MHZ 

AM/FM'CW 
TESTED AND CALIBRATION VERIFIED z/I/V \j 

PHILIPS PM 3217 
Double trace oscilloscopes 50MHZ, special 

with manual and probes. 

TESTED AND CALIBRATION VERIFIED 

£350.00!! £300.00!! 
V''\ 

Just Arrived 
MK328, SPY, Receivers, MICRO 

SRE 2.5 - 30 M HZ, 
AM-CW-SSB-CAL Complete sets 

with manual 12V OP 

£ 150.00!! 

(0602) 864041 or 864902 FAX: (0602) 864667 
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Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Road, Borehamwood, 
Herts. WD61AA. Fax: 081-207 6375, 0836 640328 

SPECIAL OFFERS 
National oscilloscope VP 5503A dual trace with third trace, 35 MHz, £425.00 c/p 
16.75 
Gould/advance OS 1100A oscilloscope, 35 MHz, dual trace, £375.00 c p 16.75 
Telequipment D 67 oscilloscope, 25 MHz, delay dual trace, £280.00 c/p 16.75 
Telequipment D 67A oscilloscope, dual trace delay,£315.00 c/p 16.75 
Ampex terminal 12" non glare screen, tilt & swivel display, primary port printer, port 
etc. model 210,£160.00 c/p 16.75 
9" Nec monitor, 240 vac input, composite video input, £25.95 c/p 6.80 
19" colour monitor, 240 Vac input, composite video input, ex -equipment tested with 
no screen burns, case size 181/2 x 171/2 x 173/4, £125.00 c p please ring 
25" colour monitor, 240 Vac input, composite video input, new, case size 23'/2x 
171/2" x 21'/4", £195.00 c p please ring. Both 19" & 25" monitors made by 
Electrohome 
Teac '/2 height floppy disk drive FD 55 B 48 TPI single/double density, 125,250k 40 
track 300 rpm £25.00 c p 4.50 ex -equip. 
Teac '/2 height floppy disk drive FD 55 F 96 TPI single/double sensity 500 1000 
kbytes 80 track 300 rpm £35.00 4.50 ex -equip 
Teac 1/2 height floppy disk drive FD 55 FV 96 TPI 500 1000 kybtes 80 track 300 rpm 
SA400 interface new £49.95 cip 4.50 
Tandon (Winchester) hard disk drive 1/2 height TM 25210 Mb new ex -equipment 
£57.50 c/p 6.50 
Emulex-Persyst C.G.A. colour graphics controller new & boxed £45.00 c/p 4.53 
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 c p 3.50 
qty:discounts 
Coutant DC DC converter + 5 VDC 5 A output input 48 VDC new £20.00 c p 3.00 
qty:discounts 
Test & measurement audio/communications/computer equipment always in stock, 
power supplies transformers plugs/sockets & connectors, components fans panel 
meters cables etc. 

We would like the opportunity to tender for surplus equipment 

Official orders credit card telephone orders accepted with Access, Amex, 
Diners, Visa cards. Overseas enquires welcome c p rates U.K. mainland 

only. 
Please ring tor ca rates not shown. 

All prices inc. V.A.T. unless stated. Stock list available. 

CIRCLE ENQUIRY NO. 134 ON BACK PAGE 

B. BAMBER ELECTRONICS 
PYE RADIOTELEPHONES 
Pye Westminster Motorcycle Sets type W15FM, P Band. Will 
tune to 4 meters, sets complete with control box mounted on 
unit but less mike & speaker etc £15 + £3 P.P. 
Pye Olympic type M202, FM, High Band, less mike 8 speaker 

£35 + £3P.P. 
Pye Reporters type MF6, AM, High Band & Low Band, 
complete but less speaker £65+£3P.P. 
Pye M293, AM, less mike & speakers, High Band 8 Low Band 

£120+£3P.P. 
Pye M294, FM, less mike & speakers, High Band only £160+£3P.P. 
Pye M296, UHF, less mike 8 speakers £120 + £3 P.P. 
Pye Base Power Unit type AC200 £100 + £5 P.P. 
Pye Base Station Mikes, L -Shape £25 + £2 P.P. 
Pye Controllers type PC1 £50 + £3 P.P. 
Pye Controllers t pe M84 £185+£3P.P. 
Pye Pagers type PG1, FM, High Band £20 + £2 P.P. 
Pye Pocketfones type PF2AM High Band £25+£3P.P. 
Pye Pocketfonestype PF2UB, UHF £25 t £3 P.P. 
Pye Pocketfones type P5002, FM, High Band £75 + £3 P.P. 
Pye Pocketf ones type P5012, UHF £75 + £3 P.P. 
Pye Pocketfones type PF85 £150 + £3 P.P. 
Pye Base Station type F3OFM, Mid Band, less cabinet £35+£5P.P. 
Pye Base Station type L470, UHF, less cabinet £35+£5P.P. 
Pye Base Station type F414, UHF £100 + £5 P.P. 
Pye Base Station type F401, AM, High Band £150+£15P.P. 
Pye Pocketfone Car Adaptor for P5000 £40 + £3 P.P. 
Pye Battery Chargertype BC29,for P5000 £40 + £3 P.P. 
Airtech UHF Filter Duplexer, 3 Cavity type, model 
M450 -3A/14 £25 + £2 P.P. 
Marconi AM/FM Modulation Meter type TF2300A 
4-1600 M Hz £240 + £5 P.P. 
Marconi AM/FM Modulation Meter type TF2303, with 
shoulder carrying case, 25-225 MHz 8380-520 MHZ £250+£20P.P. 
Polarad Microwave Signal Generator model MSG -2A, 
2000-4600MHz £250 + £20 P.P. 
Hatfield Selective Level Meter Type 1001 £75 + £5 P.P. 
Marconi Circuit Magnification Meter type TF1245 with 
Oscillators types TF1246 & TF1247 £300 + £20 P.P. 
Marconi A F Power Meter type TF893A, 20Hz-35KHz, 
20mW-10W £30+£5P.P 
Pye Signal Generators type SG5U, 370MHz-470MHz £90 + £5 P.P 
Pye Signal Generators type SG3V, 70MHz-170KHz £90+£5P.P 
All prices quoted exclude VAT. Please check availability before ordering. 

CALLERS BY APPOINTMENT ONLY 

5 STATION ROAD, LITTLEPORT, CAMBS CB61 OE vls 

PHONE: ELY (0353)860185 

CIRCLE ENQUIRY NO. 135 ON BACK PAGE 

I-IEflRY'5 Edgware Road; 
, 'W2 

45th ANNIVERSARY 
METEX AND TEST LAB INSTRUMENTS 
YOU PAY. TRADE PRICES ° 

31 AND DIGIT,Dmms 
ALL MODELS WITH CONTINUITY TEST 1* With Capacitance + Hle test. 0 with 200KHZ Frequency counter) 

METEX PROFESSIONAL. 
3'2and4hdigit Omm's with hard Carry case 

Large LCD Displays with lead;. battery and instructions 20A AC/DC 

BARGRAPH SERIES' 
M36108 3', Digit 30 Range 0.3 : ) £46.04 
M365083'7 Digit 30 Range 03, i. I £51.26 
M4650B 4'7 Digit 30 Range 0 05°. with 
Data Hold i-. 1 £78.22 

AUTO RANGE SERIES. 
3 , Digit with Data Hold and Frey Counter 

M4600 30 Range 4'7 Digit 005 with 
Data Hold I I 
M4360 30 Range 432 Digit 0 05 with 
Data Hold i 

ALSO STOCKED' 
M3610 M3650 M4650 M363013 M46300 

STANDARD SERIES 

£52.13 

£63.43 

MAO 21mm Display 20KHZ Coun:er £46.04 with soft carry case3;7digit 12mmDis lla.s 
M818 17mm Display True Rms 400 KHZ M23158 17 Range 10 ADC £20.00 
Counter £58.22 M23188 23 Range 10 ADC 1.1 £23.72 
M818B Bargraph Versan £66.04 M2335 31 Range 10A AC/DC i I £27.74 

M2325 32 Range 10A AC/DC I1 £30.42 NON-BARGRAPH. 
M380032 Range 3'o, Digit 05' 11 £3213 M235532 Range 1OA AC/DC I I £34.57 

M363030 Range 3'1 Digit 0.3' lJ £41.70 M236538Range 10A AC/DC I. I £37.25 
12355/2365 HAVE TTL LOGIC TEST) 

1 1 

TEST INSTRUMENTS 
3000 LCR AC Bridge £11120 TE220 1 MHZ Audio Generator £81.75 
M3002A AC Millivolt Meter'lMHZ £8.580 3300 Autorange Digital Cap Meter £64.00 
2020 500 KHZ Function Generator £96.50 6100 Signal Tracer/Infector £52.30 
4162A0 150 MHZ Fr Gen Plus 6 Digit 5250 150 MHZ 7 Digit Frequency 
Counter £172.86 Counter £64.50 
2603AD 1 MHZ Af Gen. plus 6 Digit OST5M 5 MHZ Bench Scope £168.00 
Counter £166 16 243 0/24V 0/3A Variable PSU £56.00 
TE200 150 MHZ Rt Gen 245 01249 015A Variable PSU £69.55 
450 MHZ Harmonic) £8000 154 4/159 0/4A Variable FSU £40.00 

1a 
1 

"POCKET" TEST INSTRUMENTS 
YF20 Dual Scale Sound Level Meter 
120dB £32.85 
2255 VHS Video Head Tester £30.69 
1065 Digital Lux Meter 3 Ranges £46.83 
07 Logic Probe £763 
74625 Logic Probe/Pulse, £1474 
300 AC Clamp Meter 600A/300V/ 
Re i £3350 
74265 Add on AC Clamp Probe 
for Dmm s £16.48 
501 Electronic Insulation Tester 500V £53.25 
504 Electronic Insulation Tester 1000V £70.88 
K0M6 TR Dip Meter 1 5 to 250 MHZ £41.88 
1062 LCD Temperature 8 data hod £36.72 
3026 LCD Temperature Two 1/P £32.30 

Henry's are also instrument 
distributors for HAMEG, FLIGHT. 
ALTAI, BLACKSTAR, THURLBY, 
HITACHI, CROTECH, THANDAR. 
Phone for best prices. 

HEf1RYZEL CTE ROnK3 
404 Edgware Road, London W2 1 ED 
Instruments/Audio 01-724 3564 
Security/Communications/CCTV 01-724 0323 
Components 01-723 1008 Fax 01-724 0322 
Trade/Education/Export 01-258 1831 

(Please note - from 6 May 1990 the 01 Code changes to 071) 

CIRCLE ENQUIRY NO. 136 ON RACK PAGE 

3900TO LCD Dmm With Dwell And 
Tach Ranges 20A AC, DC £45.17 
KT50 LCD 8 Range Capacitance Meter £36.20 
6060 LCD Digital True Power Meter 
6K W 19 £64.00 
2670 19 Range Multimeter 10ADC 

Buzz £12.00 
2030ET 27 Range 10A AC/DC Cap 
HIP Temp Buzz £29.30 
5050E 41 Range FET mm £26.77 
OM Wallet Autorange Dmm £17.35 
921 Pen Type Autorange Dmm £24.78 
850 Mains Phase Tester £21.20 
260 1000A AC Digital clamp metes £40.25 
261 Add on insulation tester for 260 £29.35 

Also stocked 
Tools, components, CB, public 
address, CCTV. security, 
communications, TV, video, 
audio, computer accessories. 

Prices correct at Dec 89 ADD 15% VAT 

TELEPHONE YOUR ORDER WITH VISA/ACCESS 
(UK ONLY) 

OPEN 6 DAYS A WEEr( FOR CALLERS CATALOGUES 
- IN COLOUR 

Instruments 
Security 

Ili 
plements 

Henry's first 
Components 

Ask 

Et for callers large 
SAE C2 stamp UK by post Free to 
Education with 
Trade Prices 
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High -accuracy 
bridge amplifier 

Derek Shell describes a differential 
bridge amplifier which needs only 
one precision resistor and has no 

common -mode error 
If a Wheatstone bridge is arranged 
to drive a non -inverting feedback 
amplifier, with the measurement v+ 
and reference nodes taken to the 
op -amp positive and negative op - 

amp inputs respectively, feedback 
action will force the bridge into balance. 
The current injected into the reference 
node via the feedback resistance must 
therefore modify the voltage drop 
across the reference resistance by an 
amount equal to the bridge current mul- 
tiplied by the deviation between measu- 
rement (transducer) resistance and refe- 
rence resistance. The voltage drop 
across the feedback resistance therefore 
provides an amplified measurement of 
resistance deviation. 

By holding the bridge reference node Fig.! Non -inverting feedback amplifier holds bridge reference at virtual earth, allowing use 

at virtual ground by the additional op- of differential bridge amplifier. 
amp circuit shown in Fig. 1. together 
with the measurement amplifier circuit, 
the voltage across the feedback res- v+ 
istance appears at .the measurement 
amplifier output referenced to ground. 
We now have a two op -amp bridge diffe- 
rential amplifier which requires only 
one precision resistor, has no common - 
mode error and suffers from only one 
op -amp offset error which adds directly 
to signal input. 

Another very useful consequence of 
the virtual grounding of the bridge refe- 
rence node and, since the bridge is 
forced into balance, also of the measu- 
rement node, is that the voltages across 
both upper bridge resistors are held con- 
stant at bridge voltage, hence constant Fig.2. Dummy lead drop added to bridge voltage holds bridge currents constant. 
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DESIGN 

bridge currents are generated without 
recourse to constant current generators. 
The bridge voltage will, of course, 
require accurate definition, and can be 
generated by a reference zener and res- 
istance to the positive supply. 
The derivation of errors from op -amp 1 

input bias currents and offset, referring 
to Fig. 3, is as follows. 

¡V,-IB-Ib21 R + vorr= `RF J 

(IB- yorr-Ibi)(R+bR). 
RF 

VoR/RF = (IB-vrr-Ib)bR + 
RB 

(I-Ibr)R - vorrR - vorr 
RB 

Vo=6R.IB. RF/R(1-vorr-1b) +. 
VB IB 

I.11,-vorrRF/RB-RF.vorf/R. 

Scale factor error terms are 

Io RF 

vonRH/RB 

Output offset error terms are 

I. Rr 
vorr RF, RB 
vorr. RjR 

(3) 

{5} 

Deriving errors from op-amp2 input 
bias and offset, as in Fig. 4, gives: 

rVo-vorf+ IB-Vorr- Ib21 

L RE 

(IB-b IB).(R+hR) 

(Vo - v'orr)R/RF =b R(IB - von) + Ib2R 
RB 

V =von+OR.IB.RF/R.(1 -y )+Ib2RF 
RB 

Scale factor error term is 

VordVB 

Output offset error terms are 

vorr 

Ib2RF 

(6) 

(7) 
(8) 

B-6IB= IB-UOFF 

RB 

oV 

VO -1D2+IB 
RF 

1-Ib2 

RF 

Fig.3. Derivation of errors from op -amp 1 input bias currents and offset 

( VO-UOFF+IB-6IB-Ib2) 
RF 

Fig.4. Bias currents and offset errors contributed by op-amp2 

In the case where lead resistance com- 
pensation for remotely sited transducers 
must be applied, involving appreciable 
variation of lead and dummy lead res- 
istance with temperature, the additional 
op -amp circuit shown in Fig. 2 tx ill main- 
tain constant bridge currents. 

Figures 3 and 4 provide detailed ana- 
lysis of errors introduced by op -amp 
offset and bias parameters. 

Error derivation 
Error term (5) expresses an error equi- 
valent to measurement amplifier input 
offset added to signal and is intrinsic to 
any amplifier configuration. Excluding 
this term from consideration, therefore, 
the accuracy requirement from this 
amplifier configuration is that the sum 
of all the other error terms should be 
substantially less than errors deriving 
from tolerances in the bridge resistors, 
feedback resistor and bridge voltage. 

With relatively non -stringent values of 
O. lmV, 5nA and.IOnA for offset voltage 
(nulled), offset current and bias current 
for the op -amps, total scale factor and 
output offset errors of 0.01% and 1mV 
respectively should he achievable over a 
wide range of transducer drive and 
signal amplification requirements, 
given suitable optimisation of resistance 
values and bridge voltage. 

This bridge amplifier configuration 
has the merits of simplicity, low compo- 
nent count and high accuracy. Com- 
pared with the conventional three op - 
amp differential amplifier used to amp- 
lify a differential bridge signal, it offers a 
reduced precision resistor count from 3 
to 1 with a corresponding reduction in 
scale -factor error, a reduction in op - 
amp count, and a halving of op -amp 
input offset -voltage errors which add 
directly to bridge signal. 
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FDNR filters 
a simplified approach 

ost analogue circuits are 
simple in their basic 
operation. but the au- 
thors of text hooks seem 
to delight in the compli- 

cated exposition. sprinkling so much 

superfluous mathematics around as to 
obscure the wood with trees. 

A typical text hook approach to circuit 
analysis takes into account all the cha- 
racteristics of an active device. which 
results in algebraic equations too long to 

tit on one line and completely obscures 
the important principles at hand. I low 
much better. surely, to start with a simp- 
lified model to demonstrate the prin- 
ciple and then to indicate any modifica- 
tions and allowances that must be made 

to accommodate the vagaries of real 

devices. 
I applied this principle a few years 

ago. on coming across an article describ- 
ing an application of FDNR filters in the 
llen'/en Packard Journal. I had heard of 
frequency -dependent negative res- 

istances before - their use was pro- 
posed as long ago as 1969' - but apart 
from noting that the circuits looked 
fearfully involved. I had not had occa- 

sion to take any further interest. This 
time, however, I resolved to get to grips 
with them. and knowing that a textbook 
was only likely to confuse me. set about 
analysing the circuit from scratch. 

FDNR filters are not just a curiosity: 
the offer a realistic approach to some 

filtering applications. For instance, the 

I lewlett Packard 5420A digital signal 

analyser uses them as input ant i-aliasing 
filters to provide identical, matched. 
low-pass filters on each of its two input 
channels. 

The technique permits the realisation 
of filters with the Hat pass -hand. closely 
controlled phase response and stable 

drift -free characteristics required for 
the two identical input channels of a 

precision measuring instrument. cha- 

d 

1X 

Ian Hickman's 
explanation of 

frequency -dependent 
negative -resistance 
filters is the result of 
his unwillingness to 

rely on the 
maths -spattered 

textbook method of 
learning 

racteristics which it would be difficult to 
obtain in the 0-30kI-Iz range with filters 
using wound inductors. 

Of course. it would he possible. if that 
instrument were being designed today. 
to consider the convenient and econo- 
mical switched -capacitor filter ICs avail- 
able from a number of manufacturers. 
But, being time -discrete filters. they 
would still need to be preceded by a 

conventional anti-aliasing filter of some 

kind. And even then. one would be wary 
of incorporating a switched -capacitor 
filter. with its high-level clock signal and 
the possibility of spurious responses. in 

the front end of a sensitive measure- 
ment system. 

The FDNR 
To see how FDNIts may be used in 

filters, consider first how inductors and 

capacitors are used in conjunction with 
resistive termihations to make a fre- 
quency selective network. for example a 

low-pass filter. Figure 1(a) illustrates 
that the voltage across an inductor is 

proportional to the rate of change of 
current through it, that voltage across a 

resistor is simply proportional to the 

current, and that voltage across a ca- 

pacitor is proportional to the integral of 
the current (or the current is propor- 
tional to the rate of change of voltage. 
which comes to the same thing). It also 

shows a device called an FDNR or 
sometimes a D element, with the cha- 
racterist ics shown. 

For a constant -amplitude AC input 
current. the voltage across an inductor 
rises at 6d11/octave with increasing fre- 
quency; across a resistor it is constant in 

amplitude: and across a capacitor it falls 
at 6dB'octave. Across an FDNR it falls 
at 12dB/octave, for which reason it is 

sometimes called a "supercapacitor" 
and is denoted by four parallel lines. 

twice as many as a normal capacitor 
symbol. Similarly, where the jrn term 
associated with an inductor indicates a 

900 leading voltage. for a capacitor the 

1/jw or -j/to term indicates a 9110 

lagging voltage and for an FDNR the 

I/(jto)2 or -1/w2 term indicates a 

negative resistance. (Remember that 
j- = -I, i.e. two 911° phase shifts give a 

phase shift of 180° - a sinewave in 

ant iphase or a "negative" sinewave. 
For the steady-state condition. which 
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1 Inductor L V.jwLI 

2 Resistor R Z V- RI 

3 Capacitor C V.(1/jwC11 

4 FDNR D= V.1D/jw)211 
(D element) T 

Vi 

iR R 

is all we are considering here, the com- 
plex frequency variable s can he consi- 
dered as shorthand for ju). where 1u is 

the frequency of a sinewave in radians 
per second; so 1u = tat. where t is the 
frequency in Hertz. :\1v apologies if this 
recap is a hit breathless. but the main 
drift of the article is how FDN Rs work. 

The algebra is fairly simple: the res- 
ponse of the second -order logy -pass 
filter at (h) is as follows. 

v=iR=i 
j10e 

u1=11 IU)L+y 

Fi=vju)c+v/R=v(jl)c+l/R) 
V vo 

vi - iLjtnL+y 

o 
ju01.1( I/R)+j1oCI 

1 - (ju)L(R)+( j())'- I.C4 I 

and if l.=C= I, 
v 1 I I 

v; - s2+s( I/R)+ I 
.Ind D= = IZ 

.90° 

0° 

-90° 

-180° 

(a) 

R 01 

40 

20 

C 

-20 

-40 
Amplitude plot 

L 

R 

Voltage drop across 
L,R,C or D (log scale) 

(dB) 

L 

6dB/octnve 
10R 

Radian frequency 
(log scale) 

-6dB/oct. 

-12d8/oct. 

FDNR 

Phase plot 

20l0910 Q 

Radian freq. 
(log scale) 

-12 dB/octave 

Ibl 

Ic) 

Log frequency 

where I) stands for damping, not for 
anything to do with D elements. The LC 
section is driven from zero source impe- 
dance. feeding a load of resistance R. It 
urns out that. for the normalised case of 

L= 111. C= I F. for which the corner fre- 
quency (1 = Iradian's. D=I/0=1/R. 

la) 

Fig.! Frequency -dependent behaviour of 
various components. Voltage across 

R falls a! twice the rate of that across 
a capacitor- hence the name 
"supercapacitor". At (h) is a passive, 
second -order, low-pass LC section and its 
response. The FDA'R equivalent is at (c) 

For a practical filter. we would choose a 

value [or Q to give the flattest possible 
pass -kind response. rather than the 
peaky response illustrated. 

Figure I(c) shows the same tvvo- 
elentent section v ith a resistor substi- 
tuted for the inductor, and an FDNR for 
the capacitor. To he consistent, a cap- 
acitor must he substituted in (e) for the 
resistive termination in (h). The algebra 
for (c) is followed through in exactly the 
sank way as in (h) and produces 

v 1 

v s2+sC+ I 

This i:: the saute second -order expres- 
sion for v,jv, as in (h), hut with the 
damping term D equal to C, so Q = I/C 
for the normalised case where the res- 
istaneé R and the FDNR R' both equal 
Ill. So in principle. given the 
appropriate FDNRs. we could realise 
any LC filter as an RR' filter, where R' 
indicates an FDNR. 

Figure 2 shows an FDNR circuit, in 
which C, = C, and R, = R. = R. It can 
reasonably he described as a somewhat 

Fig. 2. FDNR circuit (a). y, = v2= vs 

and i, = i,+i i, = i,+is. At (h) is voltage 
vector diagram for (a) when Rs and Cs are 
equal undf =112jrCR. Current vectors are 
at (c) and at (d) is current vector diagram 
forf = //-J,rCR. Currents i, and i, are 
always in quadrature 

0 Si 
3 

0-2 

4 

lb) 
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incestuous circuir- perhaps even remi- 
niscent of the infamous disappearing 
bird. I lowever. it is not nearly as fiercely 
complicated as might appear at first 
sight, heing easily unravelled with the 
aid of vector diagrams as in Figs. 2(h) 
and (c). 

For a start, consider the "extremum" 
of (1Hz: we can say that, given a DC path 
from node 5 to ground,the circuit is DC 
stable. At zero frequency. C, and C, are 

effectively open -circuit, so there are 

simply two op -amps each with its non - 
inverting input referred to ground and 
with 1(10% negative feedback. although 
in the case of A,. the feedback loop 

Fig. 3. Evolution of a FDNR filter. 
Original section is at (a) and (h) shows the 
FDNR approach. A normalised low-pass 
filter for the H -P 5420 is seen at (c) and (d) 
is the active FDNR filter derived from that 
in (e) 
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includes A,. Now consider the AC con- 
ditions and. in particular, the frequen- 
cy o1 at which l/(tmC) = R. For con- 
venience, normalise everything, so that 
R = 112.0 = IF and u1 = rad/s. 

We need to determine the relation- 
ship between the voltage applied to 
node 5 and the current i5 flowing as a 

result. as a function of frequency. 
As a start, assume that there is a 

voltage v1.0 of I V RNIS and frequency 
Irad/s at node 1, as shown in Fig.2(a), 
and define its phase as the reference 
phase for all the other voltages and 
currents in the circuit. The double - 
subscript convention heing used here 
indicates the node at which the voltage is 

measured and the node with respect to 
which it is heing measured, in that 
order: thus vim is the voltage at node I 

with respect to node 0. ground. 
Because of its large voltage gain. an 

op -amp with negative feedback must 
have its two inputs at virtually the same 
voltage for any value of output voltage - assuming that it is not overdriven. in 
which case the output voltage would he 

at one of the supply -rail voltages. We 
therefore know that the voltage at node 
3 with respect to ground is 1/0° and at 

node 5 it is also 1/0° for the same reason. 
Furthermore, node 1 is connected only 
to an op -amp input, which draws negli- 
gible current: therefore, since R, = R2 

and i, flows through both, v2., = 1/0°. 

We can now fill in y,,,, v21 and v on 
the voltage vector diagram of Fig.2(h) 
and i, on the current vector diagram (c) 
as shown. Given that v3.2, the voltage 
across C3í is lagging by 180°, the current 
i3 through C, must be lagging by only 90° 

as shown in (c): since i, = i3+its we can 
now also mark in i,, the output current 
of A,. The current i3 flows through both 
R3 and C,, so we can mark in v,s in (a) 
and also v5,, - which must he just the 
opposite, since v5.0 = v3,11. Since v5.,, the 

voltage across C,, is lagging by 27(1° 

(which is the same as leading by 90°), 
then i,, the current through C,. must he 

lagging by 180°. as shown in (e). We can 
now finally mark in i,, since is+i, = i3. 

Current i5 is 18(1° out of phase with 
voltage y5at node 5, i.e. it is flowing the 
opposite w ay to what we would expect it 
we saw a resistance looking in at node 5. 

What we have is a resistance equal to 
vs/is or (1/0°V)/(1/I 80°A), which is 1 SL 

Figure 2(d) shows the current vector 
diagram for a frequency of 0.5rad/s. 
Since, at this frequency, the reactance 
of C) is 212, i3 is now only 0.5A and i, is as 

shown. In consequence, is only 0.5V 
and, since the reactance of C, is also 212, 

a mere 0.25A is enough to provide the 
0.5V drop y3 across C,. At one octave 
lower than before, the resistance look- 
ing into node 5 is still negative but is now 
--452. Similarly, at a frequency of 
grad/s. we see 0.2512. 

The negative resistance is inversely 
proportional to the square of the fre- 
quency or, to put it 'another way, if an 
alternating current of constant ampli- 
tude is injected into node 5. the resulting 
voltage drop falls at - I2dB/octave with 
increasing frequency, as well as being in 
anti -phase. This is a frequency - 
dependent negative resistor. subject 
only to the limitation that one end is 

anchored firmly to ground. 
Since op -amps are not capable of 

supplying amps of current, except on 
paper. it is more sensible to choose 
values for R R2 and R, in the range 1 kit 
to 5k9. They need not he equal, but the 
analysis is a little more complicated if 
they are not. The FDNR will work as 

described down to a frequency where 
the op -amp input currents arc no longer 
negligible compared to i3; and up to the 
frequency at which the op -amp output 
impedances are no longer low consid- 
ering the size of i5, or where their fre- 
quency response begins to fall off, 
whichever is the lower. At the frequen- 
cy where R = 1/(wC), the input impe- 
dance at node 5 is simply -R. 

FDN R filter design 
In many applications, the fact that the 
FDNR is not floating is no problem. 
Figure 3(a) shows a three -pole, elliptic. 
low-pass filter operating between 
source and load impedances R, and R,, 
which would normally be equal. In (b). 
the transformed filter using resistors in- 
stead of inductors and FDNRs in place 
of the capacitors operates between 
capacitive source and load impedances; 
the resistors R,, and R,, are added purely 
to define the behaviour at 0Hz, where 
the reactance of the terminating ca - 
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pacitors has risen to infinity. 
In (c) is a normalised seven -pole, el- 

liptic low-pass filter used as an anti - 
abasing filter in the H -P 5420A digital 
signal analyser2, while (d) shows the 
corresponding FDNR filter scaled for a 
30kHz cut-off. Resistor R, is set to 
85.6kí2 which, added to the series res- 
itors in lieu of inductors, totals 1110k12. 

In conjunction with Rc2, a 100kí2 DC 
.return at the non -inverting input of the 
output op -amp, the DC attenuation is 
6dB. 

At higher frequencies in the pass - 
hand, the same 6dB attenuation occurs, 
due now to the reactance of the two 
equal -value source and terminating 
capacitors. An attenuation of -6dB in 
the pass -band sounds a hit odd, but this 
is because we have been considering the 
input as Vl, the source EMF. If, as is 
usually the case, the source resistance Ri 
in Fig.3(a) is considered as the internal 
or matched resistance of the source and 
the filter input measured at the input to 
L, instead, the pass -band attenuation is 
zero, as expected. The final circuit of 
Fig.3(d) provides greater than 80dB of 
stop -band attenuation for frequencies 
above 80kHz. 

Returning for the moment to the pro- 
totype normalised seven -pole filter of 
Fig.3(c), one can see that FDNRs are 
particularly convenient for low-pass, 
rather than high-pass filters and also 
how the choice of T -sections rather than 
sr -sections reduces the number of FDNRs 
by one. 

Design procedure 
Practical FDNR filter design proceeds 
much as normal, starting with a design 
such as that of Fig.3(c), where the values 
are normalised; that is, are in Henries 
and Farads, calculated for a cut-off 
frequency of 0.159Hz (1/27tHz or 1 rad/s) 
with a 19 characteristic resistance 
source and load. The inductor values in 
Henries become the resistor values in 
Ohms and the reciprocal of the 
capacitor values becomes the value of 
the supercapacitors, D elements or 
FDNRs, in minus Ohms. The reciprocal 
of the characteristic resistance becomes 
the terminating capacitor value in 
Farads. 

The design is then normalised to the 
desired cut-off frequency by dividing 
the R and multiplying the D values by 
the new cut-off frequency - equivalent 

to dividing both L and C values by the 
desired cut-off frequency when 
denormalising an LC filter. A suitable 
multiplying factor is then chosen to 
bring the R values to a manageable level - say 2.5k12 for R corresponsing to L, 
in Fig. 3(a) - and the same multiplying 
factor applied to the D elements. 

The value of negative resistance 
required at the cut-off frequency is now 
determined, and the appropriate value 
for the two capacitors of each D element 
can he selected, given the values of Rl, 
R,and R3 used, see Fig. 2(a). 
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Toroidal 
Transformers 
As manufacturers we are able to offer a range 
of quality toroidal and laminated transformers 
at highly competitive prices. 

Toroidal Price List 
Quantity prices Exclude VAT & carriage 
VA Mail Order 1-5 6+ 164 25+ 50+ 100 1. 

15 9.72 8.75 6.42 6.08 5.49 5.10 4 86 
:,0 10.3 9.27 6.80 6.44 5.82 5.41 5.15 
50 10.96 9.86 7.23 6.85 6.19 5.75 5.48 
60 11.28 10.15 7.44 7.05 6.37 5.92 564 
80 11.88 10.69 7.84 7.42 6.71 6.24 5 94 

100 12.88 11.59 8.50 8.05 7.28 6.76 6.44 
120 13.28 11.95 8.76 8.30 7.50 6.97 6.64 
150 14.88 13.39 9.82 9.30 8.41 7.81 744 
160 15.45 13.91 10.20 9.66 8.73 8.12 7.73 
225 18.22 16.40 12.03 11.39 10.29 9.57 9 11 
300 20.18 18.16 13.32 12.61 11.40 10.59 10 09 
400 26.52 23.87 17.50 16.57 14.98 13.92 13 26 
500 26.88 24.19 17.74 16.80 15.19 14.11 13.44 
625 30.06 27.05 19.84 18.79 16.98 15.78 15 03 
750 38.42 34.58 25.36 24.01 21.71 20.17 19 21 
800 43.96 39.56 29.01 27.48 24.84 23.08 21.98 
1000 53.54 48.19 35.34 33.45 30.25 28.11 26.77 
1200 59.08 53.17 38.99 36.92 33.38 31.02 29 54 
1500 68.82 61.94 45.42 43.01 38.88 36.13 34.41 
2000 84.12 75.71 55.52 52.58 47.53 44.16 42.06 
2500 109.96 98.96 72.57 68.72 62.13 57.73 54 98 

These prices are for single primary with two equal seconded* with 8 colour coded fly leads. 

Available from stock in the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 
18-0-18, 22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220 240. 
Primary 240 volt. 
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Air Link Transformers 
Unit 6, The Maltings, Station Road, Sawbridgeworth, Herts. 

Tel: 0279 724425 Fax: 0279 726379 
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The world is at your fingertips with ICOM's new IC -R9000 radio 
communications receiver with continuous all mode, super wideband range 
of 100KHz to 1999.8MHz and a 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. The Direct Digital Synthesiser assures the widest range, 
lowest noise and rapid scanning. 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 
Oscanning priority channel watch, voice -sense scanning and a 
selectable width around your tuned frequency. 

Icom (UK) Ltd. Tel: 0227 363859. Telex: 965179 ICOM G 
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M.R.S. Communications Ltd. Cardiff. Tel: 0222 224167. 
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Name/address/postcode: 

Job Title: Tel: 
Post to kern (UK) Led Dept.WW, FREEPOST, Herne Bay, Kent CT6 8BR 

CIRCLE ENQUIRY NO. 105 ON BACK PAGE CIRCLE ENQUIRY NO. 106 ON BACK PAGE 

July 1990 ELECTRONICS WORLD + WIRELESS WORLD 587 



DATACOMMS 

tandards for PSTN-based 
modem communications are 
well established. From 75b/s to 
14 000b/s, some thirteen stan- 
dards cover a variety of bit 
rates, interface specifications 

and modulation techniques. With mo- 
dems, increased speed not only 
increases the cost, but also the likeli- 
hood that the received data will contain 
errors. For this reason, most high-speed 
communication systems possess some 
form of software -controlled error cor- 
rection, which further increases cost. 

Many low-cost, low data -rate telemet- 
ry systems have used DTMF tones for 
signalling purposes, allowing a limited 
amount of data to be sent at a very low 
speed. Later, single -chip devices for the 
CCITT V21 (300b/s) and V23 (1200/75 
or 1200/1200b/s) standards became 
available. 

V23 evolved from terminal applica- 
tions where the user was assumed to be 
able to type at up to 75b/s but could 
receive from a host computer at 1200h/s. 
The 1200/1200 specification allowed a 

higher data rate from the terminal, but 
the transmission was half duplex, so that 
only one modem could transmit while 
the second had to wait until the message 
was complete. 

More recently, V22 allows 1200b/s in 
either direction at the same time (full 
duplex), reducing line occupancy and 
therefore costs. So, how is this improve- 
ment achieved? 

15 
Do 

16 
D, 

17. 

Dy 

INT 

Ao 

Al 

A, 

27 
CS 

2 

3 

ON 

KDV 

TXD 

RXD 

SC11027/11037 
CONTROLLER 

DOST 

tst-r 

RDY (Iv) 

D I/O 

SCK 

RD 

WR 

CLK 

TEST GND 

DEMS 
FOR, 

ELEMETRY 
Telephone -line 

telemetry for the public 
utilities is growing fast. 

Gordon Lindsay 
presents two circuits 
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V23 calls for the use of frequency shift 
keying (FSK), which is the transmission 
of two different tones to represent 0 and 
1, the receiving modem filtering the 
signal to extract the data. On the other 
hand, V22 is a differential phase shift 
keying (DPSK) system in which the car- 
rier is modulated through four phases, 
each representing two bits or one dibit. 

Most communications textbooks 
show a proof that a standard telephone 
line has an optimum data rate of 600 
symbols/s due to the multiplexing of 
PSTN lines, so V22 will operate at up to 
600dibits or 1200b/s, since each symbol 
is two bits. +5v 
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Fig. 1. Modem using the SC11016 modem 
IC and SC11007 controller, which makes 
a complete, parallel -bus Hayes -type smart 
modem 
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Line bandwidth accommodates two 
such carriers at a time; carrier frequen- 
cies are separated into high and low 
bands, allowing full -duplex working. 
Analysis shows that the probability of 
errors is higher in V23 than in V22 and 
furthermore, V22 circuitry can he con- 
tained in one chip, although it is more 
complex than V23. 

The high probability of correct recep- 
tion using V22 means that such systems 
do not need error -correction software, 
except where more than 64Kbyte of 
data is being sent or in the presence of 
extremely bad noise; such a large 
amount of data is unusual in remote 
telemetry. In many cases, error - 
correcting modems need a call setup 
time longer that required for transmis- 
sion and the use of an error -correcting 
protocol such as the CCITT V42 recom- 
mendation would increase on-line time 
far too much for it to be an advantage in 
some systems. 

Modem design 
Complete modems usually consist of 
three discrete sections: host interface, 
modem circuit and line interface. 
Typical host interfaces are RS232 con- 
nections or parallel buses for micropro- 
cessors. The line interface is subject to 
local PTT requirements and must also 
meet safety specifications. Sierra Semi- 
conductor's modems are configurable in 
both respects. 

In remote telemetry application, Sier- 
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Fig. 2. Stand-alone modem which uses an 
8031 (an 8051 without rom) for control to 
allow connection to any type of host. 

ra's SC11016 conforms to V21 and V22 
and contains all analogue and digital 
circuitry needed, including an on -chip 
DTMF dialler. It is controlled by send- 
ing commands to the IC through a 

simple interface to set the mode (trans- 
mit, receive or test), data rate, auto 
answer, transmit and receive levels and 
autodialling functions. A second chip 
provides the host interface in either 
RS232 or microprocessor connection. 

Source code, which uses the Hayes 
AT command set, is available for all the 
modem control functions to run on an 
8031 microcontroller, so that the 
modem is usable with any type of host 
equipment. 

In initiating a call, the SC11016 gene- 
rates DTMF tones for dialling and is 

then set to monitor line status. If the call 
is answered, it performs the specified 
handshaking functions and is set to trans - 
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mit. Line monitoring continues during 
transmission and is followed by the 
specified termination sequencer; if the 
connection fails in mid -transmission, 
the modem reports the reason for fail- 
ure. It automatically answers and rece- 
ives incoming data. The SC11016 
operates on a minimum carrier of 
-43dBm and with s: n ratios of <20dB. 

Figures 1 and 2 show designs for two 
modems: one using a parallel controller 
and the other an 8031 with the SC11016. 
The controllers contain all the software 
in internal rom to allow the use of fewer 
chips than in the micro -based solution. 
Modems and controllers are available in 
surface -mounting packages and a com- 
plete system need occupy only 
75 X75mm. 

The SC11016 is a c-mos device, need- 
ing a single 5V supply. Software - 
controlled power -down sets it to stand- 
by when it is inactive, in which condition 
itdraws3.5mA. Power -up takes 5ms. 

Gordon Lindsay is Applications 
Manager at Sierra Semiconductor 
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PHONE 
0474 560521 R M. COMPONENTS LTD 

FAX SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 

0474 333762 SPRINGHEAD RD, GRAVESEND, KENT DÁ11 8HD 

A selection from our 
stock of branded valves 

M8079 QQZ03-20 42.50 
M8082 00206-40 45.00 
M8083 0575/20 130 
M8091 0595/10 4.85 
M8096 3.00 05108/45 4.00 

6.00 
7.50 
3.25 
7.50 

A1714 24.50 E810F 25.00 EF8065 25.00 M8098 5.50 05150/15 6.95 

A1834 730 E1148 1.00 EF81 O.áS M8099 5.00 05150/30 1.15 

A2087 1130 0A50 1.00 M8100 5.50 05150/40 7.00 

A2134 14.95 EA52 75.00 EFP60 3.50 M8136 7.00 051205 3.95 

A2272 15.00 EA76 1.95 _t}jQQ1_0.72 M8137 7.95 O51213 5.00 

A2293 6.50 E019 1.95 E090 13á' M8161 6.50 QU37 9.50 

A2426 29.50 EABC80 1.95 .1132____!15. M8162 5.50 0003-12 6.50 

62599 37.50 EAC91 2.50 E134M8163 5.50 OV05-25 3.50 

A2792 27.50 E6942 1.20 

<OA 
8190 4.50 OV06-20 29.50 

A2900 11.50 0834 1.50 34 195M8 6.50 QV08-100B 

63283 24.00 F841 3.95 SiSI M8196 5.50 145.00 

A3343 35.95 EB91 0.85 E136 2.50 M8204 5.50 013-125 85.00 

ACSP3A 4.95 EB1.33 2.50 E138 4.50 M8223 4.50 004-250 105.00 

AU52PEN 8.50 EBC41 3.50 E141 3.50 M8224 2.00 054.400 110.00 

ACT22 59.75 EBC81 1.50 0142 2.00 M8225 3.95 R10 4.00 

AH221 39.00 EBC90 1.95 0171 4.50 ME1400 3.50 RIB 2.50 

AH238 39.00 EBC91 1.95 E181 6.95 ME1401 19.50 RG1-2400 14.50 

6160 6.00 BF80 0.95 ME1402 29.50 RG3250A 6.50 

AN1 14.00 _ .95 MHlD6 4.00 RG3.1250A35.00 

ARP12 2.50 F9989 095 MP25 195.00 093-250 15.00 

ARP34 1.25 0132,3 _____11.95 MULLARD 4.50 MS4B 5.50 RRE-1250 35.00 

ARP35 2.00 E13121 4.50 0184 MU14 3.50 511E12 38.00 

AZII 4.50 K52 0.75 SIEMENS 2.50 N37 12.50 510420 10.00 

87'6 35.00 EL53 -1.50 E185 4.50 N78 9.85 5C1/1300 6.00 

BTSB 55.00 EC70 1.75 E186 1.75 062 1.50 5961 3.50 

BT17 25.00 EC8I 7.95 E190 1.75 0A2WA 2.50 51V280/40 11.95 

91''3 35.00 EC86 1.95 EL91 4.50 0A3 2.50 1525/300 95.00 

CI 27.50 EC88 1.95 E195 1.75 082 1.50 182.300 195.00 

C3M 17.95 EC90 1.95 01152 15.00 OB2WA 2.50 TB3-750 115.00 

C1149/1 120.00 ERC91 5.50 E1360 6.75 0C3 2.50 T83-2000 450.00 

C1150/1 135.00 EC93 1.50 E1500 1.95 OD3 2.50 1812-300 395.00 

C1'66 125.00 EC95 7.00 E1504 1.95 0M4 2.50 1612-500 495.00 

C1534 3200 EC97 1.10 E1509 5.95 0M58 3.00 1D03.10/0/E/F 

CCA 3.50 EC8010 12.00 E1509 OM6 1.75 35.00 

CD24 6.50 ECC32 3.50 MULLARD 7.50 ORP43 2.50 1115 45.00 

CK1006 3.50 ECC33 3.50 EL519 6.95 ORP50 3.95 1721 45.00 

CK5676 6.50 ECC35 3.50 E1802 3.65 P61 2.50 7122 45.00 

CV Nos PRICES ECC81 1.95 E1821 6.95 P41 2.50 17100 69.00 

ON REQUEST ECC81 SPECIAL EL822 12.95 ?ABCAO 0.95. 1Y2.125A 105.00 

C01140 495.00 QUALITY 2.95 E1180 22.50 PC86 0.75 TY8-600w 

0x1528 3250.00 CCC82 0.95 EM34 12.50 AM365.00 
D3A 27.50 CZB7 EM81 3.50 97 1.10 1)19 8.50 

D63 1.20 PHILIPS 1.95 EM83 1.65 PC900 1.25 U26 0.90 

DA41 22.50 ECC83 1.50 EM84 1.65 1135 750 
DA42 17.50 ECC83 EM85 3.95 U37 9.00 

DA90 430 BRIMAR 2.15 EM87 2.50 0. 1141 6.95 

DAF91 0.95 ECC83 EN32 15.00 . U50 3.00 

6AFS6'-- 1LS PHILIPS 1.95 EN91 2.25 PCU89 70 U82 3.00 

DL70-1.75 ECC83 EN92 4.50 PCC U . 
DC90 3.50 SIEMENS 230 EY51 0 8 
DCX-45000 KC83 EY70 7.50 PCF82 060 U193 1.00 

25.00 SUPER 3.50 EY81 2.95 PCF80 ---035 11251 2.50 

DE1I6 28.50 ECC85 1.50 EY82 1.15 PCF82 _0.60 U801 3.50 

DET18 28.50 ECC86 2.75 0583 1.50 PCF84 0.65 UABC80 1.00 

DE720 2.50 KC88 1.50 E584 5.95 PCF86-111- 1.20 UAF42 1.95 

DET22 29.50 ECC89 1.50 7 0.65 PCF87 1.25 UBC41 3.95 

0ET23 35.00 ECC91 2.00 EY88 PCF200 1.80 U8C81 1.50 

DET24 27.50 ECC189 2.50 EY91 5.50 PCF201 1.80 1109_0.95 
DET25 22.00 ECC801S 6.95 EY500A 2.95 PCF801 1.35 UBF89 G0 
DET29 32.00 ECC8035 6.95 EY802 0.70 PCF802 0.85 1)8121 2.95 

DF61 3.50 EC[Qa 0.60 Ma 1.00 PC>'W y 5 1.25 ÚC92 2.50 

D991 1.50 ÉCC2000 7.95 0240 3.50 PCF806 1.00 C84 0.70 

0992 1.50 ECF80 1.15 EZ4I 3.50 PCF808 1.25 UCc8s 1.00 

DQ6 1.25 ECF82 1.50 EZ80 - 075 PCH200 1.50 UCF80 1.00 

5W1--135 ECF86 1.70 EZBr1.50W2,1.9_5_UCH21 2.50 

DG1OA 8.50 ECF200 1.85 E290 1.50 PC1.83 .50 UCH41 2.50 

DH63 3.50 ECF202 1.85 9884-800 4.50 P0184 1.73 UCH42 3.95 

DH77 1.50 ZE101 0_85_ FX2535 195.00 PC185 0.95 UCH81 1.95 

DK91 1.20 ECF804 6.50 055/10 9.00 PI 18a. 0 95, UC182 1.75 

DK92 1.50 ECF805 2.50 G180/2M 6.95 
4'0100 

CQq5 0.95 UCL83 2.50 

D135 2.50 ECF806 10.25 0240/20 9.00 3.95 U941 2.25 

0163 1.50 ECH3 4.50 GC10B 1730 PEN25 2.00 0942 2.25 

0170 250 ECH4 4.50 GC100 17.50 PEN400 3.00 UF80 1.75 

0173 2.50 ECH35 3.50 GNIO 15.00 PEN45 3.00 11985 1.20 

0191 3.95 ECH42 1.50 GS1OH 12.00 PEN45DD 3.00 UF89 2.00 

0192 1.50 ECH8I 1.75 GS12D 12.00 PEN46 2.00 U144 3.50 

0193 1.50 KH83 1.50 GT1C 9.50 P91200 0.95 U184 1.95 

DLS10 13.50 ECH84 1.50 GU20 35.00 ___7136 0.85 

DLS16 10.00 ECH2O0 1.50 GU50 17.50_38 j UU- S.iO 
DM70 5.25 E0.80 1.00 GXUI 13.50 P1.8.11 1.50 UU6 6.00 

DM160 6.50 ECL82 1.50 GXU3 24.00 °l82 0.60 UU7 8.00 

DOD 006 79.50 EC183 2.50 GXU5055 14.50 FW 11118 9.00 

0751 1.50 ECL84 1.00 05501 1.50 fill 0 a4 
11118ÚY41 

3.50 

D586/87 oxfCLB5 0.55GY802 1.50 P1500 1.50 IIYBS VI 
[WW2-- 0.85 186 GZ32 4.50 P1504 1.50 V235A/10 

0551 49.50 E 0. G233 4.50 P1508 1.50 250.00 

E8OCC 25.00 EF37A 2.50 GZ34 4.50 P1509 4.85 V238AIK 

E80CF 12.50 EF39 1.50 0237 4.50 91519 4.95 295.00 

E8OF 12.50 EF40 4.50 H8C90 1.95 91802 6.00 v2460/10 

0801 79.50 EF42 3.50 8141 3.50 918021 3.50 250.00 

E81CC 5.50 EF50 2.50 HL90 3.50 91820 2.95 V246A20 

0811 12.00 EF54 4.50 KTBC 7.00 PY32 0.60 315.00 

082CC 4.50 EFSS 4.95 K133C 3.50 8,50 v241U1K 

E83CC d.50 EF70 1.20 036 2.95 085 195.00 

E83F 5.50 EF72 3.50 KT44 5.95 P082_ 0.85 0453 12.00 

E841 6.50 EF73 3.50 KT45 5.95 P583 Og5 VLS631 10.95 

E86C 9.50 E180 0.55 KT61 7.95 248 339 V946 9.50 

E88C 7.95 Eí83 335' 0163 2.95 PY500A 1.95 VP41 4.95 

E88CC 4.50 EF85______185 KT66USA 11.95 P5800 IL9S 012101 2.50 

E88CC.01 6.95 EF86 3.50 KT66 TEONEX /5711--- 0.95 VR10S/30 2.50 

E88CC 5.95 EF86/Cv4085 5.00 083300 72.00 09150/30 2.50 

MULLARD 5.95 7.50 0167 9.00 0831750139.00 1.1.139 2.50 

E9OCC 7.95 EF89 1.95 KT77 GEC .95 0853500595.00 V,21 4.50 

E909 7.95 EF91 1.50 KT81 7.00 00E02.5 19.50 W61 4.50 

E91H 4.50 EF92 2.15 K188 USA 12.95 00E0312 7.95 W77 5.00 

E92CC 3.95 EF93 130 0188 00E03-20 35.00 W8IM 4.50 

E99F 6.59 0994 130 SELECTRON QQE06-40 45.00 W739 1.50 

E1301 18.50 E995 1.95 15.00 00002-6 19.50 x24 4.50 

E180CC 10.50 1.47_____0.90 015061 2.50 00003.20 5.50 041 4.50 

!IQ_ 0.50 E8 018862 2.50 00V03- 10 066/X65 3.50 

E182CC 9.00 5 KTW63 2.00 MULLARD 15.00 XBI 6.00 

01869 8.50 F 01263 2.50 00080320 25.00 0C24 1.50 

Ei88CC 7.50 EF 1 4.50 187.20 95.00 00006-40A 125-.---0.51. 
02351 12.50 EF732 4.50 1598 6.95 27.50 7Fw47 1.50 

E2809 19.50 E9800 11.00 M529 66.00 00006-406 098850 1.50 

E283CC 12.00 EF8045 19.50 M5143 155.00 MULLARD 39.50 001,2500 75.00 

E288CC 17.00 EF8055 25.00 M5199 295.00 00001-50 55.00 X1628FT 7.50 

xNPl2 2.50 

001/16006 25.00 
091/3200A 79.50 
XR1.6400A 

149.50 

Y65 6.95 
501100 75.00 
711060 265.00 
511020 42.50 
011060 195.00 
511070 195.00 
511011 19510 
511290 65.00 
277 1.20 

1300T 6.00 

Z302C 12.00 

2359 9.00 
2700U 930 
Z759 15.00 
Z803U 18.95 

ZM1020 8.50 

ZMI021 8.00 

2M1023 7.95 

21,41082 9.00 

2M1084 10.00 

ZM1162 9.00 

ZM1175 6.50 
1M1177 9.00 
163 4.50 
1AE4 3.50 

16x2 3.50 
1822 10.00 
1827 55.00 
1B3GT 1.95 
1B35A 45.00 
1K3 2.50 
114 2.50 
1NSGT 2.50 
1728 25.00 
IRS 1.50 
155 1.50 

114 1.50 
11)4 1.75 

1115 1.50 

1025 2.50 

2A3 12.15 

2A515A 11.50 
287 4.50 
2822 69.50 
2C36 70.00 
2C39A 25.00 
3096 32.50 
2C39BA 39.50 

2C40 37.00 
2C42 2930 
2C43 60.00 
2C51 2.50 

2CY5 1.50 

2021 2.25 
2021W 3.15 
2E22 49.00 

2E26 7.95 

2155 295.00 

2025 59.00 
2026 95.00 
2059 250.00 
2048 140.00 
2056 250.00 
2X2A 5.00 

3A101B 12.00 

30/108A 9.00 
36/1098 11.00 
36/1108 12.00 
3A/141K 11.50 
3A1461 7.50 
3A/1471 7 50 

3A/167M 10.00 
3036 3.95 
304 1.50 
3A5 4.50 
3AT2 3.35 
3822 25.00 
3826 24.00 
3828 15.00 

3826 1.50 

3C45 39.50 
3CX3000A7 

650.00 
3C7S 1.50 

3D21A 29.50 

3E22 49.50 

3E29 39.50 

3E17 1.95 

3H 0.40 

31/170E 1450.08 
31 0.40 ----2.50 
3V4 3.50 
4-65A 85.00 
4-250A 105.00 
4-400C 95.00 
4-1000A 495.00 
41332 35.00 
4807A 1.75 
4826 1.95 
4C28 25.00 
4C35 95.00 
4CS2509 115.00 
4CV35,000 

1650.00 
4CV100.000 

2950.00 
4xC125C 
EIMAC 150.00 
40x2508 45.00 
4Cx250BM 

65.00 
4CX2500 
EIMAC 115.00 
4CX250R 

AMPEREX 125.00 
4CX350A 100.00 

4CX2000A 
425.00 

4015006 
475.00 

4CXS000A 

1000.00 
4D21/4.125A 

8500 
4032 125.00 
4E276 125.00 
4G51 2.25 
4007 2.25 
4J6A 2.95 
4KT6 1.50 
41859 150.00 
40150A 35.00 
401500 55.00 
40500A 350.00 
50/1020 9.50 
5A152M 9.00 
5A1630 10.00 
5A170K 6.25 
5A -180M 9.00 
SA -206K 10.00 
58-110M 10.00 

58-254M 1130 
58-255K4 14.50 

5B -256M 15.00 
58-257M 15.00 
56258m 14.50 
5C22 125.00 
5C18A 2.50 
51180E 1250.00 
5118 2.95 
5R4GY 

SR4wGY 
514 

5186 
SU4G 
5U4GB 
SV4G 
5W4 
504 

57301 
5Z3 

524G 
6/3012 
661030 
6A7 

6A8 

6687 
6AC1WA 
6AG5 
6AG7 
6AH6 
6014 
6A17 
6005 
6606 

495 
5.95 
5.95 
1.95 
2.95 
4.50 
2.50 
4.95 
4.95 
3.50 
4.50 
2.50 
0 70 
910 
4.95 
2.50 
4.50 
2.00 
2.50 
2.50 
3.50 
3.50 
2.00 
1.95 
2.50 
0.85 

AM4 3.35 
6AM5 4.50 

6AM6 1.95 
6AN5 4.50 
6AN8A 430 
6005 1.75 
6608 130 
6655 130 
6A56 2.50 
6A57G 4.50 

6616 1.95 

6AT8 1.75 

6AU4GT 2.95 

6AU5GT 4.50 

6AU6 1.50 

6696 1.95 

6AW8A 3.50 

6AX4GT 1.95 

66.536 1.95 

6628 4.50 
6049 10.50 
6880 2.50 

6810 1.95 
6666 1.50 
6BA7 4.50 
6BA8A 3.50 
6BC8 1.50 
6BR3 2.95 
6BE6 1.50 
68060 3.00 
6BH6 1.95 
6BH8 1.50 
6816 1.50 
6804 6.50 
6816 85.00 
6818 1.15 
68M6 115.00 
68N6 1.65 

68N8 3.95 
6805 1.50 

6607A 1.50 
6897 4.95 

6657 5.50 
68W6 3.95 

68W7 1.50 

6826 2.50 

6827 2.95 
6C4 1.95 
6C5 2.50 
6C6 3.50 
6C8G 2.50 
609 4.95 

6CA4 4.95 

6CA1 3.50 
6C85 3.95 
6C86 2.50 
6CD6GA 4.50 
6C96 1.95 
6CG7 3.50 
6CG7 G.E. 5.25 
6CH6 6.95 
6CL6 3.25 

TELEX 
966371 

TOS - PM 

60186 2.95 754 250 30P4MR 1.00 5636 5.50 

6CM7 2.95 888 230 30712 1.00 5642 9.50 

6CS6 0.75 8610 2.50 30P18 0.60 5643 9.50 

8805 1.95 3871 9 1.00 5651 2.50 

8.00 8CW5 1.50 30P1 2.50 5654 1.95 

6008 3.95 80888 1.50 30P113 0.60 5670 3.25 

6006 2.35 8F07 1.95 20794 1.75 5672 4.50 

6D18 1.50 1002 1.25 31126C 7.50 5675 28.00 

6018 100E7 2.50 33A/158M 19.50 5678 7.50 

SPECIAL 3.50 10008 2.50 35A3 3.95 5687 4.50 

6DK6 1.50 10E88 1.95 35A5 4.50 5696 4.50 

6005 G E. 11.95 10EW7 2.95 3505 4.50 5702 3.50 

60068 2.50 10F1 1.95 351607 2.00 5704 3.50 

60766 1.50 10006 1.95 3523 1.95 5718 3.50 

6DW4B 3.50 10194 2.50 352501 3.50 5725 2.50 

6E5 3.95 11E3 55.00 38HE7 10.95 5726 2.50 

6EA7G.E. 4.50 1193 5.50 400D6 8.50 5727 2.50 

6EA8 2.50 12A6 3.95 47 6.00 5749 2.50 

6088 3.50 12006 2.50 5065 1.50 5750 1.85 

6E17 0.85 126E6 5.50 50135 1.95 5751 2.95 

10175----336 12AH7GT 4.95 5005 0.95 5763 6.50 

6EM7 2.50 12A15 1.00 30L.D6G 1.95 5814A 3.25 ° 

6EU8 1.75 12A16 1,75 50EH5 1.50 5823 9.50 

6007 2.95 12A17 1.95 50156 2.95 5829WA 6.50 

6EW6 1.50 12AT7WA 3.50 5301) 4.50 5840 3.50 

6EW7 4.50 126116 1.50 7581 3.50 5842 11.00 

6F1 2.00 1/AU7 0.95 75C1 4.50 5847 10.95 

695 5.50 1206 1.95 80 4.50 5863 95.00 

697 5.50 1207 2.50 83 8.50 5879 9.50 

6913 3.00 12604018 2.50 83A1 7.50 5886 13.95 

6F 

23 

14 1.00 126X7 1.50 85A1 6.50 5894 39.50 

6917 
0.60 120075 7.95 90AV 17.50 5963 1.75 
2.75 12607886 2.50 8562 2.95 5899 4.50 

61 

3924 1.23 12657 3.95 9001 3.50 5965 2.15 

6925 1.25 12846 430 90CG 17.50 6057 3.75 

6928 1.25 12666 2.50 9009 17.50 6058 2.50 

6932 1.25 12806 1.95 9IAG 9.00 6060 2.25 

6933 7.50 12BH7A G.E. 92AG 25.00 6072 6.95 

6FH5 8.50 6.50 92Av 25.00 6080 8.50 

6FH8 15.00 12816 1.75 95A1 6.50 6080WA 9.50 

6912 4.50 12BR3 1.95 100E1_ 50.00 6132 10.50 

6901 3.50 128Y7A G.E. 10801 2.50 6136 2.50 

6005 3.95 6.95 15082 6.50 61468 9.50 

6G1186, 2.50 12C8 2.50 1500 1 K 9.00 61468 G E. 15.00 

6s1176____11 12CÁ5 1.95 15002 230 6146W 12.50 

3 12076 1.95 150C4 2.50 6155 72.00 

6G096 2.65 120068 3.50 185BT 1.50 6156 125.00 
6G57 213 12DW4A 3.50 211 14.95 6157 250 
6008 J.93, 12026 3.95 2300 1500 6158 3.20 

í60W6 3.50 12E1 19.50 2310 15.00 6166 650.00 

6605 4.95 12E14 38.00 250TH 150.00 6189 4.50 

6606 2.50 129X5 1.95 307 5.00 6201 6.45 

6111 9.50 12GN7 G.E. 6.95 328A 15.00 6350 3.50 

6H6GT 2.50 121501 3.95 5728 49.00 6360 4.50 

6HB7 1.95 1217GT 3.50 705A 12.50 6386 14.50 

ÓHF5 12.50 12)28 2.95 7136 25.00 6442 75.00 
6HF8 3.50 12KGT 1.50 7130/8 75.00 6463 7.50 

6HM5 2.50 12085 1.95 724A 275.00 6550A 9.95 

6H05 3.50 120157 1.95 725A 275.00 6550AG.E. 13.95 

6H56 4.95 125701 1.50 726A 75.00 6870 11.50 

6H58 2.95 12SA7GT 1.95 801A 15.00 68838 G.E. 14.95 

6H26 3.50 12SG7 4.75 803 14.95 6973 10.50 

614 2.15 12507 1.95 805 16.95 7025 2.50 

61501 2.50 12517 1.50 807 5.50 10255 6.95 

616 2.00 125N7GT 1.85 8116 6.95 70276 G.E. 12.50 

6170 4.15 125W7 3.50 812A 12.50 7092 125.00 

61136A G.E. 9.50 12557 4.50 813 7119 9.00 

6JE6C G.E. 12.50 1204 1.95 PHILIPS 35.00 7189 5.50 

61M6 10.95 1307 3.20 813 19.50 7199 10.50 

61U8A 2.50 130E7 2.50 829B 22.50 7247 8.50 

6156C G E. 10.95 13097 2.95 8330 65.00 7475 5.00 

6128 5.95 13E1 145.00 845 23.00 7486 155.00 

6070 2.00 13EM7 3.50 866A 8.50 7527 125.00 

6K8G 3.00 1486 4.50 872A 20.00 7551 8.50 

6006 G.E. 11.95 1497 3.50 873 60.00 7581A 11.95 

6006A 6.95 (5E 5.50 54 1.00 7586 15.00 

611 2.50 16603 1.95 . 7587 1930 
616GC 3.50 16015 2.95 1 1 . 7591A 10.50 

616GC USA 9.50 16H 0.40 1849 315.00 7815 59.50 

61601 3.50 iÁ1 0.40 1927 25.00 7868 8.50 

617 3.50 A8 3.50 2040 25.00 7895 17.50 

6115 3.15 170314G1A 1.95 20506G.E. 9.95 8156 9.95 

61189 3.95 175E3 2.50 4212H 250.00 8417 10.95 

611 2.50 17DW4A 2.95 4471 35.00 8950 10.50 

61020 2.50 17EW8 1.50 4687A 9.50 18042 10.50 

61E6 G.E. 12.50 17428 8.50 5544 79.50 9002 6.50 

6106 G.E. 12.50 1803 6.00 5559 55.00 9003 8.50 

61118 9.25 18085 3.50 

6728 2.00 19A05 3.50 
60701 2.50 19AU4GT 2.50 

697 3.15 19806 3.50 

6S4A 1.95 1903 19.50 Valve Test Room Service 

65117 1.9. 19H4 35.00 
65A7 1.95 1906 9.00 á matching of power valves - add 

.50 

C1 per valve. 
65117 1.95 19H5 3330 á selection or low microphony- 
6SJ7GT 1.95 2000 add a1 per valve 
65K7 1.95 2001 1.50 

6517GT 2.50 20196 7.95 

65N7GT 3.15 2011 0.95 

6507GT 4.50 91 0 M. 
6557 1.95 2094 1.95 
678 130 2075 1.15 

6U6GT 3.50 21126 10.50 
6Ú1G 3.50 21006 4.95 CALLERS WELCOME 
6U8Á 1.50 211118 3.75 OPEN MON-THUR 9AM-5.30 PM 
606G 1.95 2481 39.50 
69601 2.50 2489 39.50 FRI 9AM-5 OOPM 

6W4GT 1.95 25806 1.75 24 -HOUR ANSWERPHONE SERVICE' 
6Y6G 3.95 250068 2.95 ACCESS 8 BARCLAYCARD 
602N 1.00 25160T 1.75 

PHONE ORDERS WELCOME 604 1.50 29C1 19.50 

60501 1.00 29006 6.50 UK ORDERS P&P Et 
6x8A 2.25 1 0.50 PLEASE ADD 15% VAT 
656G 4.50 

EXPORT ORDERS WELCOME 7AÚ7 130 30018 1. 

786 3.50 30912 1.35 CARRIAGE AT COST 
707 
708 

2.50 
4.50 11111- 

0. 
1.1 

PLEASE SEND YOUR 

717 5.50 30F114 1.25 ENQUIRIES FOR SPECIAL 

707 7.50 3011 

¢4405 

QUOTATIONS OR LARGE 

707 4.50 357á.60 REQUIREMENTS 71 i.so 
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PROGRAMMING 

INTERFACING 
WITH C 

PART 4 

Signal processing with C unavoidably requires 
mathematical spadework. Howard Hutchings 
presents the essentials for serious application 

development 

When computers are used to control 
engineering systems. the hest they can 
do is to take occasional snapshots or 
samples of events. Provided events are 
changing slowly and the computer is 

sampling rapidly, Shannon's sampling 
rule will he satisfied. It will he possible 
to recover the digitally processed signal 
without corruption attributable to alias- 
ing. 

To illustrate the potential hazards of 
periodic sampling. visualise a rotating 
radar scanner tracking the progress of 
an approaching aircraft. The air traffic 
controller patiently monitoring a flick- 
ering cathode-ray tube might observe a 

steady approach when the flight path 
could in fact be wavering, vertically and 
horizontally, about its ideal projected 
path. Because the radar aerial is rotat- 
ing relatively slowly compared to the 
rate of change of the planes flight path, 
much of this data is missed completely. 

The stroboscopic effects of sampling 
add to the confusion: an event taking 
place at one frequency appears to occur 
at a completely different frequency. 

How many snapshots? 
It's not my brief to become involved 
with the sampling theorem, but one 
ought to be in a position to answer a few 
questions. The analogue signal pres- 
ented to the a -to -d converter will be 
processed into a series of discrete 
samples: how many snapshots must be 
taken to characterise the signal com- 
pletely? To avoid aliasing, it is necess- 
ary to sample at a rate which is at least 
twice the highest frequency present, the 
Nyquist frequency. The Fourier spec- 
trum of the signal (Fig. 3.1), together 
with the sampling frequency, illustrates 
this point rather nicely. 

v 

E Fat rier 
spectrum 

Nyquist 
frequency 

Sampling t 
frequency 

Fig. 3.1. Shannon's sampling theorem in 
action. To avoid signal corruption due to 
aliasing, the sampling frequency = 11T 

should heat least twice the Nyquist fre- 
quency. 

Some a -to -d converters latch the ana- 
logue input at the start of conversion 
and hold it long enough for the a -to -d to 
complete tac conversion cycle. Such a 

device is called a sample -and -hold. If 
the input is not latched, then the analo- 
gue signal must not change by more 
than 0.5 LSB during conversion. It it 

does the digital output will be fraudu- 
lent. 

t=o l.l 
\I 

-"IT It Time 

Fig. 3.2. Geometrical interpretation of 
a -d conversion. 

Consider, for instance. the behaviour 
of an n -bit a -to -d converter without 
sample -and -hold. Let the full-scale ana- 

Yr. 

- 
Copies of the software listings for the 
entire series are now available on disk. 
Please see page 594 for details. 

loguc input be V1, and the conversion 
time T. For a resolution of 2-". i.e. l/2". 
we may write: 

hV _ 1 

Vrs 2" 

Hence the smallest detectable change 
in the analogue input voltage is given 
by: 

hV = Vfs/2" 
During the conversion cycle the 

change in analogue input signal must he 
less than hV to avoid ambiguity. Using 
Fig. 3.2 we may assume: 

Tbf(t)/bt V1s/2" 

Expressed simply, at the start of the 
conversion cycle the rate of change of 
the analogue input should be less than. 
or equal to, the full-scale input voltage 
divided by the product of the conver- 
sion time multiplied by 2 raised to the 
power of the word length. Adopting a 

sinusoidal input as an easy -to - 
understand example: 

f(t) = Vissin wt 

Differentiating with respect to time, we 
may write: 

bf(t) St = wVtscos wt 

Murphy's Law: 
If anything can go 
wrong it will 
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Assume that the conversion starts at 
t = 0: 

bf(0)/ht = coVrs = 2nfV8 

Equating the rates of change, it follows 
that: 

V 2nfVrs 2"T 

Notice that the highest frequency 
which can he successfully processed 
without sample -and -hold will he: 

1 f=gn+rnTHz 

Substituting numerical values soon 
convinces one of the serious limitations 
inherent in this type of converter. For 
example. the S -bit AD7S20 half -flash 
converter converts in 2µs. With sample - 
and -hold. the sampling theorem pre- 
dicts the Nyquist frequency to he 
250k Hz. Without sample -and -hold the 
frequency is approximately 30(IHz. 

Before leaving this introduction it is 
worth mentioning that some form of 
digital signal processing will inevitably 
follow the sampling. Provided that the 
constraints imposed by the sampling 
theorem have been satisfied, it will he 
possible to recover the characteristics of 
the signal without corruption due to 
abasing. Delivering the data back to the 
real world in analogue form requires 
further signal reconstruction. usually 
through a d -to -a converter and suitable 
low-pass filter (Fig. 3). 

The a -to -d converter is synchronised 
with the main program by control 
signals which establish the signal pro- 
cessing time (T). A constant conversion 
rate and fixed processing time are 
essential to good design because they 
allow the behaviour of the system or 
filter to he modelled mathematically. 
The processed output is converted hack 
to analogue form via the d -to -a con- 
verter. 

Mathematical modelling 
No-one has yet seen an electron. though 
some electronic engineers occasionally 
feel them. But progress is still made. 
Why should this he so? The answer is 
due in part to the inherent simplicity of 

Ohm's law, which provides a mathema- 
tical model that allows us to predict how 
a circuit will, or ought to. behave. The 
ability to forecast the behaviour of a 

circuit or system. before it is built. is a 

basis for good design. 
Electronic signal processing fre- 

quently involves the operations of in- 
tegration, differentiation and time 
delay. Rather than describe the charac- 
teristics of the signal or linear system in 
the time domain, it is usually more con- 
venient to use the complex frequency 
domain, or (if the signal is sinusoidal) 
the frequency domain. 

A study of sampled data systems 
ought to include exposure to differen- 
tial equations followed by familiarity 
with Laplace and z -transforms. Any 
mathematics is auxiliary to the main 
text, and mathematical methods are 
adopted only when it is impossible to 
make any further progress or develop a 

realistic understanding on the basis of 
intuition. 

Wherever possible, mathematical 
relationships are shown diagram- 
matically, in an attempt to dispel the fog 
of abstraction. But remember that ma- 
thematical notation is usually a very 
terse and precise method of describing 
the facts. Accept this and understand- 
ing will come with use. 

Laplace transforms 
Laplace transformation decomposes a 

differential equation into an algebraic 
equation, allowing much of the manipu- 
lation to he carried out in a simpler 
domain. For example, differentiation in 
the time domain is equivalent to mul- 
tiplication by s in the complex frequen- 
cy domain. This is illustrated in Fig. 3.4 
where double -headed arrows symbolise 
the integral relationships between 
domains. 

Stated formally, the transformation 
from the time domain to the complex 
frequency domain is given by: 

x 

F(s)= f(t)e-'dt 

0 

Fig. 3.3. Processing analogue signals through a digital system. 

Analogue 
signal input 

Start conversion 

A -to -d 
converter f(kT) 

Computer 

Conversion completed 

y(kT) 

D -to -a 
converter 

Analogue 
signal output 

Time domain Complex frequency domain 

Transform 

Transform 

dt 

F(s) 
Muliplication 
by s 

» F s) 

Fig. 3.4. To evaluate the Laplace trans- 
form of df(t)ldt, trace the top right-hand 
path giving F(s) followed by the operation 
of multiplication by s. Alternatively, fol- 
low the left-hand path to obtain df(t)ldt 
and then perform the transformation. The 
routes are equivalent. 

The reverse process of inverse trans- 
formation: 

r+jw 

Í(t)=21- F(S)e''ds 

it-Íw 

is not so straightforward: the complex 
limits make this integral tricky. Fortu- 
nately. it is seldom necessary to employ 
such heavy artillery in practice. 

I make use of the method of partial 
fractions together with tables of 
Laplace transform pairs. If you have 
time, confirm the solidarity of the ma- 
thematical scaffolding. This type of 
recreation increases confidence in the 
results. 

Table 3.1. Elementary Laplace trans- 
form pairs 

Signal f(t) 

b(t) [impulse] 
u(t) [step] 
t [ramp] 
exp (-at) 
I -exp(-at) 
sin (at) 

Transform F(s) 

1 

1/s 

I/s'- 
1/(s+a) 
a/s(s + a) 
a/(s' + a2) 

Electronic calculus 
Time domain integration and differ- 
entiation are well understood. Provided 
the problem is selected carefully. 
classical analysis gives elegant solutions 
with a minimum of fuss. Electronic cal- 
culus compels engineers to adopt alter- 
native methods to describe the charac- 
teristics of the linear processors which 
perform these operations. 

The formal integral relationships be- 
tween domains have already been out- 
lined. One can identify certain key ope- 
rations and describe the integral do- 
main relationships by means of arrows. 
Figure 3.5 contains an adequate. 
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though by no means exhaustive. sum- 
mary. 

Time Cotiplex 
domain frequency domain 

Original signal f( ) . ' F(s ) 

Differentiation df(1 ) 

(f(0).0) dt sF(s) 

Integration f f (t )dt F( s )/s 

Time delay f(t-T).-re sTF( s ) 

Fig. 3. i . ,1 few important results demon- 
strating the equivalence ()Mine -domain 
and frequency -domain signal processing. 

Sampled -data signals are composed 
of a sequence of numerical values which 
represent the amplitude of the signal at 

the instant of sampling. Provided the 
sampling frequency is greater than 
twice the bandwidth of the signal it will 
be possible to process successfully these 
signals using digital methods. However, 
this is not the complete story. To pro- 
duce a valid mathematical model of the 

sampling process, asynchronous con- 
version must he avoided. Instead the 
a -to -d conversion subroutine should he 

synchronised with the main program to 
ensure the time between samples is con- 
stant - this validates the use of z - 

transform methods to model time de- 
lays. 

The next order of business is to pres- 
ent some important z -domain proper- 
ties and to establish the relationships 
with the Laplace transform. The s - 

domain model of delayed signals in- 
cludes the exponential term exp (-skT) 
.which makes it difficult to use this equa- 
tion: 

f(t - kT) - exp(-skT)F(s) 

Fortunately there is another trans- 
form purpose-built for this application, 
the z -transform, which models time de- 
lays and advances with ease. Simply 
substitute: 
z=esT 
(time advance of one sampling interval) 

or: 

z-t = e-sT 

(time delay of one sampling interval) 
Figure 3.6 displays the transforma- 

tions between domains diagramma- 
tically. As an aid to comprehension, 
recall that the operation of multiplica- 
tion by s in the complex frequency do- 
main was equivalent to time domain 
differentiation. Similarly, multiplica- 
tion by z in the z -domain is equivalent to 
a unit time delay in the time domain. 

Time domain s -Domain z -Domain 

Laplace z -Transform 
transform LT ZT 

Signal.f( t ) F(s) .F( z ) 

Delay T e sT z-' 

Delayed LT ZT 
signal f;t-T)zsTF s ) +z 1F( z ) 

Fig. 3.6. The 1.s and z. domain represen- 
tation of delayed signals. 

Modelling a -to -cl conversion 
Referring to Fig. 3.7, notice the output 
of the a -to -d converter is the set of 
sample data. f((I), f(T). II2T). etc. 
which has defined values only at the 
instant ofsampling. 

Fig. 3.7. Inside an a -d converter. 

The output pulse trait if the impulse 
modulator assumes the pulse width of 
each sample to he infinitesimal. while 
the height is a precise replica of the 
sampled signal at that instant only. In 
other words. the output data sequence 
can be modelled as a set of weighted and 
delayed impulses. Adopting the nota- 
tion of sampled signals. the impulse 
train shown in Fig. 3.9 can be comp- 
letely represented by the expression: 

f*(t)=f(()) Mt) +f(T)b(t-T)+ 
f(2T)b(t -T)+... 

The Laplace transform of the 
.weighted impulse train is: 

F(s) = f(0) + e-sT f(T) + e-`2' f(2!) + .. . 

Substituting z = e-sT we commute 
from the s -domain to the z -domain: 

F(z) = z" f(0) + z -t f (T) + z-' f(2T) + . . 

ADC 
measures voltage 
and converts 
it into a series 
of separate numbers, 

Computer stores 
number to which 
voltage sample 
corresponds most 
closely. 

As a first attempt at describing the 
characteristics of the sampled -data 
signal. consider the a -to -d converter 
modelled as an impulse modulator. Fig. 
3.8. When the switch is in position A. 
the output f*(t) is equal to the input f(t). 
Changine the switch to position 13 

makes the output zero. The interval 
between samples T depends on the 
sampling frequency, where f = 1/T. 

Signal f( t ) A 
Sampled signal fg*(t ) 

Output of impulse 
modulator 

Fig. 3.8. Periodic processing ofa conti- 
nuous time -domain signal can he repre- 
sented by this simple switching circuit. 
The asterisk notation denotes a periodic 
sampled signal occurring every T 
seconds. 

In a practical a-to-d.thc switch would 
he electronically controlled, designed 
to produce a train of pulses whose 
amplitudes are modulated by the input 
signal 1(t). 

fgl(t) 

f(2T) 
f5(T) 

yl T I 
f(3T)I 

f(4T) 

Fig. 3.9. Modelling the sampled signal as 

a train of weighted impulses. Suppose the 
signal to he sampled is represented by the 

line: provided the duration of each 
sample is in f initessimal, the sampled 
signal can he modelled as a train of 
weighted impulse functions depicted by 

the vertical arrows. 

Our mathematical toolkit is now ex- 
tensive enough to evaluate the z - 

transform of the decaying exponential 
signal f(t) = e-"1. sampled every T se- 
conds as show n in Fig. 3.10. 

Inspection of Fig. 3. Ill shows that the 
output of the impulse modulator will be 
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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 send cheque or company 
order to Lindsey Gardner, room 
L301, Quadrant House, The 
Quadrant, Sutton, Surrey SM2 
5AS. Credit card orders can be 
phoned through on 081-661 3614 
(mornings only). 

1T14- Time- 

Fig. 3. 10. Sampling the signal f(t) = e °' 
everyT seconds. 

the data sequence: 
1, e--' 

Each of these terms weights the cor- 
responding delayed impulse, hence the 
sampled time domain signal can he ex- 
pressed as: 
f*(t)=1 Mt) +e-ar -T) + 
c-24Trl(t- 2T) + .. . 

The sifting property of the impulse 
function allows us to write down the 
Laplace transform directly without hav- 
ing to integrate, so that: 

F(s) = 1+ e -a, e-sT + e-2aT e -2s r+ .. . 

The relationships between the t, s and 
z domains are shown clearly in Fig. 3.6, 
hence the z -transform can be written as: 

F(z) = 1 + e-aTz-I + e-2aTz-2 + .. . 

The series expansion of F(z) is an 
infinite geometric series of the form: 

1 + r + r2 + r3 + 

Provided that r < 1 the sum of such a 
series is given by: 

_X l+r+r'+r3+... 1-r 
Using this result we can readily ex - 

o T 2T 3T 4T 

Fig. 3.11. Modelling the sampled signal 
as a train of weighted pulses. The effect of 
the a -d con verter is to take a sample in 
zero time and hold this snapshot Constant 
until the next sampling instant occurs one 
period later. 

press F(z) in closed form and write the 
z -transform as: 

F(z) - 1 

I -c-arz- 
Multiplying the numerator and deno- 

minator by z results in the standard 
form: 

F(z) - z 

z - e-aT 

Zero -order sample -and -hold 
;Much of the foregoing analysis was 
necessary to consolidate our perception 
of sampled signals. However, practical 
a -to -d converters do not produce im- 
pulses, they process analogue wave- 
forms into rectangular signals or pulses. 
Perhaps the most common is the zero - 
order sample -and -hold. Its effect is to 
take a sample and hold this snapshot 
constant until the next sampling event 
occurs one period later. Figure 3.11 
contains the details. 

Notice that the sampled signal f*(t) 
has been decomposed into a train of 
rectangular pulses each of width T. 

f*(t) = f(0) [u(t) - u(t - T)] + 
+ f(T) [u(t - T) - u(t - 2T)] + 
+ f(2T) [u(t - 2T) - u(t - 3T)] + .. . 

The Laplace transform of the pro- 
cessed output is: 

f(0) [ 1 - 
s 

+ f(T) [e -Ts _ e-2Ts] 
+ 

f(2T) [e-2Ts - e-3Ts] 

s 

Taking out the common factor: 

-e -Ts 

S 

shows that the Laplace transform of the 
sampled data signal is equal to the 
transfer function of a -to -d (the common 
factor), multiplied by the output of the 
impulse modulator examined pre- 
viously: 

F' (s) = 

-(I-e-,S) 
s [f(0)+t(T)e-Ts+f( -2rs+...1 

Thus the linear behaviour of the zero - 
order hold a -to -d converter can be mo- 
delled by the transfer function shown 
below and represented schematically in 
Fig. 3.12. 

F*(s) ( I -e -Ts) 

F(s) s 
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f(t) f"o (t) 
T 

1-s Ts 
s 

y( t ) 

Fig. 3.12. Transferfunction model of a -d 
converter. 

The Laplace transform of the sampled 
signal is more usefully expressed in 
terms of its z -transform. To simplify the 
algebra associated with this type of pro- 
blem simply substitute z-' = e -ST in the 
transfer function. 

F(z)=(1-z-')Z 
[ 

Fss) 

(z-1) 

l 

F(s)s 

J 
z 

The Z symbol means "look up the z - 

transform of the Laplace transform 
within the brackets." 

Table 3.2 lists some useful Laplace 
and z -transform pairs. 

Table 3.2. Transform pairs 

Signal f(t) Transform Transform F(z) of 
F(s) sampled signal 

u(t)[step] 

t[ramp] 

exp( -at) 

1-exp(-at) 

z 

z-1 
Tz 

(z-1)2 
z 

z-e-aT 
z(1-e-'T) 

s(s+a) (z-1)(z-e-aT) 

Example of obtaining the pulse transfer 
function of the continuous system 

F(s) = ka 
s(s + a) 

Y(s) 1-e -ST 

X(s) s 
l 

F(s) 

which may be written in terms of z 

transforms as, 
¡¡¡ 

Y(z) = (1-z-') Z I 
ka 

X(z) Il s(s+a) JI 

z-1 _ 
z 

z(1-eaT) k ll k(1-e-aT) 
(z-1)(z-e-aT)1 = z-e-aT 

The resulting z -transform leads 
naturally to the formation of a diffe- 
rence equation. Converting from trans- 

forms to sequences we use the method 
shown in Table 3.3 to predict the behav- 
iour of the system for a variety of time 
constants and/or sampling intervals. 

Confident use of the transforms listed 
in Table 3.2 requires experience and the 
fastest way to gain experience is by 
making mistakes, preferably in private! 
The aim is to establish some confidence 
in the mathematical shorthand by way 
of an easy -to -understand example. 
Consider the effect of applying a unit - 
step to an ideal integrator. The follow- 
ing investigates this processing opera- 
tion in each domain and demonstrates 
equivalence. 

Method 1. Signal processing in the time - 
domain. Standard calculus allows us to 
write the processed output y(t) as the 
integral of the input x(t). 

Since x(t) = 1 (t > 0), we car write 
y(t) =J 1dt 
y(t) = t 

Clearly, the operation of integration 
has converted the unit -step into a 
ramp -function. 
Method 2. Signal processing in the 
complex -frequency domain. Inspection 
of Table 3.1 shows that the transform of 
the unit -step: 

x(t) X(s) equals 1/s 

The operation of integration in the 
complex frequency domain is equiv- 
alent to division by s. Figure 3.4 con- 
tains the details. In this case the output 
Y(s) equals the transform of the input 
signal X(s) multiplied by the transfer 
function of the integrator H(s): 
Y(s) = X(s) H(s) 

= 1/s . 1/s 
= 1/s2 

To obtain the time -domain response 
we employ inverse transformation, i.e. 
use Table 3.2 in reverse to obtain y(t) = 
t. This is clearly in agreement with the 
time -domain analysis. These are stan- 
dard results used by control engineers 
to model the dynamic behaviour of 
systems and are adopted by electronics 
engineers to model the effects of elec- 
tronic calculus. 

Method 3. Signal processing in the z - 
domain. In this case the input signal will 
be processed through a z.o.h. a -to -d 
converter and suitable stored program, 
conveniently modelled by the transfer 
function H(z). The behaviour of the 
composite system will be described by: 

H(z) = zi lZ 
I Hs s) I 

Division by s is equivalent to time - 
domain integration, so that the z - 
transform model is given by: 

H(z) =z- lz ¡ 1 1 

z Il s'- lI 

Using table 3.2 we may write the 
z -transform of 1/s22directly, so that: 

(z-1)Tz 
H(z) z(z-1)2 

which simplifies to: 

Y(z) = T 
X z) z-1 

Making the interval between samples 
unity and cross -multiplying gives the 
result: 

zY(z) - Y(z) =X(z) 

To obtain the difference equation we 
convert from transforms to sequences: 

y(n + l ) - y(n) = x(n) 

expressed in terms of the current out- 
put: 

y(n) = x(n -1) + y(n-l) 

Table 3.3 The effect of processing a unit - 
step through a digital integrator. 

Sample Previous Current Previous Current 
number input input output output 

n x(n 1) x(n) y(n-1) y(4) 

0 0 1 0 
I 1 1 0 
2 1 1 1 

3 1 I 2 

4 1 1 3 

0 

2 

3 

4 

This confirms the anticipated result. 

Next month: Using convolution to com- 
mute between frequency and time do- 
mains. 

References 
I. Electronic signal processing. T326, O. U. 
Press. 1984. 
2. 3. C. Kuo. Digital control systems. Holt 
Rinehart & Winston. 1980. 
3. C. C. Foster. Real time programming - 
neglected topics. Addison-Wesley, 1981. 
4. G. H. Hostetter. C. J. Savant & R. T. 
Stefani. Design of feedback control systems. 
Holt Rinehart & Winston. 1982. 
5. Control engineering. T394. O. U. Press. 
1985. 

July 1990 ELECTRONICS WORLD + WIRELESS WORLD 595 



The Question of all SWL and HAM's: 
what's about all the 'strange signals' you hear on LW and SW but can't 
identificate? A few of them you'll know as CW and RTTY, may be Packet, 
but all the other ?? 

There are some well known CW/RTTY-decoders with their limited 
facilities and high prices, high-priced PROMs for upgrading etc. and 
there is Code 3 from Hoka Electronic! 

It's now on you to make a choice, and it will be very easy if you know more 
about Code 3: 

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

The hardware of CODE 3 includes a complete digital FSK-convertor with 
built-in 230 V -power supply and RS 232 cable, ready to use, and, last but 
not least you'll get the best software ever made to decode all kinds of 
data -transmissions, so you will have the most sophisticated decoder 
available for an unbeatable price, which may be the best news of all: just 
L249.- ex VAT 

Following modes are included in the base -program (with exact protocols): 

Packet Radio AX 25, 50 to 1200 Bd 
Hell synchronous/asynchronous, all speeds 
Fax Weather Charts, Photos with gray tones, 60/90/120/180/240 rpm 
Morse automatic and manual speed with indicate of Wpm 

Press DPA 
Wirtschattsdlenst 
Sport Information 
Autospec Bauer 
SPREAD 21 and SPREAD 51 
DUPLEX ARQ Artrac 
TWINPLEX 
ASCII 
Baudot 

ARQ 
ARO -S 
ARQ-Swe 
ARO -E 
ARQ-N 
ARQ-E3 
ARO -6 
TDM 242 
TDM 342 
FEC-A 
FEC Sel-FEC 
FEC-S 

F7b spec 300 Bd ASCII 
F7b spec. 300 Bd ASCII 
F7b spec. 300 Bd ASCII 
ITA 2 including the 2 modes 

ITA 2 
F7b-1 and F7b-2 Duplex ARO 

ITA 2 plus all kinds of Bitinversion, 
any speed 
CCIR 476, CCIR 625 mode A 
ARO 1000S 
CCIR 518 variant 
ARQ 1000 ITA 2-p Duplex 
ITA 2 Duplex 
CCIR 519 ITA 3 
5/6 character 90 and 98 
CCIR 2422/4 channels 
CCIR 342 2/4 channels 
FEC 100 (A) ITA 2-p FEC Broadcast 
CCIR 625 476-4 mode B Sitor Amtor 
FEC 1000S ITA 3 

All modes in preset and variable user -defined speedrates and shifts. 
There are 3 Options available: 

1) OSCILLOSCOPE, displays the measured frequency versus time, 
splitscreen, storage and non -storage mode, L25. - 
Everybody wants It, but only we have it: 

2) PICCOLO MK VI, the well known multitone-mode, L60.- 

3) Long-time auto -storage in ASCII, up to several days, L 25.- 

A lot of other special codes available, P.O.A. 

Besides this the analysis -part offers you a wide choice of unique facilities: 
built-in LF-Spectrumanalyser for shift measurement and tuning, 
precision -speed measurement up to 0.001 Baud resolution. 

Character Analysis, Autocorrelation of MOD- and RAW Signal, Bit 
Analysis are some other state-of-the-art features of CODE 3 and may be 
very helpfull for the more experienced user. 

All options available from main menu, saving or loading to or from hard 
disk or floppy in 'Bit -form' (no lost of unknown signals), hardcopy with 
printer, on -screen -tuning -indicator and Help -files, very easy to use. 
The actual use of part of this program may be Illegal In some countries, any liability is 
disclaimed) 
To order: 
Phone us for more details or send cheque, payable to 

HOKA ELECTRONICS 
Teiko Clockstraat 31 
NL-9665 BB Oude Pekela 
The Netherlands 
Phone (31)5978-12327 Fax (31)5978-12645 

Please specify disk size 31/2 or 51/4" when ordering! 
All prices ex. VAT and shipping, but including 6 
month software updating free of charge! 

CIRCLE ENQUIRY NO. 110 ON BACK PAGE 

Microprocessor 
Development 

Software Tools 
Cross Compiler 
Cross Assembler/Linker 
High Level Debugger 
Simulator 
Multi -Tasking Executives 
Floating Point Libraries 

Available for the following processors: 

Motorola 68000/20/332/302, 68HC11, 6809, 
6805, 6801 

Hitachi H16, H8/300, H8/500, 6301 

Intel 80x86, 8051 

Hosted on: 
MS -Dos, VAX/VMS, VAX/Ultrix, SUN, HP9000 

CJCreative Data 
Systems Ltd. 

P.O. Box 180, Basingstoke 
Hampshire, RG21 1GA. 

Tel: (0256) 840646. Fax: (0256) 810131 

CIRCLE ENQUIRY NO. 111 ON BACK PAGE 

- HALCYON 
ELECTRONICS 

Computers, test equipment, video monitors, amateur radio gear, 
oscilloscopes, scientific instruments, connectors, printers, power 
supplies, communications, disk drives, multimeters, component 

bridges, frequency counters, signal generators, semi -conductors, 
integrated circuits, etc. 

13.8v 5A COUTANT PSU's 

RACAL RA1772 GEN COV RECEIVER 

INMAC 83612 BREAK OUT BOX 

NAGRA 3 RECORDER 

CONRAC 7211 HI -RES RGB MONITOR 

9" VIDEO MONITORS FROM 

12' GREEN SCREEN MONITORS From 

LINK 236 SYNC PULSE GENERATOR 

24' VIDEO MONITORS BOW, SOUND From 

841 RECEIVER 15101Z-700KHZ 

OSCILLOSCOPES DUAL TRACE From 

OSCILLOSCOPES SINGLE TRACE From 

AE TO 5GHZ From 

UDI 2026 SONAR SCANNER, SU 

LCR BRIDGES From £35 

GALLENKAMP MAGNETIC STIRRER £29 

DITTO WITH 500W HOT PLATE E49 

5 VOLT 6 AMP SMPU'S £16 

9" BOW VID MONITOR WITH RILSECROSS, ETC £05 

PLESSEY INVERTERS 50V DC TO 240V AC SINE f85 

POLAROIOTBM PALETTE IMAGE RECORDER 72-10 £595 

GEIGER COUNTER TO 10 RONTIIR f60 

BRANDENBURG 470 VAR PSU's 2.5KV f35 
2 AMP R.F. AMMETERS [3.75 

UPA CAVIDERM CD6 PTH TESTER £1750 

IBM HARD CONTROLLER CARDS From f39 
PROFESSIONAL INSTRUMENT CASES From £12 

C39 

[1950 

095 

0395 

0395 

f49 

Ci9 

£55 

£79 

E75 

C75 

C69 

£39 

TECTRONIX 834 PROG DATACOMMS TESTER 

GOERZ RECORDING MULTIMETERS From 

H.P. 1502 COMPUTER, 91M DRIVE 

AVO DIO 999A DIGITAL CLAMPMETER 

ANALOGUE CLAMPMETERS From 

BBC -B COMPUTERS 

INMAC 1863 T -SWITCHES 

AVO IS, MK506From 
VARIABLE OUTPUT PSU's From 

DOT MATRIX PRINTERS From 

TECTRONIX 520 PAL VECTORSCOF6S 
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T ALPHATRONIC PC'S 

DISK DRIVES FOR ABOVE 

LABCRAFT SIG. STRENGTH METER CH21-68 

KNUCKLE PRESS 

BT OCTARA 32, TX23. TX21's 

REDIFON A4084 MORSE KEY 

VIC 1010 EXPANSION UNITS 

4 GANG 500Fí VARIABLE CAPS 

GNT PHOTO ELECTRIC 8 LEVEL TAPE READER 

RESISTANCE & CAPACITANCE DECADE BOXES 

VARIOUS COLOUR OR BOW TERMINALS From 

SMPU's + 5VBA, +12V 1.5A, -12V1.5A.12V.3A 

CHART RECORDER RS610-528 

f795 

C49 

£475 

£75 

£25 

£125 

914 

E35 

[48 

£18 

f475 

£195 

£85 

C36 

f150 

E49 

f49 

£49 

C35 

[750 

C39 

n5 
£E 

E79 

f15 

£10 

£19 

f125 

QUALITY ELECTRONIC EQUIPMENT BOUGHT.ALL PRICES EXC. OF PAP AND VAT 

423, KINGSTON ROAD, LONDON SW20 8JR 
SHOP HOURS 9-5.30 MON-SAT TEL 081-5426383 
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ACTIVE 
Discrete active devices 
Low -noise transistor. A 

silicon -planar RF tranc:stor combines 
low noise, low intermodulation 
distortion and high cut-off frequency, 
in versions for surface -mount or 
through -hole assembly. It has a 

1.3GHz transition frequency for a 

wide variety of VHF and UHF 
applications, and while passing 
25mA of collector current is capable 
of delivering more than 175mW of 
power at 500MHz. When dissipating 
500mW the device produces less 
than 5dB noise, and its 
intermodulation distortion figure is 

typically -45dB. Collector -emitter 
voltage and peak collector current 
are 15V and 50mA respectively while 
collector capacitance is rated at 
1.5pF maximum. Zetex plc, 061-627 
4963. 

Linear integrated circuits 
Ultra -low noise amp. The INA103, 
put forward as an ultra -low noise, low 

distortion instrumentation amplifier, 
is intended for professional audio 
and instrumentation applications. 
The claimed noise and distortion 
performance is 1.2nV/MHz, with less 
than 0.002% THD across the 20kHz 
bandwidth. The input stage is 

designed to interface with low source 
impedance transducers. Similarly, 
the output stage has been designed 
to suit audio applications, and is said 
to drive low impedance loads or high 
voltage swings without distortion. 
The device can operate from a wide 
supply range (up to ± 25V), giving it 
high noise immunity and further 
enhancing its output drive capability. 
Burr -Brown International Ltd, 0923 
33837. 

Four -quadrant multiplier. The 
MPY600 monolithic, four quadrant 
signal multiplier is said to give 
designers extra -wide bandwidth for 
demanding video, RF, and IF 
applications. For signals up to 
30MHz, the complete multiplication 
function is provided in a 

low -impedance voltage output from 
the device's on -chip output op amp. 
Differential current outputs extend 
multiplier bandwidth to 75MHz and 
the device needs no external 
circuitry. Burr -Brown International 
Ltd, 0923 33837. 

Low -power op amp. The 
dual -monolithic EL2232 op amp 
builds on the low power demands 
and high bandwidth that characterise 
its popular precursor, the EL2020. 
The EL2232, offering two amps at 
the same power as the EL2020, is 

optimised to achieve fast rise/fall and 
short settling times. Unity gain 
bandwidth is 60MHz. As it operates 
with minimal power consumption, it is 
said to be suited for high-speed video 
amps, high-speed A D input, fast D/A 
output, and image amplification. It is 

also available in military versions in 

compliance with MIL -STD -883. 
Elantec Inc, 0101 408 945 1323. 

Monolithic amplifier. Beyond its 
typical 700ns acquisition and 200ns 
hold mode settling times, the 
HA5340 is claimed to be the first 
monolithic sample -and -hold amplifier 
defined, designed and specified in 
the hold mode for low distortion 
(72dBc at 200kHz, 5V pp). The 
resulting claimed high performance 
and predictability are said to make it 
a cost-effective monolithic alternative 
to discrete components and hybrids 
for a broad base of frequency domain 
applications within 10/12 -bit 
DSP-based systems. Harris 
Semiconductor UK, 0276 686886. 

Audio amplifier ICs. A new family of 
stereo power amplifier ICs needs only 
a handful of external components for 
building up 2 x 11W stereo or 22W 
mono audio amplifiers withcut 
bootstrapping. The 
TDA1517!TDA1519 family are each 
claimed to eliminate up to ten 
peripheral components, saving printed 
board area and significantly reducing 
component, assembly and bgistics 
costs. The ICs are suitable for in -car 
equipment such as radios, and CD and 
cassette players, where available 
space is often limited. Philips 
Components, 010 31 40 72 43 24. 

Microprocessors and 
controllers 
Low-cost microcompute. The Flat 
Controller is a low-cost microcomputer 
based on a highly integrated Z80 
device. Its 64kbyte memory and 
vectored interrupts are claimed to 
make it more powerful than other 8 -bit 
microcontrollers, and suitable for 
embedded applications. The I/O bus 
permits the addition of further devices, 
two or more Controllers may be 
interconnected, and a distributed 
network may be built using serial links. 
Ashton Computers, 0386 881256. 

4 -bit microcomputer. Features of a 

low -power, low -volume 4 -bit 
microcomputer from Seiko Epson, the 
SMC6281, include up to 104 segment 
LCD drive, 1K of rom, 96 words of ram, 
low -battery detect circuit, timebase 
counter aid stop watch, comparator, 
and sound generator. It operates from 
as low as 0.9V, and 2.5µA. Hero 
Electronics, 0525 405015. 

Single -chip microcomputer. 
Enhanced features provided by the 
V25+ single -chip microcomputer 
(uPD70325) include additional I/O 
status flags and a transmit clock output 
to simplify data communication. The 
DMA controller is also incorporated in 

hardware to enable data transfer rates 
of up to 5Mbytes to be achieved. -he 

Philips audio amplifier ICs are suitable for tight -fit applications 

Memory chips 
Super -fast srams. A new generation 
of 1Mbyte srams, claimed to be the 
fastest available, features access 
times of 25, 30 or 35ns through a new 
high-speed architecture. 0.8µm dram 
technology is the driving force for the 
development of these srams. Access 
times down to 12ns are being achieved 
with less complex 16k srams, and 2Ons 
with 256k srams using the 1.2µm 
process. The new 0.8µm process has 
extended the same speed advantages 
to the more complex 1Mbyte devices. 
Configurations include X1. X4 (with 
output enable for system expansion) 
and X8. Power consumption is only 
27.5mW in standby mode and 660mW 
in active mode, from a single 5V 
supply. Micron Technology, 081-905 
1255. 

clock frequency is raised to 10MHz, 
and an interrupt source register has 
been added to the interrcpt controller. 
V25 features are incorporated. NEC 
Electronics (UK) Ltd, 0908 691133. 

Fast 16 -bit CPU. A new 16 -bit 
microprocessor is claimed to be not 
only the fastest 
8086 V20N30-compatible CPU 
available but also the only 8086 -type 
CPU that can address a full 16Mbyte of 
memory. Fabricated using 1.2µn 
low -power cmos technology, the V33 
introduces an innovative architecture 
that is said to improve processing 
performance to four times that of the 
popular V30. Two versions offer 
operation at clock frequencies of 12.5 
or 16Mbyte per second. NEC 
Electronics (UK) Ltd, 0908 691133. 

Microcontroller module. The latest 
module for the TMS370 family of 8 -bit 
configt ble microcontrollers is PACT, 
a new programmable acquisition and 
control timer module. PACT is a 

software -definable timing and state 
machine module that designers 
configure to meet their realtime control 
requirements, directly servicing 
external events in a realtime control 
system, instead of burdening the host 
CPU. PACT is claimed to provide 
designers with unprecedented 
flexibility by integrating a 

programmable timing coprocessor, 
eeprom data memory, and an A -D 
converter on the same device. Texas 
Instruments, 0234 223252. 

Optical devices 
RS232 in -line opto isolator. OP232 
opto isolators can be inserted into 
RS232 data lines to provide complete 
electrical isolation. In a cylindrical 
housing with flying leads and D -type 
connectors they are normally powered 
from the signal lines. Uses include 
protection of computers, blocking out 
noise, and breaking earth paths. Prices 
from £74 + vat. Scimar Engineering 
Ltd, 0730 63461. 

Optical impulse generator. An optical 
impulse generator operating at 
1300nm allows users to select from 
two output pulse modes. In low energy 
mode, the OIG502 produces an optical 
impulse up to 5mW with pulse widths of 
535ps. In high energy mode, it provides 
an optical impulse up to 15mW with 
pulse widths of 300ps. This flexibility, 
plus its well-defined impulse, makes it 
useful for laser pulse applications. 
Tektronix UK Ltd, 06284 6000. 

Programmable logic arrays 
Faster PLD. A 10ns version of AMD's 
PALCE16V8, a cmos programmable 
logic device (PLO), can be configured 
as more than a dozen different 
versions of standard, low density, PAL 
circuits. Pin, function, and fuse -map 
compatible with low -density GAL 
devices, the new 10ns speed grade is 

said to be 33% faster than the earlier 
15ns circuit, and is expected by its 
maker to become the 
industry -standard 
low-density/moderate speed PLD 
solution. AMD (UK) Ltd, 0483 740440. 

Power semiconductors 
DC motor control IC. The SG3731 
provides a bi-directional pulse train 
output in response to the magnitude 
and polarity of an analogue error signal 
input, and can also be used in audio 
modulators and amplifiers using carrier 
frequencies up to 350kHz. A wide 
supply voltage to the control circuitry 
(±3.5 to ±15V) and to the output 
drivers (±2.5 to ±22V) may be either 
from dual positive and negative 
supplies, or single -ended. The circuit 
contains a triangle waveform oscillator, 
a wideband op amp, and a 

summing/scaling network. Milgray 
Distribution Ltd, 0788 543550. 
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For Function 
Generators 

Whatever your need in function generators, 
Thurlby-Thandar can supply it. 

The range covers maximum frequencies from 
200kHz up to 20MHz and includes models with full 
sweep facilities and models with pulse generator 
facilities. Prices start from £110 plus VAT. 

All our function generators feature high setting 
accuracy (including digital display on some 
models), low distortion and precision attenuators. 
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TG2001 
This 20MHz function generator features digital 
readout of frequency, amplitude and offset, 
variable symmetry, variable start/stop phase and 
full trigger facilities. It costs £595 + VAT. 

Contact us now for full details of all our generators. 

Thurlby-Thandar Ltd., 
Glebe Rd., Huntingdon, Cambs. PE18 7DX 

Tel: (0480) 412451 Fax: (0480) 450409 

CIRCLE ENQUIRY NO. 113 ON BACK PAGE 

FOUR NEW EPROM 
PROGRAMMERS FROM MQP 

Prices from only £195! 

High speed algorithms 
Low cost upgrades 
12 Month Guarantee 
1Mb devices and 
beyond 
Program 24/28/32/40 
pin EPROM's, 
EEPROMs and Micro - 
controllers 
Easy to use menu driven software for MS-DOS included 
in the price 
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 Q PARK ROAD CENTRE 
MALMESBURY, 
WILTS 
SN16 OBX 

m 
CIRCLE ENQUIRY NO. 114 ON BACK PAGE 

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 
CIRCLE ENQUIRY NO. 115 ON BACK PAGE 
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NEW PRODUCTS CLASSIFIED 

PASSIVE 
Passive components 
Miniature potentiometer. The Model 

3362 cermet trimming potentiometer, a 

'/ain square single -turn sealed device, 
offers a choice of seven terminal styles 
and incorporates a multi -wire wiper 
arrangement which minimises 
contact -resistance variation. It also has 
a rotor suitable for automatic machine 
adjustment and graduated scale for 
easy orientation. The sealed package 
makes the device useful in harsh 

environments such as industrial 
applications and immersion cleaning 
processes. Resistance values range 
from 200 to 2M0, and 
contact -resistance variation is within 
1% or 30 (whichever is greater). 
Standard resistance tolerance is 

±20%, although a ± 10% version is 

available to order, and adjustment 
angle is 240°. Bourns Electronics Ltd. 
0276 692392. 

Displays 
Flat 5in monitor. A new sin flat -screen 
monochrome monitor is designed for 
instrumentation applications but can 
also be used in other areas such as 

security systems. It comes in kit form 
(prealigned CRT and scan card) or as 

a standard Eurocassette, with flexible 
mounting options, and may be driven 
from either 12V or 15V DC. Screen 
dimensions are 94 x 70mm allowing a 

pixel resolution of 512 x 440. Digitran 
Ltd. 0763 261600. 

High-performance VGA graphics. 
The INMOS IMSG178 
high-performance cmos colour look -up 
table device, a single monolithic 
high-speed IC compatible with the 
RS 170 video standard, is designed to 
replace TTL/ECL components in 

computer colour display circuits 
compatible with IBM PS/2 VGA 
graphics systems. Its advantages in 

VGA graphics circuits are said to be 
reduced component costs, reduced 
board area usage and relatively low 
DC power consumption. It is downward 
software compatible with the IMSG 17 

family. Hawke Components 
Distribution, 081-979 7799. 

Filters 
Filter arrays. The LMF 120 and 

LMF121 mask -programmable 
switched -capacitor filter arrays are 

capable of implementing up to a 

12 -pole filter in one 16 -pin. 
cost-effective package. being 
designed for applications including 
communications systems such as 

mobile phones, anti -alias filters. 
biomedical instrumentation, control 
systems, and realtime audio 
analysers. Both can realise all filter 
types. The LMF120 has 
right -half -plane zeros and the 
LMF 121 left -half -plane zeros. 
National Semiconductor, 0044 793 

697572. 

High-performance filter. The 
PDSP16256, a programmable, 
variable -length FIR filter. is intended 
for use in high-performance filters. 
pulse compressors and convo vers, 
providing filter function without 
software development. with options 
selected by loading a control register. 
It contains sixteen 16 -bit 
multiplier/accumulators that can be 

multi -cycled to provide from 16 to 128 

stages of digital filtering at sample 
rates from 20MHz to 2.5mHz. The 
device may be configured as one long 

filter. or as two half-length filters for 
filtering complex data. and can be 
cascaded to provide filters of any 
length. Plessey Semiconductors. 
0793 518000. 

Instrumentation 
Precision universal counter. The 

GT200 is claimed to be the first 
precision universal counter in a 

PC -resident format, and to provide all 

the performance and features found 
in a bench -top universal counter but 
with easier programming and lower 

cost. Designed to run on IBM 
PC XT AT and compatibles, it can 
measure frequencies with 10 digit 
resolution per second of gate time. 

and make timing measurements to 

100ps resolution without averaging. 
Its two DC -coupled input channels 
are specified for input frequencies of 

DC to 75MHz and can accept signals 
from -5V to+5V. Auxiliary inputs 
arm the trigger and allow gated 
counting. The instrument performs 
frequency. period, time -interval, 
delay -time -interval, ratio, totalise. 
gated-totalise, and pulse -width 
measurements. can sustain 2000 
measurements per second, and is 

supplied with a "virtual" front panel. 
Amplicon Liveline, 0273 570220. 

Portable air -velocity meter. The 
Data-Trak is a portable air -velocity 
and temperature multimeter which 
retains up to 1000 readings. 
displaying them digitally and 
computing the averages. 
Microprocessor -based, it is claimed 
to offer fast and accurate disolay of 
average velocities, individual point 
velocities and temperatures. Five 
control buttons provide access to 

functions, and an optical handheld 
printer provides hard copies. Dage 
(GB) Ltd. 0296 393200. 

Digital handheld pH meter. The 

8000 digital handheld pH meter is 

simple to use, measuring 0.00 to 
14.00pH with an accuracy of 0.02pH. 
All measurements are displayed on 
the 12.5mm-high LCD. which 
incorporates the mode of 
measurement and low battery 
indication. A complete kit includes the 
digital meter, both pH electrode and 
buffer solutions housed in an ABS 

case. ETI Ltd. 0903 202151. 
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IMS's PCL-510- a complete harcware/software package 

LCD detection system. ITTS is a 

liquid -crystal detection system said to 

be very precise and versatile, and able 
to detect hot spots in silicon wafers and 
packaged devices at intervals less than 
1µm. Temperature can be regulated 
very precisely (± 1°C) and tests canoe 
carried out within a temperature range 
of -10-C to +130°C. It is claimed that 
the system can analyse a wide range of 

ICs. includ ng SO. DIP, LCC. PGA, 
hybrid circuits, or isolated dies, and can 
be used wherever high -precision 
temperature monitoring operations are 
needed. IRIS, 0895 70646. 

100MHz logic analyser. The PCL-510 
PC logic analyser is a complete 
hardware software package claimed to 

turn a PC into a powerful logic analyser. 
providing 100MHz sampling for eight 
channels with 8K memory depth or up to 

24 channels with 2K memory depth at 

25MHz sampling. Features include four 
sequential trigger conditions. eight data 
qualification channels. twin cursor PO 

and X) for precision timing 
measurement, 4000 multilevel 
combinational trigger conditions and 
variable input threshold between ±10V 
with 0.1V increment step. Integrated 
Measurement Systems Ltd. 0703 
771143. 

Antenna aligner. Propoint is a 

spectrum analyser unit and TV display 
combined into one compact. portable 
piece of equipment. designed as a 

research 'ool and developed to meet 

the needs of data communication dish 
installation. where high -precision 
positioning and repeatability are 
essential. The screen displays the full 

spectrum of a satellite IF or UHF at a 

glance. making accurate Yagi aerial 
and satellite dish alignment a simple 
operation. Oakbury Components Ltd. 
0488 71458. 

Oscilloscope power. A pocket -sized 
power supply module operating from 
12V DC. the PM8902. is said to satisfy 
the need for high-performance portable 
combination oscilloscopes. It will power 

any analogue or digital storage Smart 
'Scope to give true laboratory 
performance in the field, and may be 
driven by a car battery, an optional 12V 
portable power pack, or other 12V DC 
supply. Output is 115V RMS AC (60Hz) 
rated at 100,W. Philips Test & 

Measurement, 0923 240511. 

Immunity measurement. The TS9980 
test system allows automatic 
measurement of the electromagnetic 
immunity of radio and TV receivers, 
tuners, AF and video amplifiers, etc. 
The menu -driven user interface is 

claimed to permit easy operation, so 
that error -free measurements are quick 
and practical. A significant feature is the 
interpretation of test results by colour 
graphs and numercial outputs. All 
results can be recorded on a printer or a 

plotter and stored for later evaluation. 
Rohde & Schwarz UK Ltd, 0252 
811377. 

60MHz oscilloscope. The Hitachi 
V680 60MHz, three -channel 
oscilloscope features delayed 
timebase, cursor measurement and 
on -screen readout. The cursor system 
can be used to measure voltage 
difference (oV), time differences (oT), 
or frequency (1 /OT). These values, as 
well as set-up parameters and delay 
time, can be displayed on screen. On 
channels 1 and 2, sensitivity can be 
varied between 5mV'div and 5V/div 
over the full bandwidth, 1 mV/div and 
2mVrdiv are available up to 10MHz, and 
0.1V div and 1V div are available on 
channel 3. Sweep time on the main A 

timebase can be varied between 
5Ons div and 0.5s/div, and the delayed 
B timebase between 50nsldiv and 
50ms/div. A x 10 magnifier gives 
maximum sweep time of 5ns div on 
both timebases. Thurlby-Thandar Ltd, 
0480 412451. 

Interfaces 
Processor card. A variant on the 
ECPC single Eurocard PC -compatible 
processor card is said to drive virtually 
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all types of backlit LCD displays 
including 640 x 200 and 640 x 400 
formats. The ECPC-LCD's driver chip 
and software is claimed to run standard 
MDA (monochrome) and CGA 
software. CGA colours being emulated 
with greyscale and crosshatch 
patterning. Text fonts stored in ram can 
be designed with utility programs 
provided with the card. To save 
expense, the ECPC-LCD includes a 
negative voltage switch -mode power 
supply to generate the additional 
voltages required. DSP Design Ltd, 
071-482 1773. 

16/24 digital I/O board. Providing 64 
opto -isolated digital outputs and with 
provision for a watchdog security 
handler, the TVM-743 digital 
input/output board also has available up 
to 16 opto -isolated inputs with 
selectable debouncing delays of 15µs. 
250µs and 1.5ms. Minimum impulse 
width is 6011s. Input can be selected in 
groups of four for contact closure 
toward ground or 24V. Each input 
may assert an interrupt request and I/O 
isolation is 1 kV RMS. GMT Electronic 
Systems Ltd. 0372 373603. 

Fault -protected multiplexers. Of two 
new families of fault -protected 
multiplexers, one claims protection 
against voltage of up to ±75V, the other 
±35V protection including latches to 
relieve the microprocessor from 
maintaining a constant address on the 
logic inputs. The MAX378 and MAX379 
are high -voltage multiplexers with, 
respectively, 1 of 8 and dual 1 of 4 

configurations. These devices are said 
to permit less than 1 nA per channel of 
input leakage current when the power is 
off and the inputs are at ± 75V. With 
supplies of ± 15V the device is 
protected against continuous input 
voltage of ±60V with equally low 
leakage currents. Maxim Integrated 
Products, 0734 845255. 

Hard -disk interface chip. The 
ADG9000 incorporates a fully digital 
data separator simulating analogue 
PPL with a temperature -compensated 
internal time reference. Features 
include write precompensation, clock 
and R W clock generation with 
accuracy claimed better than 7ns, and 
direct interface with hard -disk controller 
chips uPD7261 Ad (nmos) and 
uPD72061 (cmos) to support the 
ST506/ST412 standard with MFM data 
at SMbits/s and enable simple, 
compact, hard -disk controller units to 
be built. NEC Electronics (UK) Ltd, 
0908 691133. 

Power supplies 
DC/DC converters. The XC series of 
15W. 24V input DC/DC converters are a 

broad range of isolated and pulse width 
modulated (PWM) converters, of 
claimed high performance and 
efficiency, encapsulated in metal cans 
with six -sided EMI RFI shielding. By 
using cmos and most et technology, all 
converters are said to operate at 
100kHz with up to 82% efficiency. 
virtually independent of load and line. 
They accept a wide range of input 

voltages -9 to 18V DC, and 36 to 72V 
DC. Output voltages are single, dual or 
triple; 5, 12 and 15V. All are designed 
for mounting onto PCBs and are free -air 
convection cooled. Remote on/off 
control is provided and an internal LC 
input filter is standard. Amplicon 
Liveline, 0273 570220. 

48V input converters. A series of 48V 
input DC/DC converters for 
telecommunications applications claim 
to provide a power range of 5 to 20W, 
with low ripple and efficiency as high as 
83%. The Z series offers a wide 30 to 
72V input range, with single and dual 
output voltages of 5, 12, and 15V. A 

built-in Pi filter reduces reflected noise 
from the converter back to the input 
voltage source, while continuous 
six -sided shielding is said to minimise 
EMI-RFI radiation. Amplicon Liveline, 
0273 570220. 

3000W power supplies. New 
switching power supplies in the 
SuperSwitcher range are claimed to 
deliver from 400 to 3000W but if even 
more power is needed they can be 
paralleled since they feature automatic 
current sharing. SuperSwitchers are 
said to provide reliable power with up to 
155,000 -hour demonstrated MTBF. 
They meet the international safety and 
emission specifications of VDE, IEC, 
CSA, UL and FCC and each unit is 
subjected to 100% dynamic burn -in. 
They are available in six commonly 
used single output voltages from 5V to 
48V. A 2V rail version is available with a 

power rating of up to 1400W. Astec 
Europe Ltd, 0483 756066. 

High performance PWM. The SG1825 
high-speed current -mode pulse -width 
modulator (PWM) is claimed to show no 
output driver "float", to have no 
pulse -width instability at cold 
temperatures and to offer lower start-up 
current and higher ground noise 
tolerance than the industry standard. 
For high -frequency switched -mode 
power supply applications, it is claimed 
to reduce volume and weight of power 
supplies and to increase reliability. A 
new linear Schottky fabrication process 
is claimed to result in very short 
propagation delays through the current 
limit comparator, logic, and output 
drivers. A four -fold increase in switching 
frequency is claimed. Britcomp Sales 
Ltd, 0372 377779. 

20W converter. The SB24S05 4000Z 
is an unisolated 20W DC/DC converter 
in the industsry standard 2 x 2 in 
package, designed for use in remote 
mobile and vehicular applications. 
Operating from input voltages of 8 to 
40V, it delivers a precisely regulated 5V 
at 4A. Typical efficiency is claimed to be 
84%. with 80% maintained even at half 
load. With an operating temperature 
range of -25 to +75°C ambient air. full 
output power is delivered without the 
need for derating. Computer Products 
Power Conversion Ltd. 0234 273838. 

Space -saving converters. The 
MAX654 6 7 DC -DC converters feature 
a guaranteed 1.15V start-up. and are 

said to continue to function as the input 
voltage drops below 1V. This new range 
is claimed to supply up to 450mA 
(MAX658) of output current with a 

minimum of external components, 
achieving typical conversion efficiency 
of up to 75% in generating a regulated 
+5V or +3V from a low input source. 
Kudos Thame Ltd, 0734 351010. 

Programmers 
Mid -range programming. A new 
mid -range programming system 
featuring universal pin drivers for up to 
44 pins is targeted at a new generation 
of programmable logic and memory IC 
users. The 2900 Prcgramming System 
is designed to handle the different PLD 
architectures as well as eproms, 
eeproms and programmable 
microcomputers in a variety of 
packages, both DIP and 
surface -mount. Instrumatic UK Ltd, 
0628476741. 

Switches and relays 
Rugged floatswitches. Two rugged 
PVC floatswitches claimed to be 
capable of operating in liquids down to 
0.7sg and temperatures up to 60°C are 
interchangeable for normally -open and 
normally -closed operation and are 
available for top- or bottom -level 
indication. Other specifications include 
contact rating of 10VA, switching 
current of 0.5A AC or DC, and switching 
voltage of 200V AC or DC. Wide 
resistance to chemicals is said to 

include many strong acids and alkalis. 
FR Electronics, 0202 897969. 

Transducers and sensors. 
Low-cost pressure sensors. Mooels 
90 and 93 are media -compatible, 
solid-state pressure sensors said to be 
capable of measuring in both gauge 
and absolute, pressure ranges from 0-5 
to 0-3000psi with infinite resolution and 
±0.25% accurancy. Both use 316 
stainless steel to protect the sensor 
from corrosive liquids/gases, with a 
1/4-18 NPT pressure fitting welded to 
the body providing a pressure 
connection. Output span is 100mV 
(typ.) with a 1.5mA excitation. 
EuroSensor, 071-405 6060. 

Vision systems 
High resolution CCD imager. A frame 
transfer 1 in -format TV CCD imager, 
said to be capable of offering a full 1032 
TV lines per picture width and using 
standard three-phase docking, is 
offered for high-performance 
commercial, industrial and military 
systems. The C07 series has four 
optional forms and offers either 
conventional fixed barrier 
anti -blooming, or a gated anti -blooming 
system providing fast unwanted charge 
dump with a 4000:1 dynamic range. Full 
support modules have been developed 
and provisional camera circuitry giving 
a 1V video signal output is available 
now. Intensifier coupled versions will 
also be available. EEV, 0245 493493. 

COMPUTER 

Computer board level 
products 

Flexible MSC. A multi -channel serial 
card for PCs, the MSC -8, is claimed to 
be more flexible and to offer better value 
for money than any other board of its 

type. It has eight serial channels on one 
card, each able to be set to RS232, 
RS422, RS485 or 20mA loop at any 
individual address location and any 
interrupt channel. It is intended for use 
in industrial applications for 
communicating with large numbers of 
intelligent sensors and instruments and 
in fans, shopfloor data collection, time 
and attendance systems. etc. Blue Chip 
Technology, 0244 520222. 

Floating-point DSP. The DBV32, a 
fast floating-point DSP board for the 
VMEbus, is based on AT&T's popular 
DSP32C processor, and is claimed to 
achieve speeds in excess of 25Mflops 
(25 million floating point operations per 
second). It is suited to fast scientific 
applications such as signal analysis, 
instrumentation or rapid numeric 
processing. Data Beta Ltd. 0734 
303631. 

Vector/signal processor. The IMS 
B420 VecTRAM, the latest addition to 
INMOS' 10 Systems range of 
TRAnsputer Modules (TRAMS) offers 
both scalar and vector signal 
processing in a single compact module. 

Demonstration card for Plessey's 
SL6639 RF data receiver 
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It combines the general purpose scalar 
processing and communication 
capabilities of the transputer with the 
functionality of a high-performance 
vector -signal processing co -processor 
in a size -4 standard TRAM. The latter is 

said to make it ideal for many 
DSP-based systems and numerically 
intensive application areas. INMOS Ltd, 
0454616616. 

Data communications 
products 
Sine wave generators. Two integrated 
circuits each replace multiple 
components in the generation of highly 
precise sine waves. The ML2035 
programmable sine wave generator is 

the industry's first integrated sine wave 
generator in an eight -pin mini -DIP while 
the ML2036, in addition to the 
capabilities of the ML2035, allows 
control of sine wave magnitude, 
prevents steps in voltages when 
inhibiting the sine wave output. and 
provides clock outputs designed to 
drive other devies. Ambar Cascom Ltd. 
0296 434141. 

High-speed modem. Smartmodem 
9600. a CCITT V.32 -compatible 
modem for Data Communications 
Network applications, is BABT 
approved for connection to UK phone 
systems and is intended primarily for 
leased -line applications . The product 
contains automatic dial back-up 
features and is designed for mainframe 
and Ian environments requiring 
high-speed, full -duplex 
communications for transferring large 
volumes of data. Hayes Microcomputer 
Products, 081-8481858. 

Single -chip coder. A series of cmos 
PCM coder and decoder ICs are the 
XR-T3052/3053/3054 and 3057, 
intended to implement the transmit and 
receive functions in digital 
telecommunications circuits. The first 
three use a companded µ-law PCM 
format, the 3057 an A -law PCM format. 
Each contains separate D A and AID 
circuitry, all necessary 

TL's MOD2434 single -board modem 
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sample -and -hold switched capacitor 
filters, precision voltage reference, 
internal auto zero cir uitry, and a serial 
I/O interface. Microlog Ltd, 0483 
729551. 

Miniature receiver. A miniature, low 

power, direct conversion, RF data 
receiver for the personal 
communications market is claimed to 

be ideal for applications such as 
wristwatch pagers. The SL6639 is a 
low -noise, RF cascade amp ifier and a 

data demodulator. Its on -chin channel 
filters detect frequency shift keyed 
transmissions and reduce the need for 
additional external components. This 
compact solution of a complete radio 
receiver in one MP28 miniature DIL 
package permits smaller RF modems, 
security devices, and pagers that can 
be built into wristwatches or credit 
card -sized packages. In contrast to 

custom chips, the SL6639 ooens the 
market for a wide range of 
manufacturers. Plessey 
Semiconductors, 0793 518000. 

Multi -standard modem. The 
M0D2434, a single -board 
multi -standard PC modem designed to 

transmit error -free data throughout the 
world, is said to contain an innovative 
configuration of digital signal 
processors and microcontrollers, 
which, combined with new and more 
efficient software algorithms, is claimed 
to result in an impressive array of 

features. These include 
auto -adaptation in both originate and 
answer modes, error -free transmission 
at 9.6kbaud and compatibility with 
existing communications software. The 
unit is also claimed to be smaller and 
less expensive than any comparable 
product. Texas Instruments, 0234 
223252. 

Mass storage devices 
Paged memory board. A 
paged -memory expansion board for 
STEbus users, SPER, is said to be ideal 
for implementing rom- or ram -disk 
system facilities. It allows designers to 
build systems with rugged solid-state 
memory for industrial computing 
applications where dust or vibration 
might adversely affect a delicate floppy 
drive mechanism. It can be populated 
completely with rom to house large 
application programs, with all ram for 
fast datalogging tasks, or with a mix of 
both. Arcom Control Systems Ltd, 0223 
411200. 

Software 
Interactive autorouter. Pads -Push n' 

Shove uses a costed-Maze algorithm 
operating in a push -and -shove mode. 
When a connection being routed is 

blocked by previously routed tracks, the 
push and shove feature moves these 
existing tracks aside in order to make 
room for the connection being routed. 
The software Is useful in designing 
analogue PCBs as well as boards that 
have critical circuits wherein the exact 
track pattern must be controlled. It 

operates in interactive automatic, 
steered automatic and manual modes. 
Lloyd Doyle Ltd, 0932 245000. 

CALL AMPLICON FOR 
PERSONAL COMPUTER 
INSTRUMENTATION 
PC9925MHz Waveform 

Storage 
ScopeGenerator. 

and 

Single board two channels. Together 
with software turns your PC into a powerful 
oscilloscope and provides FFT, Integration, Correlation, Wave 

Smoothing, Convolving, Differentiation, 
Filtering and Curve Fitting. ONLY £699 inc. software 

GT2 0 0 Precision Universal Counter 
Virtual Instrument Measure up 

to 100MHz on two chanrels with 10 digit' 
resolution or make timing measurements to 
100 psec without averaging. 'Virtual' front ,...Z1-t.t'--Yfr 

panel runs under DOS with access to high - 

level features such as statistics and save/ 
recall instrument set ups. Easily programmed in any language 

- get the performance of a precision 
instrument for the price of a board. £1182 inc. software 

L O G I M E R 
Replaces BIOS to 
perform 

diagnostic tests o -t IBM PC/XT/AT Model 
30/286/386 Clones. Gives exact fault 
down to chip level with 
or without the Pays for itself 
screen working. ONLY £249 in no time! 

GPIB 
Interface boards and software for 
IBM PC/XT/AT Model 30/286/386 

Clones, PS2 and Apple Mac. Plus bus 

cables, extenders, isolators, expanders 
and data acquisition boxes. 

AM® 
anee : 
.--seeee-_eoeec 

.e - 
Have you got YOUR 

copy of our 1990, full 
colour, 272 page ilirklmo.I 
technical catalogue J with prices on the page? 

Stock orders up to 5pm despatched same day 

AMPL1CON 'LIVELINE 
AMPLICON LIVELINE LIMITED 

CENTENARY INDUSTRIAL ESTATE, BRIGHTON BN2 4AW 

SALES PHONE 0273 570220 
FAX 0273 570215 TELEX 877470 

FOR INSTRUMENTATION, DATA ACQUISITION 
AND POWER SUPPLIES CALL US FREE ON 

'0800 -525 335 
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Appropriate 
technology 
I was very interested in your 
editorial in the May 1990 issue of 
Electronics World and Wireless 
World. I could not agree more 
with your statement, 
"Instructions are complicated 
because equipment and software 
offer so much. Users, in the 
main, haven't actually requested 
the diversity of features. They 
appear because equipment and 
software designers can put them 
there at 'little cost'." 

I would go further and say that 
I find most systems are designed 
around what technology can do 
(system -centred) rather than 
what people actually need 
(human -centred). It is becoming 
increasingly apparent that the 
systems -centred approach is 
wrong. For example: factories 
using large and complex 
system -centred production 
control packages are finding that 
the benefits of these packages 
are almost as elusive as the staff 
needed to run them! 

I can only hope that we, as 

engineers. realise where this 
headlong rush into automation 
and technologically -led systems 
in general is taking us before it is 

too late. Generally automation 
has been synonymous with skill 
reduction. We should be 
attempting, through the 
appropriate use of technology, to 
encourage the growth of the 

UK's skill base rather than the 
current trend of de-skilling 
through automation. 

The UK has suffered enough. 
We are at a turning point. Let us 

design systems that prepare us 

for the year 2000 and beyond. 
Let us go forward, not with 
technology that is technically 
tasty and that scratches some 
mental itch. but with technology 
that is appropriate to our needs! 
Let us all adopt the 
human -centred design 
philosophy that builds skill 
rather than kills skill! 
A W S Ainger 
BICC Systems Development 
Centre 
Hemel Hempstead 

A rotten apple 
I would like to add my voice to 
the current discussion on the 
relative merits of the Apple 
Macintosh versus the IBM PC 
family. 

Until recently I was a 

programmer in a York company 
using both Macs and PCs. 
Fortunately most of my work was 
connected with the PC rather 
than the Mac. I rapidly came to 
the conclusion that the mouse 
environment is only of value 
within art packages, where it is 

far superior to the cursor keys for 
drawing purposes. Otherwise it 
is slower and more awkward to 
move around in a text editor 
using the mouse, and involves 

the highly annoying need to keep 
taking one hand off the 
keyboard. Similarly, the mouse 
is more cumbersome than typing 
text responses to a 

command -line prompt. 
Far more annoying is the 

slowness resulting from using a 

micro to run a 

supercomputer -sized operating 
system containing many 
inefficiencies and ridiculous 
design features. 

One would have thought that 
with a 1Mb ram and a basic 
system tile of around 330K the 
entire system could be loaded at 
boot time and held in memory 
thereafter. Yet trivial disk 
accesses to get data (often only a 

few bytes) are made all the time; 
and make operating a Mac 
without a hard disk a nightmare 
of switching floppies. 

Compiling and linking, say, 
100K of C source from hard disk 
can take about 10 minutes on the 
Mac, against about one minute 
on the PC. The code on the PC 
can he launched for testing in a 

couple of seconds; on the Mac, 
20 seconds is more likely, and the 
machine will crash more often 
than not-a rare occurrence on 
the PC. 

Rebooting the Mac and 
relaunching the development 
environment can easily take four 
minutes. A reboot from a System 
disk, apparently identical to one 
that works perfectly. can fail with 
an obscure error such as, 
"Cannot load needed resource." 

General physics 
R. V. Harrowell's letter (EW + WW, May 1990) proposing a method for suppressing 
dissident authors, puts me in mind of verses attributed to John Barrett of 
Harvard University. 

I AM THE VERY MODEL OF A MODERN PHYSICS THEORIST 
(with apologies to Gilbert and Sullivan) 

I've studied all the references 
in order alphabetical, 
My judgement is, which some of you 
may find to be heretical, 
A field that really is abstruse, 
A field where many screws are loose, 
A field quite famous for its spoofs 
Is PHYSICS THEORETICAL. 

We never do experiments, 
We shun the purely practical. 
Our best work is in getting grants, 
Our budgets are fantastical. 
We laugh as others take a dive, 
If funding falls we still survive, 

We make damn sure our job's secure 
In PHYSICS THEORETICAL. 

Our scientific breakthroughs are, 
to say the least, debatable. 
We silence critics haughtily. 
Our egos are inflatable. 
The rest of science goes along, 
Because our last defence is strong, 
THEY cannot prove that WE are wrong 
In PHYSICS THEORETICAL. 
Yours truly, 
John Ferguson 
Camberley 
Surrey 

Privateer television 
The recent provision of large 
numbers of additional television 
channels by Sky and BSB might 
be regarded by some as signalling 
the ultimate demise of terrestial 
television. After all. the cost of 
the satellite services. however 
great, must urely be dwarfed by 
the huge expenses incurred by 
the BBC and IBA in maintaining 
a country -wide network of UHF 
transmitters. 

Such economic arguments 
ignore the technical vulnerability 
of the satellites. Quite obviously. 
the uplinks will always be 

captured by the strongest signals. 
Could we entertain the prospect 
of a national television service 
which maybe held hostage by 
anyone with a big dish and a 

magnetron? 
J. \1ilson 
London SW20 

To identify the missing (and how 
so?) resource involves breaking 
to the monitor and tracing back 
through the incredibly complex 
chain of code which displays the 
error message to locate the 
parameters of the failed 
GetResource call. 

Hardly the ideal machine for 
the computer illiterate. as its 
purports to be. 
C. G. Bulman 
Fishergate 
York 

Riddle of Inertia 
R. A.Waldron in the May letters 
(p.429) glosses over the real 
problem of motion under 
gravity. The mass or inertia of a 

freely moving body measures its 
reluctance to move faster when 
pushed. The electrostatic force 
between two bodies is 

proportional to the product of 
the electric charges on them. 
Similarly, the gravitational force 
between two bodies is 

proportional to the product of 
the `gravitational charges' on 
them. However. all experiments 
show that the gravitational 
charge on a body is simply 
proportional to its mass. This 
empirical fact does call for an 
explanation, and in his General 
Theory of Relativity Einstein 
provided one. 

Mach's principle attributes the 
Continued over page 
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mass of a body to its interactions 
with the rest of the universe, and 
Assis in his 1989 paper 
(Foundations of Physics Letters 
2, 301) postulated a 'relational' 
theory in which the interaction 
used was Weber's force law for 
gravitation. On the basis of that 
paper Graneau claimed in his 
January 1990 article that the 
inertia of a body depends on the 
instantaneous positions of 
objects in the rest of the 
universe, i.e. on instantaneous 
action at a distance. However, 
towards the end of the paper, 
Assis wrote, "The greatest 
limitation of this model is that it is 
based on an action -at -a -distance 
theory. As a result, it is not 
definitive or final theory, but 
should be valid in systems with 
slowly varying motions in which 
time retardation is not a serious 
factor." 
C. F. Coleman 
Grove 
Oxfordshire 

RC oscillators 
Recent letters have revived 
interest in RC oscillators. 
Around 1938 I was interested in 
crystal, LC, and RC filters and 
realised that RC networks could 
be used as frequency 
discriminating devices in 
oscillators. Because of the low 
effective Q value it was necessary 
to operate the maintaining 
amplifier in class -A to obtain a 

sinusoidal waveform with low 
distortion and this necessitated 
the use of an amplitude -limiting 
device. I used small filament 
lamps as thermal devices for the 
AGC system in the maintaining 
amplifier and oscillators of this 
type were used in the following 
few years when I, and many 
others, were busy on other 
things. Soon after the war, I used 
a commercial 5W mains filament 
lamp and a full theory was given 
in an article circa 1945 in 
Electronic Engineering. Since 
then thermistors, isolators, 
photo cells and fets have been 
used in place of filament lamps in 
attempts to reduce distortion and 
amplitude bounce. A completely 
bounce -free oscillator with low 
THD (0.01%) has been 
produced by the undersigned 
and an article on it is in 
preparation. 

At the instant of switching on, 
voltage and current transients 

Lumpy Universe 
A regular expansion after the Big 
Bang appears to be entirely 
consistent with a lumpy universe 
(Research Notes, May) and in 
particular with an 'onion skin' 
model giving separated walls of 
galaxies. 

It is reasonable to assume that. 
immediately following the Big 
Bang, matter would he leaving 
the focal point in all possible 
directions and over a wide range 
of speeds. 

If all particles originated from 
exactly the same point in space 
and time there would he a near 
infinite series of concentric 
spherical shells each expanding 
at a slightly greater rate. Velocity 
differences. between closely 
spaced particles, would be 
negligible. The smallest 
irregularities of mass would tend 
to grow under gravitational 
forces, giving a random 
distribution of mass 
concentrations. 

are present together with noise, 
and microphony when valves are 
used, and these contain 
frequencies close to those of 
oscillation which are amplified 
and fed back, positively, to 
rapidly build up to the operating 
amplitude, in a good design. This 
assumes that no spurious voltage 
is applied to the AGC system as 
this can result in a delayed 
amplitude build-up. It is perhaps 
of interest to note that because of 
the relatively poor frequency 
discrimination of RC networks in 
oscillators, compared with 
crystals and LCs, the noise level 
is usually inferior. 

We are living in an age of 
technical reinvention and 
although it is important to 
remind readers of the state of the 
science it is ethical for the author 
to ensure that the reader 
understands what is new and 
what is old and should he known. 
Too many authors enjoy the 
adulations of a semi -technical 
public by forgetting to give credit 
to past work by other people and 
thus, in effect, claim this as their 
own work. RC networks are no 
exception to this practice in as 
much as we have recent 
examples in letters and articles in 
EW+ WW. As examples, a letter 

On the other hand if the origin 
had significant dimensions, in 

space and/or time, later fast 
shells would overtake earlier 
slow shells. Shells would clump 
automatically in a regular way. 
Whenever major clumping 
occurred the resultant 
gravitational forces would 
overcome some of the velocity 
differences: a more massive shell 
would continue at an 
intermediate velocity. 
Irregularities of mass, within 
each shell, could grow to form 
larger bodies. 

Astronomers were discussing 
this concept several years ago. It 
is easy to demonstrate on a 

computer. Why has it been 
ignored by mainstream 
astronomers? Arc there 
weaknesses that appear under 
deeper analysis? 
R.G. Silson 
Tring 
Hertfordshire 

reinvented the circuit of an RC 
oscillator I patented over 45 
years previously and a recent 
article on RC networks 
described networks mainly used 
in amplifiers that were known 
before the war under the general 
title of "Wheeler networks." 
F. G. Clifford 
Wetton 
South Africa 

Gyroscopes 
In the March edition of 
EW+WW, there are two letters 
with comments relating to my 
letter of December 1989. As an 
engineer I fully agree that 
experiment is the final arbiter of 
any theory, which is why my 
armchair is very close to the 
laboratory. 

I find it difficult to believe that 
a difference of 20% from the 
classical results of mechanics 
could go unexploited for so long. 
I for one would be delighted to 
rationalise such phenomena, 
should they exist. 

One specific case mentioned 
by Bruce DePalma was that of a 
pendulum with a rotating bob- 
'this is easily tested using a simple 
toy gyroscope and two pieces of 
string. If the axis of rotation is 

maintained horizontal by 
suspending the gyro with equal 
lengths of string from each end of 
the axle there is no measurable 
variation of the periodic time. 
However, if suspension is from 
one end only such that the axis of 
rotation is free to change its 
orientation then interesting 
gyrations take place and the 
system no longer behaves like a 
simple or compound pendulum. 
The motion is complex because 
the gyroscopic effects couple 
with the pendulous motion and, 
in general, the detail of the 
motion depends on the starting 
conditions. There is no evidence 
that classical mechanics needs to 
be modified. 

The experiment indicated by 
Alex Jones was repeated by 
myself some 15 years ago, except 
that in place of the hearings I 
mounted the base on four 
flexible steel strips such that the 
stiffness was low in one direction 
of the horizontal plane. In this 
case movement of the frame is 

clearly seen to take place. The 
higher the spin speed the lower 
the precessional rate, giving a 
smaller centripetal acceleration 
to the centre of mass of the rotor. 
Thus a smaller force is required 
to prevent motion of the frame. 
The horizontal force required to 
prevent lateral motion could 
easily be less than 0.1% of the 
weight, in which case rolling 
friction would be enough to 
provide the constraint. 

I believe that I have said 
enough on this matter, save to 
say that advancement in science 
does require speculation but it 

must be coupled with well 
documented experimental 
apparatus and procedure. Also it 
is essential that predictions are 
made by the proper use of 
existing theory and compared 
with experimental results. The 
application of the theory of 
three-dimensional dynamics of a 
rigid body is not easy and 
therefore false conclusions are 
often drawn. The effects of 
friction often make prediction a 

lengthy procedure. but classical 
mechanics still gives the most 
concise explanation of the 
macroscopic dynamics of bodies 
at low speeds. 
H.R. Harrison 
Senior Lecturer. Engineering 
Dynamics 
City University 
London EC I 

Continued over page 

July 1990 ELECTRONICS WORLD + WIRELESS WORLD 603 



LETTERS 

Alpha -torque 
Forces 
I would like to respond 
collectively to the alpha -torque 
letters in the September and 
October 1989 and February 1990 
issues of your journal. Good luck 
to Simon Young with his MkII 
water -arc gun. I hope he is 
careful and will let us know what 
he found. 

A common theme in the letters 
of Coleman, Bell and Carpenter 
is that I have ignored 
electromotive forces. It is my 
considered opinion that these 
.forces are non -mechanical and 
therefore cannot be weighed 
with a balance. For this reason 
they cannot contribute to the 
fracture of atomic bonds in 
wire -fragmentation 
experiements. Ampere tension, 
as I have called it, is the strongest 
evidence in favour of Ampere's 
force law and against the Lorentz 
force law. I would go further and 
argue that we still do not 
understand how e.m.fs are 
produced in wires. At this point 
textbooks invoke the Poynting 
vector mechanism which 
somehow generates an electric 
field in the wire. The Poynting 
vector stands for field energy 
momentum. With an 
electrodynamic impulse 
pendulum we have shown that 
this momentum does not exist. 
All these experiments are fully 
described in my book, 
Ampere -Neumann 
Electrodynamics of Metals 
(Hadronic Press, Nonantum 
MA, 1985). 

As Carpenter admits, the 
electrons slip freely through the 
metal lattice unless they run up 
against the metal surface. But 
there are no surface barriers in . 

the way in the direction of 
current flow. Even in the 
shortest pulses there appears to 
occur no pile-up of electrons 
which could give rise to a 

Coulomb explosion. 
Perhaps I should have outlined 

why pinch forces cannot explain 
the liquid mercury fountain. If 
we consider the more simple 
example of a cylindrical column 
of liquid metal, the pinch force 
will certainly generate axial 
hydrostatic pressure. Pressure is 

not unidirectional. It will push 
liquid up and down. The 
downward thrust will prevent the 

entry of fresh liquid to the 
column (at the copper stem). 
This makes the observed 
circulation of liquid metal 
impossible. 

Bell's comment makes it 
necessary to say a few words 
about electron beams in vacuum. 
Longitudinal Ampere tension 
would disrupt these beams. In 
practice, these beams are very 
stable, which proves that they 
are not subject to Ampere 
tension. It does not prevent the 
electrons from responding to 
externally applied magnetic 
fields, as they certainly do in 
magnetic focussing and 
deflection. It all goes to show 
that a current in a wire is 
something very different from an 
electron beam in vacuum. It is a 

fact that charges convecting in 
particle accelerators do obey the 
Lorentz force and not Ampere's 
law. 

Carpenter raises a valid point 
about three types of energy 
involved in electrodynamic 
experiments: mechanical work, 
electric power and stored 
magnetic energy. Anyone who 
has looked at my book will know 
how I have agonised to clarify 
this issue. I made the mistake of 
talking about the virtual work 
principle, which is unambiguous 
only in the interchange of 
mechanical work with 
gravitational potential energy. In 
fact I may have drawn the 
alpha -torque forces in the wrong 
direction, but reserve judgement 
until more experimental facts 
come to light. John Carpenter 
asks whether field theory should 
be overturned? This is not my 
objective. I have tried to 
establish an alternative for the 
restricted area of metal 
electrodynamics. In my view two 
theories are better than one. My 
remaining comments will 
illustrate this. 

In the last 50 years several EM 
pumps for liquid metal have been 
developed for sodium -cooled 
nuclear reactors. They are all 
provided with an external 
electromagnet which is 

expensive and clumsy. The 
designers argue that magnetless 
pumps do not work. Eighty years 
ago Carl Hering (J. AIEE, 
vol.42, p.139, 1923) proved them 
wrong. He knew Ampere's 
action -at -a -distance law and 
pumped liquid metal without 
magnets in a hundred furnaces. 

Science versus subjectivism 

I have no quarrel with subjective 
assessments. when these are 
scientifically conducted and the 
limitations horn of 
psychological, logistical and 
statistical factors are fully 
appreciated. I am concerned at 

the virulence of the virus of 
unscientific, indeed anti -science. 
subjectivism which is 

increasingly pursued with 
religious fervour in audio 
matters. 

I am therefore concerned that 
the recent article "Better CD" is 

devoid of any quantifying data. It 
latches on to the latest "in" idea 
that everything :s subject to RF 
pollution (riding on the hack of 
public concern about pollution of 
a more general nature). Even if 
there was some RF pollution. 
would this necessarily he a bad 
thing? I would remind readers 
that RF"pollution" is essential in 

order to straighten out the 
non-lincarities in analogue 
magnetic recording, and it is also 
quite good at dithering crossover 
distortion. 

Some CD players may not bias 
the op -amps for zero DC at their 
outputs; so what! Who says this is 

a bad thing? As a point of fact. 
many op -amps perform better 
when biased away from "centre" 
-particularly the 741 family 
which have a nasty crossover 
region around ze ro. I might well 
bias op -amps in the middle David Birt 
myself to avoid use of electrolytic Bletchingley 
capacitors wily because they Surrey 

Water -arc explosions are far 
more effective projectile 
accelerators than railguns. The 
US Army develops railguns, and 
recently said they do not 
understand how water -arc guns 
work and, therefore, they will 
not research them. 

For 30 years it has been known 
that lightning strikes which cause 
forest fires produce hardly any 
thunder. The loudest thunder 
claps, associated with the largest 
lightning currents. are relatively 
cold. So what causes thunder? 
Since no suitable electrodynamic 
forces could be found in our 
textbooks, meterologists lost 

have a shorter life expectancy. 
But why use such an elaborate 
current source when a junction 
fet with source resistor would do 
just as well, and with far fewer 
components? And what is this 
mystique about strange -valued 
resistors in non -critical 
positions? 

I am not at all surprised that a 

panel of self-styled "expert 
listeners" thought it all sounded 
better: they always do. and the 
rating of slam/focus/definition/ 
rhythm/musicality and all that 
garbage is nearly always in direct 
proportion to the cost of the 
product/modification and in 
inverse proportion to the size of 
the company promoting it. 

Is there any reason why 
meaningful objective 
measurements should not be 
presented together with 
sufficient methodological and 
statistical data on the subjective 
experiments. so that the reader 
can be sufficiently well informed 
to form his ow n judgment of 
their validity? 

If you really want to hear the 
difference then why not listen to 
the difference, by use of a 

differential amplifier connected 
between the outputs of modified 
and unmodified back -ends. fed 
from a common dac? Warning: 
you might hear nothing! 

interest in the subject. 
Over the same period of time 

more than a billion dollars have 
been spent worldwide on hot 
nuclear fusion. We are still 
waiting for a demonstration of 
ignition! Could it he that the 
same electrodynamic forces 
which are responsible for 
thunder make it so difficult to 
contain the plasma in Tokamak 
fusion reactors? 
Peter Graneau 
Centre for Electromagnetics 
Research 
Northeastern University 
Boston 
USA. 
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f the SAS slogan "Who dares wins" 
applies to scientists then we would 
expect some fireworks from a budd- 
ing chemist. If not literally fire- 
works, then some strong stinks at 

least. For example, Irving Langmuir, 
who was to receive a Nobel Prize for 
chemistry, did not do things by halves. 
At the tender age of six, he nearly killed 
himself by sniffing chlorine. 

It happened when Arthur, Irving's 
older brother by nine years, had access 
to a well-appointed chemistry labora- 
tory. Probably not realising how dange- 
rous chlorine is, he took to sometimes 
carrying a small bottle of the gas around 
with him and sniffing it. Taking the 
bottle home he offered Irving a smell. 
Irving, "never a cautious type," took a 

gulp and "nearly strangled on the spot." 
Several anxious choking days passed 
before! he could breathe properly again. 

Father banned further chemistry ex- 
periments, except in the classroom. Un- 
deterred, Arthur grew up to become a 
successful industrial chemist and Irving 
gained an international reputation for 
both chemistry and physics. 

Irving Langmuir was one of the first 
immensely successful industrial scient- 
ists. He was fortunate to spend most of 
his working life at the General Electric 
(G.E.) Research Laboratories at Sche- 
nectady in New York, where industrial 
research was expected not only to yield 
practical results but to expand 
knowledge as well. His early successes 
in improving incandescent lamps must 
have paid his salary for the rest of his 
career, and he was left free to let his 
imagination run riot - to the enormous 
benefit of electronics and science in gen- 
eral. 

Langmuir's career path was set by his 
choice of postgraduate study. After 
graduating from Columbia University in 
1903 with a degree in metallurgical engi- 
neering he left the USA for Germany 
where he enrolled for a PhD at the 
University of Gdttingen. There he stu- 
died physical chemistry under Prof. 
Walther Nernst, inventor of the Nernst 
lamp, who suggested that Langmuir 
should examine the dissociation of 
water vapour and carbon dioxide 
around glowing platinum wires. These 
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studies not only gave Langmuir his PhD 
in 1906 but the basic techniques which 
were to flower later at the G.E. labora- 
tories. 

On returning to the USA he lectured 
at the Stevens Institute of Technology in 
Hoboken, New Jersey. In the summer 
of 1909 he took vacation employment at 
the G.E. Research Laboratories. When 
due to leave he was asked to stay - 
higher education thus lost a teacher but 
industrial research gained a genius. 

His first task was to study thermal 
conduction and convection in gases at 
high temperatures. For this the new 
tungsten filaments, developed by W. D. 
Coolidge from an Austrian invention, 
were used. At first Langmuir felt em- 
barrassed at the amount of time he en- 
joyed "playing" but discovering no- 
thing, but the director of the laborato- 
ries, W. R. Whitney, reassured and en- 
couraged him. 
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Then Langmuir did discover some- 
thing - namely that hydrogen gas be- 
haves in a very peculiar way at extreme 
temperatures. In 1912 he explained this 
as the dissociation of hydrogen mole- 
cules into single atoms. It was an impor- 
tant scientific discovery which he used 
much later in his invention of the hydro- 
gen torch, for which a patent was 

awarded in 1934. 
One of the problems with the early 

tungsten filament light bulbs was that 
the inside of the glass blackened with 
time. It was widely héld that a better 
vacuum would solve this and other pro- 
blems. Langmuir could not think of any 
way to get an empty void emptier so he 

turned the problem inside out by adding 
extra gas so he could, once again, study 
the behaviour of gases. 

His approach has been likened to 
treating a case of poisoning by giving 
more poison. To Langmuir it made 
sense because he could extrapolate back 
from his results to predict what would 
happen if a perfect vacuum was ob- 
tained. What he showed was that even 
the minutest amount of water vapour 
must he avoided. Beyond that, 
however, a better vacuum did not lessen 
the blackening, which was caused by the 
evaporation of tungsten. Instead of 
further improvements to the vacuum he 
suggested the opposite - filling the 
bulb with gas. "You're dreaming!" 
Whitney told him, but allowed that he 

should try it. The result was today's 
argon -filled light bulb, a money spinner 
if ever there was. 

His work on light bulbs inevitably led 
him to its closest cousin, the thermionic 
valve. The tungsten filament of the lamp 
became the early cathode of the valve 
and every physicist wanted to improve 
the emission of electrons from its sur- 
face. At the same time as Langmuir was 
improving the incandescent lamp, 
others were inventing new applications 
for radio valves. 

r 

1 

Langmuir(left) and W. D. Coolidge 
showing the pliotron to Sir . J. Thomson 
when he visited the labs in /923. 

When he studied the electron emis- 
sion from tungsten filaments he found 
that, at temperatures close to the melt- 
ing point of tungsten, the emission was 
orders of magnitude less than predicted 
by theory. Tracking down the cause of 
this mystery led him to the discovery of 
electron space charge, the results of 
which he described in a law. This rec- 
ognition and theoretical understanding 
of space charge was one of the turning 
points in the development of the scienti- 
fic design of thermionic devices. 

Further studies led to the discovery 
that the addition of a tiny amount of 
thoria to the tungsten filament gave an 

enormous increase in the electron emis- 
sion. Originally thorium oxide had been 
added in an attempt to prevent crystal 
growth of the tungsten metal, but Lang- 
muir's detective work showed that a 

layer of thoria formed on the tungsten 
surface, resulting in the vast increase in 
electron emission. Thoriated tungsten 
filaments became standard, and the G. 
E. Labs at Schenectady further con- 
firmed their international importance to 
what would become known as the elec- 
tronics industry. 

Recognition of his work came in 1920 
when he was awarded the Rumford 
Medal of the American Association for 
the Advancement of Science. It was not 
the first, and certainly was not the last. 
honour he was to receive. On a visit to 
Japan in the mid 1930s he was described 
as the world's foremost scientist. 

Another way in which Langmuir 
influenced the design of electronic valv- 
es was through his improvements to 
vacuum pumps. In 1915 he examined 
Gaede's diffusion pump and, as was his 
style, gained both theoretical un- 
derstanding and practical improve- 
ments. After the First World War Lang- 

muir's mercury diffusion pump became 
a familiar sight in laboratories. 

His work covered an incredible range 
of interests and he had an international 
reputation in subjects which we cannot 
even touch on here. It is no surprise to 
learn that he pioneered the artificial 
production of rainfall and snowfall. 

Early in the war he had spent time 
studying the formation of clouds and 
icing. This required measurements of 
particle size using Rayleigh's law of light 
scattering. But how do you turn that into 
a tool to help win a war? Langmuir's 
answer was to use it to make far bigger 
and better smoke screens. The "white" 
smoke which he and his colleague, V. J. 

Schaefer, produced became an artificial 
fog which protected troops during the 
invasion of Europe. For three days dur- 
ing the crossing of the Rhine a 65 -mile 
front was blanketed with the fog. 
According to Langmuir's biographer, 
Rosenfeld', its introduction into the 
Pacific by the US Navy ended the des- 
truction caused by kamikaze attacks. 

The story of the invention of this 
smoke screen began with a new filter for 
gas masks, which then needed a new 
smoke generator to produce smoke 
to test the filters. Later, when a smoke 
screen was needed, Langmuir and 
Schaefer were partway there. On 23 

June, 1942. Army brass hats were 
dragged to the top of a suitable moun- 
tain before dawn to witness in the valley 
below a perfect demonstration of how to 
generate vast amounts of clean white 
smoke. 

Another problem, how to prevent air- 
craft wings icing up, led to post-war 
experiments with cloud seeding. It was 
on 13 November, 1946. that Schaefer 
first seeded a cloud, using six pounds of 
dry ice. Langmuir reported that, "The 
whole supercooled cloud was converted 
to small ice crystals." In his diary he 

simply wrote, "It worked!" 
Experimental results improved and 

on a winter's day that year they turned a 

cloud into snow. But the snow became a 

storm and the storm a blizzard, and the 
storm within G. E. over the legal impli- 
cations led to the company waiving all 
royalty rights to the patents, and for the 
first time worrying about what Lang- 
muir was up to. 

By the time of his death at Falmouth, 
Massachusetts, on 16 August. 1957, Irv- 
ing Langmuir's interests had spanned a 

range of science from electronic vacuum 
tubes to changing the weather. He was 
born in Brooklyn, New York. on 31 

January, 1881, the third of four sons of 
Charles and Sadie Langmuir. His grand- 
father had emigrated from Glasgow to 
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Canada and his father from Canada to 
New York, where Irving was educated 
at public schools in Brooklyn. He be- 
longed to a big family; besides three 
brothers he had an abundant supply of 
aunts, uncles and cousins. 

In 1892 a trip by his parents to Europe 
resulted in his father's appointment as 
the Paris representative of the New 
York Life Insurance Co. The four boys 
were shipped out to Europe and met at 
Le Havre by their father. Irving conti- 
nued his schooling in Paris for the next 
three years. By that stage his love for the 
outdoor life, especially hiking, was well 
established, as was all the boys' love for 
dramatic chemistry experiments - 
chlorine excluded. Irving recalled that 
he had a workshop when he was nine 
and his own laboratory when he was 12. 

He completed his schooling back in 
the USA. claiming that, "Until I was 14 I 

always hated school and did poorly at 
it." After that it was Columbia Univers- 
ity and on to Gottingen. 

Hiking was by no means his only ath- 
letic interest. He also climbed, hence his 
eagerness to drag the Army chiefs to the 
top of a mountain to witness the smoke 
screen demonstration. Probably his 

greatest climbing feat was to conquer 
the Matterhorn in 1921, when he was 40 
years old. 

Skiing was also a favourite activity, 
and it is said that he introduced the sport 
to Gottingen. In 1910, according to his 
biography, he did a lot of canoeing, 
camping and skating, took lessons in 
tennis, bowls, horse riding and dancing; 
went sleighing in the moonlight, swam, 
hunted, fished, and became a scout- 
master. His spare time was spent in the 
darkroom for he was a keen photo- 
grapher. He also became interested in 
that new gadget, the motor car. 

In his younger days. it is said that he 
was uncomfortable with the ladies. His 
diary for 29 June, 1910, records him 
meeting and dancing twice with a Miss 
Mersereau. In time he came to use her 
first name, Marion. They were married 
in 1912, forming a long and happy union 
in which they had two children, Ken- 
neth and Barbara. 

c-. . 
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His wife also gave him a wonderful Lang'nuir recei sing the Nobel Prize in 
epitaph: "He was as great a husband and 1932. 
father as he was a scientist." 
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Not all gyros need a 

spinning mass. 
John Nuttall points out 

that those using 
optical sensing possess 

unique advantages 
which, in some 

applications, outweigh 
their high cost 

. 
"*".\\ 

' 

Ferranti fibre -optic gyroscope, with a 
selection of components. Small 
rectangular component is a coupler. 

Demonstration model of FOG. Source 
and detector are in separate die-cast 
boxes, with coil below. Three polarisation 
controllers and an integrated -optic phase 
modulator (top) are shown. 

Optical -fibre 
gyroscopes 

any devices detect rota- 
tion: shaft encoders and 
resolvers, for example, 
detect rotation relative 
to a fixed reference. But 

a gyro is different, because it needs no 
such reference - it measures absolute 
rotation. Today, the word is used for 
any sensor of absolute rotation, even if 
there is no spinning wheel. In technolo- 
gical applications, gyros are the sensors, 
acting as an integral part of a measure- 
ment or control system. 

A typical application for a gyroscope 
is the stabilisation of an aerial on a 

moving object. Here. the aerial is 

mounted on a gimbal system giving two 
degrees of freedom, the gimbals being 
controlled to give zero rotation of the 
aerial. Similarly, an autopilot system 
requires gyroscopes to detect the 
aircraft's rotation. 

At a more complex level, gyroscopes 
form the heart of inertial navigation and 
inertial surveying systems. These aim to 
measure the motion of a body entirely 
from within the body (i.e. without the 
use of radar, beacons or landmarks). 
Displacement and velocity cannot he 

measured directly. so the displacement 
has to be obtained by double integration 
of acceleration measurements, which 
are collected in three axes. Of course. 
one needs to control (or at least know) 
the direction in which the three accele- 
rometers are pointing, and thus three 
gyroscopes are necessary. 

Optical gyros 
The majority of gyroscopes in use today 
are mechanical instruments, based on 
spinning masses. This is true for both the 
least demanding applications (such as 

some stabilisation systems) and the 
most demanding applications (such as 

inertial navigation). However. in recent 
years, optical methods of rotation sens- 

ing have become practical, and there are 
perceived advantages in cost, reliability 
and performance. How real these per- 
ceived advantages are, will he discussed 
later in this article. 

First on the scene was the ring laser 
gyro and most gyroscope companies 
now make an RLG, usually intended for 
aircraft navigation. More recently, 
there has been feverish development of 
fibre -optic gyros. These appear in a 

number of forms, with contusing sets of 
initials to describe the variants. In this 
article, I will describe the original best- 
known interferometric fibre -optic gyro, 
which I call the FOG. 

The Sagnac interferometer 
Optical rotation sensing is based on the 
Sagnac effect, which was first demon- 
strated as early as 1912. In the Sagnac 
interferometer. there are three mirrors 
and a beam splitter (Fig. 1). (An ideal 
beam splitter reflects half the light inci- 
dent on it like a mirror, and transmits 

Detector 

Source 

Fig. I. Sagnac interferometer using 
mirrors and a beam splitter. Light is sent 
both ways round the circuit, in which any 
non -reciprocities show up as a phase shift 
between the two beams. 

the other half like a window.) Light is 

introduced externally at the beam 
splitter, and consequently goes both 
ways round the circuit, and back to the 
beam splitter. Here some light is re- 
flected hack to the light source and some 
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The author with an experimental gyro. 

is incident on the detector. It is clear 
that, if care is taken to ensure that the 
two beams of light follow exactly the 
same path. the lengths of the two jour- 
neys will be exactly the same. They will 
therefore interfere constructively at the 
detector. 

There are some circumstances in 
which it is possible to make the lengths 
of the counter -rotating journeys diffe- 
rent. Such effects are called non - 
reciprocities, and the one we arc inte- 
rested in is the rotation -sensitive or 
Sagnac effect. The effect of rotation on 
the passage of light can properly be 
explained only in terms of General 
Relativity, but the Sagnac effect can he 
visualised in a simple way. If the light 
travels round in the opposite direction 
to the rotation, the distance the light has 
to travel seems less than the distance 
when there is no rotation. On the other 
hand, if the light is travelling with the 
rotation. the distance seems greater. 
The two beams will reach the detector 
having travelled different distances and 
will therefore be out of phase with each 
other. 

Using this model. one can calculate 
the phase shift as 

A(1)= 8rrAw /c?,. 

where 
A = the area enclosed by the light path 
w = the applied rotation rate (radians/ 
second) 
c= the velocity of light 

= the wavelength of the light (in 
racno) 
it is usual to enhance the effect by using 

a long length of optical fibre wound into 

Source 

Source 
coupler 

Detector 

Polariser 

Loop 
coupler 

Polarisation"" 
controller 

Fig. 2. Optical components of a 
,fibre -optic gyro. The couplers are the 
fibre equivalent of the beam splitter. 
Polariser and polarisation control 
actuator are needed so that only one 
polarisation of light is used. This 
configuration is the minimum reciprocal 
gyro. 

a coil of many turns instead of one 'turn' 
of free space (Fig. 2). Assuming a circu- 
lar coil of total length L and radius R. 
the phase shift is 

Ads=47rLRW/X c 

Vt." 
ms" 1..3=0 

Detector 

Filter 

Lock-in amplifier 

i 

Output 

Of course. the phase shift between two 
beams of light cannot he measured di- 
rectly. All that can he measured is the 
intensity of light incident on a photode- 
tector. Hence, for example. a 27r phase 
shift cannot be distinguished from no 
phase shift: the amplitude is bound to be 
some cos2 function of rotation rate and 
therefore multiple -valued. This is not an 
encouraging start to instrument design. 

Also, even after magnification by the 
number of turns, the Sagnac effect is 
uncomfortably small. Taking L = 500m, 
R=50nun,c=3X 10"m/sand 1v=1.3X 
10-6m, givesAfi (in radians) = 0.8w (in 
radians/s). For the rotation rate 
of the earth on its axis (15°/hour); 
Arh = 6 x 10-' radians. while for 
100(°/s, Act) -14 radians, or more than 
two optical wave lengths. 

On the standards of existing instru- 
ments, the ability to detect the earth 
rotating on its axis is not particularly 
demanding. Thus. the designer of a 

fibre -optic gyro has three problems to 
overcome: he has to produce a detection 
system capable of measuring the small 
phase shifts: he has to ensure that other 
sources of non -reciprocity do not drown 
the effect of slow rotations: and he has 

b.. 

Modulator 

Polarisation 
controller 

Fig. 3.Open-loop fibre -optic gyro. 
Detector output is phase -sensitively 
demodulated at the modulator frequency; 
output is proportional to rotation rate. 

to cope with the potential problem of 
the gyro output being ambiguous 
because of the cos2 effect. 

Measuring the phase shift 
The trick required to measure small 
phase shifts successfully involves the use 
of a phase modulator inside the sensing 
loop. It is essential that this component 
is not in the centre of the loop. but near 
one end. A modulator can be made by 
using a piezoelectric device to stretch 
the fibre in response to an applied volt- 
age. increasing the phase length of that 
portion of the fibre and hence the time 
for light to travel through it. 

Light which reaches the detector con- 
sists of two beams which have passed 
round the coil in different directions. At 
any instant in time, the light leaving the 
coil in the two directions passes through 
the modulator at different times (sepa- 
rated by the transit time of the loop). 
Thus it the modulator is fed from an 
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oscillator, the two beams of light have 
been through the modulator at times 
when its effective length was different 
and the phases of the two beams have 
been altered by different amounts. The 
maximum effect is obtained when the 
modulator period is chosen to be twice 
the transit time of the loop. 

Analysis of this system needs several 
pages of mathematics but, in short, it 
reveals that for a modulator angular 
frequency of w there will he a large 
signal from the detector at 2w, but no 
signal at w when there is no non -recip- 
rocal effect in the loop. In the presence 
of rotation, however, a small signal at w 
appears, proportional to the rotation 
rate. Isolating and measuring this signal 
is carried out by conventional phase 
sensitive detection, as illustrated in Fig. 
3. 

The above is an open -loop detection 
system, and some stunning results have 
been obtained using it. For example, 
workers at Stanford University, Califor- 
nia, in the early 1980s, built a gyro with 
noise level corresponding to rotation as 
slow as a few millidegrees/hour in a 1Hz 
bandwidth. On this parameter their 
device was as good as a typical ring laser 
gyro, and not much poorer than the best 
of mechanical gyros. To achieve this, of 
course, they had to optimise many other 
aspects of the gyro design too. Also, 
their device was not really a detector of 
rotation, but rather a detector of the 
absence of rotation which had limited 
commercial possibilities. 

Closing the loop 
Successful as open -loop detection 
systems are at giving low noise and 
hence high sensitivity, a closed -loop 

Phase shift introduced 
by the modulator 

2n 

°0_ 

t 

system is needed to get respectable 
linearity of the sensor. Such an 
approach is very common in sensor de- 
sign. The idea is to counteract the 
rotation -induced non -reciprocity with 
another non -reciprocity. There are a 

number of possible 'real', physical non - 
reciprocities to choose from (e.g. the 
Faraday effect), but the greatest success 
has been obtained with an artificial ef- 
fect, again based on the modulator. 

Ideally, one wishes to increase the 
path length for light passing in one direc- 
tion, while decreasing it for light passing 
in the other. That is not possible, but we 
can again exploit the fact that the two 
components of the light arriving at the 
detector at any instant have passed 
through the modulator at different 
times. Thus, if a steady ramp is applied 
to the phase modulator, one beam al- 
ways sees a smaller phase length in the 
modulator than the other, and this does 
the trick. Figure 4 shows this more 
clearly. 

The gradient of the ramp is such that it 
gives the extra phase shift Art> (_ 47r 

LR(o/wc) in the transit time of the 
loop t (=nL/c). where n is the refractive 
index of the fibre. Of course, in reality, 
the phase modulator cannot carry on 
indefinitely, but once the phase shift has 
reached 2rr, it can be reset to zero. 

Fig. 4. Closing the loop. Clockwise - 
rotating light passes through the 
modulator later than counter -clockwise - 
rotating light by a time equal to the transit 
time of the loop (T). It therefore sees a 
phase shift bigger by A(I) . The gradient 
of the ramp is controlled so thatA(I) 
counteracts the rotation -induced phase 
shifts. 

)Rotaton)/CCW 

Time 

The time between resets is ? n/2Rw , 

and during this time a rotation of 
i.n/2R radians has occurred. This means 
that each reset of the phase modulator 
corresponds to a rotation through a cer- 
tain angle and, by counting the resets, 
the angle can he found. Thus the closed - 
loop FOG is an angle -measuring instru- 
ment, in contrast to the open -loop FOG 
which is basically an angular -rate - 
measuring device. 

Integrated optics 
In the case of the gyro in which 5(R)m of 
fibre is wound into a coil of 50mm rad- 
ius, the formulae above give a reset 
every 1.95 x l0-5 radians or four arc - 
seconds! This illustrates the amazing 
sensitivities that are considered normal 
in the gyro business. If the gyro is rotat- 
ing at 1000°/s, the reset rate is roughly 
900kHz. Of course, modern electronics 
can count at this rate, but it is not real- 
istic to drive a fibre -stretching phase 
modulator at anything like this speed. 

The technology that can provide 
phase shift with the required band- 
width is integrated optics - the optical 
analogue of integrated circuits. Then all 
that is needed is a source, a detector, a 

coil and the IO chip. All the other op- 
tical components - and there are more 
than I have mentioned in this article - 
can be built onto the IO chip (Fig.5). 

Integrated optics is a new technology, 
and it might be that the gyro is its first 
commercial application. 

Other non -reciprocities 
Because the rotation -induced non - 
reciprocity is so small, it is essential to 
minimise other sources of non - 
reciprocal phase shift. There are many 
such effects including the Faraday effect 
(magnetic fields) and the Kerr effect 
(electric fields). Effects such as the rate 
of change of temperature gradient also 
make their contribution. A special 
winding system is required - some- 
times called 'anti -Shupe' winding in ho- 
nour(?) of the man who first pointed out 
the difficulties caused by rate of change 
of temperature gradient. Careful choice 
of fibres, sources and other compo- 
nents, and careful engineering of the 
assembly are all needed to minimise 
these effects. 

Why develop a FOG? 
The fibre -optic gyro has caught the ima- 
gination of many people throughout the 
world, and traditional gyro companies 
have been amazed by the increased inte- 
rest in rotation sensing by universities 
and by other companies. The glamour 
of the research is easy to see; it involves 
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pushing a new technology to its limits. 
The majority of companies are not 

aiming to produce a FOG capable of 
competing with a ring laser gyro. (The 
Ferranti RLG, for example, can detect 
less than 0.01°/hr, or one thousandth of 
the earth's rotation speed.) Instead, 
they are aiming to compete in the larger 
volume market of around 1 to 10°/hr, 
which is dominated -by small, relatively 
cheap, rotating -mass gyros. Fibre gyros 
are considered to have a number of 
advantages over rotating -mass instru- 
ments, Personally, I believe some, but 
not all, of these claims. 

The FOG offers a high maximum 
angular rate capability. For example, 
agile missiles roll at 1000°/s or more, and 
few mechanical gyros can reach that 
speed, since a mechanical gyro has to be 
torqued to follow the vehicle's rotation. 
The FOG does not mind high rates. 

The FOG offers angle -measuring 
rather than rate measuring. If you use 
the cheaper mechanical gyros you have 
to derive the angle by measuring rate 
and integrating, which is an inherently 
poorer method than measuring angle 
directly. 

A further potential advantage of the 
FOG is its dormancy. This word is used 
to describe its ability to be stored unused 
for a long period of time, and to work 
reliably when required. The FOG is 
thought to have good dormancy, 
because there are no obvious deteriora- 
tion mechanisms. 

A FOG has near zero switch -on time, 

r-- 

in contrast to mechanical gyros which 
take some time for the wheel to come to 
speed. For some applications, this is 
very important. 

It is often said that the FOG can be 
designed to operate at extremes of tem- 
perature. Mechanical gyros always have 
lubrication problems at both high and 
low temperatures, but the FOG does 
not have such restrictions. It is claimed 
that measurements could be taken dur- 
ing the drilling of an oil well, when the 
gyro would have to survive long periods 
at 125°C o: even 175°C. However, the 
high -temperature FOG seems some 
way off, since many of the problems 
with light sources and other components 
in such hostile environments are, as yet, 
unsolved. 

Similarly, the FOG shows promise in 
surviving severe vibration and shock 
which worry the mechanical gyro en- 
gineer because of brinelling of bearings 
and the effect of resonances. It seems 
likely that a FOG would survive harsh 
treatment and work well afterwards, but 
it is not obvious that it will work through 
it! 

It has been claimed that the FOG has 
the advantage in size and weight, but 
someone was probably joking. FOGs 
are remarkably large compared with 
mechanical gyros of similar sensitivity. 
Some companies are working on very 
small FOGs, but, since the sensitivity 
depends on the radius, there are pro- 
blems here. 

Cost is the biggest problem of all. If 

Fig. 5. Closed -loop fibre -optic gyroscope. 
Optical components are integrated onto a 
single chip. No polarisation controller is 
needed if special polarisation - 
maintaining fibre is used. 

you were to try to put together a labora- 
tory model of a FOG today (using com- 
mercially available fibre, sources, 
detectors, and an IO chip of existing 
design) aimed at a sensitivity of 10°/hr, 
you could spend £10 000 to £20 000 on 
optical components before assembly. 
Of course, 'once the demand rises, costs 
will fall'. However, the market for gyros 
is not large when compared with, for 
example, the telecommunications 
market, and development teams have 
been waiting for the price cuts for 
several years. Unfortunately, mecha- 
nical gyros are good enough, or almost 
good enough, to meet many require- 
ments. There is new competition too 
from simple vibratory gyros (such as the 
Ferranti PVG) which are suitable when 
low mass, low cost and ruggedness are 
more important than sensitivity. 

My own belief is that the first signifi- 
cant applications for FOGs will come in 
an area where cost is not a prime consi- 
deration, but where there is a require- 
mem for the FOG's unique combination 
of abilities. 

The author is with Ferranti Defence 
Systems Ltd, Edinburgh. 

BOOKS 

SPC Digital Telephone Exchanges, by 
F. 1. Redmill and A. R . Valdar. The 
SPC of the title refers to "stored - 
program control" of telephone 
systems, which has largely replaced 
relay logic control in modern tele- 
phony. 

Part 1 deals with fundamentals, 
introducing telecomms networks and 
switching systems and the elements 
-of SPC exchanges. hi part 2, the 
principles of digital signal encoding, 
swutching and signal handling in 
exchanges are described, with a look 
at the design and architecture of 
exchanges and the synchronisation of 
networks. 

SPC software and systems form 
the main part of part 3, which enters 
into considerable detail in describing 
exchange control, including integrity 
and maintainability. Finally, aspects 
of network operation, planning and 
the implications of the introduction 
of integrated -service digital net- 
works are considered in part 4. 
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51/4in disk drive for the PS/2 
IBM PS/2 computers do not take stan- 
dard IBM PC 51/4in diskettes. This 
interface circuit allows a conventional 
51/4in disk drive to he connected in 
place of the second 3i in drive on a 

PS/2. It does not occupy a bus expan- 
sion slot. 

The problem is level conversion. The 
disk drives are connected in parallel 
along a bus that comes out of the disk 
controller. On the PS/2, this bus uses 
c-mos tristate buffers for output and 
c-mos gates for input. The PC uses 
TTL-level inputs and open -collector 
outputs with 15052 pull-up resistors 
(Fig. 1), the resistor pack being on the 
last drive in the chain. 

Figure 2 shows the interface circuit. 
Outputs from the drive are pulled up 
by resistors R,- R, and then shifted to 
c-mos levels by a 74HC373 tristate 
buffer. If the 74HC373 is unavailable; a 

74C373 will probably do, and the 
newer 74HCT373 should he ideal. 

Signals from the PS/2 to the drive 

+12V 40 

12Vgnd 39 

+5V 38 

5Vgnd 37 

D51 12 

Drive or 
controller 

Cable Controller 
or drive 

+5V 

Fig.l (above). Fig.2 (below). 

150 

have an easier journey because c-mos 
outputs can drive TTL inputs. 
However, the 15011 pull-up resistors 
must be removed. For all lines except 
drive select 1 (DS1), this is easy - just 
unplug the terminating resistor pack 
from the disk drive. But DS1 has its own 
terminating resistor soldered in place 
on each drive. Accordingly, 0, and Q2 

convert DS1 from c-mos to open - 
collector output. 

Power 

(Older drives 
must be separately 
powered (see text) 

a1 
R2 

1k a 

10k \í'2N2222 

20 

2N2222 

V 
11 

LATCH 

'OUT ENABLE 

2 
INDEX 

WP 

TRO 

8 

5 
26 

28 

9 
READ 30 

12 

15 

16 

19 

i" 

12 D51 

R3-6 150 

3 
8 INDEX 

26 WP 

8 

28 TRO 

30 READ 

13 

4 

17 

18 IC1 74HCT373 

or 74HC373 

Gnd 

1-7 
9-11 

\ / 1-7 
9-11 

To corresponding pins 13-25 13-25 
27-29 27-29 / \ 
31-34 31-34 

The two types of disk drives have 
almost identical edge connectors, the 
difference being that the 31/2in PS/2 
drive has six additional positions, two 
grounded for isolation and four used 
for power. Of lines 1-34, the interface 
requires only five to be broken; the rest 
are wired straight through. 

The interface gets its power from 
lines 37-40; so can the disk drive if it is 

a low -power model. Caution is in order 
because PS/2 documentation does not 
indicate how much power is available 
for the disk drive. 

No special software is needed for the 
51/4in drive, because 'the PS/2 BIOS 
already supports it; it is merely necess- 
ary to configure the machine 
appropriately. On the PS/2 50 this is 
done by booting the machine from the 
reference diskette and selecting 
"Change configuration" to edit the 
information stored in c-mos ram. The 
F6 key cycles through possible values 
for each item, and F10 stores the new 
information. If, on rebooting, the 
machine comes to a halt with '162' on 
the screen, this means the information 
in c-mos ram doesn't match the hard- 
ware found; pfessing F1 will let boot - 
up continue. 

The basic outline of this circuit was 
suggested by Clyde Washburn and is 
used with his permission. 
Michael Covington 
University of Georgia 
USA 

Versatile temperature 
compensation 
Positive and negative temperature coef- 
ficients may be corrected in many cri- 
tical applications using this circuit. 

IC1 is a temperature sensitive device 
whose terminal voltage has a positive 
temperature coefficient of 10mV/K. By 
inverting this slope in IC_, and summing 
varying proportions of the two slopes 
(R7, IC3), any linear correction can be 
applied to subsequent circuitry. 

In the original application, the output 
was applied to a Varicap diode in the 
tuned circuit of a drifting RF oscillator. 

The zener diode D1 exhibits a very 
low temperature coefficient at a stand- 
ing current of 6.5mA, as do most zeners 
of this particular value. It is chosen to 
supply a standing current of 7.5mA 
(including 1mA for ICI) from the supply 
rail, which is assumed to be already 
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Old 16K dram controller handles 64Kbit 

From CPU address bus 

RAMSEL (see below) 

A16 

A15 

A14- AH6 

A8 -AH0 
A7 ---AL6 

A-ALO 
PCS 

B1 

Be 

TNK 

R/W 

DTACK 

(see belo 

LDS 

uos 

LSO4 

1504 

(RAMSEL) 

RD 

WR 

SACK o - 

-CAS 

8202/3 

XACK 

X0 X1 

20MHz 

stabilised and suitable for supplying IC2 
and IC3. that is 10 to 30V. 

In practice, the circuit is allowed to 
stabilise to normal operating tempera- 
ture, and R1 is adjusted to equalise the 
voltages at points A and B. The circuit is 
then altered to a different temperature 

OUT 

OUT0 

AFS:3 

RASO 

o--,\A/- 6 

ID-A.1/\r- A p I- 
RAS of all RAMS 

o 

To all 16 

64K 
address 
lines 

LS157 

81 

AOUh 
of 

SEL 

r);WEH 
To WE of 

upper8 DRAMS 

-WE 

.'WELToWI'of 

lower 8 DRAMS 

LS 32 

CASH To I' of 
upper 8 DRAMS 

CASI To CAS of ,'lower 8 DRAMS 

DTACK 
from this ckt 

A controller for 64Kbit drams can be 
made with this relatively cheap 16K 
drawn controller, the Intel 8202, by 
multiplexing two extra address lines 
external to the chip. On -chip refreshing 
still works because the 8202 has a 7bit 
refresh counter, which is all that is 
needed by a 64K ram. Additional 
multiplexing is performed by a 74LS157 
and all the other gates on the circuit are 
required to make it work with a 68(100. 

RAMSEL, generated by the compu- 
ter's chip -select circuits, activates the 
8202. It multiplexes the address lines Al 
to A14 and generates all the control 
signals for a dram. The type of cycle it 
performs (read or write) is determined 
by RD and WR, WE and CAS and ANDed 

A23 - A2 

AY2 -141 
A21 AO 

This should 
be replaced 

with 

From 
other - 
DTACKS 
in machir. 

and R7 adjusted to provide the desired 
degree of compensation. With the val- 
ues shown, slopes from -50 to 
+50mVIK are possible. 
Alan Diverall 
Dorking 
Surrey 

D1 T 5V6 

R 
100k 

2k7 

R3 

100k 

LM335Z 
Ict 

R4 

R5 

100k 

R7 

R6 

100k 

100k 

RB 

1M 

A3143 

IC3 

Out 

0V 

00 
This would address 

01 RAM locations at 40000096-420000u 

02 - RAMSEL 

G2A 

53 
LS 138 

G7 

To 68000 

DTACK 

UDS 
L DLS 

-R/W 
if read -modify-write 

cycles are required 

with Ui5 and L1s to generate WE and 
CAS signals for the upper and lower 
bank in the memory chip array. The 
external multiplexer uses 12.4s as a 

selector and the multiplexed line is used 
as A7 on the drams. 

When a read or write cycle is finished, 
XACK is asserted for 25ns at 20MHz 
crystal speed, so it is held by an RS 
flip-flop until the 68000 recognises it (as 
DTACK). After the 68000 has completed 
its cycle, it negates its control signals 
and RAMSEL should go high, clearing 
the flip-flop, thus negating DTACK. 

Buffers should be used on the data 
bus and memory data lines, but I found 
it worked well without them. If they are 
used, they should be enabled by Ups 
and RAMSEL, Or LDS and RAMSEL for 
low bank. Crystal frequency should be 
between 18.5 and 25MHz; the faster the 
better. 

The circuit should also work using an 
8203 with 256K rams, giving 512K, but I 
have not tried it. 
Mark Stephens 
Wellington 
New Zealand 
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Pulse producer 
stimulates muscles 
This circuit produces pulses which are 
some multiple of the supply voltage. It 
was first used in battery -powered 
equipment to supply pulses for elec- 
trically stimulating muscles, but there 
must be other uses. 

When the input is low, the capacitors 
charge in parallel through the diodes 
up to nearly the supply voltage. When 
it goes high, the capacitors discharge in 

series through the n -p -n transistors 
until the input goes low again to 
produce a negative pulse output (Fig. 
1). A positive pulse could be produced 
by inverting the polarity of the whole 
circuit. 

This is simple and more efficient 
than generating a high voltage and then 
switching it. It also gives a more precise 
voltage than a ringing choke. 

+Vcc 

Fig. 2 

Battery saving relay 
In the circuit of Fig. 1, the initial 
voltage 12V is supplied, by capacitor C 
(22014F) for is, sufficient to turn the 
relay on. Then the series resistor R, 
(33052), chosen to have about the same 
value as the relay coil resistance, 
decreases the initial current from 36 to 
18mA. The delay between relay opera- 
tions must be no less than 150ms. 

+12V 

Vcontrol 
R1 

6k 

R2 

Fig.1 

330 

3301 0 

547 

C 220y 

v« 

Input 

Fig.1 

The n -p -n transistors have no special 
requirements and transistor arrays 
such as CA3083 may be used if the 
substrate is left open-ciruit. The p -n -p 
transistor must be able to stand the full 
output voltage. Inefficiency in the cir- 
cuit is caused by the base -current and 
charge -storage effects in the tran- 
sistors, as well as theoretically inevit- 
able inefficiency in charging a capacitor 
from a voltage source. 

control 

'Control 

22k 

Charge storage effects can be 
reduced using speed-up capacitors and 
Baker clamps, or by mosfets, as in 
Fig. 2. Mosfets also reduce the drop in 
output voltage caused by the base 
current, but care must be taken with 
regard to gate source voltage rating. 
S.A.G. Chandler 
Engineering Department 
University of Warwick 
Coventry 

D1 

680k 

02 

M 120k ,=, 
T22n 1-292 

Fig. 2 see text 

Figure 2 gives a better solution in 
terms of power saving; the relay is 
turned on by unipolar pulses. The 
minimum duty cycle of the oscillator 
G1 could be found empirically with the 
1Mf2 trimmer for a specified relay. In 
this circuit, with a 390kS1 trimmer, 
total DC current is about a quarter 
(9mA) of the 36mA coil current. 

+12V 

6k8 BC 547 

Gate G2 introduces a is start delay 
to trigger the relay on at full current. 
Gates G3 and G4 turn off the output 
transistor when the control voltage is 

zero (SW open). Standby current is a 

few microamps. 
Kerim Fahme 
Aleppo 
Syria 
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REVIEW 

The ordinary business type per- 
sonal computer has become an 
accepted platform for data ac- 
quisition. A truly bewildering 
variety of signal acquisition 

and processing cards can now be hooked 
into the host computer back plane. The 
software industry, initially slow to res- 
pond, has begun to meet the demands of 
the systems integrators. The advances 
made in card design, reflected in their 
sophisticated data acquisition features, 
are now matched by an equally impress- 
ive range of software products which 
can he used to great effect to control and 
maximise the card's features. LabWin- 
dows, from National Instruments, is an 
example of a data acquisition software 
development environment. It greatly 
eases the writing of software for exercis- 
ing control over I/O expansion cards or 
GPIB (IEEE -488) interface cards. 

It is simply unacceptable to expect an 
engineer to write low level software be- 
fore he can use commercially available 
data acquisition products. Some GPIB 
interface cards are quite unfriendly and 
a great deal of time can be spent specify- 
ing the parameters for all the call in- 
structions. If the card is used for an 
automatic test equipment (ATE) appli- 
cation, a considerable amount of time 
can be spent in the low level programm- 
ing: this is an inefficient use of engin- 
eering manpower resources. LabWin- 
dows' author, National Instruments, 
has produced a fully comprehensive 
software development system for instru- 
ment control and data acquisition in 
recognition of the problem. 

When LabWindows is up and running 
on a PC, it presents the engineer with 
the Microsoft QuickBASIC or C pro- 
gram development shell. This is comple- 
mented with a high level set of mouse 
driven options, through the use of dialo- 
gue boxes with menus. An engineer who 
is familiar with Windows programming 
will feel instantly at home with the front 
end user shell of LabWindows. 

Tedious low level GPIB commands 
are replaced with slider icons and con- 
trol boxes (slider icons and control 
boxes are shown in Fig. 1, each repre- 
senting an instrument function or para - 

Lab indows 
developer's kit 

The data acquisition 
and signal processing 

add -in card market 
for the IBM PC is 

currently booming. 
Allan Brown reviews 

a software 
development package 
which takes the effort 

out of code writing 

: 

. ._ .. _. ..Lí 92.0 

osss !^.it> 

meter). As the engineer requires the 
instrument to perform a set of functions, 
the respective sliders or control boxes 
are evoked. Each slider and control box 
generates a call instruction and these are 
compiled into a file structure which 
forms the control software. 

LabWindows is a substantial program 
which is ideally suited to an 80386 
machine although it will run sluggishly 
on XTs and everything else in between 
including MCA and EISA boxes. The 
basic product comes on twelve floppy 
disks. There are two extra disks with the 
Advanced Analysis utility which only 
runs on a 386 -PC hosting an 80387 
coprocessor. 

Documentation extends to an awe 
inspiring total of seven ring -bound 
manuals which are, in general. very well 
written. The installation of the program 
is straightforward and it powers up to 

Fig. 1. Tedious low 
level GPIB 
commands are 
replaced by slider 
icons and control 
boxes. 
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give the high level language window 
environment for either QuickBASIC or 
C. National Instruments has been very 
thoughtful in presenting a 'Getting Star- 
ted' manual which provides the en- 
gineer with a friendly introduction to 
LabWindows and an opportunity to get 

acquainted with many of its features. 
Extensive support has been given to a 

wide range of graphics adaptors and the 
figures presented in this review are of 
the standard VGA. 

The essence of LabWindows is to al- 
low the engineer to write a skeleton 
program without any input, output, gra- 
phics or analysis code included. These 
features are contained in extensive 
libraries and can be evoked from the 
menu options. For example, the first 
five lines of code shown in Fig. 2 gene- 
rate a pair of sinusoids. Numeric out- 
puts are shown in the second window 
which is automatically generated when 
the program is executed. To display the 
results graphically, the cursor is moved 
to the position in the code where the 
graphics routine is required and the 
GRAPHICS option is chosen from the 
LIBRARIES highlight in the command bar 
at the top of the screen. This leads to a 

graphics function tree and the engineer 
is confronted with various options. By 
choosing 'Plot Y over Index' the control 
panel with its slider icons and control 
boxes, as shown in Fig. 1, appears. The 
mouse ís moved to each slider and con- 
trol box to make the appropriate sett- 
ing. As each slider or control box is 

activated, the corresponding low level 
code is generated at the base of the 
screen. To test the code, after setting 
variables, the GO! option in the com- 
mand bar is activated. Plotting results 
are show in Fig. 3. If satisfied, the KEEP! 

option places the two lines of generated 
code in the developer's source code. 
This code may be accessed through the 

Lstrue.ts Libraries View j'j lows 

Fig. 2. The lines of 
code in the top 
window generate a 
pair of sinusoids. 
Numerical output 
automatically 
displays in the second 
window as the 
program executes. 

RETURN! option - as can he seen in Fig. 
1. This method of code generation cer- 
tainly takes the burden out of data ac- 
quisition programming and will almost 
certainly become a standard software 
design technique for such applications. 

Much emphasis is given to the inte- 
ractive nature of the software. The en- 
gineer is able to access instruments and 

control expansion cards from a high 
programming level with remarkable 
ease. This interactive feature is very 
attractive for program development 
purposes because it enables the en- 
gineer to test sections or modules of 
code on the real hardware. Users who 
are proficient in both QuickBASIC and 
C have the opportunity to write some 
modules in either syntax. There is an 

option in the program menu which al- 
lows a switch from one to the other. It is 

therefore possible to mix modules since 
the compiled modules are language in- 
dependent. 

Much work has gone into the context 
sensitive help files. This is an appealing 
feature and is considerably better than 
the blanket help file so often encoun- 
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terecl. LabWindows also allows the en- 
gineer to amend software errors by us- 

ing the debugging tools found in the 
Microsoft shell. These include single 
line stepping, breakpoints and variable 
watching as the program progresses. It 
contains all the editing features of the 
Microsoft shell such as cut and paste, 
search and copy. These are very useful 
development tools which require prac- 
tice to gain a degree of proficiency. In 
fact LabWindows is such a comprehens- 
ive package that the engineer will 
require quite a lot of practice before he 

becomes a master of the product. Gen- 
eral Instruments is aware of this fact and 

the initial learning curve, via the 'Gett- 
ing Started' manual, is very gentle and 
quickly establishes confidence. 

Each entry in the command bar at the 
top of the screen has an associated func- 
tion tree. This is a hierarchical structure 
consisting of a set of dialogue boxes as 

shown in Fig. 4. The various options are 
therefore evoked by working through 
the function tree. 

When the LIBRARIES option is acti- 
vated from he command bar the en- 
gineer has the choice of evoking seven 
options from the dialogue box. These 
include FORMATTING & I/O GRAPHICS, 

ADVANCED ANALYSIS, DATA ACQUISI- 

TION, Rs -232 and GPIB calls. As further 
options are chosen, more dialogue 
boxes are generated. The Formatting 
and I/O allows the engineer to read or 
write to files in a variety of formats, 
whether floating point or scientific with 
power ten exponents, etc. Control can 

also be exercised over display format. 

Graphics 
The GRAPHICS option is very well de- 

signed and lends itself, with remarkable 
ease, to a variety of plotting require- 
ments. Not only singular plots as shown 
in Fig.3 but also multiple plots as shown 

Fig. 3. The plotted 
results from Fig. 2. If 
satisfied, the lines of 
program code may be 
added to a master file. 
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Fig. 4. LabWindows allows the display of multiple traces. 

in Fig. 4. Data can also be displayed in 
scatter plots or even strip charts which is 
particularly convenient for representing 
real-time temperature measurements. 
Many I/O expansion cards have several 
analogue inputs and, by calling on the 
options from the graphics functions, 
code can be compiled to allow the input 
data from each channel to be displayed 
directly in the plotting areas - in effect a 
multiple screen oscilloscope. 

Facilities are included to allow the 
engineer to add text to the graphs and 
amend the scales as required. Again 
these tasks are performed by adjusting 
sliders and control boxes from within 
the appropriate function panel which 
generate the corresponding call routines 
from the library. Hard copies of the 
graphics displays can be generated and 
LabWindows has support drivers for 
160 different printing/plotting devices. 
the hard copy device can be connected 
to the PC either through the GPIB or an 
RS -232 serial port. 

Advanced Analysis 
If an application is likely to involve a 
'large amount of data processing, then it 
would be advisable to add to LabWin- 
dows the Advance Analysis utility. 
Despite its cost, it is a very impressive 
feature and greatly enhances the Lab - 
Windows product. The code within the 
Advanced Analysis library has been 
compiled specifically for the 32 -bit Intel 
80386 and its 80387 coprocessor. Part of 
the function tree for this option is shown 
in Fig. 5 with three dialogue boxes and 
contains a wide selection of statistical 
and signal processing operations. The 
execution time for the 3072 point FFT 
routine is very fast, even on a 20MHz 
386 -PC. I should like to see how the 
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Fig. 5. Part of a function tree from the £895 Advanced 
Analysis library. 

same routine runs on a 33MHz 386 -PC 
with the higher performance Cyrix CX- 
83D87 coprocessor. The Advanced 
Analysis library augments the standard 
library to provide an extensive range of 
routines. Within the Advanced Analysis 
library (FIg. 6), the routines can he 
broadly grouped into analysis, signal 
processing and statistics. The analysis 
group includes features for signal gene- 
ration and a remarkable choice of array 
operations (1 & 2 dimension and com- 
plex). The signal processing section con- 
tains frequency and time domain op- 
tions but, to my way of thinking, the 
selection is somewhat limited. But the 
inclusion of Butterworth and Chebyc- 
hev digital filter options is welcome . 

Statistics is an important tool in the 
field of data acquisition. The package 
incorporates an extensive range of stat- 
istical processing options within the Ad- 
vanced Analysis utility. These comprise 
the standard functions (mean, variance, 

median, histogram. etc) and three curve 
fitting routines. In addition. there are 
routines for matrix operations - quite 
indispensible for tackling multi -variable 
inputs. The use of these library routines 
is straightforward since they can he gen- 
erated from sliders and control boxes in 
their respective function panels. 

Although many of these functions are 
available in other data analysis pack- 
ages, the Advanced Analysis utility has 
the benefit of its processing speed. It is 
one of the few packages which run the 
80386/80387 processor pair to its full 
potent ial. 

Instrument functions 
One of the exciting aspects of LabWin- 
dows is the ease with which it allows the 
engineer to control instruments con- 
nected to the PC via the GPIB bus or 
RS -232 bus. INSTRUMENT FUNCTION pro- 
gram tiles (or alternatively instrument 
drivers) are modules which reside in a 

Vile Edit 'myna Instruments Libvaries View Option: 

PROGRAM 

.dsanced Analysis Library 

Cancel 

Help 

Fig. 6. Another pick 
list from the 
Advanced Analysis 
library showing a 
grouping into 
statistical and signal 
processing functions. 
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dedicated directory and are accessed 
from the INSTRUMENTS option in the 
command bar. When an instrument is 

loaded, its name is automatically en- 
tered into the INSTRUMENTS FUNCTION 

tree. Moving further down the tree rev- 
eals the function files as a set of options 
which are used to configure the instru- 
ment to perform specified tasks (Fig. 7). 
National Instruments supply an im- 
pressive list of instrument drivers for a 

variety of commercial products - 
scopes. frequency meters, frequency 
generators. etc - from a number of 
different manufacturers. 

It may be necessary to create an ins- 
trument driver and this is quite an in- 
volved process. in fact a complete 
manual, 'Instrument Library Develo- 
per's Guide', is dedicated to the task. To 
set up an instrument file, a function tree 
must he created which will consist of a 

subset of dialogue boxes which generate 
the functions to he performed by the 
chosen instrument, similar to Fig.5. To 
begin the design process, the FUNCTION 

TREE EDITOR is evoked from OPTIONS in 
the command bar, which generates the 
standard Microsoft shell editor. By 
choosing the CREATE option from the 
command bar a dialogue box appears 
where the instrument name is entered. 
Help files permeate the whole of Lab - 
Windows and the user. when designing 
an instrument driver, can add custom 
help files by evoking the IIELP EDITOR. 

This results in the appearance of a help 
option in the dialogue box. In a similar 
manner, control panels with dialogue 
boxes and sliders can be created. Each 
time a new feature or option is intro- 
duced. its corresponding call routine is 

added to the FUNCTION MODULE file. The 
completed module will therefore consist 
of a list of call routines and the module 
can either be used interactively by the 
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Fig. 7. LabWindows 
comes with a large 
number of 
instrument drivers to 
smooth the interface 
between the software 
and commercially 
available 
instruments. 
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engineer or added to an executable file 
during the linking phase of the program 
development. 

Program Compiler 
The interactive nature of LabWindows 
allows the engineer to test each program 
module in realtime. By the time the 
program is complete. the engineer will 
have a high degree of confidence that 
the program as a whole will satisfy the 
requirements. The program modules 
can be compiled in the standard manner 
under the Microsoft shell using the 
appropriate compiler for either Quick - 
BASIC or C. On a 383 -PC, the Micro- 
soft compilers work at an impressive 
rate; it is possible to construct a batch 
file to perform this task for several mo- 
dules. This creates a number of object 
files which are language independent. 
The L1\LtNK utility is then used to link 
the LabWindows call routines with the 
engineer's created object files. When 
LWLINK is evoked, it generates a screen 
display as shown in Fig. 8. The created 

111 Optiw 
I 1 @eic4MSIC Qeid Lilrary 

8eickUkiIt i1C81M51 
r 1 perclJiASIC .fxF ipil®Mi1 
1 1 C .D2 

rt 1 

1 Generate cake\ File 
141 Invoke Limber 

ink Optin 

then Libraries 
el: 
tz: 

Other Parameters 
dtpet file: 
List File: wl..itAF 
Flags: 
iett File: LIMIT -GMT 

Deihl (RI I.it ICte1 

Fig. 8. LabWindows 
delivers executable 
code compiled from 
internal libraries and 
user generated code 
although the 
resulting .EXE file 
can be unwieldy. 

object files are entered into the region in 

the top left of the screen and the 
appropriate libraries, from where the 
call routines are accessed and high- 
lighted. After the linking operation is 

complete the engineer is left with a com- 
plete program in an EXE executable file 
format. Extensive use of the LabWin- 
dows libraries results in very large files. 

DOS provides limited flexibility in 
program construction. it is customary 
with OS/2 and UNIX/386 to use a fea- 
ture known as dynamic link libraries 
(DLLs). When the object modules are 
linked, the library routines are not 
included in the executable file. They are 
called from hard disk as required by the 
executable file, resulting in much 
smaller executable files. LabWindows 
would be better suited to the alternative 
operating systems and one may look 
forward to this in future versions. 

In use 
LabWindows is well thought out and it 

matches many of the requirements for 
developing data acquisition and ATE 
system software. i have very few reser- 
vations in recommending the package 
apart from program size and data file 
size. Since LabWindows is a compre- 
hensive tool, it is very likely that many 
users will have major programming 
loads for it and I envisage the 640k DOS 
boundary creeping up very quickly. Be- 
fore embarking on a large project I 

would feel more comfortable if there 
was some provision to include DOS ex- 
tenders to eliminate the threat. 

Supplier: National Instruments UK Ltd, 
21 Kingfisher Court, Hambridge Road, 
Newbury, Berks RG14 5SJ. Phone 0635- 
523545. 
Price: £495 basic package; £895 Ad- 
vanced analysis module. 
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Choosing and using 
programmable 

ver the last ten years, the 
number of different types 
of programmable logic 
devices (PLDs) has rock- 
eted. There are now 

roughly 3000 devices supporting over 
301) distinct architectures under a dozen 
acronyms, including EPLDs, GALs, 
FPGAs and ASPICs. 

The potential for confusion is enor- 
mous. Choosing the right part for the 
job can be a daunting task and getting 
objective help in decision making may 
not be easy: the market is intensely 
competitive, and every manufacturer 
has its own axe to grind. 

The best chance of a disinterested 
evaluation will come from someone not 
connected with device manufacture 
but intimately involved with the devices 
themselves. 

Stephen King is product manager for 
the Test Products Business Unit of Data 
I/O, a world class manufacturer of 
device programming equipment. To- 
gether with David Pashley, divisional 
manager of distributor Instrumatic, he 
outlined the current state of the PLD 
product maze and offered a way 
through it. 

King describes the world of pro- 
grammable logic in terms of four cate- 
gories: simple or complex PLDs, field 
programmable gate arrays (FFGAs) 
and application -specific programmable 
logic (ASPL). MMI, now part of AMD, 
set the ball rolling with its programm- 
able array logic (PAL) devices in 1977. 
PAL is now an MMI trademark, and 
most of the common acronyms are some 
company's legal property. 

PAL was not the first family on the 
market; that was Signetics' field - 
program mable logic array (FPLA), 
launched in 1975. But where PAL made 
the running was not only in the intro- 
duction of the devices, but also in the 
first software design tools and its PAL 
design handbook. It was these three 
things that "kicked the industry off the 
ground", King said. 

There were architectural differences 
too. FPLA included programmable 

logic 
Still using glue logic? 

Think again. 
Designers can select 

from 3000 
programmable logic 
types within 300 

distinct device 
architectures 

sold under a dozen 
different acronyms. 
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AND and OR matrices. PAL's OR array 
was fixed, leaving only the AND array 
programmable. That made design 
easier, at the cost of reduced design 
flexibility. 

MMI's design software allowed the 
engineer to enter designs in Boolean 
equations, which were automatically 
converted into a fuse map by the tool. 
Signetics required all this to be done 
manually, including logic equation 
reduction. 

These types of simple PLD remain by 
far the most commonly used, and the 
cheapest. The 22V10 is currently the 
most popular device in the world; it 
costs 91) cents, the design tools are 
cheap or even free, and a design can he 
up and running in a day. 

The next bíg step forward was a result 
of a change in technology from bipolar 
to c-mos. Because twice the circuit 
complexity can be fitted onto the same 
size c-mos die as bipolar, the function- 
ality of the parts increased dramatically. 
That happened in 1985, led by compa- 
nies such as Lattice, Altera and Cypress, 
and produced a marked growth in the 
use of programmable logic. 

"The complexity of the devices has 
caused the PLD market to go absolutely 
crazy," Pashley said. "Whereas a few 
years ago people were using PLDs just 
as a substitute for some TTL packages 
to do glue logic functions, now it's very 
common to find whole boards popu- 
lated solely with PLDs performing all 
the logic functions." 

Erasable functions 
One of the earliest families was Latti- 
ce's generic array logic, GAL, another 
trademark. These were intended as 
genera purpose arrays, offering 
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LABTOOL XP6005 
The XP6005 Universal programmer is a member of the new range of Labtool Programmers 
introduced by Dux (UK) 

Designed to be controlled and powered by your IBMPC or compatible via a Labtool parallel 
interface card the XP6005 gives you: 

* Outstanding Price -Performance 
The system is capable of programming a vast 
range of logic and memory devices throughout 
the many different device technologies. 

At present the XP6005 library supports PALs, 
GALs, PEELs, IFLs, EPLDs, EEPLDs, 
EPROMs, EEPROMs, bipolar Proms and single 
chip microcomputers. 

* Free Software Support for New 
Devices 
Coupled with your PC the XP6005 provides a 
unique universal concept, allowing Dux (UK) to 
add new devices to your library, on request. 

* Easy To Operate Menu Driven Functions 
Simple device manufacturer and part number selection ensures correct programming. 

Selection of worse case supply or nominal supply verification with commercial or military 
reject options. 

Automatic or manual selection of industry standard data transmission formats, such as 
MOS Technology, Motorola S, Intel Hex, JEDEC, Binary etc. 

* On Line Help Information 
Effortless SET programming for 4,8,16 or 32 -Bit words via screen prompts. 

Straight forward testing of TTL, CMOS, Static RAM and Dynamic RAM devices. 

Built in programmer calibration ensuring user confidence. 

* Powerful Data and Vector Editing 
Full screen memory editor, allows data movement, data transfers or fill memory, with a 
search option in HEX or ASCII. 

Logic verification vectors are easily produced for functional tests. 

Efficient parallel Computer -Programmer communication, transfers 256K in 22 seconds. 

* The XP6005 High Performance Programmer is available at a total price of ONLY £776.00 
(excluding VAT) which includes the Adaptor Card and the Parallel Cable. 

dux [uk] 
Bovinger House, 
172 Winchester Road, Four Marks, 
Alton, Hants. GU34 5HZ 

Tel: (0420) 63724 Fax: (0420) 63833 
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registered or combinational outputs, 
such that a single device could do any of 
the jobs of a number of the simple 
PLDs. One part fits all, as it were. 

These were also the first erasable 
devices, including Altera's electrically 
erasable PLDs (EEPLDs), which take 
half an hour under a UV lamp to wipe 
clean; and erasable PLDs (EPLDs), 
such as Lattice's GAL, which automa- 
tically erase with each reprogramming. 

Typically, complex PLDs have a simi- 
lar architecture to the simple ones: 
programmable AND array and output 
macrocells. But they offer greater flexi- 
bility, such as asynchronous operation 
and a choice of feedback paths, allow- 
ing an output pin to be tristated and 
used as an input, for example. This 
opens up a number of potential applica- 
tions. 

"You can build any function you 

want," said King. "Maybe you want a 
counter: you can go off and buy a 

commercial counter, but if you want a 
short count, you have to add extra logic 
on your board. 

"With a complex PLD, you can get 
the counter to count up to whatever 
value you want and quit there. You 
don't need any of the extra logic." 

The disadvantage of c-mos is that it is 
slower than bipolar. Texas has recently 
launched a 5ns bipolar part, whereas 
the top speed of c-mos is around l5ns. 
C-mos is also slightly more expensive 
than bipolar. 

According to Pashley, the price diffe- 
rential extends beyond the extra com- 
plexity on a gate -for -gate count. 
Whereas the simple 22V 10 is equivalent 
to roughly 300--40(1 gates and costs 
under one dollar, the newest, biggest 
PLDs correspond to around 2000 gates 

and cost $50. This happens because 
nearly everybody makes the simpler 
types, whereas the more complex ones 
are proprietary. The differential is ex- 
pected to reduce, however. 

One result of the arrival of complex, 
c-mos PLDs was that the market 
blossomed from $46 million worldwide 
in 1984 to nearly $800m last year. Part 
of this growth is also due to the advent 
of the next step on the PLD ladder: field 
programmable gate arrays (FPGAs). 

A new level of complexity 
FPGAs employ a completely different 
architecture to PLDs. They have 
macrocells, but instead of being lined 
up on the output pins, they are distri- 
buted throughout the device and linked 
by a programmable interconnect ma- 
trix. As the name suggests they have 

Evolution of the PLD 

The first PLDs were made in the early 
1970s. Known as programmable read- 
only memories (proms), they comprise a 
programmable OR array fed by a fixed AND 

array (Fig. 1). The AND array is a 'fully 
decoded' array, meaning that all possible 
combinations of the inputs le...I2 have a 
unique product term. The size of the 
array in a prom, due to this full decoding, 
grows as 2^, where n is the number of 
inputs. This can result in a very large and 
costly device. 

Proms tend to be slower than other 
PLDs due to the switching time of large 
arrays. Some small proms operate fast 
enough to find success as logic ele- 
ments. Moreover, most logic functions 
don't require that all possible combina- 
tions of the inputs should be available, 
since many of the combinations are inva- 
lid or impossible. 

The primary uses of proms have been 
in memory -type applications such as dis- 
play look -up tables, and software storage 
known as firmware. Figure 2 shows the 
written programming conventions. 

Figure 3 shows a typical PLD input 
buffer. Its two outputs are the true and 
complement of the input, as shown by the 
truth table. Figure 4 illustrates the written 
convention used to reduce the complex- 
ity of a logic diagram without sacrificing 
any of the clarity. The traditional repre- 
sentation of an AND gate shows three 
inputs: A, B, and C. The PLD representa- 
tion .has the same three inputs. This 
shorthand reflects the three distinct input 
terms of the prior drawing. The structure 
of a multiple -input AND gate is known as 
the Product Term. 

Continued over page 
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(FIXED) 
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(PROGRAMMABLE) 
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Fig.1. Basic prom architecture. 

HARDWIRED CONNECTION 

PROGRAMMED (INTACT) CELL 

ERASED (OPEN) CELL 

Fig. 2. Programming conventions. 
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Fig. 3. A PLD input buffer. 
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PLD REPRESENTATION 
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Fig. 4. AND gate representation in a PLD: all terms must be high for a high output. 
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IS THIS THE NEXT BEST THING 
TO. YOUR DEVELOPMENT 
SYSTEM ... , 

The C289 Quickpulse 
Programmer doesn't write 
code quicker than your 
current development system. 
In fact, it doesn't write code at all. 

But it can get that code from your 
development system into an EPROM faster 
than ever before. 
The chances are, that with YMODEM data 
downloading at 38400 baud and quickpulse 
programming algorithms, the C289 will 
download and programme upto 5-10 times 
faster than your current programmer. 

o 
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...ORTHE 
BEST THING 

NEXT TO IT? 
Of course the Intel approval ensures that 

the data your development system generates 
is exactly what's in the EPROM, (no matter how 

fast is gets there!) 
And a wide range of adaptors means that you're 
not just limited to EPROMs. 
But don't take our word for it. To get the best 
programmer next to your development system, 
phone, fax or write to us today. 
STACK LIMITED 
Wedgwood Road, Bicester. Oxfordshire OX6 7UL, England, 
Telephone: (0869) 240404 Fax: (0869) 245500 
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ANALOG AMPLIFIER 

A MICRO VOLT AMPLIFIER for oscilloscopes. Featuring dif- 
ferential input, fixed x WO gain and I MHz bandwidth with adjust- 
able low and high cut filters. DC offset adjust, overload warning 
and low noise. Increases the sensitivity of standard oscilloscopes 
up to lOuV per division. Can be used as signal conditioning Amp 
for - pressure transducers, strain gauges, I lall effect devices and 
many more applications. 

Model SA 104) £245 

DIGITAL OSCILLOSCOPE 
ADAPTER 

A low cost digital storage oscilloscope/SPECTRUM ANALYSER 
for the BBC range of computers. Dual channel with timebase and 
10 position voltage gain switches in a box that fits beside the 
computer. Extensive graphical software for display. analysis, 
storage and printing of waveforms in time and frequency do- 
mains. Max sampling rate 1(81kHz. Ideal for Educational/ 
Research use to turn redundant computers into useful tools. 

Model MICROVIEW £210 

Please add VAT, I'&I' 

AWR TECHNOLOGY 
0304 365918 

Enterprise House 
Western Rd DEAL Kent 
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KESTREL 
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 2.40 1.50 
Z80ACPU 0.80 0.65 2764A.25 2.20 1.35 
Z8013 CPU 0.90 0.70 27C128.25 2.40 1.95 
Z80A CTC 0.70 0.35 27128A.25 2.20 1.60 
Z8OB CTC 0.75 0.55 27256.25 2.40 1.70 
Z80AP10 0.80 0.50 27C256.25 2.40 1.70 
Z8OB (CMOS) CTC 1.00 0.80 27C512.25 4.00 2.85 
74LS02 0.13 0.06 6116LP.150 1.00 0.70 
741S32 0.13 0.07 6264LP.150 2.20 1.50 
74LS83 0.16 0.10 6821P 0.70 0.50 
74LS123 0.18 0.12 6850P 0.68 0.48 
74LS125 0.14 0.10 8251A 1.20 0.90 
74LS138 0.14 0.09 8255.5 1.20 0.95 
74LS148 0.30 0.20 82C55A 1.30 1.00 
74LS154 0.28 0.15 6502P 2.20 1.56 
74LS174 0.16 0.12 6522P 2.00 1.45 
74LS240 0.22 0.14 6551A 2.80 1.75 
74HC32 0.12 0.09 LM324 0.16 0.10 
74HC86 0.16 0.12 74HCTOO 0.13 0.09 
74HC132 0.20 0.14 74HCT125 0.18 0.13 
74HC153 0.18 0.12 74HCT373 0.30 0.22 

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 
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more in common with gate arrays than 
the earlier PLDs. 

Products vary according to the nature 
of the interconnect matrix. The Xilinx 
LCA, for example, is ram -based, and 
configures itself every time it powers 
up. Actel, on the other hand, makes 
rom-hased parts that are one-time pro- 
grammable. 

King quoted an application example 
for the Xilinx part in a video board. The 
part could be used to emulate EGA or 
VGA operation simply by downloading 
the relevant programs into the device. 
Previously, each emulation would have 
required a separate IC: now, they can 

all be done on the same chip. 
The expected appeal of FPGAs as an 

alternative to custom gate arrays is the 
avoidance of the NRE costs, which can 
amount to between $20,000 and $50,0011 
per device and take six months to 
complete. And may not work. Accord- 
ing to King semiconductor manufac- 
turers estimate that roughly half of all 
custom gate array designs made don't 
actually do the job when finally plugged 
into the hoard. 

"That's the big risk with a gate 
array," he said. "The FPGAs take all 
that away, in theory. You don't have to 
spend months simulating. You don't 

have to spend that NRE charge with the 
semi house, and you can do the design 
and have it working in a week. If it 
doesn't work, no big deal: you just 
debgg it, fix it and try again." 

FPGAs do not currently offer the 
gate density available from full gate 
arrays, hut they are getting there. 
However, they are more difficult to 
incorporate than either simple or com- 
plex PLDs and, as Pashley pointed out, 
their present cost per gate is conside- 
rably more. 

The fourth and final sector of pro- 
grammable devices in Data I/O's world- 
view is application specific programm- 

Referring to Fig. 2, the solid -dot con- 
nection in the previous figure represents 
a permanent connection. A programm- 
able interconnection would appear as an 
X over the intersection. The X implies that 
the connection is intact, whereas the ab- 
cence of an X implies no interconnection. 
The connection of both the true and com- 
plement of a given input buffer to a single 
product term results in that product term 
always being a logic O. 

The Field Programmable Logic Array 
(FPLA) was devised in the mid 1970s as 
a more efficient way to handle logic func- 
tions. As depicted in Fig. 5, the FPLA has 
a basic structure similar to that of the 
prom; however, both its AND and OR arrays 
are programmable. To provide a smaller 
and faster array, the AND array is not fully 
decoded. Product terms can be shared 
by any or all of the OR terms. 

With its smaller arrays, an FPLA 
operates faster than a prom. FPLAs find 
extensive usage in applications where 
the output functions are very similar, 
allowing full utilisation of the shared pro- 
duct terms. The dual programmable ar- 
rays make the designer's task easier, 
since he can control all of the functionality 
of the device. 

The PLA (programmable logic array) 
approach of the late '70s, illustrated in 
Fig. 6, again varies the array control. This 
time, the AND array is programmable and 
the OR array is fixed. This approach offers 
reasonable performance and efficient 
architecture for logic functions. 

The quantity of product terms per out- 
put is fixed by the hardwired OR array. The 
typical logic function requires some three 
to four product terms, well under the 
seven to eight available on current - 
generation devices. Figure 7 shows a 
general PLD structure. 

The Lattice Semiconductor GAL (Gen- 
eric Array Logic) architecture uses a pro- 
grammable AND array driving a fixed OR 

array. The difference is in the architec- 
ture and flexibility of the output functions. 
The GAL device integrates an Output 
Logic Macro -Cell (OLMC) on each of its 
output pins. 

The CLMC is configured by the de- 
signer on a pin -by -pin basis to implement 
the desired function. 

The programmable polarity feature is 
implemented by the exclusive-oR (XOR) 

gate that follows the OR gate from the 
array. Recalling the truth table of an XOR 

gate, it can be shown that the data can be 

"OR' ARRAY 
(PROGRAMMABLE) 

"AND" ARRAY 
(PROGRAMMABLE) 

Fig. 5. Basic FPLA architecture. 

inverted (control = 1) or not inverted 
(control = 0), depending on the state of 
the second input, as shown in Table 3. 

Programmable output polarity is used 
extensively in DeMorgan's Law to reduce 
the number of product terms required to 
implement a function. 

I 

(,I1j 

1/ Y 

"OR" ARRAY 
(FIXED) 

xxxxx D 

xxxxx 

XX XXX 

XXX XX 

"AND" ARRAY 
(PROGRAMMABLE) 

D 
D 
D 
D 
D 

ddd 
0, 0, O 

Fig.. 6. Simplified PLA device 
architecture. 
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OUTPUT 
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OUTiuT 
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Fig. 7. Signal flow low inside a PLD. 
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TS, OC, H, L 
TS, I/O, Registered 
User -Defined 
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In the world of device programming Stag proudly 
stands head and shoulders above the rest and for 
good reason. With sheer dedication Stag has made 
an art out of the science of silicon and offers the most 
comprehensive range in programming technology. 
The System 3000 is the most advanced universal 
programmer available today, it is fully equipped to 
program devices in every known technology including; 
NMOS, CMOS, HMOS, ECL, Fuse -Link, AIM, DEAP 
and Isoplanar-Z Bipolar, it also has an in-built 
expansion capability to support new devices when 
available. 

1 

1 
lAIUM 
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The ZL30A is a dedicated logic programmer designed 
to meet every PLD requirement, it combines a super- 
fast programming speed with a powerful editing facility 
and can be used as a stand alone unit or as a remote 
control unit via the RS232C or IEEE -488 Interface. The 
ZL30A used with the Tangent-autohandler sets new 
standards in PLCC-SMD programming. 

The PP42 is a powerful and versatile Gang/Set 
programmer with a comprehensive range of 
development system features. 

Stag Microsystems Ltd. Martinfield, Welwyn Garden City, HertsAL71JT. 
Tel: (0707) 332148 Fax: (0707)371503 
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able logic (ASPL), also known as 
ASPICs. These are geared towards a 
specific application, but are programm- 
able within that application. They cur- 
rently constitute about 4% of the 
market. 

Altera's EPB 1400 user -configurable 
microprocessor peripheral is an 
example. It comprises specialist inter- 
face functions, such as a bus port 
transceiver, input registers and output 
latches, around a programmable logic 
core. It includes general purpose logic 
macrocells for functions such as address 
decoding, interrupt logic and state 
machines. 

The importance of design tools 
King believes semiconductor manufac- 
turers exercise a lot of influence on the 
user's choice, particularly through off- 
ering free or low-cost design tools. He 
thinks such tactics are sound and useful 
to users. "It's one engineer talking to 
another," he said. "That's what it 
amounts to. They're pretty good about 
it." 

Design tools are key: it was the 
availability of such tools that got PLDs 
off the ground in the first place, and 
they remain critical. Lack of software 
support is holding the FPGAs back, for 
example. 

With PLD tools, designs can be 
entered using a variety of techniques, 
including Boolean equation, state 
diagrams or schematics. The design 
software automatically reduces the 
logic and outputs a Jedec file. Data 1.10 

also makes a test tool called PLDtest 
Plus which automatically adds test 
vectors to the Jedec file, which is then 
downloaded to the programmer to pro- 
duce and test the device. The whole 
process is more or less automatic. Not 
so with FPGAs yet. 

FPGAs have taken a similar design 
route to gate arrays, which typically 
means using schematics. This may not 
always be the case: Data I/O's Future 
Designer system allows FPGAs to be 
designed in exactly the same way as 
other PLDs from the same range of 
methods. But there is still some way to 
go before FPGAs become as easy to use 
as PLDs. 

"Optimisation is a lot more complex, 
because you're dealing with several 
levels of logic," King said. "That's 
where the device manufacturer has to 
come into play. He provides the optimi- 
sation tools to do that. That's where the 
real complexity comes into it because it 
requires tools from a couple of different 
suppliers. 

"Working with programmable inter- 
connects may involve aspects such as 
delay times, and that's where it gets 
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Actel's ACT1010 FPGA contains 1200 
gates yet can be programmed from an 
80386 based PC. 

more complex." 
Even with the simpler PLDs, the 

sheer variety of sources of supply and 
architectures means that standardisa- 
tion is non-existent. Pin arrangements - the assignment of power and ground, 
for example - can vary, along with a 
wide variety of programming algo- 
rithms, device speeds and even packag- 
ing options. 

There are three ways of handling this: 
limit yourself to a single device type; use 
a programmer with adaptors; or use a 
universal programmer. The first option 
has obvious limitations and the second, 
according to Pashley, is unpopular with 
users because of inconvenience or unre- 
liability. King makes a technical argu- 
ment against the use of programming 
adaptors. 

"Devices during programming are 
fairly sensitive," he said. "The 
machines are tuned to deliver maximum 
performance at the head of the pro- 
grammer. If you stick another socket in 
there, it can cause problems, such as 
noise on the lines." 

Data I/O's Unisite programmer uses 
pin -driver technology to avoid the need 
for adaptors. But it's not cheap: around 
£12 000 for the 40 -pin version. The 
recently launched 2900 programmer 

provides similar functions for prices in 
the range of £3500 to £6500, though it is 
limited to 44 -pin devices. Unisite will be 
upgraded this summer to cater for up to 
188 pins. 

Testing of devices once they have 
been programmed is an issue that hasn't 
been properly addressed yet, King 
believes. In the case of a full gate array, 
there is a generally acknowledged path 
between the customer's design simula- 
tion and test at the semi house; with 
PLDs there is a tendency for in-house 
buck -passing to develop. 

"That's been the big question in the 
industry over the last year or so," said 
King, "to identify who's responsible for 
testing PLDs: is it the production 
department or the designer? It's impor- 
tant, but nobody wants to own up to the 
responsibility." 

Such issues might be settled some 
time in the future. By that time, PLDs 
will have got faster - down to 2ns, King 
predicts - and FPGAs will have be- 
come much more popular. Their prices 
will have fallen and design tools will 
have become as easy to use as those for 
PLDs. 

"'I don't know if it's the tools that are 
driving the technology, or the techno- 
logy that's driving the tools," said King. 
"But we're definitely chasing each other 
around right now. It's tough keeping up 
with the technology because every year 
there's a couple of hundred new devices 
added to the pile." 
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AP100 Mainframe 
+P600 Module 

£2290.00* 

The P600 Universal 
Module is the latest in a 
range of modules for the 
AP100 high performance 
programming system. 

The P600 Universal Module supports the programming 
of EPROMs, EEPROMs, bipolar PROMs, PALs, GALs 
(including CMOS PALs and EPALs), FPLs, FPLA and 
FPGA. All major manufacturers are supported in one 
module, ensuring that the users programming 
requirements will be met in a single unit, without the 
expense of adaptors or personality cards. 

Universal pin drive circuitry supports 20,24 and 28 pin 
devices in a single multiwidth ZIF socket. 

Latest intelligent software is incorporated to ensure fast 
programming and high yields, including Quick Pulse 
(INTEL) and Flashrite (AMD). 

RS232 and Centronics ports and remote control as 
standard - full implementation of the JEDEC data transfer 
standard for programmable logic devices ensures that the 
P600 will support proprietary software such as PALASM, 
CUPL, PLAN and so on. 

Specific hardware/software is incorporated to check the 
performance of the devices being programmed - tests 
include variable voltage thresholds and vector testing. 
Preloading of registers and security fuses is supported. 

The P600 Module is self -calibrating, with all the 
programming voltages referenced to a single precision 
band -gap voltage reference. All voltages are checked and 
adjusted to accommodate temperature, drift and so on. 

The system is expandable with other modules available 
to support 32/40 pin EPROM/EEPROMs. and single chip 
micros for both development and production 
environments. 

Price exclusive of VAT at the current rate. 

GP Industrial Electronics Ltd, ^ 
Unit E, Huxley Close, Newnham Industrial Estate. 
Plymouth PL7 4JN. Telephone: (0752) 342961. 
Facsimile: (0752) 342764. Telex: 42513 SHARET G. 

CIRCLE ENQUIRY NO. 144 ON BACA I'4GE 

WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 

TEKTRONIX24454 Trace 150MHZ Duai TB C1300 
TEKTRONIX 2235 Dual Trace 100MHZ DeIa' Sweep C550 
PHI1IPSPM3217 Dual Trace 50MHZDeIaySweep C425 
GOUID 0S300 Dug Tr ace 20MHZ £250 
GOULD 1421 Dlyyda Storage Dua Trace 20MHZ L750 
M.P. 1740A Dual Trace 1010M HZ Delay Sweep Trig £400 
TELEOUIPMENTD83 Dua Trace 5OMHZ Delay Sweep f300 
TELEOUI PMENT D7550 uaI Trace 50M HZ Delay Sweep C275 
GOULD 0S3000DualTrace 40MHZ Delay Sweep TV Trig £275 
S E LabsSM111 Dual Trace 18MHZ C130 
GOULDOS250B DualTrace 15MHZ TV Trig C160 

TEKTRONIX 2215 Dual Ts ace 60MHZ Sweep Delay, wen manual 
ProbesfronlCover Poucn only f300 

THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE 
MARCONI TF2008AM IM IOKHZ-510MHZSig Gen 
MARCONI TF2015AM FM 10-520MHZ S,gy Gen is 4h 112171 
MARCONI 012015 without Synchroniser T12171 
MARCONI TF2016 AM FM 10KHZ-120MHZ 
Sig Gen w11TF2173 
MARCONI TF2016wdhoutSyyncnroniser 112173 
MARCONI MOD Meters TF2300;Tf 2300B,TF2303 from 
MARCONI TF23562357LeveI Du/Meter 20M14Z trepan 
MARCONI TF2337A Automatic Dlstorhon Meter 400ML 1 KHZ 
MARCONI T12700 Umveral LCR Bridge Raters from 
M.P. 8620C Sweeper Main frame 
Rug its available 
H.P 3336A Synthesizer Level Gen 1042.21MHZ 

[450 
[450 
C250 

C400 

[175 
[100 
C950 
[100 
[125 

[1.200 

[750 

TEKTRONIX491 SPECTRUM ANALYSER 1 5.12.4GHZ [1,500 
SYSTRON DONNER 1702 Sig Gen 10047.1GHZ [1.250 
POLARAU Sig Gen type 110580 8.2 4047 [500 
POLARAD Sig Gen 

Gen ttvyppe 

7 
f 50 type 

type 8.4 6 01.2 £500 

POLARAD 
SiPOLARAD 

ggy Gen 1208A 895.1104 w11 Reg Doubler 
151015-21GM f 75 
POLARAD 1207A Sig Gen 3 7.8 4GHZ with Fred Doubler 
15091015 5GHZ [750 

E7(TRONIX TM504 with PG506 SG503 1 GIAt 02.250 
Swippee Cabbrat un 

ATRONIXCURVE TRACER 576 with Standard fixture [2,000 
qh Current Adap'or 176 available 

RACAL STOREEynthesized 14DS 14 Chanynnel Magnetic T4 eRecorder C2.000 
RACAL 9081 SRACAL 

9009 Mod Metes IOMHZ-Sien1 5GHZ C350 
RACAL 9301RMSVohmeter IOKHZ-1 50117 £250 
TIME 2004 DC Voltage Standard 0 005.1 [450 
NATIONAL AM FMSgGenVP817961010011-340MHZ f500 
SOLATRON 7150 Dig tal Mutt meter el 7001 f 30 
AVO Valve Charactenstic Meter VCM163 050 
BRUE. B KJOER 2305 Solid State Level Recorder f 55 
BROIL 8 KJOER 2113 Spectrometer 
(Measur ng Amp wthR0er) f 50 
FERROGRAPHRTS2 Recorder Test Set from £200 
LEADER LMV186A wit Ch Mvme'er5HZ-500KHZ, 1mV 3000 £100 
-HANDARTA2080 Log [Analyser 20MNI8Cnannel £375 
CHURL BY PL 320k 0 Twice 30V 2A Quad Wide yy Mt C200 
FEEDBACK PSG606Sw egg Func Gene 01 HZ- 1MMZ (Pd PC7) £175 

SUMMER SALE 

TEKTRONIX 475 DWI Trace 200MHZ Delay Sweep £550 
TEKTRONIX465 Dual Trace 100MHZ Delay Sweep £400 
GOULDOS11000ua Trace 30MHZNTrig [180 
COSSORCOU1500ual Trace35MHZDe ay Sweep from 1100-[150 
TELEOUIPMENT C171 Curve hater 1115 
MARCONI TF2603 RE MAlvoltmetel 50KHZ-1: 5GHZ: 
1mV-3VISO 
MARCONI Tf2A300igdal Freqq Counter 10HZ-80MHZ 
MARCONI AF Power Meter TF893A20HZ-35KHZ 20mW-1OW 
MARCONI RE Power Meter TF1152 1 DCó00MHZ 
0 5.25W 50 ohm 
FARNELL Poise Generator System 1 HZ-10MHZSingle Oouble 
KIKUSUI AVM23 AC Voltmeter Dual Chan 
10HZ-500KHZ-300uV-1000 
SOLATRON 7045 Multimetel 4 50i3á LED 30 ranges. 
Auto Manual(P8.PC7) 
AV0 B Mulrmeerswith Batteries 8 Leads lrom 
AVO CT446 Transistor Analyser MO Suitcase style 
W tnBarer es 8 operaron instruclions 

C75 

C60 

[20 

[25 
[40 

[75 

£95 

£35 

£20 

LABEAR COLOUR BAR GENERATOR-KGI B patterns 
PPC41 only [2S 

LEVELLTM3BACMicrovol'meter 1117.3MHZ5uV-5000 
LEVELL TM3AAC Mmrovonmeter 14Z-3MHZ 5uV-5005 
IEVELL OscillatorTG152 3HZ-300KHZ S ne So from 
LEVELL Oscillator TG150M 1 511Z-150KHZ Sole Wave 
LEVELL Oscillator TG150DM 1 5HZ-150KHZ SineSOWave 
LEVEL L Decade Osc TG66A 0 2HZ-1 22 MHZ Low d lst from 
FARNELL TM6 RE Millwoltmeter 50KHZ-1 5GHZ: l mV -300V 
LOGIC PROBE Type 33000ATTLCmosIP&PE31 

MANY MORE SITE MS AT RIDICULOUS PRICES - List available. 

f60 

[40 

£55 
£20 
£25 
£35 
060 

C10 

NEW EQUIPMENT 

HAMEG OSCILLOSCOPE HM 1005 Triple Trace 10011111 

Delay me3ase C726 
HAMEG OSCILLOSCOPE HM604 Dua Trace 60MHz 
Delay Sweep C575 
HAIIEG OSCILLOSCOPE HM2036 Dual Trace 20MHz 
Component Tester 0314 
HAMEG OSCILLOSCOPE HM205 3 Dual Trace 20MHz 
DignalSlorage 0575 
All other models available - all oscilloscopes supplied with 2 

probes 

BLACK STAR EQUIPMENT (P&P all units f5) 
APOLLO 10100mHz Ratio Period Time imervaletc £222 
APOLLO 100100MHt lAs above withmorefuncronsl f 29 
METEOR 100 FREQUENCY COUNTER 100MHz £101 
METEOR 600 FREQUENCYCOUNTER600MHz £135 
METEOR 1000FREOUENCVCOUNTER 1080 £17B 
JUPITOR S00 FUNCTION GEN 0 1Hz 500KHz Sine 
Soil f 11 
ORIONCOLOUR BAR GENERATOR Pal TVvileo 0209 
Al other Black Star Equipment available 

HUNG CHANG DMM 703034191 Hand held 28 ranges 
including 10 amp ACDC01 %ACCIP8PC4) 
As above OMS 6010025% 
Carry ng .r for al ive 

£39.50 
C33.50 

C3 00ea 

OSCILLOS.OPEPROBESSwtehedX1X10IP8P£3) 011 

This is a very small sample of stock. SAE or telephone for LIST of OVER 700 ITEMS. Please check availability 
before ordering. CARRIAGE all units E16. VAT to be added to total of goods and carriage. 

STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL A .dp Tel: 0734 68041 Fax: 0734 351696 

Callers welcome 9am to 5 30pm MON-FRI (UNTIL 8pm THURS) 

CIRCLE ENQUIRY NO. 145 ON BACA PAGE 

IN VIEW OF THE EXTREMELY 
RAPID CHANGE TAKING PLACE 

IN THE ELECTRONICS 
INDUSTRY, LARGE QUANTITIES 

OF COMPONENTS BECOME 
REDUNDANT. WE ARE CASH 

PURCHASERS OF SUCH 
MATERIALS AND WOULD 

APPRECIATE A TELEPHONE 
CALL OR A LIST IF AVAILABLE. 

WE PAY TOP PRICES AND 
COLLECT. 

R. Henson Ltd. 
21 Lodge Lane, N. Finchley, 

London, N12 8JG. 

5 mins. from Tally Ho Corner 

Telephone: 
01-445 2713/0749 
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Out -of -this -world performance 
at a down-to-earth price. 

The new 2900 Programming 
System brings the cost of 
high-performance pro- 
gramming down to 
earth. Buy only the 
device libraries you 
need today and 
expand capability 
when you need it with 
simple software 
updates. 

The 2900 supports virtually every 
programmable logic and memory 

DATA I/O 
Corporation 

i 

device on the 
market - 

even 
surface - 

mount 
packages. 

Its innovative 
technology makes 

programming faster, 
easier, and mare affordable 
than ever beforé. And with 

Data I/Ow's industry-standard.design and 

testing software, you can create, a complete 

PLD development solution. 
Data I/O is now available exclusively 

from Instrumatic UK Ltd, so the world's 
most advanced programmers are now 
backed by the very 
best service and 
support. 

To learn how the 
2900 is setting a new 
standard for price 
and performance, 
call today for a free 
tutorial booklet 

0628 476741 

'.1, ,.. 
, i,l ,, I, . InstrL_E 

Instrumatic UK Ltd, First Ave.,Globe Park, Marlow,Bucks,S171 YA, UK 

Fax: NH 474440. Telex: 847042 IMATIC G. The Pan -European Technology Group 

urg 
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TRANSFORMERS 
12/24V or 12.0-12V 2x12V Secs 
24V 12V f P&P 
015 003 344 187 
0.25 05 364 187 
0.5 1 4 36 1 98 
1 2 6 08 2.09 
2 A 4 701 220 
3 M 6 1208 236 
4 P 8 1287 242 
6 S 12 1562 264 
8 16 18 59 3 08 
10 20 25 02 3.52 
15 30 31 10 3 63 
20 40 44 40 4 12 
30 60 63 75 4 89 
41 83 7341 632 

MAINS ISOLATORS 
Pri 120V x 2 or 22012408 or 
415/4409. SEC 440V or 2409 or 
110V Centre Tapped 
VA f P&P 
20 833 2.50 
60 13 60 2 69 
100 15.87 2.91 
200 22.49 3.52 

I250 27 20 3 63 
500 41 91 4 23 
1000 76 01 5 33 
1500 96.04 654 
2000 11796 7 61 
3000 16541 0 A 

I6000 353 43 0-A 

AUTOS 
105, 115, 200, 220, 230, 240V 
For step-up or down 
VA f 
80 6.91 

1003 
12 25 
14 05 
19.05 
34.93 
40 40 
60 41 

102.72 
133 35 
155 28 
239 70 
283 23 

150 
250 
350 
500 
1000 
1500 
2000 
3000 
4000 

5000 
7500 
10kVA 

PO BOX 70, ILFORD 

P&P 
1.92 
2.09 
2.31 
2 75 

3 08 

3.68 
4 18 

5 11 

6 32 

OA 
O'A 
O'A 
OA 

ESSEX 105 OAP 

30/15V or 15-0-15V 
2 x 159 Tapped Secs 
To give: 3, 4, 5, 6, 8, 9, 10, 15, 
18, 20, 27 301/ or 15-0-158 
30V 15V f 
0 5 1 4.55 

1 2 6.19 
2 A 4 1001 
3 M 6 11 60 
4 P 8 1384 

P&P 
1.81 

1 98 
2 20 
2 42 
2.53 

5 S 10 1662 2 74 
6 12 1941 2.91 
8 16 25.74 3.02 
10 20 29.94 3.24 
12 24 33 42 3.45 
15 30 3743 401 
20 40 51.10 6 54 

50/25V or 25-0-25V 2 x 25V 
Tapped Secs to give: 5, 7, 8. 10, 
13, 17, 20, 25, 33, 40, 50V or 
20-0-20V or 25.0-25V 
50V 25V f 
05 1 5.91 

P&P 
2.09 

1 A 

2 M 

2 

4 

7 19 
12.81 

220 
2 75 

3 P 6 14 82 2 92 
4 S 8 20 30 324 
6 12 25 81 3.45 
8 16 36 52 4.12 
10 20 43.34 4.41 
12 24 51 87 5.22 

CASED AUTOS 
240V Cable Input. 3 -pin 115V 
USA Socket Outlet 
VA f P&P 
20 9 95 2 03 
80 1338 214 
150 17 34 2.58 
250 21.13 3.57 
500 34.66 3.90 
1000 55 65 490 
2000 88 70 6 16 
3000 12446 0 A 

AVO's & MEGGERS 
Full range 

EX STOCK 
601309 or 30-0-30V 
2 x 308 Tapped Secs 
Volts available: 16, 18, 36, 40, 
609 or 20-0.40V or 30-0-309 
60V 30V f P&P 
0.5 1 6 72 2 09 
1 A 2 1025 220 
2 M 4 13.17 253 
3 P 6 19.05 2.64 
4 S 8 21.72 2.75 
5 10 27.46 3.19 
6 12 31.32 3.41 
8 16 44.04 4.12 
10 20 51.28 4.40 
12 24 59 09 522 

96/48V or 36-0-36V (2 : 36/48V 
Secs) 36, 48, 60, 72, 84, 96V or 
36-0-369 or 48-0-489 
96V 36V -48V C P&P 
05 
1 

1 

2 
716 

12.80 
1.76 
2.31 

2 A 4 21 05 2.91 
3 M 6 25 49 3.02 
4 P 8 32 54 3 32 
5 5 10 46 21 4.18 
6 12 57.87 440 
8 16 63.12 5.28 

TOOL TRANSFORMERS 
240V Mains TO 110V Centre 

Tapped 16 Amp Socket Outlets 

INVERTERS 
12/24V DC to 2408 AC 

Sine Wave or Square Wave 

CONSTANT VOLTAGE 
Transformers for Spike -free 

Stable Mains 

Also Valve Mains & Output 
Transformers 

TRANSFORMER WINDING 
SERVICE In batches 3VA to 

1 BKVA 

TOROIDALS 
Batches Wound to Order 

3094 to 41(94 

Please add 15% VAT to all items after P&P Send SAE for lists 

BARRIE ELECTRONICS LTD 
TELEPHONE: 081.551 8454 

CIRCLE ENQUIRY NO. 149 ON BACA PAGE 

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 generators - Spectrum analysers - counters power supplies chart recorders, all speeds single to multipen - XV plotters A4 -A3 oscilloscopes - normal & storage. 
Tektronix 475.200MC S oscilloscopes-teste'I aTo9001ees@pachements to 0700 
C W manual. probBSule . Tektronix 475A-250MC S - complete robes - C750. Telequlpment 13755-50MC S oscilloscopes - tested C W 2 probes +m rkual - C250. 
Marconi TF2002AS. -AM-FM signnal generator - 10KC S to 72MCS - 085 tested + probe kit & manual. 'Marconi TF2002B. -AM-FM signal generator - 10KCiS - 88MC S £100 teslCpd to £ 150 as new + probes. Marconi TF2008 -AM-FM signal generator -Also sweeper - IOKC S -5t0M S from 0350 tested to 0500 as new + manual - probe kir In wooden carrying box - C50. 
Phillips PM3217 Oscilloscope -50MC S-duattrace-delayed tI se 0350. 
Marconi TF2016A. SIG GEN - 1OKHz- 120MCrS-AM-FM -s130 Synchronizer - £75. rconl TF2015. SIG GEM - 10MHZ -520MCiS-AM ,$M£250. Synchronizer -075. 
Ma F2304. Modulation meter -A - 00MC S -C300. 
Marconi sg08Vsotmetypeó 8-t2.5GHZ new or used - from 0450 to 0600. Marconi signal/source type 6059A -12.0.18GHZ New or used from £450 to 0600. HP power meter.type 431C to 18GHZ with C type head & waveguide head f150 to 0200 HP sweep oscillators. Type 8690 MB - plug ins from 10MC S to 18GHZ also 18-40GHZ. P 0 R. HP 8656A SIG/GEN -1 to 990MC S f2500.HP8640BOPT 001 -500KC S 1024MC:S- C2000 HP 3325A synihesiserlluactlon generator - brand new - 02000 or C1500 + used manual Tektronix mainframes. -7503-7613.7633 -0300.0500 - various plug -Ins -P.O.R. Marconi TF1245A circuit 'magnification meter + 1246 & 1247 oscillators - f 100 to f 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 - 1800-4500MCrS - 0800 - 0600. R& S SMS SIG GEN. 04 - 1040MC S -AM-FM - C2000. 
M.P. 8620A mainframe = 86240A plut-in -2 -8 4MC:S -C1200. 
M.P. 8620C mainframe - 01200 + manual. 
Gould J3B test oscillator f250 1 manual. 
Ferrograph recorder test sets RST2 and ATU 1 C250 each. 
Racal/Dana 9301A - 9303 RF milllvoltmetes. 1.5-2GHZ - 0350.0750. 
Racal/Dana counterltlmer 9515 OPT 42 - 12500MGS- £ 1000. 
Racal/Dana counters9905-9915M-9916.9917-9921-C150 to 0450. 
Systron donner 1702 sigral generator -10OHZ-1000MC S -AM-FM -C1000. 
M.P.8704A + 8412A + 86016 network analyser 100KC S-110MC S -f1000. 
M.P. 8410A + B network analysers - 1 1 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 -85546.8554L -8555A -8552A-85528 plug in units. P.O.R M.P. 181TR mainframe -E400 -HP182T mainframe - C500 
M.P. 8755B network analyser plug-in for above also H.P. 11664 detectors P.O.R. 
H.P. 432A =4358+436A power meters é Powerheads - 10MGS 40GHZ. 
H.P. 4786-p486A-K486-84816-84819. P.O.R. 
Tektronix oscilloscope type 2465 - 300MC S - £ 1400 CI W manual. Probes f 50 extra. M.P. oscilloscope type 1 740A -100MC'S 0300 C W manual. 
Image Intensifiers ex mod - tripod fitting for long range night viewing - as new - C3000EA. Intensifier tubes -C5010 C250 - tested -depending on grade -first gen XX t 060 Thermal imaging equipment - high definition - from 02500 - complete in transit case. Clark air operated heavy duty masts - with legs and kit with pump. P O.R 
Don 10 telephone cable -1.5 mile canvas containers or wooden drum - new -Mk2.3 or 4 P.O.R. Infra -red binoculars in fibre -glass carrying case - tested - f 100EA also Infra -red AFV sights - C 100EA. S.A E. for details - Infra-rec spotlights and Infra -red filters P.O.R. 
H.P.8405A vector voltmelre - 0500 H.P.4193A vectormetre - f 1750 
Items bought from HM Government being surplus. Price Is ex -works. S.A.E. For enquiries phone for 
appointment or for demonstration of any items, availability or price change. VAT & 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 ENQUIRY" NO. 150 ON BACA PAGE 

e don't need 
your sympathy, 

we need your help. 
Spring Gardens School caters for about 70 

disadvantaged youngsters aged 5 to 16-- whose special 
needs cannot be met in ordinary schools. It alms to maximise 
each pupil's potential so that the individual is able to live as 
normally as possible 

Santayana was right when he said that it is the 
tr,orld that teaches. not lust books. 

Trouble is. this costs money. The Spring Gardens 
School Association, Registered Charity No. 285218. 
vrelcomes'inancial help so that It can continue its policy of 
providing educational and cultural visits and trips for the pupils 

CIRCI E ENQUIRY NO. 151 ON BACK PAGE 

al no cost to parents - in other words. buying experience tor 
the children. 

Yout help could lust open the right door for a 
youngster Please send us a donation for our work: cheques 
payable to Spring Gardens School Association. at Burdett 
Road. Rusthall. Tunbridge Wells. Kent. 

spring gardens 
school 
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MICRO -CAP III 
under test 

icro-cap III (Computer 
Analysis Program) is a 
stand alone, feature - 
packed analogue sim- 
ulator, produced in 

California by Spectrum Software. Al- 
though it has no sister programs, it's 
encouraging to know that the series has 
been around for a comparatively long 
time, as software goes. Micro -cap I was 
introduced in 1982, and the III series 
reviewed here was first released in 1988. 

The authors claim, "Micro -cap III 
combines the speed and accuracy of 
spice -like numerical methods with a mo- 
dern, easy -to -use interface ... which 
avoids the mistakes that are easily made 
with spice, even by experienced users." 
In its latest version 3 format, released 
March 1990, Micro -cap III (from now 
on abbreviated to MC3) can handle cir- 
cuits or macros comprising up to 500 
components, with an unlimited maxi- 
mum node -count. Overall, the authors 
claim, it is the easiest to use and among 
the most powerful of all PC -based si- 
mulators. 

The manual cites, "Speedy analysis, 
using a proprietary Sparse matrix tech- 
nique." Spectrum Says it has shipped 
more than 10,000 copies of the Micro - 
cap family, with most sales made in the 
USA. The majority are in use in large 
corporations, in all phases of electronics 
except RF. 

System considerations 
With Spectrum's own Windows -like 
video interface, MC3 requires around 
590k of DOS base memory in full use, a 
borderline condition for many PCs with 
memory usage that isn't finely tuned. 
Datech. which distributes MC3 in the 
UK and Europe, can help with optimis- 
ing your PC's configuration. 

As an immediate measure, I had to 
disable my machine's EMS and CACHE 
and reduce files and buffers in 

CONFIG.SYS to get the required 590k. A 
co -processor is optional. 

Micro -cap's computational speed can 
be best appreciated with a 386 machine. 
MC3 automatically detects the system's 
highest -resolution graphics mode - 
CGA, EGA, VGA, MCGA and Her- 
cules are all recognised. 

Fast, accurate, easy to 
use-this computer 

circuit analysis 
program gets all 

the superlatives. Ben 
Duncan explains 

why 
The hardcopy outputs are specified 

for HP LaserJet or Epson printers, and 
HP or HI plotters. I had no trouble 
interfacing with an Epson/IBM- 
compatible Star printer, but there were 
some text offset problems with my 
HPGL-compatible plotter. The pro- 
gramme disks are copy -protected, with 
`hidden files' which prevent them being 
loaded onto more than two hard disks at 
one time. 

The V3.0 software occupies about 
3MB and can be supplied in all the 
standard floppy formats. Installation, 
de- and re -installation are straightfor- 
ward, being taken care of by a special 
menu. 

Operation and schematic entry 
The schematic is entered directly. Using 
the mouse is straightforward and is 
doubly easy if you've already mastered a 
schematic drawing program. But it is 
unfortunate that the manual takes the 
Windows environment for granted - 
having graduated via DOS it was unfami- 
liar to me, and I was left feeling handi- 
capped and frustrated at first. Scrolling 

and panning are certainly fiddly, requir- 
ing a fine touch on the tiny icons. 

All commands can be entered directly 
from the keyboard. This is good, as 
judicious use of both mouse and keys is 

an unbeatably speedy combination. 
However, if you try to use the keyboard 
from the start, you'll waste a lot of time 
hunting through the manual. The quick 
reference card wasn't functionally or- 
dered and some keyboard commands 
have been omitted - the software 
world seems impervious to learning aids 
or refinements of any kind, even low - 
budget ones! 

Also, there is no keyboard macro 
facility - the F keys are dedicated. 
Eventually, I found myself absorbing 
the key commands one by one, once I 

had conquered MC3 with the mouse. 
Schematic elements can be moved, 

copied and block deleted. Separate cir- 
cuit files can be merged. The relevant 
library page can be directly called up on 
any part by pointing. You can write 
descriptive text on the screen. There's 
also a pull -down notepad screen for 
each circuit file, but the wordprocessing 
function depresses me, behaving like 
PRE D, the DOS editor. 

Circuits can be macroed up to ten 
levels. With suitable high level macro - 
models in place, MC3 should be capable 
of analysing complex feedback systems 
in every branch of engineering and the 
physical sciences. 

A circuit containing several op -amp 
stages, or typically 30 discrete compo- 
nents, can be viewed in one go. Layout 
density is principally limited by compo- 
nent labels, for which there is a choice of 
only two positions, and the need to keep 
these from overlapping for clarity. Cir- 
cuits with value, tolerance and tempera- 
ture coefficient appended to every pass- 
ive part will need to be spread out. 

For larger circuits, the screen scrolls, 
or you can use the three -level zoom 
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function. On hi -res EGA and VGA 
monitors, resolution was degraded on 
levels 2 (2:1) and 3 (4:1) respectively - 
good enough to display the nodes and 
component designations sharply. The 
result is that with a VGA monitor you 
will he able to operate comfortably at 
2:1, as it allows you to see and work on a 

circuit with about 120 components. 
Node numbers are visible and updated 
automatically at all times, though they 
have an annoying habit of straddling 
circuit traces. 

MC3's "6 -way x 3 -channel" palette 
(colour selection) is quite versatile but it 
doesn't allow nodes to be a distinct col- 
our from the component text. To over- 
come the way that node numbers can 
change as a circuit develops, MC3 al- 
lows you to label the nodes you want to 
monitor with fixed text labels, e.g. "In- 
put." 

Components are listed on and can be 
picked from the right-hand coM (com- 
ponent) menu. I was impressed by the 
ease with which the parts I most used 
could be dragged into a bespoke order 
on the top page. To expand the visible 
drawing area, the coM menu can be put 
away, assuming you're content to enter 
from the keyboard. Passive component 
values can be entered with engineering 
units (e.g. 1k, 1nF) or scientific notation 
(1E-9). 

The available components aren't 
systematically depicted in the manual. 
DIY graphic symbols for custom com- 
ponents and macro circuits can be 
created with a shape editor. MC3 alrea- 
dy includes n -channel, mes-fets (sic), 
transmission lines, polynomial sources 

Micro -cap Ill 

System: 
PC or PS/2 compatible, >DOS 3.2. 386 
processor preferred. Hard disk essential. 
Microsoft or compatible mouse. At least 
575k of available memory, preferably 
590k. EMS , 1MB for highest capacity 
when performing simulations with large 
numbers of timepoints. 

Drawing Elements 
- any user -defined symbol, plus: 
Passive components: Rs, Cs, Ls, trans- 
mission lines, transformers, non-linear 
magnetic cores. 

Active components: Diodes, BJTs, J -fats, 
mos-fets, n-ch mes-fets, op -amps. 
Signal sources: Sine, pulse, constant volt- 
age, constant current, formulae- and file - 
driven user -defined sources. Algebraic 
and table -defined complex frequency 
transfer functions. Polynomial, linear, al- 
gebraic and table -defined dependent 
sources. 

and logic gate macros alongside all the 
basic components, sources and drawing 
aids. The thyristor/triac/ujt family is not 
represented, but they should be modell- 
able either as bipolar macros, or by 
including basic mathematical expres- 
sions for the transfer function in the 
component labels, as a model state- 
ment. By this route it should he possible 
to model any conceivable component - 
even a fictional one - given enough 
patience. 

For example, "25pF* (1 +f/ l E6)" mo- 
dels a capacitor with a value that varies 
with frequency. The Micro -cap manual 
and newsletter give examples of an 
opto -coupler and a triode tube, among 
others. For these and other completely 
new component types, you'd use the 
shape editor to create the necessary gra- 
phic symbol. 

Libraries, parameters and 
printing 

MC3 allows an unlimited number of 
custom component library sets, which 
could be allocated to different areas of 
design or to specific projects. Each lib- 
rary set comprises a generic passive 
label library (i.e where a commonly 
used component value or string is la- 
belled "X" or "7" to save entry time) 
and individual libraries for the five kinds 
of active device models (diodes, BJTs, 
J-fets, and mos- and mes-fets), as well as 

for plain current sources; independent 
and dependent linear and non-linear 
(polynomial) sources, such as V con- 
trolled I sources; transformers; . and 
transmission lines. Each library can con- 

- key specifications 

Miscellaneous 
Switches - voltage, current and time - 
controlled. Macros, representing other 
complete circuits. 

Computation (Sparse array) 
Maximum no. of nodes: unlimited 
Maximum no. of parts: 500 
Macro nesting: up to ten times 

On -Line Utilities 
Help. 
Notepad for each circuit file. 
Scientific calculator. 
Shape editor draws new schematic gra- 
phics. 

Utilities accessed via DOS: 

PEP derives Eber-Moll parameters. 
TOSPICE creates SPICE circuit files. 
CONVERTL updates Micro -CAP II circuits. 

tain at least 50 parts. 
Two sample libraries (sTD.1.2) are 

supplied. These include the parts, 
sources and labels for some 20 sample 
circuits, as well as semiconductor mo- 
dels for device types that are doubtless 
common fare in California. With not a 

"BC" or "2SA" in sight, the listing is not 
so impressive in the UK, Europe or 
Japan. 

MC3's choice of independent signal 
sources begins with sine and pulse pri- 
mitives and setting these up was easy. 
Sine waves can be programmed with 
exponentially decaying or ascending 
amplitude and/or frequency, and non - 
integral periodicity. You can enter a DC 
offset and any initial phase and source 
resistance. Pulses range from one -shots 
to continuous square or triangular 
waveforms. More complex waveforms 
can be generated by summing or adding 
suitable sources in series. 

For example, to design a filter to clean 
up a noisy automation system in a rec- 
ording studio, I had no trouble simulat- 
ing the staircase waveform emerging 
from the dac, using a chain of square - 
wave sources with suitable staggered 
transition periods. 

Alternatively you can design and 
enter custom waveforms using mathe- 
matical text expressions or enter them 
as a user source file. Or where applic- 
able, you can use the waveforms emerg- 
ing from analysed circuits. 

The esoteric process data required to 
accurately model semiconductors (after 
Ebers and Moll or Gummel and Poon) is 

a big stumbling block to the simulator 
business. Datech suggested it should be 

available from the makers, but in prac- 
tice, the makers of discrete transistors 
ignore requests or claim they don't have 
an item readily available. In reality, 
makers are shy about revealing intimate 
details of their processes to public and 
competitors alike. In contrast, op -amp 
makers (beginning with PMI and Texas) 
are eagerly promoting spice -models for 
their ICs. 

MC3's "Global settings" menu allows 
you to choose between the EM -2 and 
GP models for BJTs and diodes, and 
mosfets and j-fets can also be modelled 
at two levels of detail. Without any help 
from the manufacturer, one is faced 
with modelling familiar transistors using 
either a curve tracer, or MC3's pep 
(parameter estimation program). Ac- 
cessed via DOS, the pep utility computes 
the EM2 (or level 1) parameters for 
diodes and transistors using figures that 
can be garnered from most data sheets, 
possibly with the help of a few measure- 
ments. The manual is quite informative 
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at this point, using extracts from Moto- 
rola data sheets to illustrate the process. 

In practice, there remain some nagg- 
ing uncertainties, like, "How reason- 
able were those figures I had to guess?" 
And, "Up to what frequency can this 
model be relied upon?" The pep gives a 
basic clue by plotting the characteristic 
curves of semi -conductors, enabling a 

check against published data. Still, I'd 
like to see programs such as pep echo a 
number of the main data sheet curves 
before I felt really confident that my 
DIY models are reasonable. Also, while 
some Gummel-Poon data is given for 
the semi -conductors in the sample libra- 
ries, the pep doesn't support GP (or 
level 2 fet) models, which are regarded 
as too complicated. 

Compared to spice macros, MC3's 
op -amp models are simplistic, with 
three cascaded gain stages and two poles 
defined, and with no access to power 
rails. Library entry is easy since the data 
can be taken directly off the data sheet. 
Overall, I found MC3's op -amps fine for 
gauging the explicit behaviour of a wide 
variety of everyday circuits up to 1MHz. 
Alternatively, MC3 can import, convert 
and use the more detailed spice and 
p -spice models. Or, assuming a 
knowledge of mono-fab process para- 
meters, you can compose your own dis- 
crete component macro. The elderly 
µA741 is provided as a sample. 

Analysing options 
The analysis routines are immediately 
accessible once the schematic is drawn. 
If you forget to earth the circuit or 
connect all the nodes, you get a re- 
minder on the screen and guilty compo- 
nents flash - you won't be able to 
analyse anything until you've fixed your 
mistakes. The analysis routines have 
many features in common. Irrespective 
of which you choose, both the stimulus 
(input) and the point being monitored 
can be single -ended or differential with 
respect to ground. 

Micro -cap Ill costs £1,495 + VAT. An eva- 
luation version limited to 10 nodes but 
including every feature, together with the 
manual, can be obtained for £150 + VAT, 
with -this price credited if you then opt to 
purchase the full version. UK users receive 
a newsletter reporting on practical applica- 
tions, tricks, tips and new models. 
Datech Ltd., Sidcup, Kent. Telephone: 
081-3081800. 

A relatively complex 
circuit, showing how 
component labels are apt 
to overlap. Colours are 
one of thousands of 
combinations selected 
from the EGA palette. 
Note N- and P- channel 
mos jets, descriptive 
labels ('transducer 
model') and a custom 
op -amp ('1 kW amp') 
modelling a high voltage 
amplifier. 

A transient analysis of the 
circuit (exp 1,2,3) above. 
Upper screen shows 
sinusoidal stimulus with 
exponentially rising 
frequency, beginning at 
/kHz on the left. Overlaid F 
is the output voltage. 
Lower screen shows 
current is the zobel 
branch, and the power 
dissipated in the zobel 
resistor, and how it varies 
with time and frequency. Im 

The plot was finished 
prematurely (at 2.4ms) 
demonstrating how an 
analysis can be aborted 
once the trend is clear. 
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Plots on the screen are displayed in 
real time and can be printed as soon as 
the run has finished. You can also abort 
an analysis immediately if it is not giving 
the right result, allowing design by rapid 
iteration. Results can equally be sent to 
a plotter in real time, but this slows the 
plot on the screen. If saved, any subset 
of the original graph can be reviewed 
and plotted on the screen, or sent to the 
plotter (or printer) later, or both. You 
can also arrange for automatic plotting 
from DOS batch files. Graphs can be 
annotated with horizontal or vertical 
text. 

During a run you can choose to dump 
a numeric listing to the printer, the 
screen or a file. The same information 
can be seen in a dynamic numeric read- 
out that can be toggled during a run. To 
avoid generating too much data you can 
limit the number of increments, but I 

could see no way of limiting the output 
to specific frequencies of interest. 

For example, the RIAA replay res- 
ponse for phono amplifiers is defined at 
arbitary frequencies, so a call to 
Datech's support was needed. The 
answer was to divide the analysis into n 
runs integral with pairs of the spot fre- 

quencies, then use MC3's MERGE func- 
tion to combine the output files. A 
SCOPE function allows any portion of the 
graph currently on the screen to be mag- 
nified, but the x- and y-axes are un - 
scaled. Instead, measurement is per- 
formed with cursors, their positions re- 
vealed in an adjacent numeric display of 
the x- and y-axis limits and differences. 

AC analysis (normally small signal) 
automatically computes the DC operat- 
ing point (if required), then sends a 1V 
sine wave up any required node, and 
goes on to plot amplitude, phase and 
group -delay across any desired range of 
frequency. As with any simulator, res- 
ults will be increasingly doubtful above 
(say) 1 MHz unless realistic parasitic ele- 
ments have been inserted. New with 
version 3 is the ability to perform large - 
signal analysis by calling up a suitable 
sine -wave source. Either way, Nyquist 
diagrams, input and output impedance 
(or admittances and conductances) and 
noise (in nV/V Hz) can also be 
displayed. 

Of course, for some circuits, noise 
figures will be critically dependent on 
device modelling, and op -amp noise is 
not included. For gain and noise the 
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x-axis scales can be lin or log, and the 
numeric output includes the gain slope 
in dB/octave, but I was disappointed 
that multiple plots can't be overlaid for 
ease of comparison. Also, the log scales 
are not subdivided as finely as they 
might be - for example, you'd need to 
use the SCOPE cursors to check the accu- 
racy of a 176kHz notch filter. 

MC3 accepts fractional log cycles if, 
for example, you set the frequency to 
range from 1 to 20 (or 30 or 50)kHz. 
Sub -log scales are practical but take 
some getting used to since they turn out 
with unlabelled, linearly spaced yet 
logarithmically scaled divisions. 

The DC analysis facility feeds a swept 
DC voltage or current into the circuit, 
across any desired nodes. The output 
can be a voltage or the current flowing 
through a sensing resistor. The DC facil- 
ity would be much more useful if it was 
able to annotate the schematic with 
node voltages and branch currents. 
Such data would be immediately applic- 
able to the preparation of service 
manuals, as well as aiding mental ap- 
praisal. Spectrum says it is working on 
this for the future. Log scales are not at 
present available, but the transient ana- 

lysis module has this facility and with 
version 3 it can be set up to handle DC 
plots. 

The transient analysis module plots 
up to ten voltage, current, energy or 
power responses, normally versus time. 
However, with version 3, there is now 
complete freedom as to which quantities 
you choose to place on the two axes, 
which opens the way to advanced DC 
analysis as well as numerous esoteric 
comparisons such as Vbe versus energy 
in Joules. Log and lin scales can also be 
freely selected. 

Waveforms are displayed in pairs. 
For one or two waveforms, a single 
graticule fills the entire screen, whereas 
ten waveforms would employ five indi- 
vidual scales, reduced to fit onto the 
screen. The display period can be a 
subset of the simulation time, allowing 
the middle or final group of micro- 
seconds to be seen in isolation. The 
numeric output's printstep can also be 
reduced to a subset. 

For different, highly non-linear cir- 
cuits, the solution at each time -point can 
be iterated any number of times. The 
maximum number of iterations is en- 
tered in the global settings menu, with 
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Differential notch filter 
circuit. Op -Amp trio is 
first -order macro for 
SSM-2016 ultra -low 
noise differential 
microphone amplifier IC. 

AC plot of above circuit 
(exp 10,11) showing 
gain, phase and delay. 
The AC stimulus is 
applied differentially. 

200 as the default setting. If the Sparse 
(matrix) array is ill conditioned (a eu- 
phemism for "cannot compute"),the run 
may "hang". 

With more primitive simulators, 
hanging can be a royal pain, especially if 
there's no dynamic numeric readout to 
verify the condition, but with the MC3 
options menu, a genuine "hang" is sup- 
posed to sound the computer's "bell." 
Certainly the dynamic numeric monitor 
can be toggled (if left on, it slightly slows 
the simulation) to see if the run has 
stalled. The number of timepoints to be 
plotted or dumped numerically can be 
limited to a subset of the number that 
are calculated. Unlike the AC and DC 
analysis, where the driving source is 
implicit, some kind of signal source has 
to be added to the circuit. 

Vital statistics 
Irrespective of which analysis module 
you're using, temperature and indi- 
vidual component tolerances can be 
stepped. In addition, and providing the 
graph has been saved, the Monte Carlo 
and Fourier analysis option can be se- 
lected. The Monte Carlo (MC) facility 
steps all the component tolerances ran- 
domly, with or without an overall "lot" 
tolerance for generic semiconductors. 
The MC menu allows Gaussian, Linear 
and Worst Case distributions to be 
seeded, with the maximum number of 
runs limited by memory alone - 100 
runs on a notch filter circuit containing 
these op -amps took 30 minutes using an 
8086 based machine. 

Afterwards, the MC routine produces 
three-dimensional bar graphs showing 
various aspects of the distribution of the 
dependent or independent variables. By 
suitable setting up, useful statistics 
(such as percentage variation in a -3dB 
break point across a production run) can 
be displayed. 

The Fourier analysis module presents 
a graphic display of the waveform's 
magnitude, sine, cosine and phase coef- 
ficients. You choose to view between 8 
and 128 harmonics, of which the indi- 
vidual displays are highly detailed but 
small and unsealed. Then you can opt to 
display and/or print out the numeric 
details, such as the amplitude and per- 
centage of all harmonics, the sum of the 
even and odd harmonics, etc. 

Bugbears and jewels 
Library data and other screen dumps to 
the printer are easily accessed, but they 
waste time and paper by including 
superfluous Windows decor. 24 -pin ma- 
trix printers are not supported and Spec - 
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trum admits that the dot matrix (cf. 
laser) printing facilities are a weak area. 
This is because a fixed set of binary 
drawing scales is used to speed up sche- 
matic entry and scrolling. Spectrum says 
higher resolution is planned for future 
versions. 

I found MC3 was good at anticipating 
(and spotlighting) errors before they 
had an opportunity to cause hanging or 
lock -up. Simulators can play a multi- 
tude of tricks on the unwary, but MC3's 
UK users receive a newsletter which 
goes some way to documenting the (lar- 
gely unpublished) tricks of the trade. 

For example, a transient analysis of a 

rectifier circuit took 12 hours to run. At 
least, with MC3, you soon know when a 

simulation is going to be painfully slow. 
But by knowing a certain rule -of - 
thumb, you would change one of the 
diode's parameters and lo, the simula- 
tion would be completed within ten 
minutes. Repeated high -precision 
analyses can easily end up filling your 
hard disk with megabytes of rubbish, 
and with so many other on-line features, 
it is unfortunate that there is no facility 
to erase, sort and back-up files directly 
from the program instead of via DOS. 

Conclusions 
Any mention of analogue simulators 
gets a variety of reactions from engine- 
ering colleagues, ranging from bemuse 
ment to outright hostility. And yet all 
the chips in their computers were de- 
signed with simulators - for IC design, 
this is the only practical way. All si- 
mulators have a minimum time for 
setting -up and getting into gear, and 
MC3 seems well above average in this 
area, all the more so once you've in- 
vested time in entering regular devices 
and circuit macros. 

Simulation is no substitute for your 
engineering knowledge, but it adds a 

mighty weight when you need to shove, 
and acceleration when you want to shift. 
It comes into its element when a major 
circuit needs repeated and minute ana- 
lysis, or when competing (even competi- 
tors') topologies or networks are being 
compared. 

The kind of methodical thinking 
needed to model and enter a circuit is 

often enough to trigger the inkling of an 
answer in your own mind. Sometimes, 
the discipline of modelling a circuit 
moves the goalposts, making the model 
irrelevant. If it ultimately leads to a 

solution, who cares? 
With simulators, the value -for - 

money judgment is quirky at best. Ele- 
mentary software costing under £500 
has already been reviewed in these 

A 'ten run' Monte Carlo 
plot of a typical CD player 
output stage with typical 
component tolerances. 
The disparate direction of 
the phase plot just below 
/MHz shows the effect of 
setting the maximum 
accuracy too high; it was 

set at 15% to speed up the 
plotting. 

A 3D statistical analysis 
of Monte Carlo graph (pic 
/4,15), showing the worst 
case minimum 
distribution of the 
independent parameter, 
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pages, and Micro -cap III costs barely 
three times more, and yet (judging by 
conversations with colleagues) it seems 
as powerful and far easier to set up and 
use than the simulators included in some 
workstation packages costing over 
£20,000. 

Dealing in abstractions, all simulators 
take a lot of learning, and the cost of the 
software is plainly irrelevant if it takes 
1,000 hours of "playing" to reach the 
stage of feeling confident of getting ac- 
curate results fast. I think the average 
engineer will get to grips with MC3 
faster than with any spice -based pro- 
gram. 

Once MC3 (or any good simulator) 
has been mastered, and subject to the 
care taken in modelling, the engineer 
has effectively gained means of investi- 
gating the behaviour of global circuits 
and systems above and beyond the phy- 
sical limits of engineering, if not the 
universe. Overall this is such an all - 
encompassing progamme, with uses in 
so many diverse branches of analogue 
systems analysis, that it would take 
several years of full-time exploration to 
assess and verify each avenue in detail 
against even the most niche -like realm 

of electronic circuit topologies. 
For example, version 3 includes (for 

the first time) the Giles -Atherton state - 
variable magnetic model. Magnetic ma- 
terial analysis is outside my remit, but it 
will be of great interest to engineers 
seeking to design and optimise the 
magnetic materials used in transformers 
and other inductive components. 

Datech's support was friendly, well 
informed and reasonably quick, and 
staff aims to solve any level of technical 
problem within a variety of response 
times ranging to a maximum of 36 hours. 
The software has a few quirks, but (as 
always) there's scope for refinements. 
The beautifully presented manual does 
not do it justice - it's refreshingly read- 
able and cogent as simulator manuals 
go, but lacks nitty gritty details, and 
contains quite a few typos and omis- 
sions. 

Micro -cap III is friendly, competent, 
workable and well backed -up. You 
could do a lot worse. 
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AUDIO 
PREAMPLIFIER 

DESIGN 
Although ceramic and 
"crystal" pick-up cartridges 
were of some importance 
during the early days of 
transistor -based preamp- 

lifiers, if only because magnetic stereo 
cartridges were relatively expensive, 
their circuitry was not examined in the 
first part of this article because the prob- 
lems and constraints of frequency res- 
ponse equalisation did not apply to 
them in the same manner as for magnet- 
ic cartridges 

These cartridges are based on piezo- 
electric displacement -sensitive trans- 
ducers, which give an electrical output 
proportional to the amplitude of the 
groove modulation. Other things being 
equal, this would lead to an uncorrected 
replay frequency -response curve from a 
disc recorded with RIAA equalisation 
into a high -impedance load of the form 
shown in Fig. 1. 

In spite of the relatively poor linearity 
of the transducer element - a typical 
THD vs frequency graph for a ceramic 
cartridge at 0.003cm groove modulation 
is shown in Fig. 2 - these cartridges 
were popular among amateur cons- 
tructors; input circuits for these devices, 
intended to optimise their performance, 
were described by Burrowsl,2 and my- 
self3,4. 

Crystal pick-ups are rather fragile, 
both humidity and temperature sensit- 
ive and are now seldom found, hut cera- 
mic cartridge types are robust, still be- 
ing widely used in low-priced systems. 

In contemporary applications, the 
mounting of the piezoelectric element 
and its linkage to the stylus assembly are 
generally arranged so that, with a 

Good preamplifier 
design has always 

centred on the 
available headroom, 

particularly in 
equalisation and tone 
control circuits..John 

Linsley Hood 
continues his story of 
audio development. 

t. 4 

nominal -17k0 resistive load, the car- 
tridge's electrical output is roughly equi- 
valent to that of a velocity -sensitive 
unit; a conventional, but low -sensitivity 
RIAA input stage can he used, though 
with some sacrifice of the low and high 
frequency response. 

Head r000m 
Very few topics can have generated as 
much debate in the audio field as the 
question of the input overload margins 
practicable with any given circuit, a 
factor generally referred to as "head- 
room". Regrettably, much of this 
debate has been entirely misguided. 

The reason for this isthat all the signal 
sources applied to a preamplifier system 
have specific output limits. For 
example, in the case of a tape recorder, 
the recording level is generally chosen 
so that the peak output signal level is not 
more than 3dB greater than the normal 
span of the recording range. At +6dB, 
the THD would probably have in- 
creased, in the case of a cassette rec- 
order, from the typical 0.5% to some 
3-5% and at + l2dB (-1 x) magnetic satu- 
ration of the tape would probably clip 
the output signal anyway. 

Similar considerations exist for both 
FM tuners and CD players, where a 
+6dB overshoot beyond the normal 
maximum output is probably as large as 
can be anticipated, bearing in mind the 
rigid constraints which apply, either in 
maximum frequency deviation or 
because of the digital encoding of the 
signal. 

In the case of the output from a typical 
magnetic pickup cartridge, the limits on 
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Fig. 2. Typical distortion figures for 
crystal and ceramic cartridges 

output voltage are just as real, though 
less obvious. In effect, the practicable 
output voltage from such a cartridge 
depends on the extent to which it is 
mechanically possible either to cut a 
steeply undulating groove on the record 
surface or for the pick-up stylus to fol- 
low it. 

This subject was examined in an in- 
formative article by Walton5 and the 
maximum recorded levels which were 
feasible for a vinyl record at various 
groove diameters are shown in Fig. 3. 

Below about 1kHz, maintaining a 
constant recording velocity would 
require the amplitude of the groove 
modulation to increase; even if the 
groove spacing is adjusted somewhat to 
allow for anticipated modulation levels, 
there is a physical limit to this per- 
missible groove excursion. Above about 
2kHz, the shape of the rear faces of the 
triangular -section cutter head means 
that, as the frequency of the modulation 
is increased, the cutter tool itself im- 
poses a limit, for any groove diameter, 
on the closeness between succeeding 
groove deviations. 

Under optimum conditions, Walton 
considered that, at a 7.5in groove dia- 
meter, a groove modulation velocity 
equivalent to 30dB above 1cm/s at 2kHz 
was the maximum which could be cut. 

The Shure Corporation, which made 
a speciality of the design of pick-up 
cartridges with very high tracking abil- 
ity, claimed of its best models that they 
were capable of tracking a groove 
modulation equivalent to +40dB ref. 
1cm/s, decreasing with increasing rec- 
orded frequency. Shure obviously con- 
sidered that, on its stereo test records, 

104 20k 

Fig. I. Uncorrected 
frequency response of 
displacement -sensitive 
piezoelectric pickup 
cartridge 

the +25dB at 10kHz velocities asso- 
ciated with the "musical bells" track 
would present formidable tracking pro- 
blems to most of its competitors. 

Therefore, if a recorded velocity of 
Semis is taken as the normal maximum 
mid -band signal amplitude, the limita- 
tions of the recording process ensure 
that the maximum velocity the pickup 
encounters on a heavily modulated part 
of the recording does not exceed 30cm/s -a 6x overshoot in output signal level. 
This practical limitation 'on the pickup 
cartridge output voltage was also de- 
tailed by Wolfenden6 using figures from 
Shure, and by Kelly7, who confirmed 
this magnitude of feasible overload mar- 
gin. 

However, with the same kind of logic 
which persuades ordinarily sensible 
motorists that a 150MPH car is a much 
better proposition - under conditions 
where the legal speed limit is 70MPH - 
than one which will only do 100MPH, 
many circuit designers seem to think it 
necessary to provide RIAA-stage volt- 
age overload margins in the range 20- 
30x or greater. By praising such achieve - 
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ments, reviewers perpetuate the belief 
that this style of design is both good and 
necessary. 

In reality, the highest output voltage 
peaks are likely to be associated with 
blemishes on the record surface and, 
while it is obviously desirable that such 
sudden voltage excursions do not pro- 
duce any prolonged paralysis of the 
amplifier, brief -duration overload 
clipping might make the equipment 
more comfortable to listen to. 

Since a typical IC op -amp gain stage, 
when fed from a ±15V supply, is cap- 
able of a 9.5V RMS undistorted output - 
voltage swing, it should be capable of 
handling the output from any disc whose 
normal maximum output level is less 
than 1.5V RMS without clipping. 

There are several practical solutions 
to the problem of ensuring that the out- 
put voltage characteristics of the signal 
source (a low -output moving -coil car- 
tridge might generate 50µV/cm/s, a 
high -output variable -reluctance design 
offering 3mV for the same modulation 
depth) are suitably matched to the amp- 
lifier. 

Of these, the most elegant is to offer a 
choice between separate low -sensitivity 
and high -sensitivity pickup inputs; this 
approach is almost universally used in 
the better preamplifiers. Alternatively, 
a preset gain control can be included at 
an appropriate point in the circuit chain; 
a typical arrangement, shown in outline 
form in Fig. 4, was adopted in the RIAA 
stage of a design of my owns. 

An alternative approach is to place 

Fig. 3. Maximum 
recorded levels on vinyl 
discs at three groove 
diameters (after Walton) 20 
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Fug. 5. Forward -placed gain control (a), 
which needs low -noise succeeding stages. 
Thai at (b) reduces noise with signal 

Fig. 6. Typical passive lone control. Note 
asymmetrical component values. 
Non-linear potentiometers were used 

Fig. 7. Baxandall feedback lone control, 
with symmetrical component values and 
linear potentiometers, is at (a). Switched 
components allow choice of turnover 
frequencies, as at (h) 

the gain control as tar forward in the 
preamplifier layout as is practicable. 
usually between the output of the RIAA 
stage and the input to the filter and 
tone -control stages, as shown schema- 
tically in Fig. 5(a). I adopted this layout 
for my 75W integrated amplifier design) 
and I note that it is employed by Quad in 
all its current designs. 

While this choice of gain -control posi- 
tion offers a complete solution to the 
problems of inadvertent input overload. 
it carries the penalty that any noise intro- 
duced by the various preamplifier stages 
will be present all the time. even when 
the input gain control is set to minimum, 
so great care must be exercised in the 
design of all the preamplifier stages to 
keep the noise levels as low as possible. 

In view of this, the more common 
commercial approach is to place the 
gain control between the end of the 
preamplifier chain and the input to the 
power amplifier, as shown in Fig. 5(h); 
for this layout to be satisfactory. the 
gains of the preceding preamplifier sta- 
ges must be chosen with care. haying 
regard to the likely signal levels which 
may be applied to them. 

Tone controls 
In nearly all early preamplifier designs. 
some form of "tone control" was 
employed. and the quality of the design 
was often judged on the extent of the 
facilities it provided for adjusting fre- 
quency response. 

These tone control systems generally 
consisted of separate "lift" and "cute IntlowZl 

applied to the bass (below about 5(1(11 Ii) --II-- 
and treble (above. say 1k Hi) to allow 1y, 

for deficiencies in loudspeaker perfor- 
mance. programme material or listening 
environment. They were implemented 
either by passive RC networks of the 
kind shown in Fig. 6, or by a version of 
the celebrated feedback tone -control 
circuit due to I axandalliu. shown in a 

typical contemporary form in Fig. 7(a). 
Among the advantages of the feed - 
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hack layout is that it alloys the use of an 
almost completely symmetrical circuit. 
based on linear -law controls; to achieve 
the saute frequency response adjust- 
ments. component values in the passive 
circuit must he somewhat lopsided and 
will not give flat response settings at the 
mid -point position unless non-linear 
potentiometers are used. 

Also, the feedback system allows the 
stage to he operated afways at the mini- 
mum gain level necessary to achieve the 
required frequency response. whereas 
the gain stage preceding or following a 

passive RC tone control network will be 
operated at full gain all the time, 
possibly eroding the available hea- 
droom margins. 

Figure 8 shows the frequency res- 
ponse adjustments which these tone 
control circuit layouts provide. Clearly, 
adjustments of such a simple nature 
cannot remedy all likely shortcomings in 
the frequency response of the whole 
audio system and this has prompted 
designers to otter more elaborate con- 
trols. 

Graphic and parametric 
equalisation 

More comprehensive facilities can be 
provided either by means of a simple 
snitched adjustment to the values of the 
tone -control capacitors. as in the 
preamplifier layout of my 75W design9, 
shown in Fig.7h. or by an arrangement 
in which the gain in each part of the 
audio band is made separately adjust- 
able. 

Most commonly, the pass -band is 
divided into individually controllable. 
octave -wide frequency segments. the 
layout being usually called a graphic 
equaliser. Figure 9 shows a typical cir- 
cuit for this type of tone control due to 
Williamson' I. which provides the type 
of frequency response shown in Fig. M. 
As well as the separate. add-on graphic 
equaliser units now available. Hitachi 
offers a simplified graphic equalisation 
system on most of their current preamp- 
lifier designs. 

A philosophical objection to the gra- 
phic equaliser is that, since the frequen- 
cy response is built up from a series of 
humps and troughs, the only setting 
which will give a ripple -free frequency 
response is that in which all the controls 
are set to mid -position -a considera- 
tion which may affront the purist. 

Perhaps because of this. the so-called 
parametric equalisation circuit was 
evolved. This is similar in its circuit 
structure to the graphic equalisation 
system, except that only one peak or 
trough is generated and both the ampli- 
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Fig. 8. Performance of passive circuit of Fig. 6. (top) and the adjustment provided by 
feedback tone control circuit of Fig. 7. 
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tude and frequency of its point of opera- 
tion can be altered to allow a specific 
adjustment at a single point in the audio 
hand. 

Other tone -control systems 
As an approach which would offer local 
frequency correction. but without a 

large degree of frequency ripple. I sug- 
gested a system based on a switch - 
selectable group of RC elementsi2. The 
possible frequency response curves are 
shown in Fig. II and give rise to the 
name ''Clapham Junction" tone con- 
trol. 

Better programme sources and 
greatly improved input and output 
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Fig. 9. Reg Williamson's nine -octave 
graphic equaliser of 1973 
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Fig. 10. Response given be graphic 
equaliser shown in Fig. 9. 
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transducer systems have reduced the 
problem of poor flatness frequency res- 
ponse and there is a growing tendency 
among the purist manufacturers to offer 
systems without any frequency response 
modification facilities whatever. This 
also reduces the cost of the equipment. 

A sensible reaction to the improved 
standards of programme material and 
transducer performance was the pro- 
posal that only a simple adjustment of 
the slope of the frequency response cur- 
ve from bass to treble was normally 
needed to correct for an over -bright or 
bass -heavy performance. Bingham'3 
published a circuit for a tilt control using 
the circuit shown in Fig. 12, which gives 
the kind of frequency response adjust- 
ment shown in Fig. 13. 

This type of control is used by Quad in 
current preamplifier designs. using the 
circuit layout shown in Fig. 14, which 
gives the effect shown. 

Filters 
The original reason for the use of bass 
and treble steep -cut filters was the de- 
sire to obtain the best possible repro- 
duction from 7SRPM shellac discs pres- 
sed from material loaded with emery 
powder. which causes a continuous 
background hiss during replay. While 
this could he ignored, most good -quality 
preamplifiers offered some form of 
switched -frequency. steep -slope. HF 
low-pass filtering to reduce it. There 
was also usually a steep -cut, 10-50Hz 
high-pass filter to reduce the rumble 
caused by poor turntable bearings in the 
equipment used for the cutting and 
replay of the discs. 

For treble filter systems, there is a 

choice of active or passive circuit 
layouts; for attenuation rates of 12dB/ 
octave or greater, passive LC networks 
of the type shown in Fig. 15 are normally 
used. However, the inductors needed 
for rumble filters would he inconve- 
niently large and prone to mains hum 
pick-up, so active arrangements are pre- 
ferred. 

Sometimes the rumble filter function 
would he incorporated within the RIAA 
equalisation network, as in earlier cir- 
cuits by the author3, Dinsdalel4and Bai- 
ley15. whose circuit layout is shown in 
Fig. 16, but such filter stages are now 
commonly arranged as separate, can- 
cellable, control blocks using one or 
other of the layouts shown in Fig. 17. 

There is a necessary compromise in 
the choice of filter slope adopted, in that 
too low a slope is likely to be ineffective, 
whereas high attenuation rates will 
cause some degree of audible colora- 
tion, which can he particularly notice - 
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Fig. 11. Author's RC tone control, called the "Clapham Junction" circuit, for 
obvious reasons 
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Fig. 13. Adjustments of Bingham's slope 
control circuit in Fig. 12 
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able in the treble. Current practice is to 
retain some optional rumble filtering. 
since any coloration in the bass is likely 
to he lost among the room and loud- 
speaker cabinet resonances, which are 
prominent in this part of the spectrum. 

n 
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Fig. 15. High-pass and low-pass filters 
for hum and rumble rejection at 
12dB/octave 
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In the next part of this article I will 
look at IC's and other gain blocks. input 
switching systems. ]tLICO image -width 
controls and powersupplies. 
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APPLICATIONS 

Compander 
for radio mies 

Wire -less audio systems are finding 
increasing use in live performances, as 
well as in communications equipment 
where mobility is required. Designing 
such systems presents a difficult chal- 
lenge; in particular, how to maintain 
adequate audio performance in view of 
power supply and current consumption 
limitations. 

To reduce transmission noise, the 
audio signal is usually compressed at the 
transmitter and expanded at the re- 
ceiver by using a telecommunications 
industry -standard compander IC, which 
has barely adequate audio performance 
by professional standards. This article 
describes a companding system utilising 
the SSM-2120 dynamic range processor, 

which offers improvements over the 
other techniques in terms of noise, dis- 
tortion and feedthrough. 

Transmitters are battery powered, 
and hence impose severe constraints on 
supply voltages and current consump- 
tion; receivers are often AC powered, 
so bipolar supplies are more easily 
accommodated. Since the SSM-2120 
requires split supplies, a voltage doubler 
circuit is necessary for the transmitter, 
though in some cases this may not be 
feasible. In this event, however, the 
SMM-2120 is still useful in the receiver 
expander circuit to complement any 
compressed signal, and improve overall 
system performance. 
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Compressor and limiter circuits 

The design described is intended for 
±9V DC battery power and includes a 
third -order high-pass filter for the elimi- 
nation of subsonic noise and low - 
frequency pops that would cause corn - 
pander overload or mis -tracking. 

Figure 1 shows the connection of the 
SSM-2120 (U3) VCA,, rectifier, and 
control amplifier as a compressor, the 
VCA being connected in the feedback 
loop of the preamplifier U, to control 
the gain. The compressor is designed for 
a 2:1 compression characteristic; if the 
input rises by 6dB, the output level will 
only increase by 3dB. The gain com- 
pression can therefore be expressed as: 

=R..R, 
R, R,. 

as long as the rectifier input currents are 
limited by RS and R6, and the rectifier 
has a --10µA reference current. 

The SSM-2120 rectifier and VCA 
have a dynamic range in excess of 
100dB, resulting in exceptional tracking 
of the expander /compressor in the corn - 
pander system. 

Small -signal averaging time for a 
10µF integration capacitor is 25ms, 
while the attack time to within 3dB of 
the final value is also about 26ms and is 
almost independent of signal level 
increases for level changes in excess of 
+10dB. Decay rate is 3ms/dB. The 
high-pass filter keeps frequencies below 
90Hz from the input of the rectifier, 
reducing the low-freqency distortion 
caused by the VCA control circuit. 

DC and high -frequency feedback are 
provided for UI without sacrificing 
bandwidth or stability. Output current 
from the signal -inverting VCA is 

summed, along with the microphone 
signal current, at the virtual -ground 
non -inverting input of preamplifier 
SSM-2134, U. The 10k11 resistor at the 
input of the VCA limits the input cur- 
rent, while the 2200pF, 4711 network 
provides frequency compensation for 
the VCA, keeping it stable. Gain is 
adjusted for OdBu with -50dBu applied 
to the microphone input terminals. 

Fig. 1. Compressor -limiter circuit for 
transmitter. High -quality passive 
components are recommended. 
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APPLICATIONS 

Compressor/limiter 
Input voltage range (OdBu out) 

-65dBu to -40dBu 
26ms 

3ms/dB 
2:1 

13ms 
1.5ms/dB 

4.6:1 

Attack time 
Recovery 
Gain reduction 
Limiter attack time 
Limiter recovery 
Limiter gain reduction 
Frequency response (90Hz-20kHz) 

±0.5dB 
S:n ratio atOdB 100dB 
THD+noise 0.05% 

Expander 
Input voltage range 
Attack time 
Recovery 
Gain ratio 

-10dBu 
26ms 

3ms/dB 
1:2 

Frequency response (20Hz to 20kHz) 
±1 dB 

S:n ratio 100dB 
THD+noise 0.2% 

Performance of compander using Precision 
Monolithics SSM-2120 dynamic range pro- 
cessor 

Precision Monolithics is at 90 Park Street, 
Camberley, Surrey GU15 3NY. Telephone: 
0276 692392. 

The 1011kí2 resistor from Va. to pin 10 
of U3 establishes the operating current 
for the VCA. To keep power supply 
current to a minimum, all pins of the 
unused VCA should be returned to 
ground. Feedthrough trim is optional 
and can be used to minimise the VCA 
control voltage feeding through to the 
output. 

Protection limiter 
This uses the second rectifier and con- 
trol amplifier for separate and indepen- 
dent attack and decay times, along with 
a steeper gain -reduction slope. A thres- 
hold control sets the predetermined 
gain -limiting point for high input -signal 
levels. Gain reduction ratio is 4.6:1 and 
typically the onset of gain limiting 
should be set to + lOdBu at the output. 

As in the compressor control circuit. 
the rectifier input current is limited by 
R6 and the rectifier also referred to 
101.,,A. Lower precision capacitors and 
resistors can be used in this case and, as 
with the compressor, the attack time is 
much faster than the decay. 

The VCA/preamplifier was designed 
as a system: the VCA was put in the 
signal feedback loop of the preamplifier 
principally to prevent preamplifier 
overload, while keeping the overall 
noise low, and minimising component 
count. 

Power consumption 
The application circuit requires two 
power supply voltages, ±9VDC; power 
consumption of the circuit shown in Fig. 

1 is less than l5mA from each supply. 
The design described will operate pro- 
perly with good dynamic range as the 
battery voltage begins to fall below the 
nominal 9VDC. It is assumed that two 
9V batteries would be used. but for the 
smaller hand-held wireless micro- 
phones, a single 9V battery would he 
sufficient. Figure 2 depicts a DC -to -DC 
converter that will supply the -9VDC. 

The converter circuit incorporates an 
astable oscillator running at 25kHz, 
which is followed by a capacitor - 
coupled level shifter and rectifier with a 
filter. An SE/NE555 timer is used in the 
"output sink" mode for maximum effi- 
ciency and longest battery life. 

Receiver expander circuits 
Figure 3 shows the control connection of 
the SSM-2120 (U3) VCA. rectifier and 
control amplifier. The control circuit 
connection to the VCA produces a 1:2 
gain expansion curve: if the input rises 
by 3dB, the output level will rise 6dB. 
Gain expansion ratio is: 

=R2.R, 
R,.R3 

The rectifier input current is again 
limited by a 10k9 resistor connected to 
pin 9 of U3. and the rectifier is biased at 
101.LA current though a 1.5Mí2 resistor 
connected to VEE. The SSM-2120 recti- 
fier and VCA each have a 100dB dyna- 
mic range, resulting in accurate tracking 
of the compressor. 

Small -signal averaging time, attack 
time and decay rate are identical to 
those of the compressor/limiter circuit. 

Control -circuit gain values provide a 
control voltage to the VCA section +Vc 

Fig. 3. Expander circuit for receiver 
processor. 
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Fig. 2. DC -to -DC converter for ±9V DC 
at15mA 

control port (U3, pin 5), which results in 
a 1:2 signal expansion characteristic. 
The level control sets the initial overall 
gain value and is adjustable from 
-10dB to +20dB. 

Audio signal source 
Input amplifier U, acts as a buffer be- 
tween the input signal source (FM rec- 
eiver), the expander rectifier/control 
circuit, and the VCA audio signal input. 
If the signal -source output impedance is 
below 10011, U, can he omitted. 

The nominal source signal level 
should be - lOdBu; if signal gain or loss 
is required. U, gain structure should be 
modified to provide -10dBu to the 
VCA input -current limiting resistor. 
The 37.4k11 resistor ahead of the VCA 
input limits peak signal currents to avoid 
VCA distortion. 

A 150kí1 resistor to Vcr sets the VCA 
input'output current compliance range 
and a VCA input shunting capacitor 
minimises signal distortion and keeps 
the VCA stable by providing a high - 
frequency path to ground, the exact 
value being determined empirically. 
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BROADCASTING 

Much effort and a significant amount of 
both private and public (European 
Community) money continues to be 

devoted to the development of the com- 
patible HD -MAC 1250/50/16:9 HDTV 
system capable of being transmitted to 
the home over a standard 12GHz DBS 
channel. As made clear in the recent 
ICC colloquium Image processing for 
HDTV, good progress is being made 
with the help of some extremely soph- 
isticated electronics. But there remains 
the long-term problem for both HD - 
MAC and the Japanese Hi -Vision 1125/ 
60/16:9 systems that nobody is prepared 
to guess if or when there will he a 

consumer -budget display device cap- 
able of doing real justice to the resolu- 
tion possible with HDTV - or indeed 
what would be the gamma of such dis- 
plays if based on solid-state technology. 
Then. again, a year or two hack it was 
suggested that it would be essential to 
produce HDTV sets that could be sold 
for about £1,500, a difficult target in- 
deed. 

So at present HDTV broadcasting can 
hardly claim to be a market -led techno- 
logy. There are still those non -engineers 
would believe that IIDTV could turn 
out to he Concorde of television: a tech- 
nological triumph, a marketing blind - 
alley. The pictures produced by 625 -line 
PAL are still capable of considerable 
improvement and wide-screen 625 -line 
MAC pictures do not leave much to be 

desired for home viewing. HDTV pro- 
duction, however, offers considerable 
scope for generating very superior 
master tapes as the basis of broadcast, 
video or electronic cinematography 
programmes/cassettes. 

- 

rr' - 

t(N4, _-- - -. 
- - 

is there a 
consumer 
market? 

Despite the important BBC contribu- 
tion of DATV (digitally assisted televi- 
sion) that now forms an inherent part of 
the IID-MAC system, the BBC's £4 - 

million co -production of The Ginger 
Tree was electronically shot on 1125/60/ 
16:9 in Japan, Taiwan and the Isle of 
Man by drawing on the facilities of NI K 
and Sony Broadcast, with the tapes 
standard -converted in Tokyo for 625/60/ 
4:3 transmission in the UK. Producers 
are enthusiastic about IIDTV. 

BSB have promised that their film 
channel will transmit wide-screen (16:9) 
pictures. compatible with existing 4:3 
screens, from the start of service, encou- 
raged by research which shows that 
viewers prefer wide screens and would 
he prepared to pay a premium for wide- 
screen sets. 

One of the first attempts to conduct 
research on the reaction to dynamic 
wide-screen pictures has been reported 
by Karen Pitts and Norm I of the 
David Sarnoff Research Center ("How 
much do people prefer wídescreen 
(16:9) to standard NTSC (4:3)?" IEEE 
Trans on Consumer Electronics, August 
1989, pp 160-169). With 180 non -export 
viewers, the researchers found a strong, 
consistent preference for 16:9 pictures, 

=- ̀ - =-1 
- 

Off -screen shot from a 

compatible HDTV system: 
GE, NBC and RCA 
invented a 6MHz NTSC 
compatible standard 
(ACTV). Full bandwidth, 
16:9 signals occupy 
12.4MHz of luminance 
bandwidth while standard 
NTSC sets can decode and 
display the centre section of 
the image without 
modification. 

even when this meant some reduction in 

the height of the display. 
The only variable to influence this 

preference was the comparative size of 
the images. But even with equal width 
pictures (i.e. with the height of the wide- 
screen pictures only 75% that of the 4:3 
pictures) there was still a 72:28 prefe- 
rence for wide-screen. (A number of 
European broadcasters broadcast films 
in wide-screen format, leaving the top 
and bottom of the screen blacked out. 
though this is seldom done in the UK 
except for the opening titles.) 

With a moderate decrease ín the 
height of the wide-screen picture (equal 
diagonals) there was still a preference 
for wide-screen images 9(1% of the time. 
None of the other variables - size of 4:3 
set. viewing distance, male -female. seat 

location - had any significance, al- 
though there were some variations with 
picture content. 

Based on a 4:3 set price of $400, 
viewers indicated that they would be 

prepared to pay an extra $80 for equal - 
width 16:9: $90 for equal diagonals. 
$100 for equal area, and $140 for equal 
height pictures. For equal height pic- 
tures the widescreen premium thus 
amounts to 35%. 

For the purpose of this research, pic- 
tures were presented side -by -side on 
Mitsubishi 35in direct -view monitors 
with suitable masking to represent 
either 26in or 20in 4:3 screens. 

In Japan, the emphasis seems to be 

shifting away from the non -compatible 
1125/60 component standard, except as 

a studio production standard, towards 
NTSC-compatihle transmission systems 
based on a growing family of MUSE 
image - processing / bandwidth- 
compresssion techniques. As well as the 
full Hi -Vision IIDTV, there is now 
"Clear Vision" based on 1125/6(1 ma- 
terial, transmitted in an NTSC- 
compatible format. hut which permits 
the receiver to display each field twice 
and which includes a reference pulse 
which permits the receiver to eliminate 
by correction multipath "ghost" signals. 
Clear Vision receivers sell for about 
one-third of the price of Hi Vision, al- 
though even so are at a significant pre- 
mium to current NTSC sets (by a factor 
of about three). 
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BROADCASTING 

Taming the digital waves 

Among the projects that the I3BC De- 
sign & Equipment Department hopes to 
sell to industry is a digital audio link 
suitable for either a single stereo pair or 
for the six -channel (three stereo pairs) 
Nicam-3 distribution system in use for 
several years on BBC Radio. An inter- 
esting feature of the new link system, 
which is now in use as a low -power UHF 
link between Stockland Hill. Devon and 
the Channel Islands, is the use of tamed 
frequency modulation (TFM). This is a 

form of fast frequency -shift keying in 
which the abrupt phase changes are 
smoothed out, resulting in high spectral 
density and hence an outstanding 
degree of spectrum utilization. 

TFN1 was originally proposed by Phi- 
lips engineers in 1978, primarily for 
digital mobile -radio communications. 
They showed that digitally -controlled 
delta modulation (DCDM) speech at 
lftkbit/s can be transmitted using TFM 
in 25kIlz radio channels, with the power 
radiated in the adjacent channel some 
85dB lower than that in the allotted 
channel, substantially lower than for 
other constant envelope modulation 
techniques. With synchronous detec- 
tion. there is a penalty of only 1dB in 
error performance compared with stan- 
dard QPSK digital modulation. 

Details of TFM as presented by Frank 
de Jager and Cornelis Dekker (/EEE 
Trans COM-2ñ. May 1978) and by D. 
Muilwijk (/'/Blips Telecommunications 
Review. March 1979) indicated that the 
power density per hit rate at the edge of 
the adjacent channel can be -67dB 
compared with -42dB for filtered 
QPSK, which has the disadvantage also 
of requiring linear amplification, 
-22d13 for phase -shaped (Nyquist 
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Block diagram of a 902MHz cordless telephone handset using TFM, :Llodulation 
system details are shown al the bottom of page. 

pulse) QPSK and - I4dB for minimum - 
shift -keying. Conventional I ñkhit/s 
QPSK signals would have excessive 
bandwidth for use in 25kHzchannels. In 
effect. TFM can meet the 711dB out -of - 
band selectivity values applied to 
analogue FM transmission. 

The basic principle of TFM is to 
achieve proper control of the frequency 
oscillator. such that the phase of the 
modulated signal becomes a smooth 
function of time with correlative prop- 
erties. The BBC modem operates at 
data rates of (i7(tkbit/s (Nicam stereo 
channel) or 2048khit/s (Nicam-3 six - 
channel distribution system for three 
stereo pairs) on a range of carrier fre- 
quencies between 7.5 and 70M z and 
can be multiplexed with video links. In 
one current use. a BBC 013 contribu- 
tion link from Crystal Palace to Broad- 
casting I louse London uses a coaxial 
cable which also carries base -band video 
and carrier -video. An "over -video" 
system is being developed for the tele - 

Block diagram of the the BBC's Tamed Frequency Modulation 
system used to distribute digital data over FM transmission links. 
It aims to smooth out the phase changes thus distributing the 
energy evenly over the available passband. Digital voice data at 
16kbit/s occupies a standard 25kHz channel with adjacent 
products 85dB below. Drawing (a) shows the basic layout while 
(b) is the expanded form. (Philips 1978). 

sin (c4 t) 

cuto in 

a(t) 

(al 

E 

cos ( 

( 

ces (coc r) 

TFM signal cut 

sin [c}t + 91(t)1 

vision service. 
The advantages of TFN1 for digital 

communications were also explored in a 

paper by Dr P.D. White and a team of 
UK Philips Research Laboratories. 
(/EE /'roc, Vol 132. Pt F. No 5. August 
1985): 90ON1Hz digital cordless tele- 
phones. This used TFM for short-range 
cordless telephones; with the speech 
coded as 32kbit/s continuously variable 
slope delta modulation or adaptive dif- 
ferential PCM with a final data rate of 
72khit/s for time -division duplex modu- 
lation. This could he conveniently trans- 
mitted with a 100k Hz channel spacing, 
with a spectral efficiency rather better 
than that of comparable analogue 
systems. 

As a digital modulation technique, 
TFM appears to provide good spectral 
efficiency for a surprisingly small penal- 
ty in performance, though like all digital 
signalling systems is vulnerable to multi - 
path propagation. 

Broadcasting is by Pat Hawker 
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720K 3.5" DISK DRIVE AT £29.95 + VAT 
IBM COMPATIBLE PARTS ETC. 

720 K 3.5 INCH DISK DRIVE! AMAZING NEW LOW 
PRICE TO CLEAR WAREHOUSE! 
Japanese made, modern, low component, cast 
chassis drive. Surface mount design with industry 
standard interface. Removed from almost new 

'-systems, these are top quality drives in excellent 
condition. Boxed and with full six month guarantee. 
80 track double -sided 1 megabyte unformatted; 
£29.95 (carr. £31; £27 tenor more. Power and data connectors to suit £0.99p. Special easy -fit 
kit available for Amstrad 1512/1640, IBM XT and AT, including adaptor board and cradle for 
5.25 inch slot, £8.49. Box of fen 3.5" discs £9.95 (carr £1). NB Drives work with virtually all 
computers including Amstrads, IBM XT and AT compatibles BBC's etc. not Ataris and 
Amigas. Also, New Nec FD1036 720K 3.5 inch third height £32.50 lcarr £3) TRADE 
DISCOUNTS for 10, 20 etc. 

5.25INCH DISK DRIVE 
Standards, high quality IBM 360K half -height chassis drive, ® p NEW £29.95 (carr. 0.501. 
HARD DISK DRIVES HARDCARDS ETC 

NEW IN 20 MByte Miniscribe 8225 'state of the art' hard drive with embedded 
controller and all cabling to connect straight to 16 bit AT slot £159 )carr. £5). Ex - 
demonstration drivices: 10 meg £59; 20 meg, £ 109 -full height £89; 40 meg, £199; 53 meg, 
£249; 89 meg, £299; 178 meg, £3990 all reputable makes- stock hanging all the time. HOD 
cables £5.00. 60 megabyte tape back-up unit £199. 

HARD DISK DRIVE CONTROLLER CARDS 
Western Digital XT Controller cards (RRL) £37.50, AT Controller cards (RRL) £39.00 WD 1006 
1:1 interleave AT controllers (MFM) £59.000. Stock always changing. 
IBM COMPATIBLE XT MOTHERBOARDS, CARDS AND KEYBOARDS. 
10 MHz. 8088 turbo processor, 8 expansion slots, legal bios, 8087 socket £64.95 (carr. £4) 
640K RAM for above £49.95 )carr. free) 
Multi I/O board for XT systems including parallel port, serial port, real time clock, floppy 
disc controller and game port. £34.50 (carr. £2.501101 key IBM compatible keyboard AT or 
XT £29.95 (carr. £3.501. 

MONITORS 
12" Amber Hercules Monitors. 12 volt supply voltage (PSU needed) £34.50 (carr £51 

IBM COMPATIBLE AT SYSTEM RUNNING AT 16MHz - ONLY £525 
Top performance computer system -very latest high quality manufature: Landmary speed 
of 16MHz. using 80286-12 cpu, 1 megabyte RAM, 1.2 megabyte 5.25 inch floppy disk drive, 
mono Hercules card, 101 keyboard, 200 Watt power supply, floppy and hard disk drive 
controller, parallel and serial ports, neat flip -top case taking up to three 5.25 inch drives and 
eight expansion slots; 525 )carr. £151 Stocks limited. 

VISA 
Visa & Access 
phone service QCtfY105 

VGA CARD 
Orchid designer full 16 -bit VGA card, 256K RAM, upgradable for 1024 by 768, complete with 
software to run will all major packages 129.95 (carr. £2.501. 

DAISYWHEEL PRINTERS 
Olivetti DY200. 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 Ditch, proportional spacing. Full IBM and Diablo emulations. 
£89.50 )carr. £6.50) Carbon ribbons £2.79 each (carr. 75p). £2.39 each 10 or more (carr. £2.50). 
Data Products DWO 55cps daisy printers -ex -demonstration condition, £95 )carr. £14). 

!!!BARGAIN OF THE MONTH!!! - LASER PRINTER SPECIAL OFFER 
Data Products LDP12 -12 page/minute, HP Laserjet + compatatible. Soundly made, fast 
printer in nearly new condition. Sold fully working but without warranty. No problem with 
availability of service and maintenance. Unrepeatable value- ONLY £599 (carr. £251- hurry 
while stocks last! 

HITACHI CAD COLOUR MONITORS 
CM1686A 16" ultra high resolution in two CAD frequencies: 48 KHz. £325; 64 KHz. £395 )carr. 
£251. CM 1588 15 inch ultra high resolution 48 KHz. £279 )carr. £251. 

HIGH RESOLUTION LATEST DESIGN VGA STANDARD COLOUR MONITOR 
High quality Toshiba VGA standard 14" monitors, 0.28 dot pitch, attractive modern Euro- 
style case, f239 (carr £12.50) 

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, BT approved £24.95 (carr. £2.50). 

POWER SUPPLIES 
Farnell N180 cased 180 Watt PSU -5V at 20A, -12V at 2A, -12V at 2A, +24V at 5A and -5v at 
1 A. Very high quality British unit. £26.95 (carr. £3) 
ASTEC AC9231 cased 50 Watt PSU t5V at 6A, +12V at 2.5A, 5V at 0.5A (float) and 12V at 0.5A 
£12.95 (carr f31. 

TAIL -ENDER- few only EGA CARDS £29. 

THEATRE LIGHTING CONTROL (second hand) 
Rank Strand Compact 120 desk -well known semi -portable memory system to control 120 
channels, in excellent condition, with manual £599 
Rank strand 17 x 20 amp dimmer racks in cabinets, £450 each or £ 1275 for 3. 
Rank Strand Duet 60 channel memory desk, £799. Permus 20 by 10 Amp dimmer racks £499. 

SOUND EQUIPMENT all second-hand - please ring for current stock and prices. 

N.B. 
VAT and carriage must be added to all items. 
Everything new unless stated otherwise. 
Access and Visa telephone service. 

Matmos Ltd., Unit 11, The Enterprise Park, Lewes Road, Lindfield, 
West Sussex RH162LX. 
Please note new telephone numbers: 0444 482091 and 0444 483830 Fax: 0444 484258 
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CLASSIFIED 
081-661 8640 

CLASSIFIED DISPLAY: £29 per single column centimetre (min 3cm). 
LINE ADVERTISEMENTS (run on): £6.00 per line, minimum £48 (pre payable). 

(Please add on 15% V.A.T. for prepaid advertisements). 
BOX NUMBERS: £15.00 extra. (Replies should be addressed to the box number in the advertisement, c/o Quadrant House, The Quadrant, 

Sutton, Surrey SM2 5AS). 
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING GROUP LTD and crossed. 

ARTICLES FOR SALE 

Cooke International 
H.P. 8690B Sweeper Oscillator Main Frame 400kHZ-40GHz 
dependent on plug In 
Plug Ins available for above 8691 B 1 to 2 GHzJ8692B 
2-4GHzJ8693B 4-GHz 
H.P.616B UMF Signal Generator 1.8-4.2 GHz 
H.P.628A SHF Signal Generator 15-21 GHz 
Solartron Model A200 DV M 4thdlgit-1 kv -DC only 
Solartron Model A205 DV M 4 thdlglt, AC, DC, & ohms 
Solartron Model1172 Low Frequency Response Analysers 

MUCH MORE AVAILABLE OR TELL US WHAT YOU ARE LOOKING FOR. 
VAT AND CARRIAGE EXTRA 

PLEASE APPLY FOR FURTHER DETAILS S. STOCK LISTS 
SURPLUS STOCKS ALWAYS WANTED 

Confect: Cooke International, Unit Four, Fordingbrloye Site, 
Main Road, Burnham, Bognor Regla, West Sussex P022 OEB 

Tel: 0243 545111/2, Fax: 0243 542457 

£300.00 

eachf200.00 
£250.00 
£250.00 
f160.00 
£220.00 
C550.00 

PCB DESIGN 
Also schematic & 

metalwork drawings, 
production 

engineering. A 
complete 

C. A. D. -backed 
service from concept 

to product or any stage 
in between. Specialists 

in digital control 
systems, lighting and 

audio system. 
For a competitive 

quote 
phone 0626 

772353. 

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. ILcSISTORS, C/F, M/F, W/W, etc. CAPACITORS, 

SILVER MICA. POLYSTYRENE. C280 C296. DISC CERAMICS, PLATE CERAMICS, etc. 
ELECTROLYTIC CONDENSERS, SPEAKERS. CONNECTING WIRE, CABLES, SCREENED 
WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc. ALL AT KNOCKOUT PRICES 

- Come and pay us a visit ALADDIN'S CAVE. 

TELEPHONE: 445 0749/445 2713 
R. HENSON LTD. 

21 Lodge Lane, North Finchley, London N12. 
15 minutes from Tally Ho Corner) 1613 

VALVES FOR AUDIO, INDUSTRY 
RECEIVING & TRANSMITTING 

RARE AND OBSOLETE TYPES A SPECIALITY! 
ONE MILLION VALVES IN STOCK 

SPECIAL PF.ICES FOR WHOLESALE CUANTITIES 
ORDERS FROM GVT DEPTS, PLC's, OVERSEAS ETC. WELCONE 

ALSO CRT. I.Cs, KLYSTRONS, MAGNETRONS, 
TRANSISTORS, USA VALVES. 

FAX/PHONE FOR IMMEDIATE QUOTE! 

BILLINGTON VALVES 
39 Highlands Road. -Horsham. Sussex RH13 5LS .UK) 

Callas by appointment only IvAin-Fri 9am-5 30pm 
Phone 0.103 210729 Fax 0403 40214 Telex 87271 lisa 8 Access accepted 

For multiple reprints of 
articles in this issue, 

please contact 
Mark Green on 
081-661-8672 

MICROPROCESSOR 
DEVELOPMENT 

EPROM Emulator £99 
Cross Assemblers £49 
Powerful Simulators £99 
EPROM Programmer £129 

SMART Commúnications 
Tel: 081-4413890 

GOL L EDGEI I 
fELECTRONICJ-= 

QUARTZ CRYSTALS OSCILLA- 
TORS AND FILTERS of all types. 
Large stocks of standard items. Spe- 
cials supplied to order. Personal and 
export orders welcomed - SAE for lists 
please. OEM support thru: design 
advice, prototype quantities, produc- 
tion schedules. Golledge Electronics, 
Merriott, Somerset TA I6 5NS. Tel: 
0460 73718. 124721 

ARTICLES WANTED 
STEWART OF READING 

110 WYKEHAM ROAD, 
READING RG6 1 PL. 

TEL: 0734 68041. 
FAX: 0734 351696 

TOP PRICES PAID FOR ALL 
TYPES OF SURPLUS TEST 
EQUIPMENT, COMPUTER 

EQUIPMENT, COMPONENTS 
etc. ANY QUANTITY. io3 

WANTED 
Test equipment, receivers, valves, 
transmitters, components, cable 

and electronic scrap and quantity. 
Prompt service and cash. 

N&BRADIO 
86 Blshopgate Street, 

Leeds LS1 4BB. 
Tel: 0532 435649 
Fax: 0532 426881 9956 

WANTED 
Microphone Marconi 

Round/Sykes. 
Magnetophone 

Call reverse charge 
010 46 302 31 009 

Mr Ericksson 

WANTED 
Recievers, Transmitters, Test 

Equipment, Components, Cable 
and Electronic, Scrap. Boxes, 

PCB's, Plugs and Sockets, 
Computers, Edge Connectors. 

TOP PRICES PAID FOR AU. TYPES OF 

ELECTRONICS EQUIPMENT 

A.R. Sinclair, Electronics, Stockholders, 
2 Normans lane, Robley Heath, Welwyn, Hefts 

AL69TO. Telephone: 0438812193. 
Mobile: 0860 214302. Fax: 0438 812 387 

780 

WANTED 
Test Equipment 

Wandel & Goltermann LD3 
& LD30 

Group delay & attenuation measuring set 

Hewlett Packard XV 
Recorders 7035 

Any Condition Considered 
Contact: Mr T. J. Robinson 

Tel: 01-492 5426 
Fax: 01-492 5339 

WANTED: VALVES TRANSIS-I 
TORS I.Cs (especially types KT66, 
KT88 PX4, PX25). Also plugs, sockets 
and complete factory clearance. If 
possible, send written list for offer by 
return. Bilhngton Valves, phone: 11403 
'210729. Fax: 0403 40214. See adjoining 
advert. 

To 
Advertise in 

this 
section 
please 
contact 

Paul Kitchen 
on 

081-661-3130 
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APPOINTMENTS 
Full page £2311 

081-6618640 
DISPLAY APPOINTMENTS 

£29 per single col. centimetre (min. 3cm). 
Yº page £1271 1/4 page £693 

Full colour £400 2nd colour £275 
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING GROUP LTD and crossed. 

Electronic Maintenance Engineer 
MAIDSTONE 

TVS has a vacancy for an Electronic Maintenance Engineer, based at 
Maidstone, to work on the full range of Studio, Central Area and Outside 
Broadcast equipment. 

Ideally applicants should have a formal qualification in Engineering and 

some experience of maintaining broadcasting equipment. Full manufacturers' 
training courses are provided where necessary. 

The successful candidate will be appointed on Engineer/Senior Engineer 
scale, according to ability and experience. 

Suitably experienced and qualified applicants should telephone Maidstone 
(0622) 684668 for an application form, quoting reference number 
374M90/EW, which should be returned no later than 5 July. 

TVS welcomes applications 
from all people regardless of 
sex, race or disability. TTVS 

,1 
C iwl l, 

IO x i O R D MAGNETIC 
RESONANCE IMAGING 

Riverside Health Authority 
Charing Cross Hospital 

(Fulham) 
Speech Therapy Department 

ELECTRONICS 
TECHNICIAN 

MTO3 
£12,821 -£14,730 pa inc 

The Communication Aids Centre in the 
Speech Therapy Department provides 
an assessment and advisory service 
for those patients who may benefit 
from modern technology in terms of 
facilitating improved communication 
after surgery or in the presence of 
illness. 

You will have sole responsibility for 
the maintenance and development of 
communication aids and related 
techology within the department . 

Competency in practical electronics 
and computering would be an advant- 
age. 

A BTEC/SCOTVEC, City and Guilds 
or other appropriate qualification is 
essential. 

For more information, applicant 
pack and informal discussions, please 
contact Mark Williams on 081-846 
1057 or Alison Perry on 081-8461761. 
(Ref. No.90/314). 

We have excellent leisure facilities, 
creche and subsidised canteen. 

Closing Date: 20 July 
1990 

"Riverside is working towards 
equal opportunities" 

OXFORD MAGNETIC RESONANCE IMAGING UNIT 

senior technician 
Salary -Up to £17,996 depending on experience. 

An MRI Unit is due for completion on the site of this large 
teaching hospital in the Summer of this year. It will house a 

1.5 Tesla IGE Signa Advantage, the first unit of this type to be 

installed in Europe. It is our aim to establish a clinical and 
technical centre of excellence in MRI. 

As this is the first of its type in Europe, this post offers an 

exciting opportunity for someone to gain specialised expertise 
in this new development. It is essential that applicants have a 

background in one or more of the following fields:- 

Micro -computer and network architecture 
Diagnostic Imaging systems 
80X86 -- Assembly Language programming 
Radio Frequency techniques 
Image Processing techniques 

We plan to operate the MRI initially on a 5 day week, 12 hours 
per day basis. Therefore the Senior Technician in conjunction 
with the Principal Technician will be expected to provide an 'out 
of hours' technical support service. Car driver essential. 

So, if you feel you would like to'be part of our enthusiastic MRI 
team, then please contact Dermot Dobson, our Principal Tech- 
nician, for an informal discussion on Oxford (0865) 742064. 

In addition to the above salary, you will also be eligible for other 
benefits such as an excellent pension scheme and where 

appropriate financial assistance as part of our relocation 
package. 

To obtain an application form and post details, please contact 
Mike Fleming, Director of Personnel, Level 3, 

John Radcliffe Hospital, Headington, Oxford OX3 9DU. 
Telephone Oxford (0865) 817520. 

Closing date -6 July 1990 

A,I,sts ,m0,essmn of the nes OMRI 
uhJ at the John RJdfldte tIosp,6,1 
,h o,lo.d 

OSÍOIdSI11IC' 
ii,tlth Authority 
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RADIO SYSTEMS ENGINEERS 
With an £800 million investment... 

...what's in it for you? 
Four leading international names investing in 

your expertise. A state-of-the-art environment in 
which to develop your skills. The opportunity to 
work at the leading edge of personal 
telecommunications technology - PCN. 
And substantial rewards In terms of career 
advancement and diversification. 

With the resources of STC, US West, Thorn EMI 
and Deutche Bundespost Telekom, you can take the 
technology for granted: to produce the world's most 
advanced telecommunications device requires the 
very best equipment and technology. And, of course, 
the very best expertise. 

To work successfully on a project of this scale and 
complexity, you will need significant experience in at 
least one of the following disciplines: 
system layout planning, site selection and 
evaluation, propagation, site design, regional 
network planning and forecasting, or standard 
methods and development. 

But you will also need to be able to take a 
systems,/global overview, not he restricted by your 
own, albeit highly important, speciality. And we are 
quite happy to talk to you even if you are 
net presently working for a major telecom n 

player since we have opportunities at a number of 
levels. 

You should hate at least a degree or HND., 
preferably a further professional qualification, and 
specific mobile communications experience. 

Finding creative solutions to challenging problems 
will, however, be only part of your work, so you 
should also he a highly able communicator, 
possessing excellent written and verbal skills. We will 
also expect your total dedication to a highly 
demanding and challenging career within a rapidly 
expanding organisation. 

But the rewards are there for the taking. We offer 
the attractive salary and benefits package you would 
associate with a company leading the revolution in 
personal communications. The purpose-built, ultra- 
modern offices with easy access to London and the 
countryside are thrown in for free. 

For more information or an application form, 
please call Tom O'Grady on 081 905 1001 or write 
enclosing full C.V. to him at Unite! Ltd., Elstree Tower, 

ElstreeWay, Borehamwood, HertsWD6 1DT. 
Please quote Reference number E W W6 . 

Phones for people - not places. 



APPOINTMENTS 

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 1 S 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 approTgby our 

field staff) are fora minimum of two years. 

It's a working experience. 

I'm interested. I have the following training/ 
experience: 

Name 

Telephone 

Address 

20p stamp appreciated. 

Postcode 
Ewwn/90 

Charity No. 313757. 

-a 

. 

14 i;/j. 

. : 
.;1 

4Id .xw < o. 

BOOTHROYD STUART 
Electronic Engineer, Programmer 

Boothroyd Stuart is growing rapidly and plans to expand the Research and 
Development department during the next few months. They arc seeking 
two engineers to work with Bob Stuart on the Meridian products. Applica- 
tionsarc invited for both a senior and an intermediate post. 

The successful applicants will have an interest and concern for audio and 
should have an understanding of the fundamentals of analogue and digital 
electronics and of microprocessors. We also seek in one of the applicants 
real experience of machine language microprocessor coding and some 
know ledge of DSP. 

Salary and benefits will he according to ability and experience. 
To apply please send a CV to Mrs Susan Stopps, Boothroyd Stuart Ltd., 

13 Clifton Road, Huntingdon l'El8 7EJ. 

Garibaldi-RF & Microwave 
We are the specialist agency for 'Radio Frequency' design or test 
Engineers working from 1MHz to light! We have hundreds of top 
positions throughout the UK, working on RF mobile comms (GSM, 
PCN, CT2), opto, satellite, mm -wave & microwave projects. 
Please contact our consultant Simon Luttrell MSc on 0494 773918 

160 Bellingdon Road, Chesham, Bucks. HP5 2HF. 

ELECTRONICS 
WORLD 
+ WIRELESS WORLD 

SUBSCRIPTION ORDER FORM 
Cut out and return to ELECTRONICS 
WORLD + WIRELESS WORLD, Subscription 
Manager, Reed Business Publishing 
Group, Stuart House, Perrymount Road, 
Haywards Heath, Sussex RH16 3BR. 

Subscribe Now! 
We are pleased to offer you 22% off the current UK 
subscription price of £30. This means you only pay 
£23.40 for 12 issues. We also pay the postage 
So subscribe now! 22% off 

SPECIAL UK SUBSCRIPTION RATES 

1YEAR 3YEARS 

U.K. 

Overseas Rata 

£23.40 £53.00 

£35.00 £77.00 

O Please send me ELECTRONICS WORLD + WIRELESS WORLD for 
12 months. 
I would like to take advantage of your special three 
year rate anc subscribe for 36 months. 

O Please invoice me 
l enclose paymentof bycheque/money order 
payable to Reed Business Publishing Group 

Enter Number 11111111111111111111 

Signature: 

Name: 

Job Title: 

Company/Organisation: 
Address: 

Telephone: Country: 

NEWSAGENT 
ORDER FORM 
Dear Newsagent, please deliver ELECTRONICS 
WORLD + WIRELESS WORLD every month to 

Name: 

Address: 

Telephone no: 

Signature: Date: 



}Richardson Electronique S.A. and L-77 SGS-THOMSON 
11JoCHoHdECUMaE1 

We Pack the Power! 

150 Watts 
Class AB 
470-900 MHZ 

175 Watts 
Class AB 
100-500 MHZ 

60 Watts 
800-960 MHZ 

120 Watts 
Class AB 
860-960 MHZ 

300 Watts 
1KW 
250 Watts 

l 
L -Band 
DME 
JTIDS 

Richardson Electronics and SGS-Thomson 
team up to manufacture and distribute RF and Microwave 

Bipolar and FET Power Transistors. 

Markets We Serve 

Avionics 
Broadcast 
Cellular Communications 
Instrumentation 
Land Mobile 

Communications 
Marine Communications 
Military Communications 
Radar 
Satellite Communications 
Telecommunications 
Television 
Tracking Systems 

For service in the U.K., Eastern 
Block, Scandinavia, Benelux, 
Greece, Turkey, and Iceland 
contact: 
Richardson Electronics (Europe) 
Ltd. 
Inspring House 
Searby Road 
Lincoln LN2 4DT 
UK 
Phone: (522)542631 
FAX: (522) 545453 

For service in Italy contact: 
G.E.B.-Richardson Electronics Italy- 
S.r.l. 
Viale Europa, 40/46 
50126 Firenze 
Italy 
Phone: (55) 68.52.92 
FAX: (55) 68.53.33 

For service in East/West 
Germany, Austria and 
Switzerland contact: 
Richardson Electronics GmbH 
Benzstrasse 28, Bau B 

D-8039 Puchheim 
West Germany 
Phone: (89)800213-1 
FAX: (89)800213-8 

For service in France contact: 
Richardson Electronics France 
S.A.R.L. 
Bat. Evolic B1 

165/167 Bd. de Valmy 
92706 Colombes 
France 
Phone: (1) 47.60.05.15 
FAX: (1) 47.60.98.04 

For service in Spain and Portugal 
contact: 
Richardson Electronics Iberica S.A. 
Calle Hierro, 9 
1, Planta Nave 10 Edificio Legazpi 
28045 Madrid 
Spain 
Phone: (1) 228 37 00 
FAX: (1) 467 54 68 

All other International inquiries 
please contact the European 
Corporate Headquarters: 
European Corporate Headquarters 
Richardson Electronique Brive S.A. 
Avenue Roger-Roncier 
19100 Brive-la-Gaillarde 
France 
Phone: 55.86.95.15 
FAX: 55.86.07.45 

CIBCI E ENQUINI NO. 1112 ON BACK PAGE 



THE ONCE ONLY UNIVERSAL SOLUTION TO PROGRAMMING ---from £139 

For the IBM PC, install the interface card 
and programming socket, load the menu 
driven software and you have a complete 
design system at your fingertips. 

EASY TO INSTALL 
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 inter- 
face card so that the socket box is ex- 
ternal. After the interface card is installed 
the PC never need be opened again. 

SOFTWARE DRIVEN 
All software for the programmer is 

supplied on 5 1" low density disk. The 
software can be copied onto hard disk 
using the DOS copy command. Programs 
are supplied for the various features and 
are menu driven. All programming is done 
from the menu, no hardware switches are 
needed. Just select the type and manu- 
facturer and the programming is done 
automatically. 

SUITS ALL PC'S 
The programmers will run on any compa- 
tible IBM machines such as XT's, AT's, 
'386 and '486. Whether it be AMSTRAD or 
COMPAQ the programmers 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 recalled 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, IR, 

X and 20L,A,X4,6,8 and 10. 

PC82 
Universal programmer. The complete de- 
signers 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 pro- 
grammed is the TTL test vectors and soft- 
ware is supplied to write vectors for any 
unique chip. 

111111111111 Il.111111111 
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DEVICE GUIDE PC82 PC83 PC84 

EPROM 2716, 32, 64, 128, 256, 512,1024 Vpp112.5, 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 fast, intelligent etc. 
Byte splitting for 16 and 32 bit files. 
BPROM 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, IR, X, P 1, 2, 4, 8,10 (20&24pin) 
CMOS EPALC16L8, R8, R6, R4 - 

EPLD 20G10, 22V10 
Device testing TTL, CMOS, & SRAM. - 

Self test. 
Hardware config. available for software 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 do not include VAT or carriage) 

TTL, CMOS, DRAM & SRAM TESTING 

PC82 can test and verify any TTLJCMOS 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 £6 carriage plus V.A.T. on all 
orders. ACCESS, VISA or CWO. Official or- 
ders welcome from Gov. bodys & Public 
Limited Companies. All products carry a one 
year guarantee. 

O\.I` 

VISA CP 
CITADEL PRODUCTS LTD. 
Dept. WW. 50 High Street 
Edgware, Middx. HA8 7EP. 
Tel: 081-951 1848 

ALSO AVAILABLE. 
A wide range of PC expansion cards, Industrial control cards (A/ 
D, D/A and Digital I/O) and PC peripherals. 
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